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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 

was established by 1H nmr, 13C nmr, and mass spectral 

interpretation. 

Another CZ9 compound characterized as S-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 constant~ 

with authentic sample. 



1 _ HTROnUCTlON 

~:)P()llS~C:':' :lrC f1t'il!!!tjvC' rnlilticcl1.uJar (\nim~L]S h'hich (l1'0 

a 1 mo s t ex c l u s i \,: C' 1 Y CJ r 1113 r .i II cor i g .i n . 

only ft.; I, 5\)C<': 1al iZl,,1 oq;ans and t i ',;sucs in I-;hich skeletal 

fibres or spicule,; Llsuall)' form all i!1lportunt part of the body. 
, 

The anim:lls live attached to stones, '3hells, and othcr object> 

in water, and often form colonies or irl-eguli,r form in which 

the various individu'lls arc illdistinguishahly fused witll one 

another. 

Sponges are usually attached alld stational') animals in 

the adult stage, distributioll being brought aboLlt largely by 

the actively swimmjng ciliated lilrvae or by currents of water 

which carry the yOllng from place to place before they become 

attached. The thousands of different species vary greatly 

in shape, Size, structure, and geographical distribution. 

They \\'ere for centuries considered to be plants. I 

Sponges are not cas)' to cl~1ssi Cy, but arc (lrranged in 

2 four classes as follows. 

1) (:\ lca rea lletnospongiae 

Sclerospongiae' 

• 
Sponges <1no filter feedel's, removing bacteda and 

other fine sU5Vended oq;anic matter from the water. An 

initial screening is prov ided by the pores, Idlich pel'mit 

only very small particles to ellter. Filter feeding has 

- 'lfll'll'.,'lls "nIl often rel,resents, as in sponges, evolved 1n many - " ~ 

an adaptation to a sessile or 5101'1 moving existence-
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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 0I'ffi 

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 metabolites 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. S 

Because many sponges contain symbiotic microorganisms, 

there is always some uncertainity concerning the true 

origin of sponge metabolites. 6 Efforts have been made by 
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chemists t, LnlH, the origin oj these metabolites. However 

the majority of metabolit·cs arc 11 0 \.! believed to be produced 

by 6 
sponges thclllselvcs. 

. 7 8 Recent studIes ' have shu\·:n that HI tropical \,;aters, 

60-70% of the exposed sponges arc toxic to gold fish in 

laboratory tests. The toxicity of sponges is inversely 

related to latitude;7 an ohserv~ltion e~plained 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 secondalY 

metabolites have been isolated from both toxic and non-

toxic sponges, few data have been puhlishedconcerning 

the ecological role of these compounds. Recently 'however 

several marine chemists have· reported the toxicity or 

. 9-11 antifeeding activity of sponge metabulltes. 

~Iarinc natur,l1 product chemi.stry is a relatively recent 

field of study as compared ':0 natural product from other 

sources. Once it started, the development has become 

dramatic. Inspi~e of U consistulJt effort to disclose the 

secret~of life under the sea, the chemist sometimes 

fuces problems ,"hich are diffjclIl t if not impossible to 

solve. One of the major problems he'faces is thut his 

ability to identify.the compeunds exceeds his ability to 

identify the marine organisms from which the compoullds 

ure obtained. This is particularly true for the identi-

[lcation of sponges, since expert taxonomlsts often fail 
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to agree. 12 ,13 This problem entails the difficulty to 

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 
14 is very high, with pI! 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, 

'd 3-17 pyrroles, indoles, polyacetylenes and peroxl es. 

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 tOl'lards the end of the work, 

one of the sponge samples which elaborate the sesterterpene 

was identified as Heteronema erecta. 
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2. BACKGROUND 

Z.l 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 (C 10); 

sesquiterpene (C 1S)' diterpene (C 20 ), sesterterpene (C ZS)' 

triterpene (C30 ), carotenoids (C40 ) 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 

sponges 

the latest sesterterpenes have 

of the order Dictyoceratida. 17 
been obtained from 

The genera Ircinia, 

Spongia, Hippospongia and Cacospongia have yielded an array 

of sesterterpenes and a series of CZ1 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 t,~o farnesyl residue is not a 

favoured process. 17 



L ineal' St~stcrtcrpC'nC's h:l'/c bccn i:-"ol~tt('cl Fl.'om various 

IrCl!lj(l 

often "i'cIer-rcd to <l::: the sca]~;rdlll'S Lave been i!:-~oliJted from 

. . 1 q 
~acospongl a spec.Les. - SCll ,I ranes clre not distributed 

",i clely, even among ,.pon,:cs; they are unique to sponges of 

certain speCIes. 

Reports on the discovery of novel sesterterpene are 

increasing. In 1972 only 13 sesterterpenoid compounds 

1I'ere known which represented one acyclic and tl"O carbocyclic 

frame works. Within three years this number grew to 31.
18 

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 , 

A number of trials have been made to calssify these 

sparsely distributed terpenoids, among which the first 

classification made by G.A. tordel1 18 and that made by 

'1' 1 20 I . ~lna e are tIC Inost Important ones. Since the latter 

classification is very detailed,for the purpose of this 

presentation, t~e former is adopted. Accordingly sester­

terpenes are generally classified into five groups based 

on their structural relationship. 



., ) <, 

In 1969 t,,1. Tayoda £~t ~11, isolated by ~;ll icagcl 

chroma tography of unsapord fiab1 e Ii quid extract of 

S l J 11 J . 'd 21 _olanum tUlersum, a pa.e ye ow .1qUl . The isolated 

compound has a linear structure (1) as idelltified by 

spectroscopic techniques. 

(1) , 

, 
The first acyclic sesterterpene isolated, however, was 

all _t~ gerany! nerolidol (2) obtained from Coch:IJobolus 
22 

~",~os_t:.1.'.O.El1l1S, the phytopathogenic fungus responSible 

for the leaf spot disease in maize. 

(2) 



1\ CiOscl) r~~'la(ed compocilld, geranyl fa1'ne501 (3) was 

b) Seste1'terpenes 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 flmgus responsible for the 

Helminthosporium leaf spot disease of rice, was t~e first 
{ 

in the series to be isolated; although the structure was 

OH 

not determined for about eight years. Its complete tri­

carbocyclic skele~on along with the absolute stereochemistry 

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

studies. 23 

, 

( '-1-) (s) 
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petroleum ether and chromatograpllY yields, besides other 

substances,a cryst~lline triol, ch~ilanthatriol.24 

Cheilanthatriol (6) is a tricarbocyclic compound. 8io-

genetic consideration and the dissimilarity to the 

ophiobolane type suggested a perhydrophenanthrene . skeleton. 

aH 

CHzOH 

; 

Ou 

(6 ) 
Another sesterterpene classified as cheilanthatriol 

type Ivas isolated from the sponge,. Cacospongia 5cala1'is. 

This is a whit~ crystalline compound with structure (7) 

J • h h 'I' . 25 to Wl1C t e name sea arln was glven. 

o 
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d) Sestelternencs or the lCetigeranic acid tvpc _. ___ ~ __ " ... ~ __ <_ ~~ ______ ~ ______ " __ ~ __ ,_ , ___ • __ ~ ___ • __ ~~ _______ ._.:-L-~ __ 

a compound whose structurc was dcterloincd by X-roy crystal-

logcaphic analysis (8) which indicated the pentacyclic 

structure, 

101+ 

(8) 

e) Sesterterpen_es of Gascardic ,acid type 

Gascardic acid (9) was isolated froln secreti'oll of 

the insect Gascardi~_madagasca!ie~si~. Elegant and 

extensive degradative work by Arigonfs group in Zurich 

succeeded in elucidating the correct structure of this 

] 1 ' 1 \' h l 1 . I " 18 mo .eell e, l.ne He l.ng tea )$0 ute stereoc wml.stry. 
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to determine how the .sC'stcrtc-rp('l1oids ~~rc distrjbutcd in 

nature. Nothillg i~ known :,bout ~hcjr t~xonomic (iistribution 

ill' plants or phytopathogcnjc fungi, 0]" thei]" role in the 

life cycle of organisms. Their discovery to date has 

essentially been by chance observation ratller th8n by 

design, and unfortunately their structural diversity seems 

to preclude the possibility of a single screening test to 

d 1 " " 20 etect tlelr presellce. 

As can be seen from 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 isolafed mainly 

from sponges, the exception being seven metabolites 

restricted to nudibranchs, and they may actually be derived 

from the sponge diets of the nudibranchs. 20 

Acyclic sesterterpenes are abundant in marine sponges 

but are poorly represented in each major group of terrestria 

organisms. Carbocyclic sesterterpenes are found in both 
" . 

marine and terrestrial organisms, but strikingly little 

overlap exists among the sestcrterpene skeletons from 

"d " I " 20 marlne an terrestrla organlsms.· 

Experimental"evidences show that certain terrestrial 

organisms elaborate cyclic sesterterpenes by cyclization 

of normal head-to-tail condensed isoprenoid precursors. 



By cont_-.rast no .inforrn;Jt11Iil lS :l'."li};:li)lc on tj-1C biosynthesis 

of citl)('~~ cycli~ or ~~c}'clic s~slerl.erpcne~; in ntnl"iIle spollges 

'.11' nUIlibrnllch:-, ~ In fact it hac; b'2','n sclgge~tcd that sponges 

< I h ' 27 are probably Hot capable oj: _(e:!~y~_ terpene synt eSlS. 

It is to be expected that support for the biogen~tic 

isoprene rule '''ill corne most directly from the invivo studies, 

for the synthesis of terpenoid compounds in animal and plant 

18 system. 

Compared with; for instance, biosynthetic studies in 

alkaloids, jnvivo 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 

atteolpts to incorporate the simple precursors of terpene 

biosynthesis (acetic acid and mevalollic acid) into higher 

plants. The most effective investigations for the biosynthesis 

of terpenes have been concerned with fungal metabolites. 18 ,20 

The discovery of the sesterterpenes has brought forth 

~.lllother area 'of 'Cxperimentation, and exnerimenters quickly 

realized this: "Indeed knol11edge of the biosynthesis of 

the sesterterpenes is surprisingly !dvanced for such a 

rare group of compounds. Clearly the fact that many of 

these compounds can be isolated from culture media has 

18 been of significant value. 
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acetyl CO!\, Ahich intlHfl ,S obLtincct froln ac-,tic acid. Acetic 

acid in FlI1 ocganislil i:.5 p;'odu\~.cd in the cHt~·tl}'.)J ic process; j .c. 

in the process o[ degradation of fuel !Holcicul0S to generate 

energy required for life activitios,The fuel lnolecules con-

sist of carbohydrates, (whicil are produced 111 plants by the 

process of photosyntllesis) fats and proteins (which are 

produced from carbohydrate by various biochemical conversions), 

Scheme I 

C~cOSCoA 
,'(, :-:... 

CH.aO""PP 
(1£;) 



(.20) 

(.21) 

/l~:;.//~'./"~/"~' O'""l:)P 
Ufl) 

O~'PP 

As shown in scheme I, the linear sesterterpenes 

have been co~sideted to be derived from five isoprene 

units linked head-to-tail. 28 

In 1965 o ,novel two-step:: cyclization of ,j;rans-.trans-·cis 
23 goranyl farnesol pyrophosphate (22) was suggested to 

lead to oplliobolin-A (5) as shown in sclleme II. 

"f \ 



i 

(5) 

The biosynthesis of cheilanthatriol is spcculated 18 

to take place flom geranyl [arnesol (3) by standard steroid 

type cyclization to give the cution (25) which picks up B 

• 
hydroxyl ion. An alternative cyclization may begin with 

the epoxy-geranyl"farnesol derivative (26) which spontan-

eously cyclizes upon protonation as S]lown ill scheme Ill. , 



" 
CilyPJI 

\ 

~ , 

SchemelII 

No biosynthetic scheme had been suggested for scalarane 
\ 

type sesterterpenos ~ntil 1974. In 1974 G.A. Cordall 
18 

s11ggested 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 

(.3 ) (28) 
Scheme IV 
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) ,-
A \T C 1'r ill tel" c s Lin g s c he lJl (' h;J~; he c n P '_J S t II 1 i:t t- l' d .-_.) r 0 r 

the hicsynthcsi.s of retigeranic acid, bujld.ing each ring 

sequult iall)'. The scheme has not been the suhj cet of 

eX]lcrimcntal work. 

A further fascinating scheme was proposed for gascardic 

acid starting from trans-!.rans-cis geranyl fa1'nes01 pyro-

2S phosphate (22). 

2.1"1 Phnnnacology of sesterterpenes 

Unlike ni.trogen-containing nnturnl products (e.g. 

alkaloids)the pharmacological use of sesterterpenes, which 

have oxygen as a prominellt hete1'oatom, is not common. 

With only a few exceptions each sesterterpene metabolite 

is oxygenated at one or more locations. Interest'ing 

pllysiological properties have sometimes been described 

for the extract of organisms wllich yield sestcrterpenes. 

These range from marine sponges which are toxic,1,11,29 

. 30· 
to nudibranchs with a pleasant fruity odor, and fungi 

which produce extracts having antimicrobial and phytotoxic 

act j vi t y • 3 1 ,.32 

Many recent studies especially those involving marine 

organisms, are found to link a speci£ic biological activity 

to an individual sesterterpene metabolite. An acyclic seste: 

terpenojd isolated from the sponge lrc:i~~~~.~ .'.'l~S possesses 

an antibacterial activity against Diplococcus, and 



18 ~ 

,\nolhcf' acyclic compound isolated 

from .!Y"~;~~;.!L?_:_~~ ~~~~t..}._~~?~~lJ,_:.. fotlild I,c) Ij{)s::;css a11tibactcrivl 

act i vi t y il g a in s t .?t~lIl!lJ'~(Lc_c:<:,<:us_ ~ll'l~~'~~~.;S 4 
1 2, 1 8~ d i ep is ~ 

-~ 

toxic to numerous predntory lll,nine oTgilnisms including n 

sen star, abil10ne larvne and brille shrimp.11 Among 

scnlaranes, a tetracyclic nor-sesterterpene isolated from 

the sponge Hxrtio~s. .erecta3S and a tetrilcyclic homosester-

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 h~s also been 

reported. 37 

According to a report by P. Crews and S. Naylar, only 

two sesterterpenes, ophiobolin-A (5) (as an antibiotic) 

ilnd mOlloalide (31) (as an antiinflammato:ry agent) have 

" 20 been the subJect of patent. 

(:lfO 
• • : HO 

(30) (31 ) 



C:olnl)ound s 
.- -~-.. - ----------- .. - Source refer 

lrcinia oros 

Antibacterial against Diplococcus and S. aureus 

, lrcinia variabilis 

Antibacterial against S. aureus 

~~~~~~/o Spongia idia 

(34-) 
1'oxic to numerous prcditory marine organisms 

Prianos 3?. 

(3'5') 
Inhibitioll of sea urchin cell division 
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Ul1id(~ntifjed sponge :\3 

Inhibit growtll of S. DUrcus 

HD NO 

CHO 66 

Cytotoxic 

nit.ens 1 1 

Toxic: to brine shrimp 

17 

Toxic to brine shrimp 

35 



- 2! " 

hormones, tIle cardiac glycosides, the sopogcllins, some 

. 40 alkaloids and other mlllor groups. 

C 41) 

1'1 18 R 
" /~1 .. -l.f6 

1'1 " 

Among marine natllrol products •. steroids are the most 

extensively studied. A large number of literature con-
, 

corning marine steroids Call be found scattered throughout 

the multitllde of chemical and biological journals dating 

back to the initial f?port of flcllze in 1908. 41 

Sterols derived from marille sources are interesting,' 

becuasc some of them possess very unusual structures such 

as sterols containing cyclopropane ring, sterols devoid of 

19-angular m~thy1 group or unique 3P Ilydroxymethyl-A-nor-Sa-

41 steranes. 

The recognition that sponges c~ntain a variety of 

sterols which vary ·from one species to another \~as first 

reported in a 42 classical paper by Doree. This author 

isolated a sterol [rom the sponge ~lJona_cel~ta which he 

named <;1 ionastero] and showed it .to be·· different from both 



ch';L~sterol and spongostcrol. The lattcr, earlier isolated 

, I ' 4 2 i I'em ,1 me( 1 t.erl'ancan spunge} was the firsj an ililol sterol 

to be recognj2.cd as difect'ent [com cholesterol. Since 1972 

loodern reinvestigations of sterols of sponges have bcgun to 

appear, which confirmed the complexity of the sterol compositi 

in this phylum. 

2.2.1 Cl!ISsification of Sterols 

Generally sterols can be classified as "conventional" 

and "unusual" depending on their structure. 42 

"Conventional" sterols: The term "conventional" is 

used to cover sterols with the conventional C19 tetracyclic 

nucleus having the usual C8 side chain o1'else modified by 

the addition of one or two carbon atoms at C24' The C24 

nor-sterols arc also included in this group. 

A C29 sterol, chondrillasterol (42), which seems to 

be confincd solely to porifera in the animal kingdom, was 

reported as the major sterol component of Chondrilla nucula. 43 

i\jlothe;r C29 sterol, !3-sitosterol ((24-R)-24-ethyl cholest-5-

en-3B-ol) (43) has been isolated from the sponge Cliona 

celata. 44 Am'ong'the C28 sterols, 24-methylene cholesterol 

(44) which is wldeJy distributed in marine organlsms was 

found in the sponges Chalina arbuscala and Tetilla laminaris.4~ 



I 
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"Unusual" Sterols: Marjne invertebratcs have 

proved to be sources of unusu~l sterols having the 

cholesterol nucleus with side chains involving new 

alkylati(lll patterns. Thus eorgos\.erol (45) from 

. 46,47 I (4')' gorg'ollians, acantlDsteroJ 6. Irom the star 
" 

fi. sh, ~~.o"Il.!J.la .s.!':'.1: __ E!.::t11C_l all d 23 - deme th)' 1 go rg 0 S to 1'01. ( 4 7) 

. 1 d f . 48 1 .. I I ISO ate rom two gorgonlans, eXemjLl!Y t 1e attac uncnt 

of "extra" carbons at C22 and C2:,0 

"0 
r:1..5\ (1.); 

(4(;') . 
\ ... J 

1 , 
~ '(~'Y II 

l 



ApJ)'s terr>! (,t8) and 24, 2k~cl illehydlo--apJystcrol (49), (he 

pr-inc 1pal steroJ componcl!t:~ of dIe' ·:;pun~~('s of the f;lI11~ily 

vcrongidue, represent furtil{;-( structural va-rjati.on jn \dlich 
4') 

an "extra ll carbo1\. :ltom :is attached at: 

cijJ--C 

Modifications of the sterol nucleus have also been found 

in marine organislils. The sponge {\xinel1a~Jl?lY.-E0~des was 

found to cantu in stanol mixtures, having a 19-nor~cholestano] 
, 

nucleus carryjng convelltjonol satllroted and monounsaturated 

C7 (24-nor), C8 , C9 and C10 side chaills. 50 The major 

resolved component has been fully characterized as 

19~nor-Sa,10B-ergost-trans--22-ell-3B-Ol (50) 



C{l' e('l 
!) .' 

The lJ1:JjCH' fl'~ICt-jOIl of the mixture 

\\'3$ fOUlid to be ii C:
27 

COJiljlOU!lrl (S1) and .its structure \,as 

cletcrrnioed spectrolllctr i<.~(1) 1)'. 

Though the knowledge about sterols present in sponges 

has rapidly increased in the past, the understanding about 

their metabolism.is vcr)' meagre. 

Waltoll and Pennock observed 51 that the sponge 

Gral~~~~~~mlHess_~ utilized l.4C_ mevalonate for the bio-

• synthesis of isoprenoid (sqllalolle, steroids alld ubiquinones) 

. I' t . tl lIb f 14 Cd' In ~lrec contrast Wl 1 tie comp ete a sence 0 '. ra 10-

activity ill the terpenoids of the s~ongo Suberites clomuncula 

, I' d 'I 1 tiC 1 InCU)a~a Wltl • maYa onate. 
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TIle [ceding of labelled acetate, m~valollotu alld 

mcthi()]ll11C to tIle sponge VOrOllf> ia <:erollhoba ,. iel ded . ___ ------'>2, __ . _____ ~ ______ . ___________ >' 

110 rudioactjv~ aplysturol (48). RadioD~tivity from all 

precursors used was incol'porated tJ some extent into tIle 

fatty acids, thus proving that the administered substrates 

wore taken up and metabolized by tIle animals. A similBr 

situation arose in Axinella ]Iolypoides and A. verrucosa, 

the sponges reported to contain the 19-nor-stanols and 

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

were fed with labelled acetate. 42 However when cholesterol· 

2 . 14c, d .. 1 h ; 19 b- was a mInlsterec to t esc two sponges, tIle -noY-

C27 stanDI and hydro~ymethyl-A-nor-C27 sterane fractions 

were found significantly labelled. 42 

I t thus appears tha t in ~~lIO ides and 1\. verrucosa, 

the sterols call1lOt originate from clenovo hios)'nthesis, but 

arise by moclification of dietary sterols. [,Iuch work is 

required before a definite conclusion can be drawn about 

sterol bio~"Ynthesis in thl~se primitive mul ticellular 

animals. The exogeneolls sterol requirement is a character-

istic of many lower organisms, the majority being invertebr. 

Generally sterols are biosynthesized by the loi (-to­

foil conclensati6n of two farnesyl pyrophosphate (20) 

units, as shown In scheme V. 



, 

(5'5') 
Scheme V 



~Il t.lle bjOSYflt_h(~SiS Of- f,·sitosterol, tIle ch()lesterol 

The- ethy:! group <:It C'-"l Lq 
;1 ri '--;CS 

_!_'--' 51: t. "' )" I' rl . 
)]"-.'crl.Ol!l.1ll!, 1\ po~,;stnlc lHcclanlsin for t1C lJitro llct]Oll 

or :ill alkyl ,~rollp into ,,'hules terol fo], the niosyntlwsis' of 

R
' 1 I Ie C t' , I ' I \11 53,S4 ,J-Sltoster{) :15 proposel uy as Je 15 S)()\~ll If) seleniC _ .• 

Schemo, VI 

r:::'-. CHr,OJ.( 
~n -, ./'" /).1/, 

(10 (5'8) 
(60) 
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2.3 Ceneral' isola1 ion and characterization 
----~~-------- ------.------------~~-~.- ~-------.--

1n most comlilon isolation procedures a sample IS 

extracted with an a~propriate solvent. Extraction could 

be cold or hot. The sponge sample could be extracted wi th 

a number of solvents ranging in pOlarity from n-hcxanq, to 

methanol. Many isolation procedures have been described 

for the isolation of scalaranes from various sponge samples. 

The most commonly used technique is column chromatography 

with silicagel and elution with solvents of increasing 

1 .25 55,56 d' . . f' . 1 57 po arlty,' or trect crystallization rom so. vent. 

A sensitive spray reagent for detection of scalaranes 

and terpenes for that matter is vanilline solution. But 

silicagel plates spoted witll thes~ samples can also be seen 

under ultraviolet light with no difficulty. 

As in any other natural products, in elucidating the 

structure of sesterterpenes (scalaralles),chemical degradation 

or interconversions can be employed. There has been an 

illcreasing reliance on spectral data, chieflyl H, 13C 

nuclear magnetic resonance (nmr) and mass spectroscopy, 

for the characterization of sesterterpenes. Upto 1985 . . 
only 16 sestert~rpene structures have been established 

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

h b t d II ' 2b M t ave een repor e _as crysta lne. lOst s ructure 

elucidations of new sesterterpenes have relied on omr. 

" 

, I 
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:,ot unexpected] y scsterterpenes gave 1\: nmr which 

\"ill be completely assigned, eSlwciaJ I)' \"hen nmr spjn ccho 

]lrocc(lures are cmployed. Reliable 13 C nmr chemical shift 

datu can provide it powerful and rapid means for churacter-

ization of new members of a 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 accdssible. 

Measurement of llomonuclear 10 _ 10 shift correlated spectro~ 

scopy (COSY) greatly simplifies tIle assignments of signals 

and structural determinations for complicated molecules. 58 

The mass spectra of scalaranes (a tetracarbocyclic 

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 example all 

scalaranes having normal substituents give characteristic 

peak at m/z 191 for ring AB fragment. If there are ~ome 

substituent~ ad these rings, the mass of tIle fragment 

increases by the weight of the substituents. S6 Some 

scalaranes are" acetylated and thei~ molecular ions cannot 

be detected, as they are unstable especially in electron 

" '" 17,57 lmpact IonIzatIon. 



\ ,T';IJI,T~) A"ll Dl SCUSSICCi 

Ildrk bru\.:n ~;PO! /(~ "~,;'II:p;CS :;11, aiHl :1 \\'f'l'C collected 

1n .Junc' 1987, £r01ll th.c !led Se~', illOtl1Jd th(~ marine biology 

station of ASlnal'o Un~vcrsity (AU) at ~13ssawa. Samples 

were collected at a depth of 2-5 meters wltll the help of 

speci1llenspreserved in 10% formalin s3lt water solution, 

in the ilepartment of Biology, AU. They I'Jere gIven 

identification numbers, since they werc not identified 

taxonomically. The collected samples were sun-dried 

and stored in a cold room. 

50(; gms of sponge sample 3B from the cold room was 

pulverized and soxhlct extracted Idth chlorofotm. The 

extract when concentrated gave 6 gms of a gumlny residue 

wh lch was column elll'" .. ;, ~l'"J:Jrl:1 0' 5i 1 icagcl to give 

several fractions. DS-2 was isolated from fractions 

collected by ~luting with petroleum ether: chloroform 

mixture as detailed in the experimental section. 

Extractioll and purification of an unidentified 

brolm sp'ongt'- sample 4, by the same methocl,gave DS-I, 

along Idtli other uncharacterized fractions. DS-2 and 

DS-1 were characterized by spe~troscopic techniques. 



Fig. 1, IR spectrum of DS-2 
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3.2 Structure oj" f!.(~. <~ 

S t ! :-~ J' I'.: { c_ U I ubi !.' -' 11 C h 1 () r () r 0 rill) 

cth)'l acetate, 8nd aLet(}lI(~j but sl-'~lrlngly soluble in 

mcthanol. The infrared s,lC'cinllil of the compound (fig~l) 

showed absorption at 3(,00 clr- 1 duc to alcoholic O~I! 

stretching vibration, 3100 cm- 1 due to olefinic C-lJ 

stretching vibration, ~ 1 
1750 COl due to ester carbonyl 

(C=O) stretching alld a broad C~O bond stretching absorption 

for both hydroxyl and este~ groups at 1260 cm- 1,., OS-2 
20 0 

h:IS an optical rotation [al O =-67.5 (c=0.2, CIIC1
3
). 

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

maximum absorption at 230 om (E=14,OOO). 

A normal scalarane frame work (65) can be rt.ro!,nized 

by three 13C nmr methine resonance in the region of 6
5

: 50-60 

69 52-59, 61~: 49-55 , along with an additional CH in 

the region, 6c : ~1~65 eif C18 IS Sp3 hybridized and if 

59 C25 is present), as described by P. Crews. The above 

melltioned three methine groups were clearly observed in 

the DEPT spectrum of OS-2. These are resonance lines . . 
at 6c : 58.4, 56.3 and 54.6; along with a signal at 6c: 64.1 

indicating that DS-2 has a scnlarane skeleton. 

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

ion of llighest mass. at miz 428. It is not possible to 

conclude that this is the molecular ion, since 13C nmr 

showed 29 corbon atoms, ir and 13C nmr showed the presence 
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of fit lufLst five ox)'gen ~ltoms (for two ester ~rtd Olle 

Since esters ,ne usually unstable to electron illlJ>:lct 

, " 1 7 57 1 
lUlllZ~ll1Cln, } tIle mo]C'CUl:1-r h'cight of the· compollnd 

nit's t be higher than 428. 

Kashman et al reported S7 a compound (63) which 

showed the first fragmellt ion at m/z: ,428.219 (C27H4004' 

M+- BOAc, 14.7%) and other peaks at m/z: 386.282 

ut - (110Ac + CHZ=C=O), 8.3%), 368.273 (~(' .. ZHOAc, 17.0%), 

350.259 (C ZS fl 340, M+ - (2I10Ac + H
2
0), 3.6%) and 191.179 

(C 14 HZ3 ' 7.5%). 

40. -z.r, 

(63); R=cdl, BOll 

(64); R=O 

'!-" 

",I 

C 6S) 

Microanalysis of heterollemin (63) as first reported 
"1 7 

by Kazlauskas et al " showed that it has a molecular 

formula CZ9li4406' whereas no molecular ion l'las observed 

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

+ fragment ion appeared at m/z: 428 (C27114004' M - HOAc). 

1 i 3 D5-2 has two acetate groups ('ll-nmr, C-HmY and ir), 

and it is logical to assume that, it has lost an acetic 

acid molecule to give the first fr;lgmcnt ion at miz: 428, 

17 5" as in the above two report's. " I Tllu,' the mol eeu] ar 

weight of D5-2 should be 488. 



17 57 reported ' 

to give the characteri.stic fragment ion at m!z: 191, which 

correspond:.; to the AE ring system of til(> molecule. The same 

intcnsi ty, 

The bClse peak of D:;·2 appeared at m!z: 3(;8, ;vhich-

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 17, came from the high resolution mass. spectrum 

of the compound (66), obtained by.oxidation of heteronemin, 

followed by pyrolysis. Tllis pyrolytic product showed the 

major fragmellt iOllS at m!l.: 191 (C
j4 

H
Z3 

+) and 132 

+ 
(C 9 Hg 0 ). This can be rationalized by cleav<l)l:e of 'a' 

and 'b' in (66) 

• 

(66) R=O 

b 
./' 

a )1' li 

"" -~_ v 

A----- '8 /K 
(67) R= all, 10 01-1 

If cleavage oc'curred at 'a' as shown, with charge 

retention Oll ring AB, then the fragment ion sllould llHve 

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

with retention of charge on ring DE, then the fragment 

should have its mass itt m!z: 132. This suggests that 

tlle ketonic moiety must be on ring C. and hence the 

hydroxyl group in hetcrollC'min to bo an ring C. 
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368 Dod 191), DS-2 has major fragment ions at m/z: 369, 

35,u, 132 and 60, which C:.ll1 be accounted for, as shown ill 

:3chcme V] I , 

Sc]H'IIlC VI I 

" '" 

'i · 1f~8 (I#%) 

\ 

, 

..... .,. 
. ) '- .;-



L:!I;en in 

)'1U S-i.:lgi(,t} () .. ~JS SjllJ_:l,_,t- (),f:;32 

sin~;let, 0.814 siliglet <lld ().,?8~ singlet. 

'j') 2~,"l) '1'1 11, t oj', It' ll' "'Z ,,·nmrspcc'l'Unl leCrOnel\\lil (03) taKen 

S7 In ~cctolle - d
6 

• sho~C'J resonance lines at 8: 6.90 d 

(C zs -Il). 6.16 brt (C 24 -11), 5.34 ddt (CI6~1I). 3.45 dd 

(after addition of DZO) (C12 -H), 2.57 hrs (C 1S -H). 2.06 and 

1.99 (two OAc grollps), 0.893. s(two methyl grotips), 0.871 s, 

C.366 sand 0.883 s (three methyl groups). 

11\ the 111 _ nlllr spectrum of heteronelllin (63), taken 

on 1 00 ~IHz, in deuterochloroCorm , Kazlauskas et al
17 

observed the presence of two acetate groups from a peak at • 
6: 2.08 (6fl,s). five quater'nary Illethyl groups, between 

0: 0.83 - O.7i) and a low field resonance at 6: 6.68 (lll,CS' 

But the 111 nl:lr ~;pectra of the Same compound (63) 

reported by the two differellt groups I,ere not identical 

To 3CCOllllt for tllis difference lH nlllr spectrum of DS-2 

was taken in c!cuterochlOl'ofol1w and acetone~d6 llsing the 

same 9lj Wlz instrument. 

It was found that, the resolution of tile spectrum 

taken in acetone~d6 was better than the one taken in 

deutcrochlorofol'm, ill agreement l'lith the above tIVO 

reports. 
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To ostablisll tIle 1)llsie skel~ton the pyrnlytic product 

I 7 "cpo 1 led, 

spectrum of the 1')','o;,"5i5 prot'u( t sho(,edil to lie thc 

oxidized vinyl furan (66'1. This indic8ted th<1t oxidation 

convcrted the secondary alcohol to ketone and the pyrolys,is 

removed the two acetic acid moieties. The chemical shifts 

of the protons in the p,'rolY5i5 product wel'e assigned 

using proton irridiation technique. 

The pos i bon of the hydrox)'l group 111 the parent mole­

cule (63) WaS determined by the same workers 17 , using Sllift 

reagent, in addition to the mass spectruln. Tllc sllift of 

both axial and equatorial protons at C l1 were higlily affect~ 

while protons at Cy and C
14 

are equally affected indicating 

thllt the hydrox~ group is at C12 • 

'['he 1 [[ "t'])S 2 ' nmr slgn81sor -, for which structure (63) 

is suggested, ranges from the most deshielded (6: 6.76) 

to the shielded '(0,73Y) ones. CZ5 -H appeared downfield 

at 6: 6.76. This protol) is 111gh1y deshielded~ because it 

is attached to a carbon bearing two oxygen atoms, (acetal 
17 '57 • 

carbon).' It appeared as doublet since it couples 

with the vicihal CIS-H. The coupling constant, as 

reported 57 , is small (J=2Ilz) indicating that these 

protons' have anti relationsl)ip. 



I' -

)Clnt_lonSllips to both C!;~~ll ;!nd (~!(-i-II. S i l!! J jar 1.)' C 1 ( - If , 
- ) 

I':hich j'; attached to" car'lon be'(lrillg the sel:ond 3cetoxy 

group, is deshielded, and ;lppearcc! at Ii: S.34, as 3 broad 

lllultiplet, due to its coupling with the protonsat CZ4 and 

C 1S ' The C1Z -H beariIlg a Ilydroxylgroup appeared at 8: 3.46 

as a IDultiplet, because of its eOllpling with C11 -H Z anc! 

the proton on oxygen. The signal for tIle proton on exygon 

of tIle sccolldary alcohol appeared atE: 3.31, as doublet, 

since it couples with e
1Z

-Il. C
I8

-I-l appe31'cd at 6: 2.43, 

as a broad singlet. Jt is hroad, because it couple's with 

C24 -11, CZS-H, and one ilia), also expect ;1 long ranr,e coupling 

with C
I6

-H. The two acetate groups appeared at 6: 2.10 as 

a sinr,let. The five llIethy1 groups appearcd 3S four singlets 

at 6: lJ.895, 0.832, 0.814 and 0.789. The signal at 0: 0.332 

is broadcr represcntif!:'; t\-!O methyl groups. 

P. Crcws and 'BescasaS'J obtained 13 C_IJI COSY nmr 

(CDC1
3

, IOO-4()0 Mil::, 1\: and III shift in ppm) ovcr the 

aliphatic rcgioll of IH't'c)'onclllin (63), and found four singlets 

• 
for the five methyl gl'oups. These arc rcsonance lines at 

6: 0.82 (21-11
3
), 0.8U (19-H} u.nd 22··fl), 0.77 (20-H 3 ) and 

0.68 (23-H 3). Based on this observation chenlical shifts at 

6:0.895 in the 1H llIDI' spectrum of ])S<: is assigned fa 21-11-, 
.) 

0.832 to 19-H
3 

and 22·-IL, 0.814 to 20-11, and 0.7S'] to 2:';-11 __ 
~ j ~ 



As there [!l>(~ 1Il0)'(~ 1~ 'S d:i~!x:ial ini'cf:1ctjons, the· protons 

g(OUPS~ \'!h~Lle protons on (:,_,' ~In shj_clded 1,)' .... (-·C!lt!~\~nri~l.l 
,~ -.' 

substituents at C1l. ',ad CIS' 

The 13C nrnl' spectrum of llS-2 (fir:-S), U,],ell in 

det,tc'roc:hloroform (2~. 2S 011lz), gavc 27 resonance lines; 

but IdJen takenLn benzl'nc-d(J' the spectrum shOl'!cd 28 

resonance lines. The intense pcak at 6: 32.9 most likel)' 

represents two carbon atoms. \'.'hen a distortionless 

enlWllCemel\t by polarization transfer (DEPT) s))l'cirum of 

the cOlllPound was taken, the intensity of the peak at 

6: 32.9 became equal to th~'rest of the methyl sign:lls, but 

the otheT carbon which intensified the methyl signal at 

6: 32.9 neither appeared as C11 nor as C11
2

, indicating that 
" 

it has the same cherilical sh'lrt a~' the'methyl gh)up .1ncl ':is 

nquaternary carbon ·atom. Thus·the toLll r.umlll'r' of carbon 

atoms'for DS~2is 29 .. 

The DEPT spec~rum of the compol,nd sllowed that it has 

7CII
3

, 7C11 2 , 8CII and 6 quaternary Cll'i'on atoms; the "extra" 

quaternary carbon atom has overlapped \'Ii.th one of themetLy, 

groups. 

In addition to the number of carbon atoms, information 

about the hybridization oE carbon atoms involved, can also 

be obtained. The!3C nllll' spectrum of DS-2 ,;ho,"ecl resonance 

signa 1 s for ca rbonyl cn rbolls, appearing at <5: 16').:; and 

168.7, which are characteri st lcs for esters, Other lion 
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alil'h:ltic: rcson~llcc siglJ:lls appeared Ilt 8: 135.:>, 11.1.2, 

102.3,80.3 ilnd 69.:>' ReSllllaOl'e lines at ,\:J:):;.:> :lll<J 

114.2 arc assigned to olefinic (Sp2-hybricli'Lcd) (,;ll'hon 

atoms at C24 and C
17 

resl'(·c·tively in (63). Thc sign:lls 

at Ii: 102.3,80.3 Hnd 69.3 are assignable to carbon atoms 

to \'I,hlch one 01' more oxygen atoms ill'C directly .:lttached. 

Accordingly they ore assiglled to C25 , CI2 and C16 

respectively. 

As stated on poge 33 the characteristic 13C.~nlllr 

Illetj,ine resonance signllls of scalaranl!l's lI'hi.ch appeared in 

the region or 0c: 50-60 arc observed, along \'Ii til an 

additional methine resonance signal of C18 , These are 

resonance lines at 0 : 58.4 / 56.3 and 54.6 which arc c 

assigned to C9 , Cs and C
14 

respect ively in (63), '.onti the 

resonance signal at 8c : 64.1 is ussiglled to C18 . 

13 The C nlllr sllift of methyl groups or methine carbons 

are especially useflll in assessing thc position and stcreo-

cheDlistry of the scalarallC ring substituents. In addition, 

ring junction methyl shifts C:1Jl be used to determine Ci5'-

versus-:0:..ans ri\lg fusions. 

" 

';, , 
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To ,!cc{)J,l)lli;;h this, ,l:Jta fl'OmJllodcls, along with an 

underSl[Jlldin,~ of ~;\lbstjtUCllt effects, as yepoytcJ l,l' 

1', (:rl'ws ;lnd Wi~;emaJl60 is required, 'These can be ~,L'ted 

1- Ring junction methyls on a ,t].:';l.1.]'; - dec.din ,lye 

sillclded (6: 15.8) by 11-15 1'llJll relative to those 01] cis 

decalin (6:28.2) 

2- Equatorial or axial angular methyls experience a 

3"7 ppm shielding when a y'-substituent is added, but ,axial 

methyls experience a 2-ppm deshielding 1Vhen an added carbon 

y-substituent is axial. 

3- Axial metl]y1 experiences a 3-ppm deshielding when 

an axial o-substituCllt is added. 
" 

4- Ring jUI]ction axial Dlethyls arc shielded by 4-5 ppm, 

when they join ,l~an~ fused rings in i1 chair conformation in 

comparison to those on .tra~.:;;_ fused rings in a boat conformation. 

Base vnlues for decal'in and its derivatives, when added 

to appropriate substituent increment, reproduceexpcrimental 

methyl 13 C nlllr chemical ,;hift for scalal'anes. Based on these 

experimcntnl iilld~ngs, chcmical shift assigllments llave been 

made for the rest'of the carbon ,Itoms in DS-·2 as shown in table 2. 

The 13C nmr ~pcctrum of heteroneiliin (63) taken in 

deutrocilloroform exilfbited 27 - resonance signals for 29 

carbon atoms (25 - skeleton and ~ of the two acetate groul's) 

as reported by Kashman et 111.
57 



- 47 -

The multiplicity of the different resonance lines 

was established by several off resonance decoupling 

experiments by the same group.57 Assignments of chemical 

shifts for the reported 29 carbon atoms \~ere also carried 

out. In this assignment there are overlap of chemical 

shifts at 6-: 33.1 and 21.2. The overlap of the shifts at 

6: 33.1 is due to a methyl group and a quaternary carbon 

at.om, which corresponds to the overlap of the same tw.o 

carbon atoms at 6: 32.9 for DS-2; but the overlap at 

6: 21.2 in heter.onemin reported57 , has been resolved in 

DS-2 and appeared at 0: 20.9 and 20.3. 

When .one goes from the most deshielded to the shielded 

signals (table-2), the 12th signal which appeared at 0: 42.5 

in the DEPT spectrum of 

But Kashman et al 

DS-2, is quaternary 

reported57 it t.o be 

and assigned to 

a methylene group 

and assigned it to C3 , with a chemical shift of 6: 42.6. Also 

the group assigned the next three consecutive signals at 

0: 41.9, 41.7 and 39.9 to C7, C1 and C8 respectively. In 

the off - resonance experiment conducted this group rep.orted 

that the resonance lines at 0: 41.9 and 41.7 are triplets 

while that at 0: 39.9 is singlet. But the DEPT spectrum of 

DS-2 sh.owed that all the three signals are chemical shifts 

for methylene groups. 
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I) , .. , -, '" -, < • \ 59 , l, t c \ ... , \.. L ,I I <:h j n s 

c h C!l\ ; cal s h j f tat 6: i\ 2 . 8 toe 1 3 I'Ih i c hag l' e c S \'I i t h the m'l';' 

S]lcctrulD of 05-2. 111 addition this grollp confll'med that 

the consecutive three chcmical shifts at &:,42,2, 41.9 allJ 

'0' l' l"IC it HI t ICI r '. Ilmr spec t rum, correspond to methyl Pile g l'Oll])S 

and ass igned to C3 ' C7 ,In<1 (;1 respectively. 

K h 1 57 ' .1 1 l . 1 l' i" t . 1 as man et" asslgneu tIe clcrnlca 511 sIgna S at 

&: 21.2 to C
19 

(cquatorial) (llld 8: 33.1 to C
ZO 

(axial) methyl 

groups, that are attached to C4 of heteronemin (63). P. Crews 

S9 
~~ it.!. reversed the assignments, "hich implies that axial 

mcthyl carbon is shielded as compared to the equatorial OIlC. 

If onc uses a modcl of heteronemill, the axial methyl has got 

1,3 diaxial intc'raction with Ilxi~d proton at C
2 

al}d the ~mg!llar 

methyl group at C IO ' Due to Van dOl' \Vaul cleshicldings axial 

protons arc deshieldcd, but the elcctron cloud densit,y on 

axial methyl carbon "i]l be increased, as that from the 

deshielded pI'otons get accl1mu1.~ltcd on this carbon. Thus 

axial methyl cal'boll should be shielded as comp~red to 

equatorial one. Accordingly thecbemical shift at 8: 32.9 lS 

assignedtothoeqll~toria] luethyl Hhile that at &: ZO.9 tothe 

Ilxi;l1 methyl gro'up: 111 DS-2, assignmonts that agree with 

the latter group.59 
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:\~C'\l"l~i)'.'-~ ,"\) t 11i 

up")l1 ,:dditiun of 

("I r 11,; 1. (' ronelHi n ((j ~) cn:"] J d be 1'('"1;! ted \" 0 C ;ll"bun :1 i." Olil~"; 

C 1-C
7

, C
10

' C ll), CZo ;Jl1d C22 , These clrbon "ton:s are 

rCi;ltivcly far "1,';1), frOIl! eIZ-OIi group, expected to be 

the main complexation site, the signals could hene'} be 

c sse n t j all)' un in r 1 u en c c d h)' 1: u ( rod)" :1 d d i l i 0 Ii , T 11 C' 1 I 
,) 

unaffected resonance signals are fO\Jllel to be :(n ;I~',n'clllcpt 

with the corresponding A/l> ring carbon atom sil~n:J1s of 0: 

and B amyr'in, aftcl' l:orrcctjon fur the expected substj n,0nj' 

efl'ect of an Ildditional l:8-mcth)'1 grollp. 

C ' 1 ' ,13, olillng to cone uSlon, cOl1cenung L nm)' spectnllll 

of heteroncmln (63), K3shmiln ~! ;I,!57 \,ho did the fi.rst 

cllcmic:al shift assignmellts, indicated tl13t tl1cir ~ssj~n-

lllents may be revere,cd 1'01' ':1l1'hon 1l11lnbers 1, 2, 3, 6, 7, 

19, 20, 24 and one of the two' OAc groups "hieh :lllpe;ne c1 

at 6: 20.9. 

assignments us in;; l:OSY, lind reversed sOllie of the chemical 

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

59 il\ complete a~l'ecment with th;It of P. Crews et al. 
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, e, 
c :-: per i!ill n t :-~ . i /) '-' Cl h ~', C' !'V:l t "i on s . j " ; 

1 he 1 \: Illlll' spec t !'llill, Tlw 

groups or Illc'tldnc carbons at the JUlletlolls ;Irc cspeci;!lly 

useful il\ assessing the Jl,)sitioJl of substituents anJ ste1'(,o-

JJl addition ring 

junction methyl shi fts cln of tell be used to determine cis-

versus - trails )' i n ~~ fusioll, since IIlcthyl group on !~~~~ 

rillg fusion are shiC'ldcJ by ahollt 11-15 ppm relative to 

those on c~s ring fusion as shown in the compounds ((18)-(71). 

I) I, '. ' 
/-> / 

I , 
// ", ..... -----.-t- I., 



by hcteronemin's (63), l\1e-21 (l: 1/'.4)& /<le-22 (6:H'.4), which 

have close ChcliLical shi ft vnllles to the reference componnd(71). 

Lik(Oldse a tran~ C D ring junction with un equatorial sub-

stituellts y- to the ring junction methyl is indicated by 

l.eterollemin (63). The C
23 

metllyl grollp is shielded by the 

two y-equatorial substituents at C12 and C18 , thus it appeared 

~t c: 8.S. 

17 Another rejlort sllowed tllot, protons at C12 and C16 

;ne axial as inferred fl'om their peak width at half hcight 

(IH),i5 liz and 16Hz respectivcly. 

The scalarone ring (65) junction methine C9 and C14 

shifts ore both sensitive to sterochemistry of substituents 

20 attached tu C12 and C18 . A change in the C12 su~stituent 

from equatorial to axial, shields C9 by 6 ppm or a change 

in the C18 carhon substituent from equatorial to axial 

shields C 14 by.4 ppm. 

The stereochemi-stry at the hetero ring substituent, 

at C25 in (63), has been proposed 17,57 based on the magni­

tude of '!I-nml' c~lIpling constants across the C
18 

to C25 

bund. The small coupling magnitUdes (2.0Hz) observed 

betlvccn vicinal protons H-18 and 11-25 in heteroncmin (63) 

dewonstr3ted the re\ulive trans stereochemistry. 

• 
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Also the ease wi th \~hich an acetic acid molecule is 

lost from the molecule during mass spectral fro2mentation 

requires a cis relationship between the acetoxy group at 
17 CZ5 and hydrogen at C18 ,· This strengthens the preceding 

argument about the stereochemistry at these centers. 
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ml'lting point of 127-128°C. It is $olllble in cllloHJCorm 

and ethyl acetate but s]l,l]"ingly soluble in mctha!lol. 

Tile ultraviolet SPCcl)-Urn of DS-l (fig-6) sllowed 

mnximUlll "bsorption at 215 11111 (C~125()()). The infrnred 

spectrum (fi g--7) showcd strong absorbance for O-ll 

-1 stretching vibration at 34()O cm ,weak nbsorbance for 

an unconjllgated C=C stretching vibration ilt 16fo cm- 1 

and an olefinic C-lI stretching and bend ing vihr~ltions 

at - I - 1 3030 cm and 1450_Clll respectively. 

Since the compound was eluted ldth n relatively nOll-

polar solvent, petrolcllm etller-chloroform (4:1) mixture, 

and SjlOllges arc well known for their stcro1 meta~olites, 

Liebermann - Hu,.ch~lrd test for 3B - hydroxy sterol s 

was conducted, "'Id was found to be positive. 

The 400 ~I1:z If! nlJlr spectrulli taken in deutl'rochloroform 

showed a doublet at 0: .1.31, for one h)'drogen corresponding 

to an olefinic proton. This illlp] ies that the other 

olerinic carbon atom is quaternary since there i.s no 

signal corresponding to other olefinic pl-oton. The 

5 ignal for the proton on oxygen appea red "t: (;: S. 2 

cOllpled witll C3 -f! .. Tlle other cleshiclded j"CSOn8nce 

signal of the spectrum appeill"ed at 0: :,.5, :15 IHu1tiplct, 

for it single proton v:hich corresponds to the h:d:"'}gell 
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rig-7 IR spectrllm of DS-l 
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attached to a cClJ'boll be,ring the hVc\I'OXyJ gl'oupin the 

~)Uf;gcstcd ~~tJ'Ucttlt'C' (72.), l ! S l!i!J! t ; p t j c :i t)' J~; J 1I C to 1 t s 

Jlltf'r:lction h:itb vjcinal pl'olons at Cl.' Ci1 ~ and the prot<)11 

on O):ygCIl of the hydroxy i ~'f'-HIP on l'j ng A of t he suggested 

structure (72), 

The <100 MlIz 111 __ IIi COSy 1lJl1J' spectrulil (Fig--')) taken in 

deutcrochloroform shol\'cd t])" t the 01 efinic proton is coupl ec: 

Iv; til three protons; thes," ,Ire the il'IO vic in,1l protons at en 
I 

and the ,lxi;;! proton at C 1 , Similarly the proton at C" is, C01<!', , f'd 

h'ith th)'(~e l))'ot0I15; thes" ;in' most proh:!Illr til,' tl':O :lx','l 

])!'otons at t z ill1c1 C
4

' and the proton on oxygen of the hydroxy 

group at C
3 

,in (72). 

The 13C nOll' spectrum of DS-1 (fig 10) shol\'ed 27 

resonance lines for 29 carbo!1 atoms. The spectl'unl showed 

n", olefinic Cill'hon atoms reson:!ting at Ii: HI ,Illd 121.7 I'P"" 

These correspond to Cs and C6 of the sterol respectively. 

The other desh ieilled chemic:Jl, ;;h ift appe,(red at <5: 72, and 

is assjglled to the carbon bearing the hydroxyl group, which 

is C
3 

of tile sterol (72). 

(7-.2) 
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l'('SU1)~!lCe tIl r:le lCglOil ol~ 6c: SO·61 

for C 5' C ') "n d C ~ 1\ ' 

madr use of in the elucida:iun uf sterols, ~s they may a'so 

contain Jilcthine groups at CS ' C9 and C1 'l' 
13, 

L nl!!t" 

specacum (,[ D5-1 showcd the three chemtcal 5'11 fJs in the 

region of 6c: 50-60 as expect.ed. These arc chl'mLcat shifts 

at <5: 57, 56 and 50. One can therefore take tllis ~'s ",rong 

supporting evidence for the stelo1 skeleton. 

Cholesterol shoHs de:;hielckcl chemical shifts at (,: 1ill, 

121,73.3, 56,9, 56 and S(I.5 "'ilieh are assigned to C5 , C6 , 

C
3

, C 14 • Cs aml (9 res!)LL'(ivc.i)'.6·~ rhe corresponding chemica. 

shifts in the sterol (nS·I) aPF',ared at 0: 141.1,121.7, 72, 
\ 

5'1,56 and 50 which are ilscj:sned to C r: ;, ., 

shielded CIl()'lIli.c',d ~ihilL; ur D:C~ I app'carnc1 hltVlceno: 46·-12 p 

assign; but the clwmic:Jl shift a~ o·/ff.5 :t3 Cissigm,cl to the metl 
, 

carbon (e 17 ) and the mo~;1' ~hielded chemical shift at 6; 12.0 

is assigned to angular methyl,C 1S ' as it is shielded by y­

substituenc at C17 " 
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rhe first reported opplicatiori of mass spectrometry 

:ill tile identification of steroids, was by de Mayo and 
. if 5 Reed' , who shoHed'that spectrH of steranes recorded at 

10\'/ electron energy (10,15 eV), contained well defined 

molecular ion, affording a direct measurement of molecular 

weight. Accordingly muell of the information Used to 

elucidate the structure.of the sterol isolated (DS~1) was 

obtained from its mass spectrum (fig-11). Mass of the 

compound was found to be 414 which requires C29 lISO O. 

The doub1.e bond equivalent (r+db) o-f the formul~ is 

equal to 5, 

The mode of fragmentations of steroids under electr,on 

impact are quite comple~. as indic?ted by the detailed and 

extensive investigation by Budzikiewicz et al. 61 The 
. -- ~ 

majority of applications of mass spectr.ometry to steroid 

analysis have so far been made with low re56lution instrumenl 

Information as to structural features have been obtained 
45 . 

from. the mass Ifpectr.um mainly in the following ways: : 

1- by recognizing ions arising from well characterized 

fragmentation process~s; 
• 2- by correlating the mass spectrum of an unknown 

steroid with {hat of reference samples; 

3~ by converting an unknown conlpound to a derivative 

known to be effective in influencing the mode of fragment-

ation in a structurally informative manner; 

, 
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4- by TccorJillg lnDSS spectra at low electron 

ellergies, so as Lo i501a1:e 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-

billty of the proposed structure with the. gas chromatographic 

retention time at which tIle mass spectrum is recorded will , 
also give information about the structure of the compound. 

In forma tion about the strLlctural fea ture of the sterol 

(DS-l) was 0bt~ined by recognizing ions, arising from 

well characterized fragmentation process. Loss of water, 

methyl group or both are knol'ln. Also sterols are known 

to lose side "hains along with groups which arc vuln·erablc 
I 

to fragmentation. Cyclopentanc rings in sterols are· 

known to be liable to fragment in electron impact ion­

ization. Sterols yith ~5 - give characteristic fragments. 

Signals corresponding to all these were observed in the 

mass spectrum of DS-l. 



Th" spectral datil pre~enteJ so far suggested a 

cholesterol skeleton; a 27 carbon compound. But DSe,l 

ie; a 29 carbon compound. The positi.on of the ndditional 

two carbon [,toms on the side chain is stnbljshed from 

biogenetic consideration and the mass fragmentation (Scheme VII) 

If there is no substituent at C24 on the,side chain, 

the mass spectrum should give fragment ion at m/z 357 

(M+-C 4H9); but this is not observed,indicatillg that a 

substituent has to be at C24 . A fragment ion at m/z 343 

(~( -C SIl 11 ) which appears if a methyl group is at C24 is 

not also observed indicating that the substituent at this 

position has to be an ethyl group. The presence of an 

ethyl group at C24 is confirmed by the presence of fragment 

ions at m/z 329 (M-C 6H13 ) and 385 (M-C 2HS) with ~airly 

intense peak. 

Thus the sterol isolated CDS-l) is eitiler B-sitosterol 

(24R-stigmast-S-en-3S-01) or clionasterol,the 24S isomer. 

To choose between these two possibilities: 

1- DS-l was cospotted with an authentic s"n~le,of 

S- sf tostero,l, and was found to· have the same Rf value 

(0.78). 

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

acetylated product_was found to be 126°C. The litcrat~re 

value of the melting point of clionasterol acetate is 144°C, 

while that of B-sitosterol acetate is 127~. 



20 
3- The optical rot:'-:i()n oj llS-J 15 rOlllid to he [,-"lD-

__ ~(i,<)O (coO.Ho, CIICI-,), 
2U' 

B-sitosterol is lulU -

for 

,1- Repol'ted melting point or r>sitostct'ol is 17,'1°<: 

"hile the obsclTed melting point of 1l5-1 is 127-128°(,'0 

ALl thesc evidences sllpJlort the suggestion tlwt 1)5--1 

is 13-sitoste1'o1 and not <:1 ionnstcrol. 

DS-l has major fragmpnt ions at 414,399, :,<)8, 396, 

3811, 381, 355, 341, 329, ')03, 301, 296, 282, 27S, 273, 

271,255,231,229,213, B-sitoste1'o1 from an annelidc 

Psel~do)lotami11a occc:l_;Jta a~; reported by Kobayeshi 63 has 

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

303, 296, 282,275,2'1'1, 271, 2~S. 23'1, and 2-~(1 which nrc 

identic"l to fragment iolts of till' sterol DS--I, This with 

the other data confinlls tltilt US- 1 is i3--si tosterol, 
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4. Cm:CLlJSION 

In thj:; research projeci compounds have been i:;olated 

tilou!"h they arc not novel, DS·--2 W;IS jdcn1" 1 ricd ns hctero-

llc'rnin b"sed on infol'mation obtained from the 11l I1mr, 13C Jlllll' 

alld mass spectra, and compa 1'1 son of these wi th reported (btn 

for the sonle compound. Stereochelnistry of heteronemin is 

well established. 

The structure of the 51'erol, DS-l, \'laS characterized 

llsing 1M nmr, 13C nmr and most importantly the muss spectrum 

of the compound. The stereochemistry at the as~ymmetric 

cellters are estlllllished illdil·ectly. POl' sterols containillg 

saturated side chains, assignments of stereochemistry of 

isolllers, have been made, based on differences in specific 
< 

rotation at fixed wave length and on melting point differ~ 

ences. 64 Accordingly the Rf value, melting POillt of the 

acetate and opt.ical )'otati on of DS·-l were used to confirm 
\ 

that it is B-sit.osterol. 

As alrcJdy stated elsewhere, alllong terpenoi.ds 

ses terterpenes are the rarest. Within~ sesterterpclles 

there are vririations of the Inolecular arrallgement with 

sources. One can find tetracarbocyclic scsterterpenes 

cioly-from sponges. So far there are no reports indicating 

thet~frricaibot§cljc:sesterterp~ne~ [rom sources oih~r 

than,sponges. 

The roason as to why sponges prodllce these secondary 

metabolites is not clear so far, but in most cases the crude 

extract was foulld to inhibit nredators, 



S. rxl'E1(fMFN'C;\L 

Melting points were determined on a Bo~tius hot-st~ge 

apparatus. Infrared speetr'l were recorded in KOr pellets 

using a Perkin Elmer 727 B spectl·onwter. Ultraviolet. 

spectra \Vere recorded liS ing a Beckm:m nU-65 'spectrephotol:lc,t( 

in methanol. Optical rotations \Vere measured in chlbrofor~ 

on a Perkin Elmer 241 polarimeter. NMR spectra mensuremcn~! 

\Ve re pe rfonned in deuterochloroform, 

.pn a JOEL 90 Nllz, Brul;er oiA 360 ~lIlz or llruker SF 400 ~!Hz 

spectrometer. The chemical shifts \Vere referenced to the 

solvent signals. Mass spectra were recorded on either a 

CH-S or a Finnigan - 4021 mass spectrometer. Analytical 

tJlil1 layer chromatography (t I c) were run on a 0.20 mm thie 

layer silicagel-60 1'254, precoated sheets and tHe products 

were detected by UV or vanillin spray reagent. 

Collcotioll of snonge samples ---~- __ ~. _______ . ____ . __ ~.c ____ .~ __ ~ _______ _ 

Dark bro\Vn 'spollge s3mJllcs 38 alld 4 were collected in 

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

station of Asmari; UniverSity (AU) at Massnwa. Samples 
. , -' . 

were collected 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 were 

sun--dried ancl stored in a cold I·oom. 



The initi;!l work \'1,"< sl"al'tcd \;1th a dark brown spongc 

sample :SB. sao gills of tho s)lf)ngc from "(he cold room \Vas 

pulvcrj2.cd using '1 b!c:nd('-~·. lhe pulverized sponge sample 

\Vas soxhlet extracted !':i,]' ;~.5 Tite-." of Glstil1cd chloro-

form for 48 hro;. The extract "as concentrated undcr reQuchl 

pressure which gave (, gms of a past.e like residue. The 

residue was mix~d with 6 gms of silicagel and dried to' powder 

under reduced pressure. The powdered sample was applied 

to a 2.5 cm diameter column packed with 200 gms of silicagal. 

The column was first eluted with petroleum ethe;; followed 

by petroleum ether chloroform mixtures. Th~ 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 

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

components D~ TLC. These were combined and concentrated 

under reduced pressure. The concentrate was rechro~atographe, 

on a small column with silicagel and eluted with petroleum . , '. 

~ther - chloroform (4:t) mixture. This helped in isoiating 

the compound DS-2, a white needle - like crystalline solid 
.• _ .,1'-' 

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 recrystallized product 

wos Sllction filtered and dried to give 200 mg, 0.04% of 

the dry ,·wight < 
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The purified compound showed a sinrie spot in 

ethanoI:chloroform (2:5) mixture (Rf ~ 0.7) and also in 

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

After each recrystallization the meltin~ point was 

checked. Reproducible melting point of 172-174 was 

obtained for DS-Z. 

Characterization of the purified compound was carried 

out by collecting various spectral data. 

Mass spectrum - m/z (reI. int): 386.0 (M+ - HOAc - CH =C=O Z ' 
+ + 1.Z%), 368.1 (M - ZHOAc, 100%),350.0 (C ZSH34 0, M - ZHOAc - HZO, 

30%),191.1 (C 14Hz3 , 13%), 161.9 (3.3%),157.9 (6.4%), 134.0 

(7.7%),132.9 (CgHSO, Z.9%), 60 (C ZH40Z' 3.5%). 

Proton-nuclear magnetic resonance -(Bruker MA 360 MHz, CDCI 3): 

(0: ppm): 6.76 d(H Z5 ' J = ZHz), 6.16 t(HZ4 ' Jc<1.7 Hz), 5.34 

brm (H 16 ), 3.46 m(H 1Z)' 3.31 d(0-H 1Z ' J=5.6 Hz), Z.43 brs(H 1S)' 

Z.10 s(two OAc groups), 0.895 s, 0.814 s, 0.789 s(3Me groups), 

0.S3Z s(ZMe groups). 

13C nmr spectrum - (ZZ.5tmz, benzene-d6) see table Z. 

Ultraviolet spectrum - (c: 0.01, MeOH) UV spectrum showed 

maximum absorbance at Z38 nm (€ = 14000) 

KBr -1 Infrared spectrum -"max cm ): 3400, 3100,1750, lZ60, 1550, 

1400, 1050. 

Optical Rotation (c=O.Z, chloroform) 

Anm 5S9 578 546 436 365 

-67.5 -70.5 -80 -140 -Z3Z.5 



Extraction of sponge sample 4 and isolation of DS:.l 

450 g of unidentified bro~m 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 chloroform, methanol (1 :9) mixture. The recrystallized 

product was suction filtered to dryness to give 500 mg of 

DS-l; 0.11% of dry weight. 

TLC of DS-l 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 (reI. int): 414 (C 29H500, 22%), 399 

(M+-CH3 , 9.1%), 396 (M+-H 20, 7.8%), 385 (M+-C 2H5, 6.5%), 381 

(M+- H20~CH3' 5.2%), 371 (M+ - C3H7, 11.7%), 329 (M+-C6H13 , 

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

(23.4%) " 



Ultraviolet spectrum (c=U.Ol, MeOH) ~ The UV-spectrum 

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

Infrared spectrum - (vKBr cln-1): 3400, 3030, 1610, 1450, max 
1350, 1050. 

Optical rotation 

20 [a]D = -36,9 0 (C=0.146, CHCI 3) 

Proton nuclear magnetic resonance (Bruker SF 400 MHz, CDC1 3) 

(6: ppm): 5,34 d(H6 , 4Hz), 5.2 d(O-H3 , 5Hz), 3.5 m(H 3), 

13C nmr spectrum (22.5 MHz, CDCI 3) 

(6: ppm), 14101 (C-5), 121.7 (C-6), 72 (C-3), 57 (C-14), 56 

(C-8), 50 (C-9), 46 (C-l7), 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 3/3-hydroxY"sterol (Liebermann-Burchard test)_62 

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

chloroform, To the solution, 1-ml of acetic anhydride 

and l-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_1 14 - To 100 mg of DS-l, 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-l 

(mp 126°C) was recrystallized from methanol. 
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