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ABSTRACT

Chemical Investigations
of
Sponges from the Red Sea
by
Dejene Shewaye

Research Advisor: Dr. Tarckegn Gebreyesus

Heteronemin, a pentacyclic sesterterpene has been
characterized from the chloroform extract of an unidentified
sponge sample collected from Massawa, Red Sea. The structure

1 13

was established by 'H nmr, C nmr, and mass spectral

interpretation.

Another ng compound characterized as B-sitosterol,
has been isolated from the chloroform extract of another
unidentified sponge sample, collected from the same locality
as the first one. The structure of the sterol was characterized
by spectral interpretation, and comparing its physical constants

with authentic sample.




. 1NTRODUCTION

Sponges arc primitive multicellolar animuls which are
almost exclusively of marvine ovigin., They are sessile, with
only few speciatized organs and tissues in which skeletal
fibres or spicules usually form an important part of the body,
The animals 1ive attached to stones, shells, and other objects
in water, and often lorm colonics of irregular form in which
the various individuals are indistinguishably fused with onc

another.

Sponges arc usually uttached and stationary animals in
the adult stage, distvibution being brought about iargely by
the actively swimming ciliated larvae or by currents of water
which carry the young {rom place to place beforve they beconme
attached. The thousands of different Specips vary greatly
in shape, size, structure, and geographical distribution.

They were for centuries considered to be p}ants.1

Sponges arc not casy to classily, but arc arranged in

JA
four classes as follows.

1} Calcarea 3)  Demospongiae

2) Hyalospougilac 4)  Sclerosponpiuc

SpongesAarg lilter feeders, removing bacteria and
other fine suspended organic matter from the water. An
initial screening is provided by the pores, which permit
only very small particles to enter. Filter fceding has
@y in sponges,

evolved in many animals and often represcnts,

an adaptation to 4 sessile or siow mov13g existence.




Inspite of their soft structure and stationary nature
sponges survive the pressure from predators. Some sponges
seem to derive protection from the presence of sharp spicules
or tough fibrous components. Many species, however, grow
exposed and are devoid of physical means of defence. It has
Ibeen repeatedly suggested that they are protected from pred-
ation by toxic or noxious chemicals,3 Only a few highly

specialized fishes select these sponges as their main diet.

It is interesting to note that some sponges that produce
toxic chemicals are nevertheless eaten by specific nudibranchs
and molluscs. Some nudibranchs are able to store toxic
chemicals produced by sponges and use them for their own
defence against predators. A similar grazer-prey relationship

4 It

has also been demonstrated between molluscs and algae.
is premature to conclude at this point, that sponges produce
secondary metabolites only as a self defence. Further studies

are imperative,

Sponges could produce secondary metabolites for variou§
reasons, all of which are not clear so far. Marine natural
product chemistry deals with the isolation and structural
elucidation of these metabolites, The positive feature of
marine natural product chemistry is the desire to determine

. . . . 5
the function of new compounds in the marine environment.

Because many sponges contain symbiotic microorganisms,

there is always some uncertainity concerning the true

6

origin of sponge metabolites. Efforts have been made by




chemists t2 know the ovigin ol these metabolites. However
the majority of metabolitecs are now helieved to be produced

4

Cr
b}’ Sl)UHgL’S thomsel Vs,

—

Recent stud:ies /8 have shown that in tropical waters,
60~70% of the exposed sponges arc toxic to gold fish in
laboratory tests., The toxicity ol sponges is Inversely
related to latitudo;7 an observation explained By the
increased species diversity in troplical shallow water fish,
resulting in a more intense fégd competition and hence the

natural sclection of chemically protecied species.

Although a great number and variety of secondary
metabolites have been isolated from both tox:i¢ and non-
toxic sponges, few data have been published .concerning
the ccological role of these compounds. Recently *however
several marine chemists have reported the toxicity or

Q.
antifceding activity of sponge metabolites.) M

Marine natuval product chemistyy 1s a relatively recent
ficld of study as compared to natural product from other
sources. Once it starvted, the development has become
dramatic, Inspite of a consistant effort to disclose the
secretsof life under the sca, the chemist sometimes
faces problems which are difficult if not impossible td
solve. One of the major problems he faces is that his
ability to identify_khe compounds exceeds his ability to
tdentify the marine organisms from which the compounds
are obtained, This is particularly true for the identi-

fication of sponges, since expert taxonomists often fail




12,13 This problem entails the difficulty to

to agree.
name a new compound from an unknown organism. So far
some marine natural products have been given irrelevant
names,4 Inspite of this and other associated problems
such as diving into the sea to collect samples, there are
reports of sponge metabolites from various localities.

But exhaustive studies have not been made especially on

Red Sea sponges.

The Red Sea is located in a tropical region, It is rich
in marine organisms and is peculiar in that its salinity

is very high, with pH range of 7.5-8.5. %

Even though sponges are primitive multicellular
animals they elaborate secondary metabolites of diverse
nature. They produce terpenes of all type, steroids,
pyrroles, indoles, polyacetylenes and peroxides.3"17
Because of competition for survival, sponges in the
tropical region are expected to produce metabolites of

diverse nature, which serve the purpose of natural

selection.

In the course of this research work, the chemical
investigation of two unknown Red Sea sponges have been
carried out. These sponge samples have yielded several
fractions of which the major constituents are a pentacyclic
sesterterpene and a steroidal compound as characterized by
spectroscopic techniques. Lately towards the end of the work,
one of the sponge samples which elaborate the sesterterpene

was identified as Heteronema crecta.




2. BACKGROUND

2.1 Terpenoids

Compounds derived from the five carbon isoprene unit
are among the most widely distributed in nature, more than

4006 having been isolated by 1974, 18

These isoprenoid
compounds fall mainly into the classes of monoterpene (C10);
sesquiterpene (C15), diterpene (CZO), sesterterpene (CZS)’

triterpene (CSO)’ carotenoids (040) and steroids.

Unlike steroids which are abundantly distributed in
nature especially in marine organisms, naturally occurring
sesterterpenoids were first encountered less than thirty
years ago, and as a consequence they are often viewed as
a rare category of natural products. Recently, an increasing
number of linear and cyclic sesterterpenes have been reported.
Many of the latest sesterterpenes have been obtained from

17

sponges of the order Dictyoceratida. The genera Ixcinia,

Spongia, Hippospongia and Cacospongia have yielded an array

of sesterterpenes and a series of C21 terpenes postulated

as degraded sesterterpenes.19

The sponge species which have yielded sesterterpenes
and other isoprenoid compounds contain little, if any,
sterols. This could imply that, in general, the order
Dictyoceratida produce mevalonate derived compounds
primarily by head to tail addition and that the tail-
to-tail dimerization of two farnesyl residue is not a

favoured process.17




Lincar sesterterpencs have becn isolated Prom various

o : H,19
Irecinia specties, ™’

while tetracarbooycliic sestevierpenes
often referred to as the scalarancs have been iseolated from

: . 19 . - . . .
Cacospongia specles. Scaiaranes are not distributed
pong

widely, even among sponges; they are unique to sponges of

certain species,

Reports on the discovery of novel sesterterpenc are
increasing. In 1972 only 13 sesterterpenoid compounds
were known which rvepresented one acyclic and two carbocyelic

s . o 18
frame works. Within three years this number grew to 31.
Since then there have been reports of numerous other

sesterterpenoids with a total count of 158 by 1985.20

2.1.1 Classification of Sesterterpenes 4

A number of trials have been made to calssify these
sparsely distributed terpenoids, among which the first

18 and that made by

classification made by G.A, Cordell
Ninalezo are the most important omes. Since the latter
classification is very detailed for the purpose of this
presentation, the former is adopted. Accordingly sester-

terpenes arc generally classified into five groups based

on their structural velationship.




a) Sesterterpones of the linear “ype

In 1969 . Toyoda et a4l isolated by silicagel
Chromatography of unsaponifiable Tiquid extract of

Solanum tubersum, a pale yellow liquid,z1 The isolated

compound has a linear structure (1) as identified by

Spectroscopic techniques.

(1) | *

%
The first acyclic sesterterpene isolated, however, was

all trans geranyl nerolidol (2) obtained from Cochliobolus

heterostrophus, “2

the phytopathogenic fungus responsible

for the leaf spot discase in maize.

oH




A closcly c2laced compound, gevanyl farnesol (3) was

rsolated from the wux of the insect Ceroplastes albolineatus.

~ SaH

(3)

b) Sesterterpenes of the ophiobolane type

Sesterterpenes of this group are émong_the éarly
reported ones. Their main structural feature is that they
are based on 5-8-5 ring system (4), Ophiobolin-A (5), a
compound obtained from the fungus responsible for the
Helminthosporium leaf spot disease of rice, was tﬁe first
in the series to be isola%edé although the structure was
not determined for about eight years. Its complete tri-

carbocyclic skeleton along with the absolute stereochemistry

at the eight chiral sites was elucidated in 1965 by X-ray

studies.23




¢} Sestertevpencs of cheilanthatriol types

The fern, Cheilanthes farinosa on extraction with
petrolcum ether and chromatography yields, besides other
substances,a crystalline triol, chcilanthatriol.z4
Cheilanthatriol (6} is a.tricarbocyclic compound. Bio-

genetic consideration and the dissimilarity to the

ophiobolane type suggested a perhydrophenanthrene . skeleton.

G ) :
Another sesterterpene classified as cheilanthatriol

type was isolated from the sponge,. Cacospongia scalaris.

This is a white crystalline compound with structure (7)

to which the name scalarin was given.zs




10 -

d) Sesterterpenes of the Netigeranic acid type

.25 : . .
Shibata et al”” isolated from tichen, Lobaria rctigera,

a compound whose structure was determined by X-ray crystal-
lographic analysis (8) which indicated the pentacyclic

structure.

e) §gstérterpeq¢s of Gascardic acid type

Gascardic acid (9) was isolated from secretion of

the insect Gascardia madagascariensis. Elegant and

extensive degradative work by Arigonfs group in Zurich

succeeded in 2lucidating the correct structure of this
18

.

molecule, including the absolute stereochemistry,




2.1.2 OQccurvence of Sesterterpencs

Surprisingly thece hus beon no ovatematic offort made
to determine how the sesterterpenoids aye distributed in
nature. Nothing i: known about zheir taxonomic distribution
iw plants or phytepathogcnjﬁ fungi, or their rvole in the
life cycle of organisms. Their discovery to date has
essentially been by chance observation rather than by
design, and unfortunately their structural diversity seems
to preclude the possibility of a single screening test.to

.

detect their presence.z0

As can be seen frém the literatures reported so far,
the range of terrestrial organisms which elaborate sester-
terpenes are considerably greater than the range of marine
organisms. Marine sesterterpenes have been isolated mainly
from sponges, the cxception being seven metabolites
restricted to nudibranchs, and they may actually be derived

from the sponge diets of the nudibranchs.zo

Acyclic sesterterpenes are abundant in marine sponges
but are poorly represented in each major groﬁp of terrestria
organisms. Qaréocyclic sesterterpenes are found in both
marine and terrestrial organisms, but strikingly little
overlap exists among the sesterterpene skeletons from

. . . 20
marine and terrestrial organisms.

Experimental evidences show that certain terrestrial
organisms elaborate cyclic sesterterpenes by cyclization

of normal head-to-tail condensed isoprenoid precursors.




T

By contrast no informaticon is available on the biosynthesis
of . either cyclic or acyclic sesterterpenes in marine $ponges
or nudibranchs. In fact it has b2en suggested that sponges

: . - .27
are probably not capable of de-novo terpene synthesis,

2,1.3 Biosyntheses of Sesterterpenes

It is to be expected that support for the biogenétic
isoprene rule will come most directly from the invivo studies.
for the synthesis of terpenoid compounds in animal and plant

System.18

Comgared with; for instance, biosynthetic studies in
alkaloids, invivo studies in the terpene field have so far
not been numerous. The reason for this is partly‘to be
found in the formidable experimentél difficulties*met in
attempts to incorporate the simple precursors of terpene
biosynthesis (acetic acid and mevalonic acid) into higher'
plants., The most effective investigations for the biosynthesis

of terpenes have been concerned with fungal metaboiites.18’20

The discovery of the sestertérpenes has brought forth
another area of experimentation, and experimenters quickly
realized this: “Indeed knowledge of the biosynthesis of
the sesterterpenes is surprisinglypadvanced for such a
rare group of compounds. Clearly the fact that many of
these compounds can be isolated from culture media has

. . 1 .
been of significant value. 8




The basic precucsor Loy all terpenoids and steroids is
acetyl CoA, which inturn is obtained frow acotic acid. Acetic
acid in an organism is produced in the cataboliic process; i.c.
in the process of degradation of fuel molgcules to gencrate
energy required for life activities. The fuel molecules con-
sist of carbohydrates, (which are produced in plants by the
process of photosynthesis) fats and proteins (which are

produced fyom carbohydrate by various biochemical conversions).

CH,COSC0A
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(19)

(22)

a) Biosynthesis of linear sesterterpenes

As shown in scheme [, the linear sesterterpencs
have been considered to be derived from five isoprene

units linked head~to—tail,28

b) DBiosynthesis of Ophiobolane type sesterterpenes

in 1965 a-novel two-step:cyclization of trans-trans-~cis

geranyl farnesol pyrophosphate (22) was suggestedz3 to

lead to ophiobolin~A (5) as shown in scheme II.




A

g

(5) N
Schéme. 11 1 §§5 v (;25%)

cJ Biosynthesis of cheilanthatriol and scalarane type

sestert?rgqngs

The biosynthesis of cheilanthatriol is Speculated18
to take place from geranyl farnesol (3) by standard steroid
type cyclization to give the cation (25) which picks up @
hydroxyl ion; A; alternative cyclization may begin with
the epoxy-geranyl.-farnesol derivative (26) which spontan-

eously cyclizes upon protonation as shown in scheme IIIL.




CiLOH
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Cl{%{JH
[;J \ﬁa

(26)

Sghemc J11

2- cyclga!mﬂ .

No biosynthetic scheme had been suggested fog scalarane
type sesterterpenes until 1974, JIn 1974 G.A. Cordall
suggestedig thai, formatién of all four rings takes place
in a concerted fashion from all trans-geranyl farnesol (3)g

oxidation tﬁen affords scalarin (29) as shown in scheme iv

CH, O

r.

(3)

Scheme 1V
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4)  Biosyntheses of Retigeranic and Gascardic acids

. . . 25,

A very interesting scheme has been postulated For

the biesynthesis of vetigeranic acid, building each ving
sequentiallty,  The scheme has not been the subject of

experimental wovk.

A further fascinating scheme was proposed for gascardic

acid starting from trans-trans-cis geranyl farnesol pyro-

phosphate (22).25

Z.1.4 Pharmacology of sestertcrpencs

Unlike nitrogen-containing natural products (e.g.
alkaloids)the pharmacological use of sesterterpenes, which
have oxygen as a prominent heteroatom, is not common.

With only a few exceptions cach sesterterpene metabolite
is oxygenated at one or more locations. Interesting
physiological properties have somctimes been described
for the extract of organisms which yield sesterterpenes.
SRR . . . . o peei. 1,11,29
These range {rom marine sponges which are toxic,

. . e ‘ .30 .
to nudibrunchs with a pleasant fruity edor,” and fungi
which produce extracts bhaving antimicrobial and phytotoxic
31,32

activity. .

’

Many recent'studies especially those involving marine
organisms, are found to link a specific biological activity
to an individual seéterterpene metabolite. An @cyclic seste:
terpenold isolated from the sponge Ircinia oris possesscs

an antibacterial activity against Diplococcus, and




PR

Staphylococcus aureus. another acyclic compound isolated

.
[

from Ircinia variabelis found to possess antibacterial

. : : , 54 ) C o
activity against Staphylococcus aureis. 12, 18~diepis ~
otaphylocot oy suibly Pl
calaradial (30), isolated from Spongia idia is found to be
toxic to numerous predatory msrine organisms including a

‘ . L1 -
sea star, abalone larvae und brine shrimp.

Among
scalaranes, a tetracyclic nﬂrmsesterterpeﬁé isolated from
the sponge ﬁzz;iggrggggigss ‘and a tetracyclic homosester-
to have antifungal and antiinflammatory activities.
Antibacterial activity is the most commonly recorded
property of many sesterterpenes, but antiinflammatory

activity and inhibition of cell division has also been

reportad=37
W

According to a report by P. Crews and S. Naylar, only
two sesterterpenes, ophicbolinnA'(S) (as an antibiotic)

and monoalide (31) (a¢ an antiinflammatory agent) have

heen the subjectlof patent,20
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Inhibition of sea urchin ceil division
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2.7 Sicroids

Sterovids are

pentanophentathrene noc 495

o

el

of waturally occcurviang conpounds, among

proper, the bile acids, the sox

componnds corinining

hormones,

fhe perbydrocycio-

Thev dnciude o wide

range

which sre the sterols

the adrenocortical

hormones, the cardiac glycosides, the sapogenins, some

. s . 44
alkaloids and other minor groups. =
i 2
= !?
' fé
Z ™ 15

C 5
3 {,/@.\\%.
-

(41)

Among marine natural products,

extensively studied.

steroids are the most

A large number of lateraturec con-

. . . 4 &
cerning marine stereids can be found scattered throughout

the multitude of chemical and biological journals dating

e - L 4
back to the initial rveport of Henze in 1908,

1

Sterols derived from marine sources are interesting,-

becuase some of them possess very unusual structures such

4s sterols containing cyclopropane

ring, sterols devoid of

19~angular méthyi group oy unique 38 hydroxymethyl-A-not-So-

£

4
steranes. 1

The recognition that sponges contain a variety of

sterols which vary from one species to another was first

reported in a classical paper by Doree.

42 This author

isvlated a sterol from the sponge Cliona celata which he

named ¢ lionasterol

and showed it to e different {yrom both




cholesterol end spongosterol. The latter, earlier isolated
. e s : 42 . - :

frem a mediterranean sponge, was the first animal steroil
to be recognized as different lvom cholesterol. Since 1972
modern reinvestigations of sterols of sponges have begun to

appeatr, which confirmed the complexity of the sterol compositi

in this phylum.

2.2.1 Classification of Sterols

Generally sterols can be classified as "conventional"

and "unusual' depending on their 5tructure.42

"Conventional® sterols: The term "“conventional' is

used to cover sterols with the conventional Cyg tetracyclic
nucleus having the usual Cg side chuin orelse modified by
the addition of one or two carbon atoms at Cyy. The Cy,

L]

nor-sterols are also included in this group.

A ng sterol, chondrillasterol (42), which scems to
be confined solely to porifera in the animal kingdom, was

reported as the major sterol component of Chondrilla n‘ucula.43

Another Cyg sterol, B-sitosterol ({24-R)-24-ethyl cholest-5-
en-38-01) (43) has been isolated from the sponge Cliona

celq&g.44 Ambng’the C28 sterols, Z4-methylene cholesterol

(44) which is widely distributed in marine organisms was

found in the sponges Chalina arbuscala and Tetilla laminarisa4‘
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“Qﬂusuai” Sterols: Marine invertebrates have

proved to be sources of unusual stevols having the
cholesterol nucleus with side chains involving new

alkylation patterns.
46,47

Thus gorgosterol (45) from
gorgonians, acanthasiercl (46) from the star
' A

P . i
fish, Acanthaster planci and 23-demethyl gorgostevol (47)

. . 48 .
isclated from two gorgonlians, exemplify the attachment

of "extra" carbons at Cy, and Cys°

H

-

ing

(47




) R

Aptysterel (48) and 24, 2Z8-didehydro-aplysterol (49), the

wincipal sterol components of the sponees of the {amily
1 ; L } g )

verongidae, represent further structuval vardation in which
44

an "extra' carbon atom is attached av Crg -

-

iy, -

(48)

Modifications of the sterol nucleus have also been found

in marine organisms. The sponge Axinella polypoides was

found to contain stanol mixtures, having a 19-nor-cholestanol
nucleus carrying conventional saturated and monounsaturated

- & . —~ i . ‘1 .y ot SU N 1 -

Co (24 -nor), L8§ L9 and LTO side chains. The majox

resolved component has been [ully chavacterized as

19-nor-5¢,10f~ergost-trans~22-en~3(-01 (50)




The total sterol confent of Axinel'u Veorvucosa 16

aomigtunrse of unique stanols wiih oo onew 3f-bhvdroxymethvl-
A-ncr-bo-cholestane nuclowns caryying conventional
and L]G side chains. [he major fraction of the mixture
wirs found to be Cz? compound (51} and ils structure was

determined spectrometrically.

Ho;g:f

(51)

2.2.2 5Sterol Biosyntheslis in Sponges

Though the knowledge about sterols present in sponges
has rvapidly increased in the past, the understanding about
their metabolism. is very meagre.

51

Walton and Pennock observed that the sponge

. s - 4 \
Grantia compressa utilized 4. mevalonate for the bio-

. .
synthesis of isoprenoid (squalene, steroids and ubiquinones)
in direct contrast with the complete absence of 146~ radio-

activity in the terpenoids of the sponge Suberites domuncula

) . . T4
incubated with C~ mevalonate.




The fecding of labelled acetate, mevalonatoe and
methionine to the sponge Vorongia acrophoba yiclded
no radioactive aplysterol (48). Radicactivity from all
precursors used was incorporated to some cxtent into the
fatty acids, thus proving that the administered substrates

were taken up and metabolized by the animals. A similar

situation #rose in Axinclla polypoides and A. verrucosa,

the sponges reported to contain the 19-nosstanols and

the hydroxymethyl-A-nor-steranes respectively, when they

were fed with labelled acctate.42 However when cholesterol-

206~ 146 was administered to these two sponges, the 19-nor-~
C,; stanol and hydroxymethylwA—n0r~C27 sterane fractions

were found significantly lnbelled.42

It thus appears that in A. polvpoides and A.verrucosa,

the sterols cannot originate from denovo hiesynthesis, but

arise by modification of dietary sterols. Much work 1is
required before a definite conclusion can be drawn about
sterol biosynthesis in these primitive multicellular

animals. The exogeneous sterol requirement is a character-

istic of many lower organisms, the majority being invertebr.

Generally sterols are biosynthesized by the &ai[“to=

toil| condensation of two farnesyl pyrophosphate (20)

\ L

units, as shown in saheme V.




Scheme V




£

in the biosynthesis of F-sitosterol, the cholesterol

skeleton is Pivst tormae The ethyl group at iijd drises
l - - L5
By dovinte 1 fanrmeihyletion, {romp

phs 5¢ . . . _ .
FRtrionine., A possible mechanisy for the introduction

the meihy Erouap of

of an aliky? 2roup into cholesterol for the hiosynthesis of

. . . . . 53,54
B-sitosternl]l ac proposed by Castie s shown in schenme VI. e

Scheme Vi
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A
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2.3 General isolation and characterization

in most common isolution procedures a sample is
cxtracted with an avpropriate selvent. ICxtraction could
be cold or hot.The sponge sample could be extracted with
& number of solvents ranging in polarity from'n~hexangﬂto

methanol. Many isolation procedures have been described

B

for the isoclation of scalaranes from various sponge samples,
The most commonly used technique is column chromatography

with silicagel and elution with solvents of increasing

'25,55,56 57

polarity, or direct crystallization from solvent.

A sensitive spray reagent for detection of scalaranes
and terpenes for that matter is vanilline solution. But
silicagel plates spoted with these samples can also be seen

under ultravioclet light with no difficulty. )

As in any other natural products, in elucidating the
structure of sesterterpenes (scalaranes), chemical degradation

or interconyersions can be employed. There has been an

increasing reliance on spectral data, chiefly-TH, 13C

nuclear magnetic resonance (nmy) and mass spectroscopy,

for the characterization of sesterterpenes. Upto 1985

only 16 sestertgrpene structures have been established

by X-ray analysis, even though more than fifty compounds

P

20

have been reported as crystalline. Most structure

elucidations of new sesterterpenes have relied on nmr,




Not unecxpectedly scsterterpenes gave ISC nmyr which
will be completely assipgned, cspecially when nmy spin echo
proccedures are employed. Reliable 13C nmr chemical shift
data can provide a powerful and rapid mecans f{or character-
ization of new members of a series and for pinpointing”
differences in stercochemistry or the existence of isomers.
The introductions of new techniques sﬁch as NOé, and two
dimensional nmr (2D-nmr) spectroscopy have opened possibi-
lities for the analysis of spectra. These techniques are
able to pfovide information previously not accessible.

1 1

Mcasurement of homonuclear 'H- 'H shift correlated spectro-

scopy (COSY) greatly simplifies the assignments of signals

and structural determinations for complicated molecules.58

The mass spectra of scalaranes (a tetracarbocyclic
El

sesterterpenes) are very distinctive and often permit
structural assignments to be made by comparison with those
having known structures. Thus scalaranes display character-
istic fragment ion for their AB ring. For exauple all
scalaranes having normal substituents give characteristic
peak at m/z 191 for rving AB fragment. If there are Some
substituents on' these rvings, the mass of the fragment

56

increases by the weight of the substituents. Some

scalaranes are acetylated and their molecular ions cannot

be detected, as they are unstable especially in electron

impact ioniza‘tion.”’s7




-

SESULTE AND DISCUSSTON
po b Bxtractaon and aaviionation of - onge samples

Dark brown sporgc zampres 210 and 4 were collected
in June 1987, {rom the Red Sea, 2round the marine biology
station of Asmara University (AU) at Massawa. Samples
were collcected at a depth of Z-5 meters with the help of
specimenspreserved in 10% formalin salt water solution,
in the Department of Biology, AU. They were given
identification numbers, since they were not identified
taxonomically. The collected samples were éﬁn«dried

and stored in a cold room.

500 gms of sponge sample 3B {rom the cpld room was
pulverized and soxhlet extracted with chloroform. The
extract when concentrated gave 6 gms of a gumby residue
which was column chrawctogranh 1 o silicagel to give
several fractions. DS-2 was isolated from fractions
collected by eluting with petroleum ether: chloroform

mixture as detailed in the experimental section.

Extraction and purification of an unidentified
brown spongé sample 4, by the same method,gave DS-1,
along with Other uncharacterized fractions. DS-Z and

D5-1 were characterized by spectroscopic techniques.

-
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3.7 structure of i -2

DS-2 is a white cryetalline necdle-1ike compound
with mop 1727174700 70 ds plohly sotubic in chlovoform ,
ethyl acetate, and acetone, but sparingly soluble in
methanol. The inlvared specirum of the compound ({ig-1)
showed absorption at 3600 | due to alcoholic 0O-H |
stretching vibrotion, 3100 cmu1 due to olefinic €11
stretching vibration, 1750 cm”! due to ester carbonyl
(C=0) stretching and a broad C-0 bond stretching absorption
for both hydroxyl and ester groups at 1260 Cm"Ir DS-2
has an optical rotation {a];0=~67.5063=0.2, CHClS).

The ultraviolet spectrum (fig-2) of the compound showed

maximum absorption at 230 nm (e=14,000).

A normal scalarane frame work (65) can be r%rognized

by threc 13C nmr methine resonance in the region of & 50-60

Gt
g ¢ 5Z-59, 614: 49-55 , along with an additional CH in
the region, SC: 51-65 (if Cig is sp? hybridized and if

¢
>9 The above

C,c is present), as described by P. Crews.
mentioned three methine groups were Cclearly observed in
the DEPT spectrum of DS-2. These are resonance lines

° ]

at 6C: 58.4, 56.3 and 54.6; along with a signal at SC: 64.1

indicating that DS-2 has a scalarane skeleton.

The mass spectrum of DS-2 (fig-<3) showed fragment
ion of highest mass. at m/z 428, It is not possible to
conclude that this is the molecular lon, since 13C nmr

. 1
showed 29 carbon atoms, ir and 3C nmr showed the presence
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of ot icast five oxygen atoms (for two ester and one

hydroxyl groups) and the compound Js almost saturvated.
g

Since esters are tsually unstable to electron impact

17,57

tohizaiion, the molecular weight of the compound

must be higher than 428.

Kashman ¢t at rcported57 a compound (63) which

showed the first frapgment ion at m/z:.428.219 (C..H, .0

27"40%4
M- HOAC, 14.7%) and other peaks at m/z: 386,282

(M" - (HOAC + CH,=C=0), 8.3%), 368.273 M' - 2H0Ac, 17.09%),

2

350,259 (C 0, M" - (210Ac + H,0), 3.6%) and 191.179

25ty
(CyqHyq, 7.5%).

(63); R=aH, AOH (65)

(64); R=0

Microanalysis of heteronemin (63) as first repofted
e
by Kazlauskas et gii’, showed that it has a molecular

formula C29H4406’ whereas no molecular ion was observed
in its mass spectrum. According to this report, the first

fragment ion appeared at m/z: 428 (C - HOAc).

+
. 0 i
27140045 B
. . i} ) ot 13 .
D5-2 has two acetate groups ( H-nmr, C-nmr and ir),
and it is logical to assume that, it has lost an acetic
acid molecule to give the first fragment don at m/z: 428,

17,57

. . / -
as in the above two reporvs,''? Thus the molecular

weight of DS-2 should be 488.




N ., _ 17,57
Lonpounds with scalarane skeleton {65%} are reported' '
I

L0 give the characteristic fragment ion at m/z: 191, which
corresponds to the AR ring system of the molecule, The same
fragment was chserved in the mass spectrum of DS-2 with 159

intensity.

The buase peak of DS-2 appeared at m/z: 368, which-
correspond to the loss of the second acetic acid molecule

from the fragment ion of highest mass.

Further support for the structure of heteronemin (063)
reported 17, came {from the high resolution mass, spectrum
of the compound (66), obtained by.oxidation of heteronemin,
/foilowed by pyrolysis. This pyrolytic product showed the
major fragment ions at m/z: 191 (C.‘;4 H23+) and 733

{Cy Hy, 0%). This can be rationalized by cleavage of 'a'

and 'b' in (66)

(66) R=0
(67) R=atl, B OH

If cleavage occurred at 'a' as shown, with charge
retention on ring AB, then the fragment ion should have
the mass at m/z: 191, but if tleavage occurred at 'b!
with retention of charge on ring DE, then the fragment
should have its mass at m/z: 132. This suggests that

the ketonic moiety must be on ring (. and hence the

hyvdroxyl group in heteronemin to be én ring C.
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N adddLion CO fie LTagmont 10i6d deSTridod evuVe (5.8 440,
368 and 191}, DS-2 has major fragment ions at m/z: 309,
550, 132 and 60, which can be accouated for, as shown in

Scheme Vil

Schemne VII

7% g 36‘3@5%)

™« 850 (30%%) - .
Q&
| 7% “i”T
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o : . } I : .
P 500 MHe o Henmy spectrum of DS-Z {(Vie-dd taken in
denrerocslovolorm  showed sipnials at S: o070 dovbler, 6016
Lroplet, 5,50 muattictet, 3000 nultiplet, 5.5 dosblet,
&

2,453 broad singlot. 2:00 siaglet, 0,835 singlet, 0.832

singlet, 0.814 singltet and 0,789 singlet.

The 270 MHz ]Hunmr spectrum of heteronemin (03) taken

[$u]

7
6 3
(CZS—-EU, 6.16 brt (C24~El)’ 5.%4 ddt (CEG*H), 3 45 dd

in aceteonce - d showed resonance lines at &: 6.90 d
{after addition of DZO) (Cyo-HY, 2.57 brs(C18~M),2.06 and
1.99 {two OAc groups), 0.893. s5(two mcthyl grdﬂps), 0.871 s,
£.866 s and 0.883 s (threc methyl groups).

11 the IH— nmr spectrum of heteronemin (63), taken
on 100 MHz, in deuterochlorofomm , Kazlauskas et 3117

obsevrved the presence of two acetate groups from a peak at

§: 2.08 (6H,s), five quaternary methyl groups, between

§: 0.83 - 0,74 and a low ficld resonance at &: 0.68 (1H,bs" .

But the }H nmy spectra of the same compound (63)
reported by theltwo different groups weve not identical.
Toraccount for this difference "H nmr spectrum of DS-2
was taken in deuterochloroform  and ucetonc—d6 using the

same 90 MHz rnstrument.

It was found that, the resolution of the spectrum
taken 1n acatone~d6 was better than the one taken in
deuterochloroform, in agrecment with the above two

repovts.
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To establish the basic skefeton the pyrolytic product

. . . t7
of cxidized heteroncmin s alsa repoyrted,

The 1H ney
spectrum of the pyrolvsis product showed 1t to be  the
oxidized vinyl furan (663. This indicated that oxidation
converted the secondary alcohol to ketone and the pyrolysis
removed the two acetic acid moieties. The chemical shifts
ol the protons in the pvrolysis product were assigned

using proton irridiation technique.

The position of the hvdroxylgroup in the parcnt mole-
cule (63) was determined by the same workers?7, ﬁsing shift
reagent, in addition to the mass spectrum. The shift of
both axial and equatorial protons at Ci1 were highly affecte

3

while protons at G4 and €,y are equally affected indicating

that the hydroxyl group is at Cipe i

The 1I-i nmy signals for DS-2, for which structure (63)
is suggested, ranges from the most deshielded (&: 6.76)
to the shiéided'(0.789) ones. C,-H appcared downfield
at §: 0.76. This proton is highly deshielded, because it
is attached to a carbon bearing two oxygen atoms, (acetal
carbon).i?;57 "1t appcarcd as doublet since it couplés
with the vicinal Cijg-H. The coupling constant, as

reported57, is small (J=2Hz) indicating that these

protons - have anti relationship.



“he olelinice proton at (T24 of D52 (63), appearced

at ¢ o036, T appeaved as o triplet, because 1t has allylic
yelationships to both C,HAH and C%b““‘ Simatarly ClGAH,
which is attached te a carbon bearing the second acetoxy
group, is deshielded, and appeaved at 6: 5.34, as a broad
multiplet, due to its coupling with the protons at Con and
615. "The C12ﬁH bearing a hydroxylgroup appeared at §: 3.460
as a multiplet, because of its coupling with CiT_HZ and

the proton on oxygen. The signal for the proton cn cxygen

of the secondary alcohol appeared at "&: 3,31, as‘doublet,

since it couples with C . -H appeared at &: 2.43,

127 Ly
as a broad singlet. It 1is broad, because it couples with
C24—H, CZS—H, and one may also expect a long range coupling

with C H. The two acctatce groups appeared at §: 2.10 as

16"
a singlet. The five methyl groups appeared as four singlets
at &: 0.895, 0,832, 6.814 and 0.789., The signal at §: 0.832

is broader representing two methyl groups.

- N L R kNI S
P. Crews and Bescasa cbhtained C-'1I CO5Y nnr
(CDCL,, 100-4G0 Miz, P3¢ and ' oshift in ppm) over the

aliphatic region of heteronemin (03), und found four singlets
B N )
for the five methyl groups. These are resonance lines at

§. 0.82 (21-H 0.8G (]9mH3 and 22"H3}, 0.77 (ZO—HB) and

3
0.068 (23~H3). Based on this observa{ion chemical shifts at
§:0.895 in the 1I-I nmr spectrum of DS-2 1s assigned to 21hH3,

0.832 to 19~H3 and 22-H 0.814 to 20—H3 and 0,789 to 23-11..

“5)




As there ave more 1, 3 dinxial Interactions, the protons

on C,, ave more deshiclded as compnred te other methyl

groups; while protons on U, are shiclded by y-cquiatorial

substituents at ClZ and Chg-

The 1BC nmr spectrum of DS-2 ({ig-5), taken in
deuterochloroform (22.25 MHz), gave 27 resonance lines;
but when taken in benzen0ud6, the spectrum showed 28
resonance lines. The intensce peak at §&: 32.9 wmost likely
represents two carbon atoms. When a distortionless |
enhancement by polarization trvansfer (DEPT) spectrum of
the cowpound was taken, the inteﬁéity of the peak at
§: 32.9 became cqual to the 'rest of the methyl signals, but
the other carbon which intensified the methyl sionnl at

§: 32.9 neither appeared as CH nor as CH indicating that

27
it hasg the same chemical shift as the” methyl grodp and is
a~quaternary carbon atom. - Thus-the total number:of carben

atoms:for DS«2-1is. 29..

The DEPT spectrum of the compound showed that it has
7CH3, 7CH?, 8CIt and 6 quaternary carhon atoms; the "extral
quaternary carbon atom has cverlapped with one of the methy?l

groups.

in addition to the number of carbon atoms, information
about the hybridization of carbon atoms involved, can also
ot - 15, . .
be obtained. The C nmr spectrum of DS-2 showed resonance
signals for carbonyl carbons, appearing at §: 169.5 and

168.7, which are characteristics for esters. Other non
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atiphatic resonance sighals appearved at &: 135,58, 11.0.2,
102.3, 80.5 and 69.3%. Resonance lines at §: 135.5 and
114.2 arc assigned to olceflinic (SP2~hyhridized) carbon
atoms at 624 and 617 respectively in (63). The signals
at §: 102.3, 80.3 and 69.3 are assignable to carbon atems
“to which one or more oxygen atoms ave divectly attached.
Accordingly they arc assigned to CZS’ C12 and C]G

respectively.,

As stated on page 33 the characteristic 1Sﬂ;nmr
methine resonance signals of scalaron®s which appeared in
the region of 6C: 50-60 urc observed, along with an
additional methine resonance signal of C18' These are
resonance lines at 5C: 58.4, 56.3 and 54,6 which are
respectively in (03), wand the

aésigned to C C. and C

97 75 14
resonance signal at SC: 64.1 is assigned to'C18.

The 13C nmr shift of mcihyl groups or methine carbons
arc especially useful in assessing the position and stereo-

chemistry of the scalarane ring substituents. In addition,

ring junction methyl shiflts can be used to determine cis-

versus~-trans ring fusions,

I




To accowplish this, data from models, along with an
understanding of substituent effects, as reported by
o s o0 . . cp ar ot |
P. Crews and Wiseman is requived. “These can he statec

briefly as Tollows.

shictded (8: 15.8) hy 11-15 ppm relative to thosc on (is

decalin {(8:28.2)

2~ EBquatorial or axial angular methyls experience a
3-7 ppm shielding when a y-substituent is added, but axial
methyls experience a 2-ppm deshielding when an added carbon

y-substituent is axial,

3- Axial methyl experiences a 3-ppm deshielding when

an axial 8-substituent is added.
4- Ring junction axial methyls arce shielded by 4~5 ppm,

Base values for decalin and its derivatives, when added
to appropriate substituent increment, reproduce expcrimental
methyl IBC nmr chemical shift for scalaranes. Basced on these
experimental findings, chemical shift assignments have been

made for the rest-of the carbon atoms in DS-2 as shown in table 2.

The 13C nmr spectrum of heteronemin (63) taken in
deutrochloroform exhibited 27 -~ resonance signals for 29

carbon atoms (25 - skeleton and 4 of the two acetate groups)

as reported by Kashman et q£.57




- 47 -

The multiplicity of the different resonance lines
was established by several off resonance decoupling
experiments by the same groupe57 Assignments of chemical
shifts for the reported 29 carbon atoms were also carried
out. In this assignment there are overlap of chemical
shifts at &% 33.1 and 21.2. The overlap of the shifts at
6: 33.1 is due to a methyl group and a quaternary carbon
atom, which corresponds to the overlap of the same two
carbon atoms at &: 32.9 for DS-2; but the overlap at
§: 21.2 in heteronemin reported579 has been resolved in
DS-2 and appeared at 6: 20.9 and 20.3.

When one goes from the most deshielded to the shielded

signals (table-2), the 12%!

signal which appeared at §: 42.5
in the DEPT spectrum of DS-2, is quaternarf and assigned to
Ci3+ But Kashman et al rgported57 it to be a methylene group
and assigned it to Cg, with a chemical shift of 6: 42.6. Also
the group assigned the next three consecutive signals at

6: 41.9, 41.7 and 39.9 to C,, C1 and 68 respectively. In

the off -« resonance experiment conducted this group reported
that the resonance lines at 6: 41.9 and 41.7 are triplets
while that at &§: 39.9 is singlet. But the DEPT spectrum of
DS-2 showed that all the three signals are chemical shifts

for methylene groups.




.
- 59 . . e
PooCrews ot ol haove veassiened the chemical shifts

for heteronomin (033, These workers have assioned the
chemical shift at §: 42.8 to Cyn which agrees with the DUPT
spectrum of DS-2.  In addition this group conflfirmed that
the consccutive three chemical shifts at 8:42.2, 41.9 and

. . 3 , -
40 in their '7C nmy spectrum, correspond to methylene grouns

and assigned to C3, C, and €. respectively.

7 |

5 . : . - .
Kashman et al / assigued the chemical shift signals at

$: 21.2 to C}9 {equatorial) and &: 33,1 to C20 (axial) methyl
groups, thét are attached to C4 of heteronemin (63)., P. Crews
et ﬂng reversed the assignments, which implies that axial
methyl carbon is shielded as compared to the equatorial onc.
I{f one uses a model of heteronemin, the axial methyl has got
1,3 diaxial interaction with axial proton at CZ aqd the ansular
methyl group at C}G‘ Due to Van der Waal . deshicldings axial
protons are deshielded, but the electron cloud density on
axial methyl carbon will be increased, as that from the
deshiclded p%otons get accumulated on this cdrbon. Thus

axial methyl carbon should be shielded as compared to
equatorial one. Accerdingly the chemical shift Qt §: 32.9 is
amﬁgnmitoimé muétorkﬂ methyl while that at &: 20.9 to the
axinl methyl groupr in DS-2, assignments that apree wifh

the latter group,sg




Cxperiment with shily reageni has olso becn roporios
Aveording fo o thi- repart, T siennts that are net shibied
vpon addition of fu (iﬁd}s to a devtrochlovotform solution
of hetcerenemin (63 could be veltoted to cavbon aivoms

Cl—CY, CiO’ C19, CZU and Cv?. These cavbon atoms are

[0y &

relatively far away from € 2—0“ oroup, expected to be

1
the main complexation site, the signals could hence be

essentialily uninflucepced hy Eu[FGd}g addition.  The i

unaffected resonance signals ave found to be in agrecment
with theé corresponding A/B ving carbon atom sipnals of o«
and g amyrin, atter correction For the expected substituent

effect of an additional C8~methy1 BrOUp .

-~

. ; . 13,
Coming 1o conclusion, concerning C nmr spectrum
& b (=] I

of heteronemin (63), Kashwan et 3157 who did the {irst

s

chemical shift assignments, indicated that thelir assign-

ments may be reversed Jov carhon aumbers 1, 2, 3, 0, 7,

19, 20, 24 and one of the two OAc evoups which appeared

. : . .59
at §: 20.9. Latter on . Crews ot al”” huave made re-

assignments using COS5Y, and reversed some of the chemical

shifts. The chemical shift assigaments made for DS-2 is

| . ) ¢
in complete ayreement with that of P. Crews et 31.53




Toalbto-2  Crhoewical shift asvronments
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e stereothemstry ob hoteroncmin (033 has been clearly

L ]
citablished through o muner o ciporiments ind obscrvations. 7
It B ten assymeiric ceonters.  otorcochemistey at the ring
junctions were estobliished boasced on the chewical shifts in

13, .
the C nmmr spectrum,

'

fhe PU7C nmr chemical shifts of methyl
groups or methine carbons at the junctions sre especially
usclul in asscssing the position of substituents and stervco-
chenistry of scaluaranes (05) in general. In addition ring
junction methyl shitts can often be used to determine cis-

versus - trans ring fasion, since methyl group on trans

ving fusion arc shiclded by about 11-15 ppm relative to

those on cis ring fusion as shown in the compounds (68)~(71).

284 .
(70) 305




Thus an acray of an all trans AL and € rings cve indicated
byrhctcronemin's (63), Mc-21 (8: 17.4)& Me-22 (8:10.4), which
have c¢lose chemical shift values to the reflerence compound(71).,
Likewise a trans C D ring junction with an equatorial sub-
stituents.y— to the ring junction methyl is indﬁ&ated by
heteroncmin {63). The Cor methyl group is shiclded by the

two y-cquatovial substituents at Cyy and Cig> thus it appearved

at §: 8.5,

Another rcpor’c}7 showed that, protons at 612 and C}é
arce axial as inferred from their peak width at half height

(Wiy, 15 Iz and 16Hz respectively.

The scalarane ring (65) junction methine Cg and C14
shifts are both sensitive to gterochemistry of substituents
attached to C12 and C18.20 A change in the C12 substituent

from equatorial to axial, shields Cg by 6 ppm or a change
in the C,q carbon substituent from equatorial to axial
shields Cyy by .4 ppm.-

The sterceochemistry at the hetero ring substituent,

at st in {03), has been proposed 17,57

based on the magni-
L . . , -
tude of He-amr coupling constants across the 618 to C25
! L]
bond. The small coupling magnitudes (2.QHz) obsecrved

between vicinal protons H-18 and (1-25 in heteroncmin (63)

devonstrated the relative trans stereochemistry,




'Also the ease with which an acetic acid molecule is
lost from the molecule during mass spectral fragmentation
requires a cis relationship between the acetoxy group at

17

C,c and hydrogen at Cig This strengthens the vpreceding

argument about the stereochemistry at these centers,




305 bryuvture of hb-l

BS-1 is a white crystallive (needlces) solid with
melting point of 127-128°C. It is socluble in chlorotform

and cthyl acetate but sparvingly soluble in methanol.

The ultraviolet spectrum of DS-1 (fig-6) showed
maximum absorption at 215 nm (C=i2500)‘ The iﬁfrared
spectrum (fig-7) showed strong absorbance for 0-]]
stretching vibration at 3400 cmﬂi, weak absorbance for
an unconjugated C=C stretching vibration at 1670 em™ ]

and an olefinic C-H stretching and bending vibrations

at 3030 cmdl and ]450_cm"1 respectively,

Since the compound was cluted with a relatively non-
polar solvent, petroleum ether-chloroform (4:1) mixture,
and sponges arc well known for their sterol metaholites,
Lichermann - Burchard test for 38 - hydroxy sterols

was conducted, and was [ound to be positive.

The 400 MHZ,IH nmr spectrum taken in deuterochlorvoform
showed « doublet at §: 5.31, for onc hvdrogen corrvesponding
to an olefinic proton. This implties that the other
olelinic carbon atom is guaternary since theve is no
signal corresponding to other olefinic proton. The
signal for the proton on oxygen appéared at 8: 5.2
coupled with Cs-~H. - The other deshiclded resonance
signal of the spectrum appeaved at §: 3.5, as multiplet,

for a single proton which corresponds to the hydrogen
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attached to a curben bearing the hydroxy! group in the
spovestod structure (727 frs waltipliciiy is due to its
intevasction with vicinal protons at (12, Cys and the protan
on oxygen of the hydrexyl croup on ving A of the suggested

structure {(72).

The 400 MHz Ti-1H COSY umr spectrum (fig-9) taken hi.n
deuterochioroform  showed that the olefinic proton is coupled
with three protons; these arce the two vicinal protons at C.
and the axial proton at (,. Simiiarly the proten at Cqy ie counteod
with three protons; these are most probably the two axisl
protons at‘ﬁz and Cys and the protonon oxygen ol the hydroxy

group at Cs-in (72).

13 .. - i
The C nmr spectrum of DS-1 (fig 10) showed 27
resonance lines for 29 carbon atoms. The spectrum showed
two olelfinic carbon atoms resonating at §: W1 and 121.7 ppw,

These correspond to CS and 66 of the sterol respectively.

The other deshielded chemical shift appeared at §: 72, and

is assigned to the carbon bearing the hydroxyl group, which

N

is C3 of the sterol (72).




— ,..." Pu:.“!- _

k - ,,m..czé .L,Zrl.. ,_._....,:1?_.“4 pr., iop ,.r.i ?.,

Jﬁbf_@&_‘_. i

;«cycrﬁngﬂfnfawa;

_, .»
..s.§; by E...«..g(«.t L 24..“ ;«Z} :\._

1

s

".‘tu,

1

1
.

L

TOAR LN SR P A

1

R

LR s
! RS ENT
? RO
3 eI
NPT LR IE
§rr? 55 B BB e S
5 1209 R.eEE T
T OlER 3T ST.4ET I
§ 21,9 gLl 1
3 onatoes SE.ap o rT
{2 184%,51 4053 e

11 SIS0 ARLUT A
PRI Gt

R R TEIPT I T S 74

U aG 4 S oy

[P

L O N e s ]

dr a2 i es B

O T e B o der EP e i e s
PPl S

o

peCouTnG

L. DT TOTC



- 0

I the =tady of hoievonamin (D5-2), 1t has beon sfatea
that ihe normal soatarape framewnsk  (05) <nn be rvecoapnizod

. [ o S : - s
by three Loy methine resupance 1 the 1eglon of st 50-06

{for €., C, and C Thi: bpasic tdea can be extended and
5 3

9 r
made use of in the elucidation of sterols, ns they may also
: L% - - o G -
copntain methine groups at Cq, Lg and C}q- The {{ nmr-

C T

specticum of DS-1 showed the three chemical shifts in the
region of &c: 50-60 as cxpected. These are chemical shifts
at &: 57, 56 and 50. One can thervefore take this as sirong

supporting evidence for the sterol skeleton,

Cholestero! shows deshielded chemical shifts at &6: 147,

C

[

121, 73.3, 56.9, 56 and 50.5 which are assigned to C

64

57 70?

CS’ C1£} Cg and Cq TESPUUTIVSIY . The corresponding chemica

{
shifts in the stevol (NS-1) appuared at 6: 141.1, 121.7, 72,
57, 56 and 50 which arc assigned to Cos Ce s CE’ Ciyo Cq and
Cy respectively. Thess indicate that D5-1 has the same
basic skeietbn as cheicestervol. The other relatively
shiclded chomicel shiits of DE- 1 appeared between §: 46-12
These alipheitic region chemical shifts evs oo crowded to-
assign; but the chemical shift at §:46.5 i3 assigned to the metl

‘ 1
carbon (817} and the most shielded chemical shift at &: 12.0

is assigned to angular 'J‘neth}fl/(i.i as it is shielded by vy-

87

substituent at C17‘
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The [irst repovted application of mass spectrometry
in the identification of steroids, was by de Mayo and

Réedds

, who showed "that specira of steranes recorded at
low electron energy (10-15 eV), contained well defined
molecular lon, affording a direct measurement of molecular
weight. Accordingly much of the information used to -
elucidate the structureof the sterol isolated (D$S~1) was
obtained from its mass spectrum (fig-11). Mass of the
compound was found-to be 414 which requires C,q Hg, 0.

The douBle bond equivalent (f+db) of the formulq,is

egual to 5.

The mode of fragmentations of steroids under electron
impact are quite complex, as indicated by the detailed and

61 The

extensive jnvestigation by Budzikiewicz et al.
’ T L]

majority of applications of mass spectrometry to steroid
analysis have so far been made with low resolution instrument
Information as to structural features have been obtained

from themass spectrum mainly in the following ways%sf

1- by recognizing ions arising from wellvcharacterized
fragmentation processes; |

2- by ébrgelating the mass spectrum of an unknown
steroid with fhat of reference samples;

3- by converting an unknown compound to a derivative

known to be effective in influencing the mode of fragment-

ation in a structurally informative manner;




d- by TCCOFding.mHSS spectra at low electron
encrgies, so as to isolatce only the most energetically
facile fragmentation processes and thus, for'example,
to aid in distinguishing closcly similar or steroiso-

meric steroids; .

5~ the combination of mass spectrometery with gas
chromatography (GC-MS) made possible the analytical
characterization of steroids in submicrogrém amounts
and remains the most powerful technique for identifying
steroids in biological materials. Comparing the compati-
bility of the proposed structure with the gas chromatographic
retention time at which the mass spectrum is regorded will

also give information about the structurc of the compound.

Information about the structural feature of the sterol
(DS-1) was ebtained by recognizing ions, arising from
well characterized fragmentation process. Loss of water,
methyl group or both are known., Also sterols are known
to lose side ¢hains along with groups whigh are vulnerable
to fragmentation. Cyclopentane rings in sterols are .
known to be liable to fragment in electron impact ion-
ization. Sterols with AS - give characteristic fragments.
Signals corresponding to all these were observed in the

mass spectyrum of DS-1.




The spectral data presented so far suggested a
ctholesterol skeleton; a 27 carbon compound. But DS-1
is a 29 carbon compound. ‘tThe position of the additional
two carbon atoms on the side chain is stablished from

biogenetic consideration and the mass fragmentation (Scheme VII)

If thgre is no substituent at C24 on the.side chain,
the mass Spéctrum should give fragment ion at m/z 357
(M+HC4H9);’but this 1s not observed, indicating that a
substituent has to be at Cogqe A fragment ion at m/z 343
(M+—C5HT{) which appears if a methyl group is at C24 is
not also observed indicating that the subsfituent at this
position has to be an ethyl group. The presence of an
ethyl group at ng isiconfirmed b} the pfesence of fragment

ions at m/z 329 (M-C H}S) and 385 (M—CZHS) with Jfairly

6
intense peak..

Thus the sterol isolated (DS-1) is either f-sitosterol
{(24R-stigmast-5-en-3R-01) or clionasterol, the 24§ isomer.
To choose betweén these two possibilities:

1~ BS-1 was cospotted with an authentic sample: of
B-sitosterol, ?nd was. found to have the same Rf value
{(0.78). e

2~ D8-1 was acetylated and the melting point of the
acetylated product.was found to be 126°C. The literature
value of the melting point of clionasterol acetate is 144°C,

while that ol B-sitosterol ncetate is 127 .




20
3- The optical rotation of DS-1 is found to be {u]D =

=36.9° {c=0.1406, CHCE<), while the literature value for

24

B-sitosterel is luJD = 357,

- Reported melting point of f-sitosterol is 134°0

while the obscerved meltiog point of DS-1 is P27-128%¢.

ALl thesc cvidences support the suggestion That DS-1

is g-sitosterol and not clionasterold.

DS-1 has major fragment ions at 414, 399, 394, 396,

{34

380, 381, 355, 341, 329, 303, 301, 296, 282, 275, 273,

>
271, 255, 231, 229, 213. B-sitosterol [rom an annelide

. . .63
Pscudopotamilia occelata as reported by Kobayeshi has

major fragment ions at m/z 414, 399, 396, 381, 34], 329,

303, 296, 282, 275, 27%, 271, 255, 231, and 279 which are

identical to fragment ions of the steral B5-1. This with

the other data confirums that DS-1 is B-sitosterol.
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4.  CONCLUSION

In this research project compounds have been isolated
though they are not novel., DS-Z was ddentiiied as hetero-
nemin bused on information obtained from the 'H nmr, 13C nmy
and mass spectra, and comparison of these with reported data

for the same compound. Stereochemistry of heteronemin is

well established.

The structure of the sterol, DS-1, was characterized
using iH nmr, 13C nmr and most importantly the mass spectrum
of the cdmpound. The stercochemistry at the assSymmetric
centers are established indivectly. For sterols containing
saturated side chains, assignments of stereochemistry of
isomers, have been made, based on diffcrences in specific
rotation at fixed wave length and on melting poigt differ-
cnces.64 Accordingly the R{ value, melting point of the
acetate and optical rotation of DS-1 were used to confirm

\
that it is B~sitqster01,

As alrcady stated elsewhere, among terpcnoids
sesterterpenes are the rarvest. Within séstertevpencs
there are vdariations of the molecular arrangement with
SOUTrCes. OBe‘ggn find tetracarbocyclic scsterterpenes
only from sponges. So far there are no reports indicating
thc’tétrécdthoéycl}cisesterterpéneé from sources other
than ‘sponges.

The reason as to why sponges produce these secondary
metabolites is not clecar so far, but in most cascs the crude

extract was {ound to inhibif oredatorvs.




60

2. EXPERTMENTAL

Melting points were determined on a Boetius hot-stage
apparatus., Inflrarcd spectra were recorded in KBr pellets
using a Perkin Elmer 727 B spectrometer. Ultraviolcet.
spectra were recorded using a Beckman DU-65 "spectrophotomete
in methanol. Optical rotations were measured in chlorofora
on a Perkin Elmer 241 polarimeter. NMR spectra measurements
were performed in deuterochioroform, acetone~d6 or bonzeneﬂdf
on a JGEL 90 Mz, Bruker MA 360 Miz or Bruker SF 400 MHz
spectrometer.  The chemical shifts were referenced to the
solvent signals. Mass spectra were recorded on ¢ither a
CH-5 or a Finnigan - 4021 mass spectrometer. Analytical
thin layer chromatography (t 1 ¢) were run on a 0.20 mm thic
layer silicagel-60 £254, precoated sheets and the products

were detected by UV or vanillin spray reagent,

Gollegtion of sponge samples

Dark brown ‘spouge samples 3B and 4 weve collected in
June 1987, from the Red Sea, avound the marine biology
station of Asmara University (AU) at Massawa. Samples
were collectéd’at a depth of 2-5 meters with the help of
specimens preserved in 10% formalin salt water solution in
the Department of Biology, AU. The collected samples wevre

sun-dried and stored in a cold roon.




Extraction- of sponge sample 3B and isolation of DS-2

The initicl work was stavied with a dark brown sponge
sample 3B. 500 gms gf the sponge Yrom the cold room was
puiverizoed using 2 blender.  ‘the pu}vcrizcd sponge sample
was soxhlet extracted with 2.5 Jitevs of distilled chloro-
form for 48 hrs. The extract was concentrated under reduced
pressure whicﬁ.gave 6 gms of a paste like residue. The
residuc was mixed with 6 gms of silicagel and dried to-powder
ﬁnder reduced pressure. The powdercd sample was applied
to a 2.5 cm diameter column packed witHTZOO gms of silicapel,
The column‘was first eluted with petroleum ethef;.followed
by petroleum ether chloroform mixtures. The. polarity of
the solvent was increased by increasing the proportion of
chioroform. 100 ml fractions were collected, and tested‘an

TLC plates for similarity.

Froction 3-15 which were collected #ith_petroleum
ether - chloroform (4:1) mixture wére found to have three
components on TLé. These were combined and concentrated
under reduced pressure. The concentrate was reéhromatogrépheq
on a small cpluTn with silicagel and eluted with petrolcum |
ether -~ chloroform (4:7) mixture. This helped in isolating
the compound D%—%,'a white needle - like crystalline solid
from an oily liquid mixture. DS-2 was further purified by
recrystallization, first from methanol: chloroform (9:1)
mixture, followed by recrystallization from n-hexane:
ethyl acetate (9:1) mixture. The recrystalliied product
was suction filtered and dried to give 200 ﬁg,_0.04% of

the dry weight.




The purified compound showed a single spot in
ethanol :chloroform (2:5) mixture (Rf = U.7) and also in

ethylacetate -~ petroleum ether (1:4) mixture on TLC.

After ecach recrystallization the melting point was
checked. Reproducible melting point of 172-174 was

obtained for DS-2.

Characterization of the purified compound was carried

out by collecting various spectral data.

Mass spectrum - m/z (rel. int): 386.0 (M* - HOAc - CH2=C=O,

+

1.2%), 368.1 (M" - 2HOAc, 106%), 350.0 (C,cHs,0, M - 2HOAC - H,0,
36%), 191.1 (Cq H,4, 13%), 161.9 (3.3%), 157.9 (6.4%), 134.0
(7.7%), 132.9 (Cgligd, 2.9%), 60 (C,H,0,, 3.5%).

Proton-nuclear magnetic resonance - (Bruker MA 360 MHz, CDCIS):

{6: ppm): 6.76 d(st, J = 2Hz), 6.16 t(H24, Js1.7 Hz), 5.34
brm (H16)9 3.4¢6 m(H12), 3.31 d(O=H12, J=5.6 Hz), 2.43 brs(H18),
2.10 s(two OAc groups), (.895 s, 0.814 s, 0.789 s(3Me groups),
0.832 s(ZMe groups).

13C nmr spectrum - (22.5MHz, benzene=d6) see table 2.

Ultraviolet spectrum - (c: (.01, MeOH) UV spectrum showed

maximum absorbance at 230 nm (e = 14000)

KBr -1

Infrared spectrum - Vax CM ): 3400, 3100, 1750, 1260, 155G,

1400, 1050.

Optical Rotation (c=0.2, chloroform)

Anm 589 578 546 436 365

20
[a}D =67.5 -70.5 -80 -140 -232.5




Extraction of sponge sample 4 and isolation of DS-1

| 45G g of unidentified brovm sponge sample (No 4),
extracted in the same way as 3B, gave 5 g of gummy crude
extract. Following the same procedure as for the extract
from 3B, the sample was column chromatographed and eluted
with solvents of increasing polarity. Fraction 9, 10‘and
11 which were eluted with petroleum ether: chloroform (9:1)

mixture showed that they are mixtures of mainly two components.

These fractions were combined and purified after con-
centration; on smaller column packed with silicagel, by
eluting with petroleum ether: ethylacetate (9:1) mixture.:
The major component was further purified by recrystallization
from éhloroform, methanol (1:9) mixture. The recrystallized
product was suction filtered to dryness to give 500 mg of

DS-1; 06.11% of dry weight.

TLC of DS-1 showed one spot in ethanol: toluene (2:5)
mixture (Rf=0.78) and petroleum ether: ethyl acetate (4:1)
mixture. DS-1 gave reproducible melting point of 127-128°C
after each recrystallization, and was characterized by

spectroscopic techniques.

Mass spectrum - m/z (rel. int): 414 (CZQHSOO’ 22%), 399

(M -CH,, 9.1%), 396 (M'-H,0, 7.8%), 385 (M+-C2H 6.5%), 381

2 5?

+ + g +
(M- Hzow‘-CH3 » 5.2%), 3711 (M - CSH7’ 11.7%), 329 (M ~C6H

6.5%), 305 (1.3%), 255(31%), 231 (13%), 215 (9.1%), 213

39
13°

(23.4%).




Ultraviolet spectrum {(c=0.(1, MeOH) - The UV-spectrum

showed maximum absorbance at 215 nm (e=12,500)

Infrared spectrum - (vKBE . -1): 3400, 3030, 1610, 1450,

1350, 1050.

Optical rotation

[0]2%= -36.9° (C=0.146, CHC1,)

Proton nuclear magnetic resonance (Bruker SF 400 MHz, CDClS)

(8: ppm): 5.34 d(H¢, 4Hz), 5.2 d(0-Hy, 5Hz), 3.5 m(Hg).

39

13C nmr spectrum (22.5 MHz, CDC13)

(§: ppm), 141.1 (C-5), 121.7 (C-6), 72 (C-3), 57 (C-14), 56
(C-8), 50 (C-9), 46 (C-17), 12 (C-18), 42.7, 40.2, 37.6,
36.5, 34.4, 32,1, 29.6, 28.3, 27.2, 24.5, 23.5, 22.7, 21.4,
19.5.

Test for 3B-hydroxy-sterol (Liebermann-Burchard test)_62

About 2 mg of the sample (DS-1) was dissolved in
chloroform. To the solution, T-ml of acetic anhydride
and 1-drop of sulphuric acid were added. After 5-minutes,
a characteristic color of sterol which passed from brown
to deep green was observed. ‘

14

Acetylation of DS-1 - To 100 mg of DS-1, 30 ml of acetic

anhydride and two drops of pyridine were added. The mixture
was stirred for 72 hrs. 40 ml of water was added to the
reaction mixture and extracted with 50 ml of chloroform twice.
The combined chloroform extract was washed twice with 40 ml

of water, and dried over sodium sulphate. Finally the solvent
was evaporated at reduced pressure and the acetate of DS+1

(mp 126°C) was recrystallized from methanol.
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