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ABSTRACT

Chemical Investigations
of
Sponges from the Red Sea
by
Dejene Shewaye

Research Advisor: Dr. Tarekegn Gebreyesus

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

13

was established by 1H nmr, C nmr, and mass spectral

interpretation.

Another C,q compound characterized as B-sitosterol,
has been isclated 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.



1. INTRODUCTION

Sponges are primitive multicellular animals which are
almost exclusively of marine origin. They arve sessile, with
only few specialized organs and tissues in which skeletal
fibres or spicules asuaally form an important part of the body.
The animals live attached to stones, shells, and other objects
in water, and often iform colonies ol irregular form in which
the various individuals are indistinguishably (used with one

another.

Sponges arc usually gttuched and stationary animals in
the adult stage, distribution being brought about largely by
the actively swimming ciliated larvae or by currents of water
which carry the young from place to place before they beceme
attached. The thousands of different species vary greatly
in shape, size, structure, and geographical distribution.

They were for centuries considered to be plunts.‘
sponges are not casy 1o ¢clussify, but are arranged in

four classes as follows.z

13 Calcarea 3) Demospongiac

2) Hyalosponglu€ 4) Sclerospongiuc

Sponges.arg filter leeders, removing bacteria and
other fine suspended organic matter from the water. An
initial scrcening 1s provided by the pores, which permit
only very small particles to enter. Filter fceding has

- « - 1 - ‘] s
evolved in many animals and olten represents, as in sponges,

an adaptation to 4 cessile or slow moving ¢xistence.



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
been 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
has also been demonstrated between molluscs and algae.4 It
is premature to conclude at this point, that sponges produce

secondary mectabolites only as a self defence. Further studies

are imperative.

Sponges could produce secondary metabolites for various
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

the function of new compounds in the marine environment.

Because many sponges contain symbiotic microorganisms,
there is always some uncertainity concerning the true

origin of sponge metabolites.6 Efforts have been made by



chemists to know the origin of these metabolites. However
the majority of metabolites are now believed to be produced

by sponges themselves,

b ]

Recent studies '*° have shown that in tropical waters,
60-70% of the exposed sponges are toxic to gold fish in
laboratory tests. The toxicity of sponges is inversely
related to latitudc;? an observation explained by the
increased species diversity in tropical shallow water fish,
resulting in a more intense food competition and hence the

natural selection of chemically protected species.

Although a great number and variety of secondary
mctabolites have been isolated from both toxic and non-
toxic sponges, few data have been published concerning
the ecological role of these compounds. Recently *however
scveral marine chemists have reported the toxicity or

antifceding activity of sponge mctabolites.g'll

Marine natural product chemistry is a relatively recent
fiecld of study as compared to natural product from other
sources. Once it started, the development has become
dramatic. Inspite of a consistant effort to disclose the
secretsof life under the sea, the chemist sometimes
fuces problems which @re difficult if not impossible to
solve. One of the major problems he faces is that his
ability to identify Ehe compounds exceeds his ability to
identify the marine organisms from which the compounds
are obtained. This is particularly true for the identi-

fication of sponges, since expert tuxonomists often fail



12,13 s nroblem ent2ils the difficulty to

to agree.
name 2 new compound from an unknown organism. So far
some marine natural products have been given irrelevant
names. " 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 7.5-8.5.77

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 pcroxides.sa]?
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 erecta.




2. BACKGROUND

251 Terpenoids

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

4000 having been isolated by 1974.18

These isoprenoid
compounds fall mainly into the classes of monoterpene (CIU)'
sesquiterpene (C15), diterpene (CZO), sesterterpene (C25),

triterpene (CSU)’ carotenoids (CQO) 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 Ircinia,

Spongia, Hippospongia and Cacospongia have yielded an array

of sesterterpenes and a series of C,, terpenes postulated

as degraded sesterterpenes.lg

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 =

favoured prccess.l?



Linear sesterterpencs have hecn isolited lrom various

t"i
Ircinia spec ic:,s’l"

while terracarbocyclic sesterterpencs
often referred to as the scalaranes lhave been isolated from

8 . : 19 & X g
Cacospongia specncs.' Scalaranes are not distributed

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

certain species.

Reports on the discovery ol novel sesterterpence are
increasing. In 1972 only §3 sesterterpenoid compounds
were known which represented one acyclic and two carbocyclic
frame works. Within three years this number grew to 31.]8
Since then there have been reports of numerous other

sesterterpenoids with a total count of 158 by 1985.20

2.1.1 Classification of Sesterterpcnes "

A number of triuls have becen made to calssify these
sparsely distributed terpenoids, among which the first
classification made by G.A. ﬁordellTB and that made by
Mina1020 are the most important ones. Since the latter
classification is very detailed, for the purpose of this
presentation, the former is adopted. Accordingly scster-
tcrpenes‘ure generally classified into five groups based

on their structural relationship.



a) ‘“;s;‘St'“l't(-.'l'l't'I.E'.‘i of the¢ linear Lync
- —————————— il S

In 1969 M. Toyoda et al isolated by silicagpel
chromatography of unsaponifiab

1 3 v o “ - .
1 lguia extract of

Solanum_tubersum, a pale yellow Jiquld." The 1solated

compound has a linear structure (1) as identified by

spectroscopic techniques

(1) ; OH

L]
The first acyclic sesterterpene isolated, however, was

all trans geranyl nerolidol (2) obtained from Cochliobolus
22

heterostrophus, the phytopathogenic fungus responsible

for the leaf spot discase in maize.

(2)



A closely related compound, gecanyl farnesol (3) was

1solated f{rom the wax of the insect Ceroplastes albolineatus.

OH

(3)

b) Sesterterpenes of the ophiobolane type

Sesterterpenes of this group are among the early
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
Helminthesporium leaf spot disease of rice, was tﬁe first
in the series to be isolated; 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

y 2
studies.



C) Sestercerpenes of cheilanthatriol types

The fern, Cheilanthes farinosa on extraction with
petrolecum ether and chromatography yields, besides other
substances,a Crystalline triol, chcrilanthatriol.z4
Cheilanthatriol (6) is a tricarbocyclic compound. Bio-
genetic consideration and the dissimilarity to the

ophiobolane type suggested a perhydrophenanthrene skeleton.

o4

CH,0H

OH

(6) . e

Another sesterterpene classified as cheilanthatriol

type was isolated from the sponge, Cacospongia scalaris.

This is a white crystalline compound with structure (7)

: v : i 25
to which the name scalarin was given.




d) Sesterterpenes of the ketigeranic acid type

. 3
- ot

Shibata et al isolated from lichen, Lobaria retigera,
a compound whose structure was determined by X-ray crystal-
lographic analysis (8) which indicated the pentacyclic

structure.

e) Sesterterpenes of Gascardic acid type

Gascardic acid (9) was isolated from secretibon of

the insect Gascardia madagascariensis. Elegant and

extensive degradative work by Arigoni% group in Zurich

succeeded in elucidating the correct structure of this

molecule, including the absolute stereochemistry.18




2.1.2 0Occurrence of Sesterterpenes

Surprisingly there ha:z been no systematic efiort made
to determine how the sesterterpenoids are distributed in
nature. Nothing is known avout their taxoncpic distribution
i plants or phytopathogenic fungi, or their role in the
life cycle of organisms. Their discovery to date has
cssentially 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 prescnce.20

As can be seen from the literatures reported so far,
the range of terrestriul organisms which elaborate sester-
terpenes are considerably greater than the range of marine
organisms. Marine sesterterpencs have been isolafed mainly
from sponges, the exception being seven metabolites
restricted to nudibranchs, and they may acpuaily be derived

2
from the sponge diets of the nadihranchs.“u

Acyclic sestértcrpcnas are abundant in marine sponges
but are poorly represente in each major group of terrestria
organisms. Carroyclic sesterterpenes are found in both
marine and terrestrial organisms, but strikingly little
overlap exists among the sesterterpenc skeletons from

marine and terrestrial organisms.

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

of normal head-to-tail condensed isoprenoid precursors.



P

By contrast no information is available on the biosynthesis
of either cyclic or acyclic sesterterpencs in marine sponges
wv nudibranchs. 1I(n fact it has been suggested that sponges

are probably not capable of de-novo terpene synthesis.z7

2.1.3 Biosyntheses of Sesterterpenes

[t is to be expected that support for the biogenetic
isoprene rule will come most directly from the invivo studies
(or the synthesis of terpenoid compounds in animal and plant

system.l

Compared with, for instunce, 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 experimental 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 metabolites.ls’zU

The discovery of the sesterterpenes has brought forth
another area of experimentation, and experimenters quickly
realized this: ‘Indeed knowledge of the biosynthesis of
the sesterterpenes is surprisingly_advanced for such a
rare group of compounds. Clearly the fact that many of

these compounds can be isolated from culture media has

been of significant valur.-.1



The basic precursor tor all terpenoids and steroids is
acetyl CoA, which inturr obtoined from acetic acid. Acetic
acid in an organism is produced in the catabolic process; i.e.

in the process of degradution of fuel molecules to gencrate

energy required for life activitiss, The fuel molecules con-
sist of carbohydrates, (which are produced in plants by the

process of photosynthesis) fats and proteins (which are

produced from carbohydrate by various biochemical conversions)

CH,COSCoA === CH,COCHCOSCoA

(10)
OH

O COSCoA

CH,COSCaA
N

-

N

(1)
OH

—

0~PP =
(17)

Scheme 1



0~PP . S

(20)

17
—ﬁwog pp .

(21)

0~PP
(23)

a) Biosynthesis of linear scsterterpenes

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

2
units linked head~to-tail.‘8

b) Biosynthesis of Ophiobolane type sesterterpenes

In 1965 a novel two-step-cyclization of trans-trans-cis

geranyl farnesol pyrophosphate (22) was suggesred‘“3 to

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



(5)

Scheme. 11 QQ (

¢) Biosynthesis of cheilanthatriol and scalarane type

Sesterterpenes

The biosyntheésis of cheilanthatriol is speculated!®
to take place from geranyl farnesol (3) by standard steroid
type cyc11zat10n to give the cation (25) which picks up a
hydroxyl ion. An alternative cyclization may begin with
the epoxy-geranyl- farnesol derivative (26) which spontan-

€ously cyclizes upon protonation as shown in scheme II1.



H0H

Y
63) (2259 \\\\nQ;)'

CHyOH

’.
wcyﬂga&on @/Y\ M

£z (27)

Scheme II1I

No biosynthetic scheme had been suggested foI scalarane
type sesterterpenes until 1974. 1In 1974 G.A. Cordell
"Hﬂ.gnstedTB that, formation of all four rings takes place
in a concerted fashion from all trans-geranyl farnesol (3);
oxidation then affords scalarin (29) as shown in scheme IV

OH Aco
> 1
—_—

%

Scheme 1V



d) Biosyntheses of Retigeranic and Gascardic acids

ruesul 8 I - . S e

A very Interesting scheme has been postulated™ for

the biosynthesis of retigeranic acid, building cach ring
scquentially. The scheme has not been the subject of

experimental work.

A further fascinating scheme was proposed tor gascardic

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

phosphate (22).25

Z.1.4 Pharmacology of sesterterpenes

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. Interestiing
physiological properties have somctimes been described

for the extract of organisms which yield sesterterpenes.
These range from marine sponges which are toxic,1'11’29

to nudibranchs with a pleasant fruity .dor,30 and fungi
which produce extracts having antimicrobial and phytotoxic

activity.3]£32 5

Many recent studies especially those involving marine
organisms, are found to link a specific biological activity
to an individual sesterterpene metabolite. An @cyclic seste:

terpenoid isolated from the sponge Ircinia oris possesses

an antibacterial activity against Diplococcus, and




. 3
Staphylococcus aureus. ® Another acyclic compound isolated

from Ircinia variabelis found to possess antibacterial
34

activity against Staphylococcus aureus.” ' 12, 18-diepiS-

calaradial (30), isolated from Spongia idia is found to be

toxic to numerous predatory marine organisms including a
sea star, abalone larvae and brine shrimp.11 Among
scalaranes, a tetracyclic nor-sesterterpene isolated from

the sponge Hyrtios erecta35 and a tetracyclic homosester-

terpene isolated from Carteriaspongia dendyi36 were found

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

reported.37 .

According to a report by P. Crews and S. Naylar, only
two sesterterpenes, ophiobolin-A (5) (as an antibiotic)

and monoalide (31) (as an antiinflammatory agent) have

been the subject.of patent.20




Table 1: "ruvﬂyfv_or SOM. sestorte

and their Plhlrzicn; i

- Compounds

SOurce chcr

o ' !
TaASSANAPAD
»

. Ircinia oros

Antibacterial against Diplococcus and S. aureus

Ircinia variabilis

(3) |

Antibacterial against S. aureus .

Spongia idia

(34)

lToxic to numerous preditory marine organisms

Prianos sp.
“ oH s

(35)

Inhibition of sea urchin cell division



(36)

Inhibit growth of 5. aur

HO HO
CHO

™~

(39)

Aco

a6 tx

eus

Cacospongia scalaris

Cytotoxic

Spongia nitens

Toxic to brine shrimp

llyrtios erecta

“Toxic to brine shrimp

ﬁlrtios erecta

Unidentitied spongt

W
7 )

60

11



2.2 Steriids

Steroids uare compounds contiining the perhydrocyclo-
pentanophenanthrene nuclevs (81). They include a wide range
of naturally occurring compocunds, among which are the sterols
proper, the bile acids, the sex hormones, the adrenocortical
hormones, the cardinc glycosides, the sapogenins, some

alkaloids and other minor groups.du

Among marine natural products, steroids are the most
extensively studied. A large number of literatuie con-
cerning marine steroids can be found scattered th;oughout
the multitude of chemical and biological journals dating

4
back to the initial report of Henze in 1908. ;

Sterols.derived from marine sources are interesting,-
becuase some of them possess very unusual! structures such
as sterols containing cyclopropane ring, sterols deveoid of
19-angular méthyi group or unigue 38 hydroxymethyl-A-nor-Sa-

stcranes.“

The recognition that sponges contain a variety of
sterols which vary from one species to another was first
5 42 ’
reported in a classical paper by Doree. This author

isolated a sterol from the sponge Cliona celata which he

named clionastero)] and showed it to be different from both



= J) -

cholestercol and Spongosterol. The latter, earlier isclated
g 42 : '
from a mediterranean sponge, was the first animal sterol
to be reccognized as different

from cholesterol.
mode

Since 1072
rn reinvestigations of sterols of sponges have

begun to
appear, which confirmed the

complexity of the sterol compositi
in this phylum.

25241 Classification of Sterols

Generally sterols can be classified as "conventional"

and "unusual" depending on their structure.??

"Conventional" sterols:

The term “conventional" is
used to cover sterols with the conventional Cyg9 tetracyclic

nucleus having the usual Cg side chuin orelse modified by

the addition of one or two carbon atoms at C24: The Ca4
. 0

nor-sterols are also included in this group.

A ng sterol, chondrillasterol (42), which seems to

be confined solely to porifera in the animal kingdom, was

reported as the major sterol component of Chondrilla nucula.43

Another Cz9 sterol, g-sitosterol ((24-R)-24-ethyl cholest-5-

en-38-01) (43) has been isolated from the sponge Cliona

celata.44 Ambng'the C23 sterols, 24-methylene cholesterol

(44) which is widely distributed in marine organisms was

found in the sponges Chalina arbuscala and Tetilla laminaris.?




2%

\-.

-
,ij

(4‘4_)& A ,24(259

"Unusual" Stcrnlg: Marine invertebrates have

proved to be sources of unusual sterols having the
cholesterol nucleus with side chains involving new
alkylation patterns. Thus gorgosterol (45) from

46,47

gorgonians, acanthasterol (46) from the star

'fish, Acanthaster planci and 23-demethyl gorgosterol (47)

isolated from two gorgonians,48 exemplify the attachment

of "extra" carbons at sz and CZE'

H
i

(46); A (47)

X

- -
S



Wivateirol (48) and 24,3 -d1dehydro-aplysterol (49), the
principal sterol components of the sponges of the fumily
verongidue, represent further structural variation in which

44
an "oxtra carbon atom is attached at CT{.
44

LA X

(48) (#9)

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

R
nucleus carrying conventional saturated and monounsaturated
: S .
Cy (24-nor), CB’ C9 and CIO side chains. 0 The major

resolved component has been fully characterized as

19-nor-5x,10p-ergost-trans-22-en~3£-01 (50)



The total sterol content of Axinella Yerrucosa is

a wixture of unique stanols with a new 3@-hydroxymethyl -
A-nor-5a-chelestane nucleus carrying conventions] Cgr Cy
and C side chains.%% 7 j p i ] :
and C,, side chains. ihe major fraction of the mixture

was [ound to be a C?? compound (51) and its structure was

determined spectrometrically.

HORG (51)

2.2.2 Sterol Biosynthesis in Sponges

Though the knowledge about sterols present in sponges
has rapidly increased in the past, the understanding about

their metabolism. is very meagre.

Walton and Penneock obSﬂrvedS' that the sponge

Grantia compressd utilized 146— mevalonate for the bio-

synthesis of isbprcnoid (squalene, steroids and ubiquinones)

1

. . 4 )
in direct contrast with the complete absence of C- radio-

activity in the terpenoids of the sponge Suberites domuncula
14,

incubated with C- mevalonate.



The feeding of labelled acetate, mevalonate and
mcthionine to the sponge Vorongia aerophoba yielded
no radioactive aplysterol (48). Radiocactivity from all
precursors used was incorporated to some eéxtent into the
fatty acids, thus proving that the administered substrates
were taken up and metabolized by the animals. A similar

situation arose in Axinella polypoides and A. verrucosa,

the sponges reported to contain the 19-norstanols and

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

were fed with labelled ucctate.42

14

However when cholesterol:
20~ C was administered to these two sponges, the 19-nor-

CZ? stanol and hydrox)'mcthyl-A-nor-Cz7 steranc fractions

were found significantly lnbelled.42

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

the sterols caunot originate from denovo biosynthesis, but
arise by modification of dietary sterols. Much work is
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 toil-to-

taoi| condensation of two farnesyl pyrophosphate (20)

units, as shown in seheme V.



weleton is First formed,

1y

: 32
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(57)
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‘n the biosynthesis 0l B=sitosterol,

cuble trunsmtlhy!utxﬁn,

A possible mech

in alkyl group inte cholesterol for the

sitosterol as proposed by Castle is shown

Scheme VI

The ethyl group :
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anism for the

the cholesterol
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Introduction

biosynthesis of

in scheme Vl.53'54
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203 General isola*ion and Characterization

in most common isolation procedures a sample is

atracted with an appropriate solvent. Extraction could

be cold or not.lhequmgesnmple could be extracted with

a number of solvents ranging in polarity from n-hexane to
methanol. Many isolation proccdure§ have been described
for the isolation of scalaranes from various séonge samples.,
The most commonly used technique is column chromatography
with silicagel and elution with solvents of increasing

25,55,56

polarity, or direct crystallization from solvent.S?

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

under ultraviclet light with no difficulty. .

As in any other natural products, in elucidating the
structure of sesterterpenes (scalaranes),chemical degradation
Or interconversions can be employed. There has been an

1 13

licreasing reliance on spectral data, chiefly 'H, '°C

nuclear magnetic resonance (nmr) and mass spectroscopy,
for the characterization of sesterterpenes. Upto 1985
' L ]

only 16 sestertgrpene structures have been established

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

0 ol :
have been reported as crystalline. Most structure

; n nmr.
elucidations of new sesterterpenes have relied ¢n




" imine Sy }3s
Not unexpectedly scs erterpenes gave C nmr which

will be completely assigned, especially when nur spin echo
procedures are empleved, Reliable | C nmr chemical shift
data can provide a powe:itul and rapid means for character-

tzation of new members of a2 series and for pinpointing
differences in stereochemistry or the existence of isomers.
The introductions of new techniques such as NOE, and two
dimensional nmr (2D-nmr) Spectroscopy have opened possibi-
lities for the analysis of spectra. These techniques are
able to provide information previously not accessible.
Mcasurement of homonuclear TH- ]H shift correlated spectro-
scopy (COSY) greatly simplifies the assignments of signals

and structural determinations for complicated moleculcs.s8

The mass spectra of scalaranes (a tetracarb?cyclic
scsterterpenes) 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 example all
scalaranes having normal substituents give characteristic
peak at m/z 191 for ring AB fragment. If there are some
substituents o these rings, 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

. - R b =
impact ionization.



RESULTS AND DISCUSSION

5.1 Extraction and fractionation of ~,onge samples

Dark brown sponge samples 3B and 4 were collected
in Junc 1987, from the Red Sea, around the marine biology
station of Asmara University (AU) at Massawa. Samples
were collected at a depth of 2-5 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 sun-dried

and stored in a cold room.

506 gms of sponge sample 3B from the cold room was
pulverized and soxhlet extracted with chloroform. The
extract when concentrated gave 6 gms of a gumhy residue
which was column thiva.. tegrapk 1 or 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

DS-1 were characterized by spectroscopic techniques. ,
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3.4 ftructure of DS-2
D5-4 1s a white crystalline needle-like compeund
: V. I _3 3400 o - .
with m.p 172-174°C. It is highly soluble in chloroform,

ethyl acetate, and acetone, but sparingly soluble in
methanol. The infrared >Pectrum of the compound (Fig-1)
showed absorption at 3600 cm_] due to alcoholic 0-H
stretching Vibration, 3100 c:m"1 due to olefinic C-1
stretching vibration, 1750 cp”! due to ester carbonyl

(C=0) stretching and a broad C-0 bond stretching absorption
for both hydroxyl and ester groups at 1260 cm"1, DS-2

has an optical rotation [a};0=-67.soﬁz=0.2, CHCIS).

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 rtropnized
by three 13C nmr methine resonance in the region of 65: 50-60

dg : 52-59, § 49-55 , along with an additional CH in

Jab
the region, §_ : 51-65 (if C,g is SP° hybridized and if
‘ ) 59
C25 is present), as described by P. Crews. The above

mentioned three methine groups were clearly observed in
the DEPT spectrum of DS-2. These are resonance lines
] 1 ]

at §.: 58.4, 56.3 and 54.6; along with a signal at . 64.1

indicating that DS-2 has a scalarane skeleton.

The mass spectrum of DS-2 (fig-3) showed fragment

It is not possible to

y " 13
Conclude that this is the molecular iom, since

lon of highest mass at m/z 428.
C nmr

¢ 13 e presence
sliowed 29 carbon atoms, ir and '“C nmr showed the p




DIt — g,

SRR TATR I 2. 40010

- 34 o

EEC oy

SEECTROPHO TOMETER

ALSCRBAICE

1.8000
T

Ol GO0

LS RO TYTY

oo T T T

21,2000
1

M # = L4 Li T T
] t 3 . :
5 meeSns il Sheey Fe i v g R T PN 3 eeoials P -
: i +1 ; 3 . :
. - . o L] H H .
. : : ; g : : : :
b s s b by @ ealhe e ST S R Kas) Sy ’
: 1 1 . i t : :
- . 4 3 L ! . " H
; ; C i 3 : ; :
- g 1 B . . 5 3
o e S SR s by R R - ST R TR TRE IR i Y= r e conlae S b
: : : . - : -
2 : 4 : : : :
g - . ! : - '
: : : : - : §
Tty - T R O P SR oy e is ¢ : x
3 - ; F % : LETR S
i : : s : : : :
H = » . " H : )
- 3 e s atliate i e I A N T, i v il aa
: - - 3 - /
. - : : : S
: e R A g : i
: : : : = vyt QIR P
£ b ) ,
: : .
i b 1
; : |
LA Ll R T R, :v LR NN - . . -
3 : : o 4 : : :
: . ; : i : -
o 3 ; : z T ! :
X1 % 1w w e s w i a T ER R A A T e iy rievahs o e R A stk :
|_- . H . H = '
& 3 3 : ; : .
'-.‘. = £ + - 5 H
L : \i:_.”. iy s 1 e aunt T L SR o 14 A e y i =
: :
N : :
. P ' [ :
b i i )
0. 6000

SO0 0

vmvi =202 O

g 1

AN T8

! = - I s ]

210, 0

b e L
Se Q0 - 24000

Scan Speed: Son nm/mi

i 1 i
1.8000 1. 2000

n .

Fig-2 UV-spectrum of DS-2

e

- 0000

I-qmzmr'rrcnz



of at lceast five uxysen atonms {fer two ester and one

hvdroxyl groups) und the compound is
9

Since esters are usually

almost saturated.
unciable to electron 1mpact

iy 5 | :
ionization, 3 the mo ecular weight of the compound

must be higher than 428.

S 7
Kashman et al reported’’ a compound (63) which
showe i me i : J 21¢ .
howed the first fragment ion at m/z: .428. 19 (CZ?“4004’
M™- HOAc, 14.7%) and other peaks at m/z: 386.282

M* - (HOAc + CH,=C=0), 8.3%), 368.273 (M* - 2HOAc, 17.0%),

350.259 (C25H34O, MY - (2HOAc + HZO), 3.6%) and 191.179

; -
(CiyHyq, 7.58).
(63); R=all, BOH (65)
(64); R=0
{icroanalysis of heteronemin (63) as first reported
_—
by Kazlauskas et all?, showed that it has a molecular

foviiula C2§H4406’ whereas no molecular ion was observed

in its mass spectrum. According to this report, the first
¥

- - HOAc) .
ragment ion appeared at m/z: 428 (Cy,Hy00,, M =)

1 13, :
DS-2 has two acetate groups ( H-nmr, Upax wud Ar)s

i 93 . an acetic
and it is logical to assume that, it has lost a
: i z: 428
acid molecule to give the first fragment ion at m/ ’
s 17,57 ecular
a8 ,,f. f}]t\ .11)01,0 t|-..'0 rcpol"'['s‘ ’ ThUS the mOl

welght of DS-2 should be 488.



Compounds with scalarane skelet.n (65) are runthedj?’S?

te give the characteristic fragment ion at m/z: 191, which
i 197,

..-:)r._.u\;‘-.i.‘(lnd.‘i to the AR -]-jﬂg system of the molcecule. The shhs

fragment was cbserved in the mass spectrum of DS-2 with 134

intensity.

The bpase peak of DS-2 appearcd at m/z: 508, 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 (63)
reported 1?, came from the high resolution mass spectrum
of the compound (66), obtained by.oxidation of heteronemin,
followed by pyrolysis. This pyrolytic product showed the
major fragment ions at m/z: 191 (C14 H23+) and 132
(Cy Hy 0%). This can be ratiohalized by cleavage of 'a'

and 'b' in (66)

(66) R=0

(67) R=aH, B OH

If cleavage occurred at 'a' as shown, with charge
retention on ring AB, then the fragment ion should have

1 '
the mass at m/z: 191, but if cleavage occurred at 'b

N ment
with retention of charge on ring DE, then the frag

i 3 i sts that
should have its mass at m/z: 132. This sugge

; and hence the
the ketonic moiety must be on ring Cs

ing C.

} x - 'nr
hydroxyl group in heteronemin to be @
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g TTith“

d 131)

132 and

to

H

the fragment ions lescribed ahbove (i.c 428,

)S-4 has major fragment ions at m/z: 369,

00, which can be accounted for, as shown in




The 300 MMz H-nmr spectrum of DS-2 (fig-4) taken in
Latorochloroform showed signals at &8: (.76 doublet, 6.16

"

triplet, 5.34 multiplet, 3.46 multiplet, 3.37 doublet,

[y

browd singlet, 2:10 singlet, 0.895 singlet, 0.832

inglet, 0.814 singlet and 0.789 singlet.

The 270 MHz ]li-—nmr spectrum of heteronemin (63) taken
57 '

in acetone - d(J , showed resonance lines at 6: 6.90 d

[_{Z,,S—!i'l, 6.16 brt (C24-ll), 5.34 ddt (Cm-!l}, 3.45 dd

(after addition of 020) (Cl,-N), 257 brs(Cls—Hl,Z-Ub and
1.99 (two OAc groups), 0.893. s(two methyl groups), 0.871 s,

0.866 s and 0.883 s (three methyl groups).

In the 'li- nmr spectrum of heteronemin (63), taken

17
on 100 Mz, in deutcrochlorclomm , Kazlauskas et al

observed the presence of two acetute groups from a peak at

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

§: (.83 - 0.74 and a.low ficld resonance at &: 6.68 (I1H,EkS

But the 'H nar spectra of the same compound (63)

h - i = . 1Y E 1 T icalo
reported by the two different groups were not ident

i g e
'o uaccount for this difference H nmr spectrum of DS-2

. . ~ratone<d. using the
was taken in deuterochloroform and acetone da u g

same 90 MHz instrumcent.

: trum
It was found that, the resolution of the spec

. taken in
taken in ncetonc—db was better than the one
ove two

-3 ab
deuterochloroform,in agreement with the

reports.
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To establish the basic skeleten the pyrolytic product
of cxidized heteronemin is also rcportcd.i? The "4 nmr
spectrum of the pyrolysis preduct showed it to be the
oxidized vinyl furan (06). This indicated that oxidation
converted the secondary alcohol to ketone and the pyroly=is
removed the two acetic acid moicties. The chemical shifts
of the protons in the pyrolysis product werc np;igncd
using proton irridiation technique.

The position of the hydroxylgroup in the parent mole-

cule (63) was determined by the same workersl7, using shift

reagent, in addition to the mass spectrum. The shift of
both axial and equatorial protons at C,, were highly affect®

while protons at Cg and C,, are equally affected indicating

that the hydroxyl group is at Cype

The Y4 nmr signals for ps-2, for which structure (63)
is suggested, Tanges from the most deshielded (é: 6.76)

to the shieided'(O.?SQ) ones. CZS'H appcarcd down{ield

at &§: 6.76. This proton is highiy deshielded, because it

is attached to a carbon bearing two oxygen atoms, (acetal

carhon).l?;S? ‘It appearecd as doublet since it couples

with the vicinal CIS'H' The coupling constant, as

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

protons have anti relationship.



Ties tafinie . ; o
'he otreflnic protoh at f:] of '5-2 (63), appeared

A€ B& a6 t apprea ¢d as 3 '_!';!';]'_q_'r yecause 1t has tlli)lif

relationships to both C o<l and € -H. Similarly C,.-H,

which is attached to a curbon bearing the second acetoxy
group, is deshielded, and appeared at &: 5.34, as a broad
multiplet, due to its coupliug with the protons ut Cya and

CIS' The CTZ-H bearing a hydroxyl group appeared at &§: 3.406

as a multiplet, because of its coupling with C, -1, and
the proton on oxygen. The signal for the proton cn oxygen
of the secondary alcohol appeared at &: 3.31, ag'doublct,
since it couples with Cyp-H. CIB'H appeared at 6: 2.43,
as a broad singlet. It is broad, because it couples with

CoyHs CZS-H, and one may also expect a long range coupling

Ib”H' The two acetate groups appeared at 8: 2.10 as

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.

P. Crews and'Bescashsg obtained 3¢y cosy nmr

(CDCLg, 100-400 Mz, 13: and '# shift in ppm) over the

aliphatic region of hetervonemin (63), and found four singlets

. :
for the five methyl groups. These are resonance lines at

§: 0.82 (21-Hg), 0.80 (19-Hy and 22-Hz), 0.77 (20-Hg) and

(.68 (23-H,). Based on this observation chemical shifts at
J -
$:0.895 in the 1H nmr spectrum of DS-2 is assigned to ZI'HS‘

¢ —
U.852 to 19-H4 and 22—H3, 0.814 to 20-Hs and 0.789 to 23-1l.




As there are more |, 3 diuxial interactions, the protons
on (,, are more deshiclded as compared to other methyl

roups; while protons on C,. are shielded by y-ecquatorial

o
o
i -

substituents at H » .
gubstituents C]Z ind CIS

F5.
The C nmr spectrum of DS-2 ([ig-5), taken in

dovterochloroform (22.25 MHz), gave 27 resonance lines;

but when taken in bcnzenc-dﬁ, the spectrum shovcd 28
roesonance lines. The intense peak at §: 32.9 most likely
represents two carbon atoms. When a distortionless
cnhancement by polarization transfer (DEPT) spectrum of

the compound was taken, the intensity of the peak at

5. 32.9 became equal to the rest of the methyl signals, but
the other carbon which intensified the methyl signal at

§: 32.9 neither appearcd as CH nor as CHZ’ indicating that

it has the same chemical shift as the methyl group and is

a quaternary carbon ‘atom. Thus-the total number of carben

atoms: for DS-2 is 29.

The DEPT spectrum of the compound showed that it has

7CH5, 7CH,, 8CH and 6 quaternary carbon atoms; the "extra

1 - » "
quaternary carbon atom has overlapped with one of the methy

L
groups.

In addition to the number of carbon atoms, information

on of carbon atoms involved, can also

about the hybridizati

DS-2 showed recsonance

be cbtained. The 19¢ pmr spectrum of

§: 169.5 and

signals for carbonyl carbons, appeiring at

WA T . ecters. Other nci
168.7, which are characteristlics for ester -
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§ .l\'|' i 2l ~ e B 4 . & i 1
aliphatic resonance signals appeared st &§: 1335 134 .2

1412, 3 20.3% and 6 2 5 .
2.3, 80.3 and 69.3. Resonance lincs at §: 1535.5 and
114.2 are assigned to oleflinic fEPE-nyhrll]* d) lion
\ L r A iy § LTt

atoms at C an espectively i 3 g )

24 d CI? respectively in (63). The signals
- £ - I z N
at &: 102.3, 80.3 and 69.3 are assignable to carhon atems
to which one or more oxygen atoms ave dirvectly atrached

Accordingly they arc assigred to C25, Cys and C, ¢

respectively.

As statcd on page 33 the characteristic 3¢ nmr
methine resonance signals of scalaran@which appeared in
the region of EC: 50-60 arc observed, along with an

additional methine resonance signal of Cig- These are

resonance lines at 6C: 58.4, 56.3 and 54.6 which arc

assigned to Cg, Cg and gy respectively in (03), wand the

resonance signal at 0 _: 64.1 is assigned to C,gq.
C 18

The 15¢ nmr shift of methyl groups or methine carbons

arc especially useful in assessing the position and stereo-

chemistry of the scalarane ring substituents. In addition,

ring junction methyl shifts can be used to determine cis-

versus-trans ripg fusions.



To accomplish this, dota from models, al ng with an

understunding of substituent effects, a5 reported by

- kd B % pa o0 .
P. Crews and Wiscman™ is required. Thesc can be stuted

8

brielly as follows.

I- Ring junction mcthyls on a trans - deculin are
shiclded (é: 15,8) by 11-15 ppm relative to those on cis

decalin (8:28.2)

Z- Lquatorial or axial angular methyls cxperience a
3-7 ppm shielding when a y-substituent is added, but axial
methyls cxperience 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 are shielded by 4-5 ppm,

when they join trans fused rings in a chair conformation in

comparison to those on trans fused rings in a boat conformation.

Base values for decalin and its derivatives, when added

to appropriate substituent increment, reproduce experimental
methyl 13¢ nmr chemical shift for scalaranes. Based 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.

< trum of heteronemin (63) taken in

The C nmr spec

deutrochloroform exhibited 27 - resonance signals for 29

skeleton and 4 of the two acetate groups!

57
as reported by Kashman et al.

carbon atoms (25 -



=487 =

The multiplicity of the different resonance lines
was established by several off resonance decoupling
experiments by the same group.S? Assignments of chemical
shifts for the reported 29 carbon atoms were also carried
out. In this assignment there are overlap of chemical
shifts at &8: 33.1 and 21.2. The overlap of the shifts at
§: 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 reported57, has been resolved in

DS-2 and appeared at §: 20.9 and 20.3.

When one goes from the most deshielded to the shielded
signals (table-2), the ?Zth signal which appeared at &: 42.5

in the DEPT spectrum of DS-2, is quaternary and assigned to

But Kashman et al reportedS? jt to be a methylene group

with a chemical shift of 6: 42.6. Also

C13.

and assigned it to Cs,

the group assigned the next three consecutive signals at

i o IR
§: 41.9, 41.7 and 39.9 to Cq» Cy and Cg respectively

the off - resonance experiment conducted this group reported

that the resonance lines at s: 41.9 and 41.7 are triplets

while that at 6: 39,9 is singlet. But the DEPT spectrum of

i i ift
DS-2 showed that all the three signals are chemical shifts

for methylene groups:



. Crews cot “£59 have reassigned the chemical shifts
for heteronemin (63). These workers have assigned the
chemical shift at §: 42.8 to Cy5 which agrees with the DT
spectrum of DS-2.  In addition this group confirmed that
the consecutive three chemical shifts at §: 42,2, 41.9 and
40 in their ISC nmr spectrum, correspond to methylene g}onns

and assigned to €z Cy and C, respectively. o

Kashman et ﬂ£57 assigned the chemical shift signals at

§: 21.2 to ClQ (equatorial) and §: 33.1 to C20 (axial) methyl
groups, that are attached to C4 of heteronemin (63). P. Crews
et 3159 reversed the assignments, which implies that axial

methyl carbon is shielded as compared to the equatorial onc.

[[ one uses a model of heteronemin, the axial methyl has pot
1,3 diaxial interaction with axial proton at C2 aqd the angular
methyl group at C,,. 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 protons get accumulated on this carbon. Thus

axial methyl carbon should be shielded as compared to

cquatorial one. Accordingly the chemical shift at &: 32.9 is

assioned to the eqiitorial methyl while that at &: 20.9 tothe

axinl methyl groupr in DS-2, assignments that agree with

the latter group.sg
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Experiment with shift reagent has also bheen report:
Accvording to this report, 11 sigprals that are not shifred
upen addition of Eu (fnd13 to a deutrochloroform selution
of heteronemin (63) could be related to carbon atoms
C]—C}. C10, Cig' C20 and sz' These carbon atems are
rclatively far away from LTZ-OH group, cxpected to be
the main complexation site, the signals could hence be
essentially uninflucnced by l';u(i‘od)3 addition. The 11
unaffected resonance signals are found to be in agrecment
with the corresponding A/B ring carbon atom signals of o
and B amyrin, after correction for the expected substituent
cffect of an additional Cu-methyl group.

Coming to conclusion, concerning 13C nmr spectrum

of heteronemin (63), Kashman et 2157 who did the first

chemical shift assignments, indicated that their assign-

1 -

ments may be reversed for carbon numbers 1, 2, 3, 6, 7,
19, 20, 24 and one of the two OAc groups which appeared
at &: 20,9, Latter on P. Crews et 1159 have made re-

assignments using COSY, and reversed some of the chemical

shifts. The chemical shift assignments made for DS-2 is
59

in complete agpreement with that of P. Crews et ol.
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st I 151 )W heteronemin | has been rl
. ] _" - 2 " "
( 1 s h A o periment . itions,
1 i ten SEYRet) Cel I ytercoche 151 l ! B
Jjunctions were established based on the chemical shifts in
. 3 : I3
the Ly spectrum. The C nnr chemical shift | methy!l
proups or methine carbons at the junctions are cspecially

useful in assessing the position of substituents and sterco-
chemistry of scalaranes (05) in general.  In addition ring
junction methyl shifts can often be used to determine Cis-
versus - trans ring fusion, since methyl group on trians

ring fusion are shiclded by about 11-15 ppm relative to

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

192

214

331 305

(70)




Thus an array of an all trans A,B and C rings are indicatcd
by heteronemin's (63), Me-21 (6: 17.4) & Me=22 (S:10.4), which
have close chemical shift values to the reference compound(71).
Likcwise a trans C D ring junction with an equatorial sub-
stituents y- to the ring junction methyl is indiéatod by
heteronemin (63). The C,5 methyl group is shielded by the

two y-equatorial substituents at C12 and Cig° thus it appeared

4t §% Babs

Another reportT? showed that, protons at C,, and C16
are axial as inferred from their peak width at half height

(Wi), 15 liz and 16Hz respectively.

The scalarone ring (65) junction methine CU and C14

shifts are both sensitive to sterochemistry of substituents

. 20 . :
attached to L12 and C, . A change in the C,, substituent

from equatorial to axial, shields Cg by 6 ppm or a change

in the C]q carbon substituent [rom equatorial to axial

shields C14 by 4 ppm.

¢

The stereochemistry at the hetero ring substituent,

17,57 pased on the magni-

at C,S in (63), has becen proposed

tude of 'H—nmr coupling constants across the C,g
d L

magnitudes (2.0Hz) observed

to C’S
bond. The small coupling

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

demonstrated the relative trans sterecochemistry.
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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
Cys and hydrogen at C18‘1? This strengthens the preceding

argument about the stereochemistry at these centers.




2.3 Structure of 1I§-

bP5-1 is a white cryvstalline (necdles) solid with
meleing peint of 127-j28°C. [t is soluble in chloroform

and cthyl acctate but sparingls soluble in methanol.

The ultraviolet spectrum of DS-1 (fig-6) showed
maximum asbsorption at 215 1w (€=12500), ‘The iﬁfrnred
spectrum (£1g-7) showed strong absorbance for 0-li
stretching vibration at 3400 cm-1, weak absorbance for
an unconjugated C=C stretching vibration at 1610 em™)
and an olefinic C-H stretching and bending vihrations

at 3030 cm”! and 1450 cm” ! respectively,

Since the compound was eluted with a relatively non-
polar solvent, petrolcum cther-chloroform (4:1) mixture,
and sponges are well known for their sterol metakolites,
Lichermann - Burchard test for 38 - hydroxy sterols

was conducted, and was [ound to be positive.

The 400 MHZ_IH nar spectrum taken in deuterochloroform
showed a doublet at &: 5.31, for onc hydrogen corresponding
to an olefinic proton, This implies that the other
olefinic carbon atom is quaternary since there is no

signal corresponding to other olefinic proton. The

signal for the proton on oxygen appeared at &: 5.2

coupled with CS-H. “The other deshiclded rescnance

signal of the spectrum appeared at &: 3.5, as multiplet,

i 2 » hydrog
for a single proton which corresponds to the hydrogen
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1

attached to a carbon bearing the hydroxyl group in the
uiggested structure (72).  !'ts multiplicity is due o its
irternction with vicinal protons at ¢,y €4, and the proton

on oxygen of the hydroxyl group on ring A of the suggestod

stracture (72).

The 400 MHz '0-1H COSY nmr spectrum (f£ig-Y) taken in
deuterochloroform showed that the olefinic proton is couplod
with three protons; these are the two vicinal protons at C;
and the axial proton at (,. Similarly the proton at Cq is conr 'od
vith three protons; these are most probably the two axinl
protons at CZ and Cd‘ and the protonon oxygen of the hydroxy

group at C, ‘in (72).

(i

1

A

he '°C nmr spectrum of DS-1 (fig 10) showed 27
resonance 1ines for 29 carbon atoms. The spectrum showed
twe clefinic carbon atoms resonating at &: 141 and 121.7 pom,

L3

These gorrcspond to CS and CD of the sterol rcspcctive]y.
The other deshielded chemical shift appeared at §: 72, and
is assigned to the carbon bearing the hydroxyl group, which

is Cg cf the sterol (72).

(72)
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in the study of heteronemin (DS-2), it has been stated
that the normal scalarane framework (65) can be recognized
by three '“C nmr methine rescnance in tie region of éc: S50-6
for C¢, Cg and C]d' This basic idea can be cxtended and
made use of in the elucidation of sterols, as they may also

contain methine groups at CS' Cg and C14. The L

C nmr-
spectreum of DS-1 showed the three chemical shifts in the
region of 6c: 50-60 as cxpected. These are chemical shifts
at &: 57, 56 and 50. One can therefore take this as strong

supporting evidence for the sterol skeleton.

Cholcesterol shows deshielded chemical shifts at §: 141,

121,

73.3, 56.9, 56 and 50.5 which are assigned to Cg, Ce s
Cy, Cygq» Cg and Gy respeatively.65 The corresponding chemica
shifts in the sterol {DS-1) appeared at 6: 141.1, 121.7, 72,
57. 56 and 50 which are assigned to CS' Cb’ C3, C]4. CS and
C, respectively. These indicate that DS-1 has the same
basic skeleton as cholesterol. The other relatively

shiclded chemical shifts of pS-1 appeared between §: 46-12 p

These aliphatic region chemical shifts are too crowded to

gl . met]
assign; but the chemical shift at §:46.5 1S assigned 1t it

carbon LC.Q) and the most chielded chemical shift at &§: 12.0
i/

N . 4 b -
is assigned to angular methyl C,g, as it is shielded by ¥

substituent at 017.
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[he first reported application of mass spectrometry
in the identification of steroids, was by de Mayo and
ﬁccdﬁs, who showed 'that spectra of steranes recorded at
low electron energy (10-15 eV), contained well defined
molecular ion, affording a direct measurement of molecular
weight. Accordingly much of the information used to
elucidate the structureof the sterol isolated (DS-1) was
obtained from its mass spectrum (fig-11). Mass of the
compound was found to be 414 which requires Crg Hey O
The double bond equivalent (r+db) of the formula is

equal to S.

The mode of fragmentations of steroids under electron

impact are quite complex, as indicated by the detailed and

61 The

extensive investigation by Budzikiewicz et al. 4

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

' 45 .
from themass spectrum mainly in the following ways ":
i- by recognizing ions arising from well characterized

fragmentation processes;

2- by Eorfelating the mass spectrum of an unknown

steroid with that 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;



4- by recording mass spectra at low clectron
energies, so as to isolate only the most energetically
facile fragmentation processes and thus, for example,

to aid in distinguishing closely similar or steroiso-

meric steroids;

5- the combination of mass spectrometery with gas
chromatography (GC-MS) made possible the analytical
characterization of steroids in submicrogram 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 resorded will

also give information about the structure of the compound.

Information about the structural feature of the sterol

(DS-1) was obtained by recognizing jons, arising from

well characterized fragmentation process. LOSS of water,

methyl group or both are known. Also sterols are known

to lose side ghains along with groups which are vulnerable

to fragmentatian. Cyclopentane rings in sterols are

known to be liable toO fragment in electron impact 1on=

ization. Sterols with 55 - give cﬁaracteristic fragments.

Signals corresponding to all these were observed in the

mass spectrum of Ds-1.

- b



The spectral data presented so far suggested a
cholesterol skeleton; 2z 27 carbon compound. But DS-1
is © 20 carbon coempound. The position of the additional
two carbon atoms on the side chain is stablished from

biogenetic consideration and the mass frgmentation (Scheme VII)

If there is no substituent at C,4 on the.side chain,
the mass spectrum should give fragment ion at m/z 357
{M+—C4Hg); but this is not observed, indicating that a
substituent has to be at Coy+ A fragment ion at m/z 343
(M+—C5H]1) which appears if a methyl group is at Cog is
not also observed indicating that the substituent at this
position has to be an ethyl group. The presence of an '
ethyl group at Cyy is confirmed by the presence of fragment
ions at m/z 329 fM_COHIS) and 385 (M-CZHS) with [fairly
intense peak.

Thus the sterol isolated (DS-1) is either B-sitosterol
(24R-stigmast-5-en-38-0l1) or clionasterol, the 24S isomer.
To choose betweén these two possibilities:

- DS-1 was cospotted with an authentic sample.of
8-sitosterol, and was found to have the same Rf value

S
(0.78).

2- DS-1 was acetylated and the melting point of the

acetylated product.was found to be 126°C. The literature

2 RO~
value of the melting point of clionasterol acetate 15 144°C,

] (-]
while that of B-sitosterol acetate 1S 127“



- L. . zu
3- The optical rotatien of DS-1 is found to he [uln =

=30.9% (c=0.146, ClI€1z), while the Literature value for

24"

f-sitosterol is [u!IJ = =359,

4- Reported melting point of f-sitosterol is 134°C

while the observed melting point of DS-1 is 127-128°¢.

All these evidences support the suggestion that DS=1

is ¢g-sitosterocl and not clionasterol.

DS-1 has major fragment ions at 414, 399, 398, 396,
386, 381, 355, 341, 329, 303, 307, 296, 282, 275, 273,

271, 255, 231, 229, 2i3. pR-sitosterol from an annelide

.63
Pscudopotamilla occelata as reported by Kobayeshi™™ has

major fragment iomns at m/z 414, 399, 396, 381, 34J, 329,
303, 296, 282, 275, 213, 271, 255, 231, end 229 which are
identical to f{ragment ions of the sterol DS-1. This with

the other data confirms that DS-1 is B-sitosterol.



Scheme VIT]
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1. CONCLUSION

In this research project compaunds have bren isolated
though they ar¢ not novel. DS-2 was identifiecd as hetero-

nemin based on information ubtained from the Ty nmr, ISC s
and mass spectra, and comparison of these with reported data

for the same compournd. Storeochemistry of heteroncmin is

well established.

The structure of the sterol, DS-1, was characterized
using [rl nmr, 13C nmr and most importantly the mass spectrum
of the cﬁmpound. The stercochemistry at the assymmetric
centers are established indirectly. For sterols containing
saturated side chains, assignments of stercochemistry of
isomers, have been made, based on differences in specitic
rotation at fixed wave length and on melting poiﬁt differ=
c-m:es.04 Accordingly the Rf value, melting point of the

acetate and optical rotation of DS-1 were used to confirm

that it is B-sitosterol.

As already stated elscwhere, among terpenoids

sesterterpenes are the rarest. thhin sesterterpencs

there are variations of the molecular arrangement with

sources. One can find tetracarbocyclic sesterterpenes

only from sponges. So far there are no reports indicating

: o -es other
the tétracarbocyclic sesterterpenes from sources

than spanges.

ondar
The reason as to why sponges produce these secondary

but in most Cases the crude

metabolites is mot clear so far,

A €,
extract was found to inhibit predator



5. FEXPERTMENTAL

Melting points were Jdcotermined on o loetius hot=stapc
apparatus. Infrarcd spectra were recorded in Kbe pellets
using a Perkin Elmer 727 B spectrometer. Ul teaviolot
spectra were recorded using i Beckman DU=65 spectrophotoncte
in methanol. Optical rotations were measured in chlorofor.

on a Perkin Elmer 241 polarimeter. NMR spectra measurcmon®s

were performed in deuterochloroform, acetona-d6 or benzenc-¢

on a JOEL 90 MHz, Bruker MA 360 MHz or Bruker SE 400 MHz

(

spectrometer. The chemical shifts were referenced to the
solvent signals. Mass spectra were recorded on cither a
CH-5 or a Finnigan - 4021 mass spectrometer. Analytical
thin layer chromatography (t 1.c) were run on a 0.20 mm thic
luyer silicagel-60 254, precoated sheets and tHe products

were detected by UV or vanillin spray reagent.

Collection of sponge samples

Dark brown 'sponge samples 3B and 4 were collected in

June 1987, from the Red Sea, around the marine biology

: . 3
station of Asmara University (AU) at Massawa. Sample

St ¥ o ith the help of
were collectéd at a depth of 2-5 meters Wi

A n in
specimens preserved in 10% formalin, salt water solutio

re
the Department of Biology, AU The collected samples we

sun-dried and stored in a cold room.
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Extraction of sponge sample 3B and isolation of DS-2

The initial werk was started with a dark brown sponge
sample 3B. 500 gms of the sponge from the cold room was
pulverized using a blender. The pulverized sponge sample
was soxhlet extracted with 2.5 liters of distilled chloro-
form for 48 hrs. The extract was concentrated under reduced
pressure whicﬁ gave 6 gms of a paste like residue. The
residue was mixed with 6 gms of silicagel and d;ied to powder
under reduced pressure. The powdered sample was applied
to a 2.5 cm diameter column packed with 200 gms of silicage?.
The column.was first eluted with petroleum ether, followed
by petroleum ether chloroform mixtures. The polarity of
the solvent was increased by increasing the proportion of

chloroform. 100 ml fractions were collected, and tested on

TLC plates for similarity.

Fraction 3-15 which were collected with petroleum

cther - chloroform (4:1) mixture were found to have three

components on TLC. These were combined and concentrated

under reduced pressure. The concentrate was rechromatographe:

: . -
on a small column with silicagel and eluted with petrole
S i

& - 3 1 ] n
ether - chloroform (4:1) mixture. This helped in isolating

, a white needle - like crystalli

pS-2 was further purified by

ne solid
the compound DS-2

from an oily liquid mixture.

ol: 9:1)
recrystallization, first from methanol: chloroform (

i n-hexane:
mixture, followed by recrystall1zation from

The recrystallized product

ethyl acetate (9:1) mixture.
0.04% of

: i 0 m
was suction filtered and dried to give 200 mg,
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The purified compound showed a single spot in
ethanol:chloroform (2:5) mixture (Rf = (,7) and also in

ethylacetate -~ petroleum ether (1.4) mixture on TLC

After each 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 - CH,=C=0,

1.23), 368.1 (M* - 2HOAc, 100$), 350.C (C,cHz,0, M' - 2HOAc = H,0,
308), 191.1 (CqHyg, 13%), 161.9 (3.39), 157.9 (6.4%), 134.0

(7.7%), 132.9 (CgHgO, 2.9%), 60 (CH,0;, 3.5%).

Proton-nuclear magnetic resonance - (Bruker MA 360 MHz, CDC13):

(8: ppm): 6.76 d(Hye, J = 2Hz), 6.16 tHyg, Jjs1.7 Hz), 5.34

brm (H,g), 3.46 m(H;,), 3.31 d(0-Hyy, J=5. Hz), 2.43 brs(Hyg),

2.10 s(two OAc groups), 0.895 s, y.814 s, 0.789 s(3Me groups),
0.832 s(2Me groups).

3¢ nmr spectrum - (22.5MHz, benzene-dg) see table 2.

Ultraviolet spectrum - (c: 6.01, MeOH) UV spectrum showed

maximum absorbance at 236 nm (e = 14000)

BY - or 1750
Infrared spectrum - VrKnax cm ): 3400, 3100, ’

1260, 1550,

1400, 1050.

Optical Rotation (c=0.Z, chloroform)

Anm 589 L e

20 _232.5
(al,  -67.5  =70.5 =149 £
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Extraction of sponge sample 4 and isolation of DS-1

450 g of unidentified brown sponge sample (No 4),
extracted in the same way as 3B, gave § 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 chloroform, methanol (1:9) mixture. The recrystallized

product was suction filtered to dryness to give 500 mg of

DS-1; 0.11% 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

. i b
after each recrystallization, and was characterized by

spectroscopic techniques.

399
int): 414 (CygHgg0: 22%),

7.83), 385 (M -CoHgs 6.54), 381
+
Hy, 11-79) 329 (M"-Cghygo

Mass spectrum - m/Z (rel.

(M'-CHg, 9.18), 396 (M'-Hp0,

+
(M*- H,0-CHy , 5.23), 371 (M - Cs

231 (138), 215 (9:1%) 213

6.5%), 305 (1.3%), 255(31%),

(23.4%).
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Ultraviolet spectrum (c=0.01, MeOH) - The UV-spectrum

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

Infra - (viBr 3
n red spectrum (umax cm~1): 34C0, 3030, 1610, 1450,

1350, 1050.

Optical rotation

20
[al = -36.9° (C=0.146, CHCI;)

Proton nuclear magnetic resonance (Bruker SF 400 MHz, CDC13)

(§: ppm): 5.34 d(Hé, 4Hz), 5.2 d(0~H3, SHz}, 3.5 m(H;) .

1
3C 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 38-hydroxy-sterol (Liebermann-Burchard test)ﬁz

About 2 mg of the sample (DS-1) was dissolved in

chloroform. To the solution, 1-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.

Acetylation of DS-114 - To 100 mg of DS-1, 30 ml1 of acetic

of pyridine were added.

anhydride and two drops The mixture

was stirred for-729hrs. 40 nl of water was added to the
reaction mixture and extracted with 5¢ ml of chloroform twice.

xtract was washed twice with 40 ml

The combined chloroform €
Finally the solvent

of water, and dried over sodium sulphate.

d at reduced pressure and the acetate of DS-1

was evaporate

(mp 126°C) was recrystallized from methanol.
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