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ABSTRACT 

Chemical Inv estigations 

of 

Spon ges from the Red Sea 

by 

Oej enc Shcwaye 

Research Adviso r : Dr. Tarckeg" Gehreyes us 

Hcteronemin , a pentacyclic sestcr t e rpene has been 

c harac t er ized f r om t he c hl oroform extr act of an unidentified 

sponge sample collected f rom Mas sawa, Red Sea . The s tru c ture 

wa s es t ablished by 1H nmr, 13C nmr , and mass spec tral 

int e rpre tation. 

Anothe r C29 compound chara c t erized as B- sitos t erol , 

has been isolated from th e c hloroform ex tract of another 

unidenti f i ed sponge samp l e, collected from th e same locality 

as the firs t one. Th e s truc t ure of th e st e rol was cha r acterized 

by spec t ral interpreta tion, and compa ring its physica l cons t an ts 

with authentic sample. 
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1. j "lROnUCT1 -

!:.pvngc " r r ~ It HIJ. t , 1 ~ '11 ,I " , , , - , \ddch il l'<: 

<\1 • 0. t (,~Llu~ 1\ 1 \ " I -" u. tT r IC I C Sl ::; i 1 ~ • v,' i th 

onl)' r t'" spc J .1, 'd r 1 > .111 I :t ~ III.: :. 1. .1 i IT ,c ] (.!t;ll 

rjLn~s or spiullp, J .JIll f rr. .llt i1lt)[1 ;11: t P;Hl of the bolly . 

'lhL' .Jnimals IwLl t tun· <,!J(.11~ . III J o ther ObjL'CU 

in \v :l tcr, and oi tl'll ILr!! :.d 1[lll 
ot i ncgtJ1 a( form i n wh ich 

the Llf J f)US iUJjV lJIl I 

,.nathe r . 

Sponges :If C usu'-Il I r :..Itt.lt'lieJ ;.1111.1 Sl'ltionary nnima i s in 

the ad ult SLlg~. dIstribution bLlng brought about LHgcly by 

t he actively ~"l!lJming ci t jated 1.ln';.Ic or b y curr~nts of ~atcr 

WhlLh c~rl'y t ile yOtlng tram place to place before they bcccmc 

a tta c hed . The t ho u s<l nos a{ u l ffcrc.:nl species vaT)' grc:,tly 

in 51 ap~ J si:c~ structure, .llld geog raphi c al distr i butlon . 

They ~ere j-or centuries (OnslJ~ICd to be plJnts . I 

Sponges ~, (' not f..;lS) 10 c ] ,15s ify , bu t arc 31'fongcd .I n 

four c13sses as fol lowS.
2 

1 j (<11 C J rCI] 3) llemospongiJC 

4 ) Scle rospongJae 

Spongcs arc lJ !tc l fccJ~ r s . removing bacteria and 

other fine s usiJcndcd OlgJnlC m.lttt.' J- from the watc r. An 

initIa L sc rcen i llg IS provlJc J by the po r es , ~hlCh permI t 

only very sm~ll pa f tlclcs to Cl\tcr . 
Filter feeding has 

I I ',"11 t'cl ))" cscnt s , as III s rongcS , 
en' 1 vcJ il . man)' :tn J Il:~ ~ ",'ll 0 .... 

all :IJJptatiOn t o ;1 ~ ssilc Of ~ I o ~ moving lX lstcncc . 
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In sp ite of th ~ir soft s t ruc t ure and s t a t iona ry nature 

spong e s survive th e pressure f rom predators . Some sponges 

seem t o derive protection from t he p r esenc e of sharp spicul es 

or tou gh fib rous compone nt s . Many species , howeve r , grow 

exposed and are devo id of physic al mea ns o f defence . It ha s 

been repea t ed l y sugges t ed tha t th ey a r c protec t ed from pred­

a t ion by toxic or noxious chc micals . 3 On l y a few highly 

specialize d fish es se lec t th ese sp onge s as th e ir main die t . 

It i s interes t i ng t o no t e that some sponges that pr oduce 

t ox ic chem i ca l s arc neverthe l ess ca t~n by spec ific nu d i branchs 

and mol l uscs . Some nud ib ranchs aTC ab l e t o sto r e t oxic 

chemic a l s produced by sponges and use them for th e ir own 

defence agains t predators . A similar gr azer-p r cy r e lat ionship 

ha s a l so bee n demonstrated be twLen mo lluscs and algae .
4 

It 

i s premature t o conc l ude a t t his po int , tha t sponges produc e 

secondary me tabolites only as a self defence . Further s tudie s 

a r e impera ti ve . 

Spon ges coul d produce secondary me t abo lite s fo r various 

r easons , a ll of whi ch are not c l ea r so far . Ma rin e natural 

pr oduct chemistry deals with the iso l a tion and s t ructura l 

e lucidation of th ese me t abol ites. Th e posi ti ve feature of 

ma rine na tura l product chemis try i s the des ire t o de t e r mine 

the func tion of nc \o,' compounds in the ma rin e cnvi r onmen t . 5 

Becau se ma ny spong es contain symb i o t ic microorgan i sms, 

th e r e is a lwa ys some unccr t oin ity conce rni ng the true 

origin of sponge me tabolites . 6 Ef f or t s have been made by 

7 
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chl'n is'.:~ to kilo,", the 0". II' of ~I c 

the 'I:!JCTltY of rllt.:t;JbolJtC 

I> sl'ongcs thLmscJv~s.0 

~r I O~ belicv\J to be produced 

bU-7U~ of th e eX}loscd S111{lg S :I TC [OXlC t o gold f i sh 1 11 

1.1bor'l t ory t ests . rhe to>..i(lty ol sponges is inversely 

rcill t cd to Jatlt udc ; 7 a ll O~SClvi l t J On exp l ained by Lhe 

I ncre a sed s pec ie s dive r l ty in tTop i ca l ~ hall ow water fi sh , 

res ul ting in a mOT e in t ense [oDd compe ti t i on a nd he nce th e 

J131Ura i se l ec t ion of chemical l y Il f otcc t ed spec i es . 

Alt hough a great numbe r and va r~c ty of secondary 

mLt:lbol i tcs have been isolated from both t oxiC and non -

tOXIC sp on ge s , f ew JatJ h.lvc been pub l i shed conce rn i ng 

the ecolog i cal roll; of thusc compou nds. Hcccn t ly \ho .... ,cve r 

scvc f ~l m~rinc chcm J s t s llavc I cported t he tox ic i ty or 

. 9 -11 
ilntiJc~ding activity of sllOllgC me t abo l I t es . 

MJ r inc natll r;;a l product chcm i stry is a r e lative l y r e cent 

fie l d of st udy as cOJnpared to n~tu r al produc t f rom oth e l' 

source s . Once it st;J.1 ted, the de t.-'lopment h.}s become 

d l :lillutic. lnspi~e of d COllslst~ n t rffo rt 0 dlsclose th e 

secrc tsof life under the sea, the chem i st sometimes 

f<..lcc!:! prob l ems which <.!rc difflcult if not impossIble to 

solve. One of th e ma jor prob l ems he (aces i s hat his 

J b i Jl ty t o iden ti fy t he compounds exceeds his a bility to 

ide n ti f y th e ma r i ne 0 'ga lllsm~ from which the compounds 

a r c ob ta in ed . l'h ls is pa r t cul~"lv t ree fo r the id(ntl-

i"Jc<:ltion of sponges, ~ ... n(·(i (Xll'rt t .to Olllists often f;lil 
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to agree . 12 , 13 Thi s problem cn~3 il s th e di ff i culty to 

name a new compound from an unknown or ga ni sm . So f a r 

some mar ine na tura l pr oduc t s h ~ vc been e i ven irre l evan t 

4 name s . Inspi t e of this and o the r associa t ed pr obl ems 

such as divin g into the sea to collect sampl es , the r e ore 

r eports of sponge metabolite s from various loc ali ti e s . 

But exhaustive s tudi es have not bee n made e s pecially on 

Red Sea sponges. 

The Red Sea is loc a t e d i n a tropica l r eeion . It is rich 

In marine organisms and is peculia r in that i t s sa linity 

is ve ry h i gh , with pI! r ange of 7.5 _8. 5. 14 

Even though sponge s arc primitive mul ti cellul a r 

anima ls they e l a bora t e sec onda r y me t abolite s of dive rs e 

na ture . They produce terpenes of a ll type, ste roids, 

py rrol e s~ i ndoles, polyac ety l encs and 
. 3- 17 pe roxlde s . 

Because of comp e titi.on for su rviva l , spon ge s in the 

trop ical r eg ion a r e exp ec t ed to produce metabolites of 

diverse na ture, which se r ve the purpo se of natuTa l 

se lection . 

In th e cour se of this r e sea rch work. t he chemica l 

invest i ga tion of t wo unknown Red Sea spon ge s have been 

carried out. Thes e spon ge sampl e s have y i e lded seve r a l 

f r ac tions of which th e ma jor consti tuents are a pent acyclic 

ses t e rterpene and a ste roid a l compound a s ch ar acteri zed by 

spec troscopic t echni ques . Late ly towa rd s th e end of th e wo r k , 

one of t he spon ge sa mples which e l a bora t e th e ses t e rte rpene 

woos identi fied as Hctc r onema e recta. 
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2. BACKGROUND 

2 . 1 Te r pen o ids 

Compounds de rived from t he f ive ca rbon isoprene unit 

a re among th e mo s t wide l y distributed in na ture , morc than 

4000 having been i so l a t ed by 1974. 18 These isoprenoid 

compounds f a ll ma in ly into the classes of mono t erpenc (C10) ' 

sesquite rpene (e 1S ) ' dit c rpe ne (C 20)' s e s t c rt e rpen e (C 2S ) ' 

tritc rpene (C 30 ), caro t cno ids (C40) and s t e r oid s . 

Unlike s t e r oids wh i c h are abunda ntly distribu t ed in 

nature especia lly in ma rin e orga ni sms, na tu rally occur ring 

ses t e r te rp enoids wor e f ir s t encoun te r ed less th an thirty 

yea r s ago. and as a cons equence they a r e often viewed as 

a r a r e c a t ego r y of na tur a l products . Recer. tl y, an i nc rea sing 

number of linear and cycl ic se ste r t c r penes have been r epor t ed. 

Many of t he l a t es t ses t erte r penes have been ob t a in ed f r om 

spon ge s of th e ord e r Dictyoce r at ida . 17 The gene r a Ircinia, 

Spongia , Hippospongia and Cacospong i a have y i e lded an a rray 

of ses t erte rpen es and a se ri es of C21 t e rpene s pos tula t ed 

a s deg r aded ses t er t erpcnes . 19 

The sponge species which have y i e l ded ses t e rte r pe ne s 

and othe r i sop r enoid compound s conta i n li t tl e . i f any, 

s t e r ols . Thi s could imply that, i n gener a l, the or de r 

Dic t yoceratida produc e mcva lonate derived compound s 

primarily by hea d t o t a il add it ion and t ha t th e t a i l­

t o-tail dime ri za tion of two f a rnesy l r es i due is no t a 

1 7 f avoured precess . 
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Li~c'lr ~st It(' r l' t l II is rem variOUS 

Ir(,I1':1 
\ , J. t r' c I I.. • 

tl'e 0' ... ' 1 I (I..'J from 

C~C05pOllg:~ ~PC\.:Jcs.l~ SC d al.llle~ ..1(l.' not di'-;lributcd 

wjJcly. evel among . Ol\~:l";. 'II'Y ;1[(' lUllque to spollges of 

ce r tain SpCCiLS. 

RepOI"lS 011 the JJ OVlry of Ilove l scstcr1crpcnc orc 

increasi ng . In 19 2 ani)' ~ scs lcrtcrpcnoid cantpau llds 

.... 'e r e known \\hich represented one Jeyellc ~Ind two cJrboC)' l.: lic 

f)-arne ~orks . Within th r ee yeal"S tillS number grew to 31 .
18 

Since then the r e have becil repolts of nUIDcrous ot he r 

scstcrte r pcnoids with a total count o( 158 by 1985.
20 

2 . \. 1 Classifico r ioll of Scs t c r tcrpc nes 

A ll UlnbcT of trl.Ils h~vc been made t o calssify these 

SI)31'sc l y Jjst l lbutcd lcrpclloiJ~, ulnollg whi ch the first 

class i fic::q .i on madt! b}' G.A . Cordc 1l 18 and that madc by 

NiI,a le 20 31"C t he :ost impor t ant ones . Sin ce tile lattcr 

classificatJon is very detaJled,for th e purpose o f this 

prese ntat i on , t~ e [ol"mer i s adopted . Accordingly ses t er ­

terpenes u r c generally cla~sifJcd into five group s based 

on t heir st r ctufdl relationshill . 
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In 1969 'I. Toyoca L" ~Il J d 1.d h} sll.~< "~oj 

ch r omJtography of un s po I: ~dd ' J rl',: L'xtrh .. or 

- 1 SolalJum tubcr<:;um , a pale yellow llq ul.ll.· The Lsola led 

compo und ha s a linea r stlucture (I ) i tS identlfl~d by 

Sllcctroscopic tec llnlqucs 

(1) 
,--OH 

The fi r st ac yclic ses t c r tc r pene isolated, howe ve r, was 

all tra ns ge r anyl nc ro lidol (2) obtained fro m CochlioboJu 5 

22 hctcrostrophus, the ph ytopa thoge nic f ungus r esponsible 

[or the l eaf spot di s ease in maize . 

. all 

(2) 



"II 
r't' 

U' ·1 
'I" , , 
" 

.. , 

• 

- R -

,\ closc.!.) rela tcd COIl, OUfh': . g('t~I.,\'l [ rn.;sol (3) W:l~ 

l<;olatcfl .L rom t he wax o f tt. !: ir.s(- .... Ceroplas t cs alb'J lincatus . 

(3 ) 

b) Scs t c r te rp encs or t he ophiobolonc ty pe 

Sestcr t e r penes of tllis group arc among the carly 

r eported ones . Their ma i n structura l feature is that th ey 

are ba sed on 5-8 - 5 ring system ( 4) . Ophiobolin-A (5 ) . a 

compound obt ai ned fr om the i ungu s res ponsib l e for th e 
, 

Helm ill t hrspor ium lea f spot dis ea se of ric e , was th e f irst 

i n the se r i es to be isola t ed; al t hough t he s t ruc tur e was 

not determ i ned fo r about eight years . It s complete tr i -

OH 

carb ocycli c s k e le~ on a l ong wi th t he abs ol ute s t ereoc hemi s try 

at t he e i ght chi r Dl s i tes was e l uc i Ja t ed in 1965 by X- ray 

d
. 23 s t u l es. 

I 

(5) 
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c ) Sc s ter cerppn es o f ~ h _ I ]3 n t~d ' r i o l typl"S 

T~ e f e rn , C!JC il.1nl hc s f a ri no s.! a ll extra c t on with 

petro le um e t h eL' anj c hrom;;.tog >" aphy yields, beSides othe r 

b t t II ' . I I ' I . ' 1 24 s u 5 anc es , a erys ~ Ine tr l O , C le l an t na trlO . 

Ch e il a nthatriol (6) .is J. t r ic u rbocyclic compound. Bi o ­

ge netic c onsidera tion and t he dissimilar ity to t he 

ophi obolane typ e suggested a perhydro ph enan thre nc skele t on . 

(6 ) , 
Another se ste r tcrp en e classified a s cheilanthatr i ol 

type was iso l at ed fro m th e spon ge , Cacosp ongia sca la ri s . 

Th j s i s a white crys t a ll ine compound with structure (7) 

h ' , ,25 to wh i c h t e name scalaTlil wa s gIven . 

o 
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d) Sc s te rte r pencs of the _c tige r anic )cid .!I.E.£. 

Sh i bata et !,!.25 Isolt' ~d fron: lIchen , Lobari:1 Tf.:t i g~ra , 

a compoun d whose stfllcturc W3! dcte r lAined by X-lay cry sta l-

lographi c an a ys i s (S) Hh i ch i ndicated th ,! pen ta cyc 1 ic 

s tructu r e . 

(8 ) 

e) Sester t erpenes of Gascardic ~cid type 

Gascardic acid (9) was iso lated from secretibn of 

t he in sect Gasc ard ia mada gascar i ensis. Elegant a nd 

extensive degrad a t ive work by Arigoni's group in Zurich 

succeeded i n e l ucida ti ng the correc t structu r e of this 

molecu le , i nclud i ng the a bs olute ste r eochemi s try. 18 

• 



• 

- '1 

~ .l. l (\ .... ullcn("t;· 01 .t t'l --------
Jurpr sinp-h' lb.'fI' h'l b":l.:n nl, .$ stt>" t1 .. £ 10. l lade 

t o determine hc~ the Scstlrt~r ctlo~ds ~r~ distrlll~tcd 1'1 

111tUTe. l'.ottling IS kno .... n \..it.. Jt ... h I I t •• ,M.L l 01 tr I..ll..ltl n 

111' p la nts or phytopatj-,og(.;nl fUII!,i. o r their ~tc i I the 

life cycle of orga n isms . 'J'heir J15c~vcry to date has 

(,550nli:1 1]y been by c l13ncl' observatIon rath el' thnn by 

design , and un[ortun Hely tbclT structural div ... nijt) seems 

t o preclude the po ssibIlity of a single sc r ~cnil'~ ~{st to 

d h 
. 20 ct ec t t e l f presence . 

As ca n be seen from the literatu res reported so far, 

the range of t errcstriill or~an is ms which elaborate ses ter-

t erpe nes a r c considcrabl) greater than the rallgc of marine 

organisms. Marine scstelterpcnc c have been isola~cd ma~n1y 

from s ponges , t he e}"C('IHion bcil.g seven mctabo! j tes 

restric t e d to nudlbr'1.!...:.hs, ,.!no th<'} m:ly :ICtuo 1) be der ived 

from the sponge d iet::; of t h .7! IldJlbnlJ1ch::; , 20 

Acyclic sester t crpCllcs arc ~Ul11ldJnt ~n Milrine sponges 

but a r c poorly reprCs0ntc In e ... clL ma,':>r grJup of t crrcst Tia 

o r ganis ms , Calbocyclic sestertcr~encs aTC tOllilJ in both . , 
marine and terrestrial organ l sms, but strikingly litt1(' 

over la p exi::; 5 among the ~estcrtcrpene skeletolls from 

d 
. 1 . 20 

ma rin e a n t er r estTld organIsms . 

Expe r imen t al evidcncc~ show that certaIn terrcstri~l 

o r ganl sm s e la bor~ te cyclic sc~tertcrpencs by eyeli_ation 

of normal hca d- tn-tol l condensed J~oprenoid precursols . 
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Bf con~rast no in f)rw3tir'll l~ 'Ivai~Jb e on ·hc b!o~yn thes is 

at (, l t he r c yelle (' r acycl .. c sestcrtcroen(; s n m:.rlnc sponge s 

In f-1Cl it h JS oee~ SU 3&ested that sponges 

ar e probably not ~JP3blc of de-n ovo t ~rpcnc synt . esis .
27 

2.1.3 Biosyntheses of SCs Lertcrpenes 

it is to be expec t ed that support fo r the biogenetic 

isoprene rule wll l come most directly f r om t he invivo s t udi e s 

lo r the synthesis of tc rpeno Jd compounds i n animal and plan t 

syst em . IF 

COI~rarcd witll , for Insta nC e, biosynthetic stud ies i ll 

alka l oids , i nvivo ~ ludies in tile t e rpene f i eld have so far 

not bee n nu n,e rous . The reason f or this is part ly to be 

found i n the fo rnl jdable clperimental diffic u lties ~ mct in 

attcnlp ts to illco r pora te the simpl~ precu rso rs of te r pene 

bl0synthesi~ (acet i c ac i d and me va lo nic acid) into highc r 

plallts. The most cffccti/~ investigations fo r the biosyn th esis 

oi terpe llcs ha ve beLn cOllcerncd wi th f un ga l metabolites .
18

, ZU 

The di scovery of th e sestcrterpcncs has brought f or th 

an ot her area ' of experimentation, and experimenters qui~k l y 

rLallzed this. ' Indeed knowledge of thc biosynt hcs i s of 

the sesterterpenes i s surprisingl y advance d for such a 

rare group of c ompounds . Cl eally the fact that ma ny of 

these compounds can be isolated f l om cu l ture media has 

h f " "f" 1 IE cen 0 slgnllcan t va UP. 
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The ba s ic prccul so r for a]l t~}'runoids r'd stero Ids is 

ace t yl CoA , whi ch i nturr 5 obt~ lI e d from a~et_c J ci d. Ace t ic 

acid in an or ganism is p IOJuC d ir tll(' c(11a1>01l process ; Le . 

in the p rocess at JcgradJtion of fue l ~o l~cult~ to generate 

ellergy requir ed for li fe ac tivit s.llle fue l molecule s co n-

s i st of carbohydrates, lwhi c h 310 ptoduced in plants by t he 

process of photosynthesjs) rats and prote i ns ( whi ch life 

produced from carbohydra t e by valiou 5 biochemical conversions) 

C~COSC..A 

CH$COSCoA;;= ... ~~ CHJCOCIiCOSCoA ~ \. '>.. 

C/O) (II ) 

o;.-pp ~'"=='> ~O~pp 
H 

(1'1 ) 

Sche me I 
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/1 /8 -,--

(19) 

')0 1+ 
o~pp " ~. 

(.20) 

~ 
17 

O~pp \.. 
(,21) 

o-pp 

a ) Biosynthesis of l inear 5£stc rtc r enes 

As shown in sc heme I , the lineo r se ster t erpcnes 

have been considered to be derived f r om five isoprene 

uni ts li nked he ad-to-t<J il. 28 

h) Biosynthcsi~ of OphioboJnlle typP scster tcrpcncs 

In 1965 a novel two - step c yc lizJtion of trans-trans -c is 

gcra nyl [a r oeso l pyrophosphate (2 2) ~a s suggested 23 t o 

l e a d to ophiobolin-.A (5) as shown in sch e me II. 

• 
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(22) 
+ 

(S) ... 

Scheme . .u 

c) Biosynthesis of..-£lleilanthatriol and scalarane type 

sestertcrpcncs 

The biosyntll~sis of chcilaJlthatriOl is spCcUlated 18 

to take place fro m geranyl farnesol (3) by standard steroid 

typ e cyclization to give the ca tion (25) which picks up a 
• 

hy droxy l ion. An alternative cyc1ization may begin with 

the epoxy - gerany l . farn esol derivative (26) which spontan -

eously cycl izes upon p roton a ti on as shown in scheme III. 
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y+ 
• 
y 

~ 

,.2 . CYc/')Q{,on ~ 

'CII,.OH 

( JS) 

(.27) 

No biosynthetic scheme had been suggest ed for sca larane , 
type scsterterpenes until 1974. In 1974 G.A . Cordo ll 

c,llg gc sted 18 that , formation of all fo ur rings takes place 

in a co ncer ted f ashion from all trans-geranyl far ncsol (3 ) ; 

oxidation t hen afiords scalarin (29) as shown in scheme IV 

~OH 

(3 ) (28) 
Sc heme IV 
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SI'qllC'ltl 11; . ·lht., '.dlt .. 'II,1,.: h'l not IIccn "'"ill' )I('l t 01 

eXI)crimcntal work . 

A fu rt her f a sci nating scheme was l>fOposcd tor ~~s~ilrdic 

~Icjd s t art in g f r om tr i.lns-~ .. -c.is ge r all)" J t:lrrc~l.l pyro­

phos phate (22 ) . 25 

2 .1. I Pll nrma eology of SCstcrleflcncs 

Ullli ke nit r og en - conrilin jrlg nat ufa l p r oducts (e . g . 

~lka l oids) t he pharmacologicJI usc of S c S t e T terpenc~ , ~hic h 

have oxyge n ~ ~ a prominent hClcrOa t om . i s not common . 

With only a few excep t ions each sestc r tcrpcne metabolite 

is oxyge na t ed at onl' or more locdtions . In t crest'Jng 

ph)"Slological propertics ha~c ~ometjmcs Ileen dcs~rjbed 

[0 1 the ex t ract of organisms hhieh yiel d scstc r tcrpencs . 

l' !lcsc range t rom mJrlne SpOllg~S hhich <.Ire toxic,' . I 1 ,29 

to nud i branchs h lth a p l e3s~llt fru·ty odur . 30 and fungl 

hh j ch proJ ll ce ex tr ac t s llavillg antimicrobial lind ph)totox ic 

actlv i ty . 31 •. 32 

t.!:lny r ecen t stucLes especiall)' those jn\ol\:lng mar i ne 

organisms , a r e found to link ;1 specific biological activity 

to an ind i vidua l sestcrte r penc mc t ab ol ite . An ~c)'clic sestc 

terpe noid iso lated from t he sponge l rcinia ons pos:>csscs 

an 311tibJcte ria l ac ti vity agolnst Oip l ococcus , anJ 
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St~J)hylococcus a tl r eus. 33 Another acyclic conpJund i solated 

fro ol ! fcinla v3riabclis f0u n ~ to possess an t lbactcrial 

<.H.::t jVlty a gainst S taphylococclI'-' aurcus . 34 12 , 18-lhep iS --
calarad i a l l 30) J i s olated from Spong13 id13 is found to be 

t oxic t o numerous pre da t ory m3rine or gan i s ms incl uding a 

sea s tar, aba l one la r va e and b r i ne shrimp . l1 Among 

scal aranes , a tetracyc l ic nor-scs t er tcrpene iso l a ted fro m 

the sponge Hyrtio s ercc t a3S and a tetrae yc l lc homos e s ter­

terpene isolated fr om Cart c r iaspong ia dend y i 36 were found 

to have antifungal and ant iinflammatory ac t ivit ies . 

Antibacte ria l activity is the mos t c ommon ly reco r de d 

property of many ses tcrtcrpcnes , but anti in f la mma tory 

ac tivity and i nhibi tion of cell dLvj sion has al so be en 

rcported . 37 , 
Acco rd ing to a r epo r t by P. Cr ews and S . Nayl ar , only 

two s es t e r terpene s , oph iobolin-A (5) (a s an antib iotic) 

and monoa l i de (31) (a s an antiinflammator y a gen t) have 

be en t he subjec t of pat en t.
20 

Re . 

(30) 

CHO . : 
: HO 

(3i ) 



I I. • , r 
I I t 

f.r'Tj ounrlc: .- -

(,~/" ~,,,,~/,--v-./{/; 

(32) 
I r I 1 rt' 

AnI 1.1 t 'l"l. ll IgJlllSI Ilqllo(')(':lIs uJ S. ,IUn.'US 

Jr(in •• 1 v.l .i :Jb ,ll s 

Alltlhactcr ial agalnst S. aur~u ~ 

o 

(31-) 
loxzc to IlumCl"OUS prcditoT} marine org3nisms 

Priano~ s . 

III:11~itlun of sea urchin cell divISIon 
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.JIl.lJntll' I un !3 

! H tIJhl! grm,th of S. UIIII..'U'> 

liD HO 

CHO 66 

It ...... _. 
,. 
,~ (31) .1 Cytotoxic 
• 

fic O 
-7b. 

Spong i 3 nitens 1 1 

• • 

Tox ic to brine sh r imp 

fleD 
HO 

lIyrtios crccta 1 7 

Toxic to brin~ shrimp 

AcO 
CHO Il r 1J O:; cr ~'c tJ, 35 
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Stclvlds :l<"e conpou nd s ,mtn Ln th<:> p'rhydrocy 10" 

~lTttJ OIl cnant~r~ ~ nucl~l I 1 ) H cv inc J u 'I wi Ie l. nj:!t: 

of 1I1turally )CCIII1"I"" (oml'< n·'s m'" \ h th 1-, U. ~ "' -1 ' .]( ..lIe , ... fCl01s 

proper, the bile Jcid~, t he ~cx hormr'nes, the' 'Hire OI.olticul 

hu r moncs, t he cardi <lC glYCJ51dcs, th(: !.>JPog 1l1nS, some 

iltk Ji oitis <llld other nlln!)r grollp:;.,10 

Among ma rine na tural prc.duct~, stero id s ;ire the Most 

e xten sively studied. A l arge number of 11tc ro t C Lon-
, 

ccrni ng marjne steroids can bt fClnd SCJ t ered throughou t 

the mult i tude of chemi ca l und bIOl ogic;,l Jou rn als d- Il ing 

ba ck to the initin.l repo rt of 1I'lIze ... n 19U8. 

Sterols deri~ cd from nJr lJIC sources ilrc jntcrcs Jng, 

becuase some of them 1'05 ';C55 very ullusua st 'uet res such 

as sterols cont>JJr;ing cvclopropd n(' rln~, sterols devo-id of 

19-angular me thyl group or uni(ue 38 hydrox"methyl-A-nor-Sa.-

4 1 ste ranes. 

The rccognitjo~ that sponges contain a variety of 

sterol s which va ry f ro(f, 

repo rted in a clas s ic tll 

onc species t o an othe r was fi rst 

42 paper by Dorce. This author 

isolated a sterol raIn the sponge C1 100a cclata which he 

named L llo n a~teroJ an d o:;howcd . .t to Uc different fran: t'loth 
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Cil01cSterol Jnd sp0ngoslcrul. The latter, call1lT l5 IJtcd 

frof";) m"ditcrranc:ln spung(',42 ,",,;0.::. til [n.t 11...11 
I CT, l 

to be rccugnL .. cJ ;)< (jj f (('rent frol'. holl. terol. 51n t.' 1 )~, 

modern rc·lnvcst i gatlol.S of Stl'rOl:; of sponrcs haH bL'gun to 

appcilr , whic h con f irmed the conlplcxjty ot the Sterol composili 

in lh lS ph y l um. 

2 . 2 . 1 Cl ;lssif j c3tion of St erols 

Ge ne ral ly s t erol s c a n be c la ss i f i ed as "conventional " 

a nd " unus ua l" dep endi ng on t he l T struc t ure . 42 

" Con vent i on ;') ] " s t erols: The term " conven t ion:ll" is 

used to co ve r s tero l s wi th the convCntiollnl C19 trtracyc! lC 

nuc l e u s having th e lI s u :ll (8 side ch..lin orc15c moclifJcd by 

t he a dd it i on of on e or two ca r bon atoms at C24 ' The (24 

no r- s tero l s ar c also i ncluded ill this g r oup. 
, 

A C29 s t e r o l , chond r il ] J terol (42) , Wh ich seems to 

be confi ne d solely to poriferJ 1n the aninlal kingdom , was 

l'cpo r te d o s the major s t ernl camponellt of Chandrilla nucu la , 4 3 

Another C29 stero l , 8-sitostc r ol ((2,l - R) - 24-ethyl c holest - S­

e n -3B-al) (43) has been isolated from the sponge (liona 

celata .
44 

Am'ong ' th e C28 stl'lols , 24 - nethrlene choles e r o! 

(44) tvhi ch is Wide l y distr i buted in mJrine organisms was 

f ound In the spo nges Clt a li nn Jrbuscala and Tetil I a laminaris . 4~ 
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(42) , (24-R) /:,7 . ..22 (+t ), j).s , 2lf(:;.8} 

(43); (2f R) £y.s 

"Unusu;Ll" Stcrcllf: MJdnc invertebrates hJVC 

provcJ to be sou rces of unusuJI s t erols having t he 

cholesterol nucleus ~ith sjd~ chalns involving Ilew 

alkylation pattcrlls . Thus gorgoslcrol (45) from 

46 4-gorgolHans, , I acanthastcrol (4b) from the star 

fist. Acan t hastcr pl.l nc;i a nd 23 - dcmcthy l gorgo:-"tcrol (47) 

. 1 d f . 48 J . r I h LSD ate rom two gorgonlans, cxcmp 1 y t ie altac me nt 

OJ "ex tra " carbons at C22 and C23 • 

[\0 

(fs) j Ll S" 

(46) j iJ.'F (tf) 

~"/ 

I 
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.. '" , 1 te ) 1 c C'mpo!lc t r ho 'I C!"s I t 11(. I. ly 

> r 19 " ,. , , ,'re..' en l J IITtl1t r s· r Ie 1'1" il .11 J.n 1l'1I J \,h i L h 

• 

..... +-+\- 1( 

I'''' 
... . , , : (4-8) 

,. 
MUJlficiitlOI1S of the sterol nucleus have also bee n found 

in marin e or~Jnj snls . The sJlonge AXlnc}la polypoJdcs was 

round to contai n sta.nol mixtures, h :l ving a 19-11or-cho l cs t ano l 
, 

nucl us ('air) ing conv(> ntjon ~ll s:t turateJ and monouns;lturatcd 

(~I (w4-no r), Ca, C9 and C10 side ch i!ls . ~O The ma.jor 

Ie .O]~L d cOJnroncnt has beelJ [lIlly chaTactcri :eJ ~s 

i:J- no r-~·~ .10 -e rgost· tra n s-2_ l.'II-'>C -Ol lSO) 

Ii 

, 
)I 

(5'0 ) 
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file tot.11 S[I'rol ('01 tellt )f i\:-<.!..!!!...!.l;._ \~II~(O~1 I S 

lurt: of u:ll'-llic sta llO'S lIoitl I lie". 3~-hydroyy I(:lhyl­

/I.-I 1l-SI' - cholc5tJ IH! 1II1C' tiS (":1rrrilll,: JIl\ fit on 1 (~ , ('~) 

4 -(:h~' III:,.. '" Ihc MJjOl' Ir~ctl on of the llX'ttrt' 

was fOlJ nd t o lw .. C l compolll:u (5 1) 3nd it!' stnll tUrt' \-oilS 

octcrmlncJ spec t rometri cd ll)' . 

'. -. 

2 . 2.2 Sterol Bi02l'llthcsis 10 Sponges 
, 

TllOUgh the kllowlud~ about sterols present in SPO/lgCS 

h~s T3pldly incre:lsed in the past, the under's tanding about 

their metabolism is very mCi:gl'C. 

51 WJlton and Prnllock obs" rveo that the sponge 

Grantia comprc s s~ utiltzed 1~C_ mcvJlon<Jtc for the bio-

• synlhc.'sis of isoprenoid (squalene , steroids ~md 

in di'-ect LOllt- r ast h' lt h t he co"pletc absence of 

uuiqu.Lllonc:» 

14 C· radlo-

activ i ty in t he terpenolds of the !:oponge Subcrjtcs domuncu]a 

in cubated wittl 14C_ ncvalonatc. 
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no '~d i O ilctjVP :' plystcrol l 1S} . R~dlo~~ t jVl[) from a ll 

!lrCCUrso r s usc~! W35 inc01 po r3tcJ to soml extent ilto tile 

ra t t )' a c id s , thu s pr o vj n~ lilac t he admin istc r cJ subs t r~ tcs 

~ c re t :lkcn up Bll d metaboli zed by t ile ani mal s. A s Jmi J a r 

~,;jtuCl t io n elro se i n Axin c l L .I po l ypoidc s and A. vcr ru cos[l , 

the s pon ges r e port e d [ 0 <.:o n t a.i n t he 19- n0 };.5 l a no l s a nd 

the hyd roxymc thyl-A-Ilo r-S t er anc s res pec tivel y . wh en he y 

.... e r e f ed with labell e d ac et a te . 42 lIowever whe n c ho l est e r o l 

26 - 14C wa s adminis t e r e d to t hese two spong es , th e 19-nor­

e 27 stano l and llydrox ymcthyl-A-nor -C27 steranc ( ractions 

we1'C f ound signi f ican tl y l abe ll ed . 42 

I t thu s appe a r s th a t i ll A. po l ypoid-cs and A. vc rrucosa , 

the ::; terol s CLl, lno t or iginate [ ro m denovo b iosy nt hesis , but 

JrlSC by modi fi cation of d i etary ste rol s . Much wo rk is 

j"c qu lrcd berare a dc f1n i te COllcl uslon ca n be d r awn about 

5 te r o l b ios·y nthc's i s in t hese prim iti ve mu l t i cel l u l a r 

~ nima l s . The cxogencoll s s '(' r 01 r equ ir emen t lS a characte r­

is t ic o f many lower orgaTl i sms, t he majority being invcrteb r 

Gene rall y stero J s a r e biosyn th es i zed by the t . i {-to ­

to.i\ co nden sa ti on o f t wO [ a rne s )1 pyrophosphate ( 20) 

uni t s , a s shown in sch eme V. 
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Jl the b.lo~\'l\th"sl o. - Jfo.t r I, tf 
hal Ciol 

• tIt' 1:1 is irst tOlfnl't 

! \ L ' hit tr'lnsl!'t tl1\ l ... tJ( n, fr'Jm rho I'l ttl/l !' rouf of 
52 

'Ulon,nt.' , .tJ.. ro sihJC' m .. h;lnl!>1'l fat thl Introlht<.tlon 

,ll 31'} 1 groll!> into hl)l!" terol for the ~io!> nthl ~ i5 of 

-SHOstf.; f OI ;IS proposed hy t.lstJ(' 15 .. howlI In s~hem(' VI. • . S' 54 

..:>c hcmc VI 

H 

(58), 

(53) 
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In ,l lost Common i solatIon p roce dure s a samp le lS 

'ACl;lctcd hit~ 311 al)l)rop:' i 3~e solven t. Extrac t ion coul d 

ue cc ld or hot . Ute sponge sample could be extra c ted wi t h 

3 nLlfi,bcr of sol vellts r ang i ng in polarity from n - h exa n ~ to 

n,cth~n ol . Many isolation proce dures have been describe d 

f or t he isolation of scal a ranes from va riou s sponge !;.~amp l es . 

l'he most commonly us ed tech ni que i s col umn chroma t ography 

with sil icage l and clution with so l vents of 

polarity ,2 S, SS , 56 or direc t crys tallization 

inc reasing 

. . 57 
from solvent . 

A sens itive sp ray r ea gen t for de t ect i on of scala rane s 

a lld te r penes for that matte r is vanilJine solut ion. Bu t 

sil i c 3gel plates spoted with these" sa mples can a l so be seen 

under ult raviole t l ight with no difficulty . 
• 

As in an y o ther nat u ral p r oducts , i n el ucidat ing the 

stl'ucture of sesterterpene s (scJlaranes ). chemi cal degrada tion 

or .intf' r con Yl' rs i ons can be employed . There ha s been a n 

~Ill re asing r eliance on spectral da t a , chie f ly IH , 13C 

nuclc1f maglletic resonanc e (omr) and mas s spec troscopy, 

[er th e characterization of sesterterpenes . Upto 1985 
• 

Olll y 16 scstert~rpene structure s have been es tabli shed 

by X-ray analys i s , even though more than fifty compounds 

1b 
ha ve been repo r ted _as crystalline. ~ Most st ructur e 

eilicidat ion s of new se s t cr terpenes have rel ied on nmr . 
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flio t ull (' xr~cted])' s. ~ r t~"I)l,,)rrS b<tH 1\. n I whll:h 

.... i l 1 [C' cOlilplete l v a ssirneu , (' ,jll.l J.ly \.1 ( nl I ~p /I ec ho 

]lCCC, JUl"I.'f ,,-c' t'olph ...... d 

J,l t~l can pr0V l de .1 POI,C j LI t :lli d .. j'lt: I1C n or lll .. H.:.Ic t c r -

JZ<ltion of nCr J.lf .. 'mbC'r s rd , s('ri ('~ 'lnd for pinpollll lng 

diffe r e nces i n s tcrcOchLln l stry 01 t he cxi s cnc e of jsomcrs . 

l' he jn troductions of new t echn iq ues suc h .:.IS NOL , and t wo 

d imen s ional nm T ( 2V-nrur) spectroscopy ha ve opened possib i ­

l it i es fo r the an a ly s i s of spec tra . These technlqu cs a r c 

a ble t o p rovide i nformation p re vi ous l y not :lC essib l e . 

r.'lca s ur cment of hOHlon ucl ea r 111 _ I" s hi ft corre l a t ed spcc tro-

seopy (COSY) grea tly simpl if ie s the a ss l gnmcnt s of sig na l s 

ond st ruc tu r al de termina ti ons for complicat ed molecules . 58 

The mass s pect ra of sca la ra nes (a t et r aca rbocyclic , 
ses tc r tc r pellc s) a re very d i s ti nc ti ve an d often pc rmit 

s truct ura l a s s ig nmen t s t o be made by comparison wi th th ose 

ha vi ng known s t r uctures . Thu s scala ran es display c ha rac ter ­

istic f r ~gmcnt i on for their AS ring . For examp l e a l l 

sca l a r an es ha vin g norma l substit uent s give characte r ist i c 

pe ak at m/z 191 for r ing AB fr agmen t . If t here a r e Some 

subst ituents olf the se r in gs, the mass of the fragme nt 

j nc rca ses by t he h b · 56 S we ight o f t e su st l t ue nt s . orne 

sca laranes are a cc t y lated and t he i r mo l ecu l ar ions cannot 

be detected , as t hey a re uns ta ble espec i ally in elec ron 
. ... • 17 , 57 Impac t lonlzat l on . 
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: . 1 Ex tra .... t ion and fra t.tjona lO,n 0' noes I • ~_-_~ illl'P {:s 

Dark brown sponge s;lnilllcs 38 and ~ ~lr~ ~oJJLc lcd 

In June 1987, fr om t !l~ Red Sea , " rou nd the 111.11 in,: bi~logr 

s lation of A~mJr.1 University (AU) at M3s~aha . Sampl es 

~ere collected at a depth o( 2-5 meter s with th e help of 

specimens pres erved in 10\ formalin salt "'Ole r SO luti on , 

in the De part me n t of Biology, AU. They ,~ere gi ven 

identification numbers, since they were not identified 

taxollomica l ly. The collected salnp l es we r e sun - dried 

and s t ored in a co ld room. 

SOG gms of r pon&c ~ ample 38 from the cold room was 

pulver ized and so:\hlet extracted v.ith ch lorofo r m. The 

ex t r act whe n concentrated gav e 6 gms of a gumfuy residue 

whi ch ",as caluulIl 1.:111 ••• ". ~L~r:lr l: I (P sili ("q~el to 6ive 

se ve r al f rac t i ons . 05- 2 ~as isolated from fractio ns 

co l lected by eluting ~j t h petJoleum ether: chlorofo rm 

ffi l xture 3S detailed in t he expcr i me ll ta l section. 

Extrac t ion :I nd puri ficat i on of an unidentified 

bro\\'Jl sp'ong<! s 3wple 4 , by the same method~ga ve 05-1 , 

along \.;ith ot her un cha r 3c tcrized fraction s . 05 - 2 and 

05-1 were characterized by spe~troscopic techniques. 
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.l tructufC 01 D5 - 2 

1\1 h m.' l·_-I""·~oC . 
I t i s high l y soluble In chlol"oform. 

t- .. 1· 
" _.C<. .. t lt~, :.:tl J a .... t..:tO.:1C , but sparingly soluhle in 

J.lctil !l101. 1hc in[laret.! spectrum of th e compound (fq~-l) 

ShOhCd absorp tion at 3600 e m-I due t o al coholic 0-11 

' k -1 
.strc t ci1 1ng vilJTat ion , 3100 em due to olefini c C-J/ 

s tr c tclling vib rat ion , 1750 CDI- 1 due to ester carb onyl 

((=0) stretcljing Ji ld a brood ( - 0 bond stretching nbsorptiOll 

[0 r both hyd r oxyl and ester gro ups a t 1260 em-I,. 05-2 

h: t s 20 0 
an op t ica l rotation [olD =-6 7.5 «=0.2 , CIIC 1

3
) . 

The u l t rav io l et spectrum ([ig-2) of the compound s howed 

max ilil um absorption at 230 nm (E= 14, OOO ) . 

A normal scalar<J ne frame v.'Ork ( 65) ca n be rt'I'o[J nizcd 

by three 13C nmr met h i ne re :onance in t he r egion of 6
5

: 50 - 60 

°9 al ong wi th an add it ion al CH in 

is SP3 hybridi zed and if thl: reglo n, 0c : ,51-65 (if C
18 

59 is ]J r escn t' , as descr i bed by P. Crews . Th e aboV"e 

mCIltionc(i t h ree met h ine groups were clearly observed in 

th e D[PT spect rum or D5-2 . These are re son:mce li.nes 
, . 

at 6c : 58 . 4, 56.3 and 54.6; along with a signa l at 6c : 64.1 

indicating tllat DS-2 has 3 scala ran e skeleton. 

The mass spectrum of D5-2 (f i g - 3) showed f ra gmen t 

/ 428 It ,"s not pos sib le to Ion of h i ghes t mass a t m z . 

1 J lOon, s ince t3C nmr Conclud e that th is i s th e rno ce u ar 

" . 13C ! 0 \.0,'<,0 the presence Sllohed 29 ca r bon <"ltarns. If an d nmr 51 



• .' -.. 
" 

j'l 
I ' , , 
• 

• 

I· 

LILLI I~',' \I I 

,,' .. ,r, :'.4,,,,,, i . iJl.II)O .i . :;?n"J 
,---~- - ~----T='-'-'--;~ -.,_-,_ " . t~n " ---,-

/ 
.I , 

" .. 
1/ 
I 

r 

" " .... ' .. 

r .' .... 

'64 . u 

'It..O 

::-8 . 0 

, . ' 10.0 ·~--'V'~bV')~":---"'(. '.>('ov 

SCi." SJ"!P.I?U: 50!) nm/min 

fig-2 UV-Spcc[~um of 05-2 

• • 

W 

A 

V 
l 

L 

[ 

N 

G 

T 

H 

N 

" 
M 



• 
0 1 at It.. . .t ::; r I jvc x v u .• :' ~l l ~to!n s ! I"LT lwu est e r arid O ll~ 

h <.h~ ;\.:: 1 g r oups) 

• 
SIJl~C cs t cr~ 'IT! 

Jn d t he 

us u.I Il) 

Ilj( I ~;t be Ingh r' T than 42 8 . 

c' Jfll )ou nd 

l ll: '. ,Ib l c 

i> .1 J II 0 t , lt1r;tt~J • 
t o c l c ... tr oli ltllp;:U': 1. 

Kas hman ('.1 1!l.. TPPo:tcd , 7 a Lompound (6 3) whI ch 

~ h o ~c d the first fr agment ion at / 
m z: 4Z8.2 19 (C2 7114 004 ' 

M+- HOAc , 14 . 7') ~ and other pe a ks at m/ z: 386 . 282 

( ~I + - (HOAc + CHZ=C=O), 8 . 3\), 368.273 (M + - 2110,\c , 17 . 01), 

350 . 25 9 ( C25 11 340, M+ - (2110Ae + H
2
0) , 3 , 6 ~) ,>n d 191.179 

(C I 1H
23

, 7. 5 t) . 

~o. .r . ., , ___ t. l 

.' , ,.-
11 

, ,. 
;' , 

I'! 

(63) ; R=o:iI , aOH (65) 

(04) ; R=O 

Microanalysis of hetcronemin (63) as first re ported 
,. 

by K3zlauskas e t ~17, showed that it has a mol ecula r 

formula C29114406 ' \,'hcrcas no molecul a r ion \\'<.15 observed 

1n its mas s spectrum . Acco rdi ng to thi s repor t , the first 

f)'u gmc nt ion appeared 

I 13 d D5-2 has t wo acetate groups (~t-nmr, C-nmr an Jr) , 

a nd i t i s logical to a ssume that, it h<1s lost an acetic 

3~i.1 mOlecu l e to g ive the first fr3gmcnt ion at m/ z: 428 , 

;IS In r h r a bove two 
17 57 

reports . ' Thus the mo lecuJar 

\·.el,~1 t () DS - 2 should be 488. 
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rc.,,'VJU1Js I'i t
t

, s C11aranc s kf'l l' : r (6·) :nt' "c.:."Hte J 17,S7 

: 0 \Ie t he Ch.1T;Jcteri·, t ,(,; [l<1 ["' (,l'1.t i on at 1:1/: : 1) 1, which 

'or ~sponds to I- he J\ R Ti ng s y stem o f tIl(,! ;;()lcl.:\ tlc . ThC" !)amc 

( , JAne n ;~ 3~ C b !>C fVC'(' in tn t' lJ .... SS spc~trum o r D5- 2 · .... ic h 13~ 

1he vas e peak of D5-2 a ppc a r (. d at mlz: 308 , whi ch 

correspc nd t o the loss o~ th e second aceti c aC l d molecule 

f r om tile {ruglle!lt ion of highest mass . 

Fu rther support fo r the s tr uc t ure of hetcroncmin (63) 
1 7 

reported ,c3me from the h igh resol ution mass spect rum 

of th e compound (66) , obt:J.incd by "oxidation of hctcroncm in , 

followed by pyrolysis . This pyrolytic prod uc t showed th e 

major fra gment ions at m/z : • 191 (C
j 4 

H
23 

) ol\d 132 

((9 Ha 0 +) . This a n be r a tiona l ized by c l cav31:e of 'a' 

tlllr..l ' b ' i.n (6 6) 

b 

(66) R, O 

(67) R'all, ~ Of! 

I , as shown , with c harg e 1 f cleavage oc-curred a t a 

th en the f ragment ion should have ret ention on ring AB, 

but ,·r clc' vo ge occ uTred at 'b' the rlass at m/z : 191, " 

. DE then the f ragment ... .:i til retention of charge on rl ng , 

s hou l u h:lvC its mass at miz: 132 . Thi s suggests that 

t lie ke t onic moie t y mu s t be on ri ng CJ 
an d hence the 

b tin ri ng C. in !lc rcron ~mjn to e ],vd rOX)' l g roup ------ ~----------
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• 
Tn " ll;q t io'i t o t he fTt1 gl'l" n t ions J escri bed a bov(" (i. c 428, 

368 ... ·l d 191), DS - L ha~ IH Jor fragment jon.; at m/z ; 369 , 

-:'3(1, 132 a nd 60, wh ich c~ n be ac counted f or . as shown i n 

Sch eme VII. 

$chcrPC V; 1 
-9

CQ 

HO '-~ 

"% ' 'fS9 

" 

"'I :~6'8 (t •• %) 

0-9. e 

/; 

- 1i0fi, 

, 
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I 
.1' J!-i.:r:,' SJ.lcctrum o f OS-'_ I' l Jg-4) tJ l. cn in 

".17 "x.hlorc[or.! sh().~·cd s ign;)}s .:It c: [) . 76 doubll·t, 6 .1 0 

I.:. J \ d ~. 5 I rilu~ti.! l et, 3 , ,1 () ntultlp l ct, 3.31 dou bh" , 

U.~l~ S illglct :l',J ().789 singl~t. 

The 2711 
I 

r-1H~ II - 11mI' spectrum of hClcrone min (63) tJke n 

5 7 d
6 

, ShOh0J resonance lines 3t 6: 6.90 d I II It.:ctCtlC -

(C
25

-1I), 6 .1 6 brt (C
24

- II) , 5 . 34 ddt (e I6 -1!), 3,45 dd 

( nftcr addition of O
2
°) (CIZ - II), 1.57 brs(CI8-1~) . Z,06 and 

1 .9:) ( n.;o OAc g r oups), 0 . 393 . 5(t\\'0 meth y l groups) , 0 . 8"' 1 s. 

C. Sbb 5 a nd 0 . 883 5 (three me th y l groups) . 

I I II ' n tlC 1- IUIf spectrum of hctcrollcl:!in (0:», taken 

on 1,(/ Mll<: , in dClItcroch l o l'o!oIT.1 • Ka:.lauskas c t ;11
17 

oi)scrvcJ the pr esence o f two at.:ct~tc sr0ups f ro. J peak 3t 

5 : 2 .u:-, (b B,SJ. five q u.)tcln,ll'v md!wl br ollp~. between 

0 : U.S 3 _ 0.74 and :1 10\\ fit:ld resonanc" .It 5. 6 , tlS ( l l1.~S 

BI.t the III n:n r Spcltr:l 'Jf t he :iaI11(' compound (63) 

!'cpnr tcd b;, the n,o different grouilSo \\'crc not iden ti cal , 

fa .H.:coun t for this. diffe r ence 1U nUlr spectrum of D5-2 

\\': lS ta}...L'n in dcutc)0chlorofol1'l :l.lld ,Jcetone - d6 using the 

S;1mc ~Jlj ~.I! I::. illstl'Ulnt..nt . 

I t \\'<)5 [ ounJ thilt, the resolu~ion o f th e spcctrut:l 

t uken in ace t one-d
6 

NUS better than the o ne taken In 

J 
·'l'tl' the above [KO 

cut\.'ro(h loroform,i'l ;;grecmcnt ... 

rC"port~ , 
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To e5t3\) 1J. 5h the bu s J.e ~kcletcn -::he 

Jl lxiulzcd httcroncfuin is 3150 r epo rt ed 

pyrOl)'[lC rrod~' l 

I 7 I Thl' It nmt 

sp CL ll'Um of th e pyrol >'si~ !"'cduct sho,t'<: it to be the 

o:<1lll .. cd vin)'l fu r;;n ( 60 / . lhl S lndic3ttd th"t o)idation 

conve rte u the sccond :l1'Y :.I1 coh0 1 to ketone and thl' l yrolY:'is 

r emoved the two acetic ~c i d moietie s . The lh('mi~nl sh irts 

of t Ile PI'O t Oll S in t l,c pYJ'olysis p r oduct were n. ~ I encd 

using pro t on ir r id iat ion t ccll nique . 

The pos iti on of t hc hyd r ox) J grou p in the \, :lr:nt mol e-
17 

( ub.' ( 63) \"':\5 de t ermined by th e samc .... 'o rkel S , using shift 

rcagen t, i n addi t ion t o t h l.! mass s pect ru m. Thl. sJ li f t of 

b ot h axLJl and cquato1.lal prctolls at el\ he re hi.ghl)' affec"'" 

whi le p ro tons a t C
9 

and C
1 

1 a r e equally af fe cted i ndic3t i ll~ 

th ;l t thc h)' d ro~<)l g r oup i s ,It C12 , 

The 111 nmr si g nals for IlS-2 , lor .... ·hiCh s t ruc t\lre (63) 

is s ugges t ed, ranges from tIle most dcshicldeJ (6 : 6 .76) 

La the shie l ded (0 . 789) one~. CZS-H app~ arcd do~n[ie ld 
at 0 : 6 . 70. This pro t on i s higll Y de s".iddeu , because it 

i s a t tached t o a ca l ban bCJfJ.ng t~O oxyge~ atoms , (acct ~l 
carbo n ) . 17,S- ' It appe: II'cd 3S douh l et since it cOl1pl e s 

wit h t he vicinal C
1S

- H. Th e t.:oupling constant , as 

rep or t edS7 , is sma l l (J=2ilz) indicating that th ese 

protons have antI rel a t ionsh iP , 



... ' ,~ I 

;1(' olc~-i nj c p r oton 11 r 1 . (, roJ 

~lt ..... l.lb. taPle l ('J Il)'lll.. 

! 1 ,:rl • 

11 0'1 0'~r •. ~ the 5 'hJ;1 tl.'X)' 

group , is ocshi(;lJcu, JlllI a pFea r ed ~t 6: 5.:,"!, as a broad 

multiplet , due to its cO' ipL I1C \\ til th(' pr o ton ., :.I t C
v4 

anu 

The C'Z - I! be;!rlnp a h yt1 roxYlt;rOtlp appeJred ,It 0: 3 . 46 

mul ti ple t , because of 1t 5 coupling \",jth C, ,-"Z and 

tile proton on o xyge n. Tile signn l for tlle pr o ton e n oxygen 

of the se c ondJ r y a l coho l appeared Jt t : 3 . 31, as uoublct, 

si llc e i t c ou p] es with C, 2- 11. CUi - II arpc:lrcd ~I t 6: 2.43, 

as a b r oad si ng l e t . I t i s broad , be cause it couples \.,.i th 

C2.~-II , ( 25 -H, and on e ma)' also expect a long rnnee coupling 

wi tll ( 16 -H. The t wo acetate groups appe3red at 0 : 2.10 as 

a s ing l et . The five methyl g r oups aprc~rcd os fOllr 5i n g J ct~ 

at 6 : 0 . 895 , O. 83Z , u. 8 14 and 0 . 789 . The s ign:ll a t 0: (J.~32 

1S h roa de r r ep Tesenti ng t \\'0 methyl gr oups . 

. • 59 13 I 
P .. Crews a nd Besc,ls a obtai ned C- II COSY nmr 

(CUC L , 
I - 1 100 - 400 Nil :!. . "C and II shif t i n ppm) ave J' the 

o 
a liphat i c reg ion of hete l-oncmin (63) , and found four single 1 5 

, 
for the five me th y l groups . Thc5e arc Tesonance lines at 

6 : U. 8 2 (2 1-11
3

) , 0.80 (19 - H
3 

and 22 - 11 3 ) , U. 71 (20 - 11 3 ) and 

0 . 68 CZ3-H - ) . Based on t his observation chemical ~hifts a t 
o 

l : U. R9 5 in t he lH nmr spectrum of DS-2 i s a ss igned to 21 - 11 3 , 

,832 to 19- H
3 

an d 22 - 11
3

, 0.814 to 20 - H3 and 0 . 789 
to 23-l! __ 

o 



. in C f e tl o s. tile 11 ..,tons A:;, tll "C' <..I r e Il:o r e I , :5 Jj,.xi:!j . t . 

on ::'1 a le more dCSl.l c ldcd as CO'"·r" '·"·' to t _ .... u 0 ,J r r.'e11.yl 

23 " re S))C vC' h>' )-L'qudfori..lt g roup ; \.hi le p r otons on t' " I j .' j 

Sllb~lJ tUC ll t s at e12 and C18 , 

The 13C om,r "1, ,'ctTl' " of 1)5 2 Co, 5 "" - llg·) , t u~el1 i n 

dCl1t f"; ·o-.: hloroiorm ( 22 . 75 'II I'.) , ,., C '7 I' __ r _ g~v- ~ rc son ar cc :II~S ; 

btlt ~dlCn token in bc nz('ll c -J u ' t he spec trum shol"cd 2~ 

rcs o n.:1n CC lines . The int ('J)sc pC;lk at 6: 32 .9 most lik('lr 

r('pr ('~('n ts two ca r bon atoms . I','h en a disto r t ionl ess 

L'Ii !l ,!!lCCHl(, llt by pol:Jriz~'tion trallsfcr (DepT) spect r um o C 

th e com pound \\';1 5 t :l kcn, the jntensity of the pC'ak ~lt 

6 : 32 . 9 bL'came equ<.ll to the r~:it of the me th yl s i gn:l 15 , but 

tl le 0 ther carbon hh ich intcn5ified the met hy l s i gn~l at 

0: :)2.9 neither app t.:' Jr ed as (1-1 nor <.IS CH2, inJic.:lting that • 
it l:] ~ thC' same ch c mi c:J l shL t as the I1"c th vl grou Jnd i~ 

a qUCl t c r nary ca rb on atom. Thu~·'the tot:1l r.umht' r of c1rhCln 

nto~s,fo r DS-2 is 29 . 

The DEPT s pectrum of t he c om p3und Shohed th ~t it llas 

till' "extra" 
7C1I

S
' 7C I1

2
, SCI! and 6 qUJtcrnJry carbon at oms ; 

quotc r llary ca l'bon atom has ov~rlal)pcd wit h Olle of the metl.yl 

groups. 

In add i tion to t he number of carbon atom~, info rmJtion 

about the hy bridization of car hon atom s inrol\cd. ~Jn a l so 

b e ob to ined. The 1 ~)C l l111 f spec trum of 05- 2 :;ho\;cu r('~(ln:tJlC(' 

SigllHls for ca rbolly1 co r bon s , appear illS at 

16 8 . 7, \\'hich arc char3ct("ri~tiC~ fer esters. 

I t>~l ~ .anJ 

Othl.rlL .. 
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1 I'" -= , _ • ..J , SO . 3 ~!n J 69. 3 . Kcso n a/ift' 1 i n o t • 

11.1 . 7 :11'0 a s.'; l l;n ed t ·) Oll'C'!'1 (SI,2_'I)hriJlzt.:.(I) ( '\ r nn 

a tom s a t C24 Dnd C'7 J eSl) p~·tjv~l· ill (6 3). The S i ~ll:l l s 

at t. : 102.3 , 8 0 . 3 a n d 69 , ) nr c.> ;)s~io .• ! <lb l(' t o ~lrl,on . ;l t (WI ~ 

t o w J l i~11 one 01' mOl e OX y g Cll .Itoms a rc d i r c Lt l y ;,1 1:1 11Cd . 

. \cco l{hn g ly they arc <l5 s igl cd to C25 , C12 ;A nd "16 

r cs pf' c tjvcly . 

,\~ s t J t cu on page 3 3 th e c ha r :1(.tc r isr i c 13C- mH 

Jll (':- hinc r cs on ;lncc signal~ of s c a l ar~!neh \\h jl:h :IPP C;l ! CJ in 

tJl ~ re g ioll of 6
c

: 50- 60 a l" C' ohscrvcd , alanR will I ;111 

audi tlona! me th i ne reSonan ce s igna l of C1S " These ur c 

reso nance 1 ines a t IS: 58 . 4, S6 . 3 and S4 . 6 WhICh .. r c 
c 

aS3igneJ to (g ' C
s 

and C
14 

rcspcctivc l )' in (03), ~ ::mtl th e 

re so nallCC signal at 6c : 64.1 i s assigned to ria ' 

The 13C nm r shift of metll yl groups or me hine carbons 

a rc cspccidlly useful i n as scssing the po s jti on an d s t crco-

c hcmjstry of the scal a ra lle ri ng substi t ucnts . In llJdit i on , 

rillg junction me th yl sllifts can be used t o determj ne cis-

vc rSlls -trnns ri~g fusi ons . 



TC' ;lc ("ompl ish t h is , L't,. I rom rlo' I "' l~ > ;\ 1(1'1,' I,i th :111 

I. C I n , . s ;(" IU i r r d . TlleS ( t a ll he ~ t t e d 

b r~ (' 'y ;1 :. ( o1 1 ,') ~ !, . 

1- j{ JIl "; jUlll t i t) n mc! " yls on ;I tL1.1S - dl' l .IlJ n arc 

shiL'.{:~ d (15: 15 ~ ) hy 11 1", I",n, l ' 1 . , - . I fC dt lV C t o l l OS C o n (; 1 5 

uccl l i ll (0 : 7. 8.2) 

2 - c<IU:tto l l' a l o r " '1 1 1 ~Xl : 1 :tngu Dr met Iyl s cxpc rJ cnCQ a 

3-7 ppm s hi eld in l! wh e n a y - s ub s tituC'nt i s ad de d , but uxi :t l 

mC't hyi s ex perienc e a 2- ppm d ~ s hic l djng \I'hen an a dded c a r bon 

y- s uhstituen t i s a'< ial. 

3- Axial me thyl exper ienc es a 3-p pm dcs h i c lding when 

all Jxjo l 6 - sub~titucnt i s lidd e d. 
, 

4- Ring j UIlcti on Jxi J l methyls are shielded by 4- 5 ppm , 

wh cn t he)' j o i n trons fU::ic d r in gs i n a c hair con form a t ion 111 

I 

c ompJ r i son t o tho s e on tTil..!!.! fus ed ring s in a bo ~1t con for m:!t i Ql" . 

Base va l ue s f or dccn li n a nd it s deri va tives , whe n added 

t o a pr ropri3t c suhstituent inc rement, reprodu ce e xper imenta l 

13 met hy l C nmr chcolica l s h i ft fo r sca l ilra llcs . Ba s ed on thc~ e 

c x p Cri Jlll'ntal find~ngs. ch elilical sh if t a ssignment s h<l ve been 

ma de f o r the rest of the carbon atOlns in DS~2 as shown in ta. ble 2. 

The 13C nm r sp e c r r um of hc t e ronem in (63) taken i n 

<.1 e u tl 'och loroform exhfbited 27 - r esona nce si gnals for 29 

c~rbon a t OlnS ( 25 _ ske l eton and 4 of the twO a C0 t at c grou ll ~ ' 
57 

:lS repor t ed by Kashma n £.!. ~ . 
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Th e mUltiplic ity of the di f f erent resonance line s 

was estab lished by sever~l off resonance decoupling 

exp eriments by the same Gr oup . 57 e Assignments of ch~mjca l 

shifts for the r epor t ed 29 carb on atoms were also ca rried 

out. In thi s ass i gnment there are overl ap of chemic al 

shifts a t 6, 33. 1 and Z1. Z. Th e ove rl ap of th e shi f t s at 

6: 33 . 1 i s due t o a methyl group and a quaternary ca rbon 

atoffi
1 

which corresponds to the overl ap of the same two 

carbon at oms a t 6 : 32.9 for D5-2 ; but the overl ap at 

6: 21 . 2 in heteronemin reported57 , has been resolved i n 

DS-Z and appeared a t 0 : ZG.9 and ZO. 3. 

When one Foes f rom 

s i gnals ( table - Z), the 

i n the DEPT spectrum of 

But Kas hman a t a1 --

the mos t desh i e lded to the shie lded 

lZth signal which appea r ed a t 0: 4Z .5 

DS-2. is qua t ernary and assigned t o 

r eported 57 it to be a methylen e group 

and assigned it t o ( 3' with a chemical shift of 6: 42. 6 . Also 

the gr oup assigned the nex t three consecutive signals at 

0 : 41.9, 41.7 and 39 . 9 t o C7' Cl and Cs r espec tivel y. In 

the off _ resonance experiment conduc ted this group reported 

that the resonance lines at 6 : 41. 9 and 41. 7 are tripl e ts 

while tha t a t 6 : 39.9 is singl et . But th e DEPT spect rum of 

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

for methy l ene group s . 
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heln I .. 'I I !'h i It .... 

C1.C!1 cal <:illft ~t 6: 1: . 8 to en which <I~r('es with t he or:'! 

I"ctrum of 0$-2. In ulh'j t i n thi~ f!fOllP ,"onfirm('tl lhH 

Ihe "cns('~ ut i vc th rce t.: h ':!mil"oJ -hi lts at 6 4" '1 n J s <: ._, .. . ".):111 

, 1 13 -iO In t ICI T C nmr spectrum, corrc,",poJld to methyll'n e g roll "s 

:Jn o :lssigncd t o (3' C7 ouu ( I respect.ive l y. 

Kilshman ct ~ 1 57 assigned t he chemical shift sIgnals n' 

6 : 21 . 2 to (19 (equa t ori a l ) :Iud 6: 33 . 1 to C20 (a:dal) mc t h~'1 

l~rollps • 

S9 c t ~I 1 

th:.l t orc .1ttJched to r
4 

of he croncmin (63) . P. Crt'l" 

r(-\"t~ r5ed the assignments , wh i ch impl ics t hOlt axial 

IllC tll y l carbon is shie l ded as comp~r ed to th e oquato r i~ l ont o 

I [ Olle llses a model of hClcroncmin , t he axial me hyt ha s e o t 

1,3 J iaxi(ll intcraction .... ith J x ial p r oton at (2 3 ~ d the :m:!111ar 

lIIt'thrl group 1 t C\u' Duc to van def Wanl cleshic l d i ngs .. xi ~ll 

IlyotC'lS aloe Jes hi elJcd . but the electron c l oud densi t y on 

.Ix]:! l me t hy l c:l r bon will be In creased , as that f r om t he 

~(.qhie l ded p~otons get :lccumul~ted on thi s ca rbon . Thus 

.I~i~il ml thyl carhon Sllould he s hielded as compa red t o 

C'qU<1torial one . Acconiinglr thcchemical shif t Jot 0 ' 32.9 is 

J~ .. i~nC"l to the (.'(ll~itorial meth y l while that at 6: 20.9 0 the­

:IXi:l l me th yl grou p Jil 05-2, :Issignment s that agree \-lith 

S9 
the latter gr oup . 
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I.q'C} LH'!lr "I111 ~I ,~II.:I II II .. P I 

. " r p • 1 II' II:, I I h f ,. I I 

to .1 ('\lTrO fo, I 1 

or )\('TerO!\'t\ n t3) C( III r( • t .. (III 10 

11l 1 2 Z· rhl'S(: (";1 l'on I to .11 C' 

rc Lit lV('J), tar il'h'ay frolll L
1

,;: -OIl grour , eX1H'L1Cd to h. 

tlH~ m:dll complex,lrion site, till' ~H g n a l ~ cou ld h(.-n r(· Ill' 

('~st' lItj ,1 11)' ~ l n l l\rJUl'lIl('d by I.llffoJ) .. ,Hld lti OII . 
.1 

"I h.. II 

llnilffcctcd r 0S0na li CC s i gn:t l ~ arc fou nd to be In .1~1(~m~I\ · 

. jth thC' co rrespondi ng ,\ I; ring ~Irbon atom ~lrn:tls 01 

:ITlO S nm)'rin , :Ittel" co rn'Lt lon [ 0 1 the ('Vlll'l I ~ uhSI1 " ''''Il' 

0rrCCl of an :l dd itional C!:I-meth), l g roup . 

13 
cOIl!.:.crnj"g l. 11m) sJlcc trll m Com illg to cone USlOI}, 

of hctc roncm l ll (63) . ~ ;j hman £1 ''.l57 \ooho did th fir'i 

ChCJ11ica1 shif t agSI ,nmC'l1t!'i . lud icJt c d t hat th"ir ;IS<;,J '1-

JM'pt S !1wy he rev cr<;,:,rJ ro r larbon 1\1I111H ' l" s 1, " 3 , tl, "It 

1:1, 10, 2'" 3 nrJ. one of t11 (' 

at 6 : 2U . 9. La tte r on P. 

two 0,\( I'roup s hhi~h 'lppC IH·,l 

CreWS l't ;11 59 1::1\(" m:ld,' rc -

assignments using COSY, a J r('\cned so .l' of Ill.': lh(,llilc:11 

sh i fts. The c he m.ic.1i sldft ;l~su:'lmc nt s made rer IlS - 2 is 
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j, .:: ,t Il' l Jl ( t r)' I.. I(.;fonrmir, 3 h, to n r 1 ~ , , 
I 

" 
I t Si ',h"oltt • (' 0 , , nl r n, rll rirl( t 

" I t II r c; • 

I , h.I"; t II ;15.5"1.1(" ...: t: l I ;.; . 'cr ( IH 1 .. t ) It ,n .. 
,I'IIlCt itJ!!!> 1,'Cfl' e;:. t j'l 1 I ') r' L h;" ( u Oil the d10r.l , ,h ,n 
t h . 1\ I..:t r 'I' ctrul!1. I ( i':\ n I II ht;,nll",ll II r I I h)' ! 

groups u f Ill('thinc c.lrholls .II lilt· )1111'';11011: ;11" I "pel 11 ,~, 

llseful jJl assc$sing lh(' positiun of ~ ubstit lH'I: 1 

In ;Jd "Ion rlllg 

VCI"'"dIS - t r a ns ring fl1Sl0ll, since lII('th},l gr ollp Ott tr.llrs 

rillg f u sion arc shiC'IJcJ hy ahout II-IS ppm rl!l:llh"l' to 

those on c i s rIng fusion;1 shol,n in the Lou,pound s (h8)-(7 1) . 

H 

(6B) (6;]) 

n . , 

IN. JTo" 
•• 

1l'f ({.o 

3Z·J 

(70) 
3 0 ·' 
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Thlls :111 Jrr~ly of [In ;111 .!.~all:' A,B :Jnd C rjn~s ;I H' iudl(':1l(d 

by h .. ' t cronem in ' 5 (',', ) Me? I ( ' ) 6 \; . , - • u: 1 7 . 4 & r.lc - 2 2 ( . I ( l , 41 I "-h I l h 

11(IVC c lose chemical silj fr v,"Jlu·" to the ~ " TC f crcnce CO!1:pounti ( -I) . 

Likewi se 3 tr~ns C 0 rillg jllll c ti on wi th un equatorial ~ul)­

s titu c n t s y- to the r in g j unc ti on methyl is in d i c a ted hy 

llcu'ronc lili n (63 ) . The ( 23 me thyl group js shielded by th e 

t~o v-c4 uotorinl sl,hst'" t t t C de h "' , UCli S;) 12 an 18' l us It Jppcar cu 

:It 6 : 8 . S . 

Allothcr rero r t17 SIIO\\CJ that Ill- olons ul e'2 olld C16 

~Jn axia l ;15 inferred [ rom thelr pC Jk \~ i dth at half heigh t 

(I'l l ) . 15 Hz and 16Hz r espectively . 

The scn lurane ring (65) junction me thin e C~ nnd ( 14 

shifts ~Jfe hoth sensitive t o l"i teToc,;hcm i stry of suhstitucnts 

at tached to '-12 A cllange in t he ( 12 su~st ituent 

f rom equatoria l to axijl , shjelds C9 hy 6 ppm or a change 

in the C
18 

carbo~ Sllb ~ ti t uent rrom equ3 ori al t o axial 

shields C14 by 4 ppm . 

The stereochemi-stry at thc he t ero r ing substituent, 

C 
" (6) 1 h . 1 17,57 based on the magni-

~t 25 1n 3 , laS cen propos eu 

t llde of I H-nm~· cou pl i ng constants across the C18 to C25 

bond . The snlall coupling ma gnitudes (2.0Hz) observed 

bcu."ccn v icinal protons ~1-1S and 11-25 in hctcroncmin (63) 

ul'lnons tr:l tcd t he rc1ntiv e t r ans ste rco(. hcmi strr · 
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Also the ease with whi ch an ace t ic ac id mol ecul e is 

lost fr om the molec ul e during mas s spectra l fr agment a t i on 

r equir es a cis r e l a tionship be tween the acctox y gr oup a t 
1 7 C25 and hydrogen a t C18 , Thi s s t rengthens th e pr eced ing 

a r gument 3bout th e ste r eochemi s try a t t hese cente r s . 



1)..)- ' 

" , 

t.itlll("·U'· 1 I S-

:1 I J t I.. (,: I • 

, ,­, 1.1 

, I " c H' U I" J w 

I l " 

lilt' u ltl',lv l nh~t Sp ,,'I Jr.1 of D~:-: (11g-b) ~Lo",cd 

m;lx.irnUitl ;!b~o rJlt io n :..It liS 'II IL:I 5110 ), 'I lu' 1l1fr. n.'d 

spC'ct rum (fJg -71 sho .... c u strong absol'bancc fo\' 0-/1 

stlc t eli lflg v i b r;1tion :113110 ern-I, II'C'I)... ;1!l:;;orl>:lJICc Jar 

;111 uncc!ljl1g:lteJ C"'~ tl<'l rhjn~, '1 ibr.llion :It If\l~ un- 1 

,'nd ,'In aler]'",'C (',_ I I I ' ,. I s t r c t cllng Ill u lending \' ihr1t i",n::; 
- ( - u - I ,. - , 

~It .) 1,\ cm allu 1-.150 crn respectiveJ) 

S i nce the compoU'Jd 1\,.lS eluted \,ith OJ !'C l;ll ,'('J) nOIl-

pol.1l' so lv e nt , pctrolc.-'un (,t ll('r-e hl oroform (4; I) mix ture , 

.'lnu ~PiJngcs arc .... ell kno '\!l for their sterol m(-'t.:lLol jtcs , 

l. JChC!HI;l nn - Flurch:lrd test for 38 - h~'dlo~y 5 1(-'ro1$ 

WilS cond ucted , il ild h3S [ou!ld to be posiriv(-'. 

Th e 40f) Mil: III Ill~r s pcl:trum taken ill d("lr('rr~hIOl'ofC' '" 

S;lO\\cd :..I douh l et ;It 6: 5 . 31, ro r on(. h;"rogen l:orre~poncJjll~ 

to 'In olefl njc proton . Thjs impJ ie'S th~lt the orl.e'T 

olefinic cal·bo ~ atom 1S ~u,ltcTna ry since there is ~o 

sign al correspo nd i ng to othel ()h~1 inic proton, The 

s i gnal for the prot on on oxygen appeared at ~: S.l 

coupled with C3 -1I . The othe r (J('shil'lucd rc!'on;I,(,! 

!'ign:t l of the' spec r rlln. ~rpcared :It 6: 3 . S, 1~ not""' t, 

for a sing I f' p r oton \\Idrh I..or:- spond tv (he 1\ , ('!.cn 
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'.~ IlIu1tipli('ity L~ dill' 

}", <'-lor, Ivith '.'h.::in:1 1 pnlfolS at (., c ~!f'!d the 
• l' I I ) t )n 

T1\(' 4(1(1 t-Illz l/1 - 1H COSy um f spect r um lfig-~) l:iI,l' n ill 

dnlLTlKhlolo f orm sho~l'u th:lr t he' olcf illi c prottl!! js coup! 

I,it;' th(('c prot o n s : llles. :lre t h e t IVO viej o:1 1 ~\ I UI()H ,I t (" 

.1110 till' :! x ial p r oto n at r •. Simil,l rl ~' t\lc prtlton ;· t r~ i~ (,rll J', ! ., 
J !,I !hfCC j'fot OIlS : thc~'{ ' ;11l' most proh:!hly th t' '\',1'\ :IX .1 

)" ~~!)n::. Jt ('2 ;.I'HI (4' '11lU the prolonolloxygc ll of t he !~"drox 

g Ot.:!l 3t C
3 

in (72) . 

1!1~ 13C nmT ~I)cctrum of 05 -1 (f l g 10) sho~('IJ 27 

J"f',;On~1I1CC' l-;'lCS f u r 29 GlrOOn a l oms . The sp('ctl'llm s!10\,('J 

Tllesl.,' l... orrl~5ronJ to C
s 

J nd CD of th (' 5t(.' 1" 01 respeclIVel y. 

lIlt, other dc shicltlcd r.: h ctnic:1l :-ollift :'1ljlC'<l'l (,O at 0 : 77, and 

1<; 3S5igll~J to t he c ar bon bf'.1ri ng the hyd r oxyl group, hhJ ch 

I!-- c_ or the stero l (72). , 

(7.2) 
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1i r h<:' study o f h c tf'r Onl'min (D~- .. ) , i t h:lS b C.' ~tat('J 

th~t t!H' no r ma l sr ll :,nan~ I r .lmc \<'o'Or k (65) ("m I l' rCI~ognizctl 

• 1 I:C .. 
t);.' t 1H.e nmr 1"ctnl'lC r csc. nancc 1n t ',e rcglcn of 6 ... : SO - c. 

for l: S ' (' ~1 3 hd. (1 1 ' 1'hi <; b"'S1C id e;,: C:1O b~' cX l c l. dc4.1 ;.InJ 

m~ d c usc of in t he e luc i da t i on of s t e: ol s, 

(O nrOil1 mcrhiIle groups ;I t CS ' C9 and Cl4 , 

as t hey 

Thc 13r 

may 

nmr 

spcc tre um of DS- l show ed t he t h r ..:' c chemical shi f.t s in the 

r egio n of 6c: SO - 60 a s expec ted . These a rc chemi cal 5hif t s 

a t 6: 5 7 , 56 and SO. One call t herefo r e take this a s strOfl !! 

SJl'po rting e vidence f O l- the ste rol ske l eton . 

Choles terol s hows deshipl drd che~ ical shi elS a 6 1~ 1 . 

'2 1, 73 . 3 , 56. 9 , S6 and 50 . S which are ass i gned to C5, Cbl 

C
l

, CI A' C
A 

and C
9 

r~ s oe ~Li ~ 'l l ), . 6 S rhe corre! pondjng ~h cml a 

sh if ts in t he s te r o l rt' s- 1) <J.p pe J red a t 6 : i 4 1. 1, 12 1. 7 , 7~ , 

57. 56 31ld SO wh ; c~ 3 rc a ss ig ned to CS' C~ , C3 , ( 14 ' C8 4nd 

C
9 

r esJ,c.t:vely. Th e ::.(. indicJt:! t ha.t 05 - 1 haf th(; s a me 

ba s i c skeleton a s :Jlo l us rcro]. The ol il e r r ela t i ve l y 

Sh l C1Jf.:d che-m i ca l s ~ifts of D5 -1 a plJe 'lTc d bc t\'le en 6 : 4(, - 12 p 

Tnes~ Jllph ~ t j c r~gion c hem i cal sh i fts a r e t oO c rowtie d t o 

~ 4 ~ 5 i aSsigned to the Jl'le t l 
ass i gl.; b ~ t !:he ch ern c :J l ~h i ft a t u: v · ~ 

• d h mos t 'h 1"c lJc d c.hemic a l s h if t :I '" 6: 12.0 
carb t)l I..C .... ) a p t e J'J • 

" m"thy l ,C
I8

, as i t is shleldcd by )­
i s 2ssigne d t o angul a r , 

substi t ue nt at C17 · 
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fhe fir'i t repo rt ed appl lcat ;on of mass spectrome ry 

III t lw identifi c,H i on 0 .. steroid5, wa s by de Mnyo and 

RcC' d
tl5

, h d h wno 5 ow(-' 't at !l pcc tra of ~ teTanes re eo r cd a t 

, 

low e l e c tr on ene rg y (10-15 cV) . cont a ined wel l def ined 

molec ula r i on , affordin g 3 d il cc t measurem~nt of molecular 

weight . J\ccordi ngl y much o f th e jn fo r mation used to 

el ucidate the structurcof t he ~te l'oJ i solate d (DS"'1) was 

obta ined f rom its mas! s pectrum (£ i g-11 ). Mass of the 

compound was foun d t o be 414 which requi r es C
Z9 

U
SO 

O. 

The doub l e bond equiva l ent (r+ db) of the formula is 

cqua 1 to 5. 

The mode of f ragmentat ion s of st er oids untIer c leetT.on 

impact arc quite complex . as ind ic~ted by the de t a i led an d 

ex tensi ve i nve s tiga t ion by Budzikiewicz et & . 6 \ The 

majori t y of applications of mass spec trometry t o ste r oi d 

analysis have so fa r been made with low reso lution inst rumen1 

Info rmation as to s t ruc t ura l f eatur es have been ob t~incd 

45 
from themss spectrum mainl y i n t he following ways : 

1- by recogniz i ng ions arising from we l l cha r acte r ized 

f ragmentation processes; 

2- by cor;elating th e mass spect rum of an unkno\.'n 

ste roid with that of r eference samples ; 

3- by converting an un kno\.~ co~pound to a deriva t ive 

known to be effective in inf luencing the mode of fragment­

ation In a s tructurall y informative manner : 
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4- by rec o rding m3S~ ~pec trJ at low electron 

energies, ~O 3S to i solo t e on l y the most energetically 

facl!c fragm entation processes and thus, for example . 

to aid i tl distingui s hillg closely sim i lar or 5 croiso ­

mer i c ;j tero id 5 ~ 

5- th e combi no t ion of mass spec tromc t cry with gas 

chromatog raphy (GC-MS) mode poss i bl e th e analy t i ca l 

charac t eriza tion of st e roids in subm i c r ogram ~mountS 

• .. 

and remain s th e most powerfu l techn i qu e for ide n t i fying 

s teroids i n biological ma t eria l S. Compar i ng the compati­

bility of the proposed struc tu r e wi th t he gas chromatograph i c 

retention t i me at which the mass s pect r um ] 5 r ecorded will , 
also give informntion about the s t ructure of t hr compound . 

Information about the structural f ea t ure of t he ste r ol 

(DS - l) was Q bt~ined by re co gnizing i ons , a r i s ing (rom 

well characterized fragmentat i on pr oce ss . Loss of wate r, 

me thyl group OT both are known . Als o ste rolS arc kno","'l1 

to l ose si<ie ~hains along with gr oupS which are vulncf3bl c 

to fragmenta tion. Cy clopentane rings in sterolS are 

kno wn to be liable to f r agme nt i n e l ec tr on impact ion ­

izat i on . Sterols ~ith as _ g i ve char 3cteri s tic f ragments . 

Si gna ls cor r esponding to all these were observed in the 

mass spectrum of DS-l . 
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The spectral da t a prcstntcd ~ o £:ir su~gcs t U :l 

cho)cstc fol s ke leton : , 27 u llb on compot. nd . But 0:' -1 

15 , 2~ c,;rbon ':oml·cll ll d . lhf' pO:-il-tion of the <iudillOna l 

two caruun ,I toms on t h ... · SiJl chain is s tn bli shed from 

b i ogenetic conside r ~\ tion and tile massfr~ment a ti on (Sch eme VII ) 

If there i s no s ubsti t uen t a t C24 on the s id e cha i n, 

the mass spec trum should gi ve fr agment i on a t m/z 357 
+ 

( ~l - C4Hg) ; but t his i s not observed/ indicating th :1t a 

subs tituent has t o be at C24 , A f r agme nt i on at m/ z 343 
+ . 

(/>1 - C51! 11) Whl Ch 3ppears if a methyl g roup is at C24 i s 

no t 3150 observed indica ti ng tha t the su bs t i tuen t :I t t hi s 

pos i t i on has to be an ethyl group . Th e pre sence of an 

e thy l group a t C24 i s con fir med by the pre sence of f ragmen t 

Ion s at mlz 329 (M -C 6HI3 ) a nd 38 S (N - CzH S) with Ja ir l y 

intense peak. 

Th us th e sterol isolated (05-1) i s e itllc r S- sitos t e rol 

(24 R-stigmast-S -e n- 3B-ol) or c lionastcrol , the 245 isome r. 

To choose bet ween thes e two possi bilities: 

1- 05-1 was cosno ttcd with an authentic samp l e of , 

S-s itoster0.1, and wa s found t o ha ve the s ame Rf value 

(0 . 78 ) . 

2- D5 - 1 wa s ace t ylated and t he melt ing point o f the 

acetyla ted product_was found to be 126°(. The Ii CT.lt"ure 

. of c liona s te rol 3cctJtC i s 144°(, val ue of the melt in g pO l nt 

while that o f 6-sitos t e rol nce t a t e i s 127 C' 
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20 
3 - The afTle:!1 r otati('l'l of n~-I is fOlll'd to he IQI • 

f) 

·-;(1.9' (c-U .1 H,. CI:CI')) , I,hill' the- Iltcntull' LelIH' 1'01 
~ lJ' 

- s It os·e ral is [al
U 

= -~ S~ . 

..J- RC' portcd nlc i ti ll f,.: pni ll t of f'-s irostl'rol IS 1"1 °(; 

\d :i lc the ohsc r ycJ mc lt JlIg po in t of DS-] is 121-1:!Soc . 

. \11 t hese C'v id CllCt's sll pJlort th e sllgg(' sTln n that OS- I 

i ~ b-sitos t e r o l a nJ not c] ion:Jstcrol . 

US- 1 kls ffi,ljor frngml'llt io ns ot 4 14, 399, :H1R , 39b , 

~StJ , 38 1, 355 , 341 , 329 , 303 , 30 1, 296 ,282 , 2-5 , 273 , 

2-1 ,255 , 23 1, 229 , 2 13 . B-sitoste rol [rom an .1nnc lid c 

P~(,l1dopo t :lm:.i lJ a occc l .:l ta as reported by Kob nycshi b3 11.15 

llIa .lo r fraglllc'l t Jar,s at m/z -1 14, 399 , 39 6 , 381 , 34 ,1. 329 , 

303 , ~9tJ . Zg2, 275 , 273 , 2"'1, 255 , 23 1 , and 229 p;hic h ;Ire..' 

identicll to J r:l gmc nt lon s of th e stero l OS-I . rhis .... ith 

th.' o th c-r da t a con firms tho t DS- l is a -sitosterol . 
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]n t his researc h ,nroj""'t " -~ C0m)~llnui l'~v b ~n 01 ~ t cJ 

t llll:gh they a , .... nor nO"(;j. nt.;-l. , sid .. tlf",,1 a I ,('t ro-

t 'l' III n ... nm r • t 1\ .. 

nnJ ma s s spect r a , ;Intl comr~lfi "on 01 th(' sc I- i lh lC' f)lH tC'd c1:l ~ 

[or th ~ sanle c ompouf,cl . S' r ~~c hcmistry of hi t eron nln I I 

he ll cstJblished. 

The s t ruc tu rc of the s t e rol, 05 - 1. ,,"1~ ch,lr~, rri .,1 

u SI ng 1ft nmY , 1\ nmr and mo s t importantly he "W~~ 'P c t rtl"l 

of the compoun d. The s t('r('o(hcmi~ try at the aSSvmrn l! ric 

c('nters ~Ire establi shed indirect 1), . For stC"rnls con Jlnl'" 

satura t ed side chains, assignme nts of srercochcmis ry of 

i somers, have bee n made, based on differences In ~prcl { lr 

ro tation a t fixed wave l ength and on melting poin dlffer­

C' nccs . u4 Acc ord i ng l y the rtf vn luc , melting point of the 

a ce t a t e and opt ica l rotation of DS~l were u sed 0 confirm 

tha t i t is B- sitosterol. 

As a lready stated els ewhe r e, among [CrpcnoH.ls 

scs t c rtcrpcnes a r c the r arest. Within seslCrLC rJl~I.l'S 

the r e ar c viTiat i ons of the mo l ecular arrallgemcnt ~ith 

sources . One can fi nd tetraca rbocyc1ic Scs [crtc rpcncs 

1 f So [.'11' there arc no repo rts indi c3 ins on y r om spo nge s . 

t he terrcicarboc~cl fc s e s [c rtcrpenc s from sources 0 her 

than . sponges. 

h sponges Produce the se ~econJJry 
The reason as to w Y 

m(t'~bol i te s is not clear Sf') far , but i n mas 

{''(t'r3c t 1-.1:15 fetlnd [ 0 inhj hit prcd:1t o r s . 

C15('5 the I..TIIO 
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\lclting poin t s I"CI'C ,h t C' 'minl'd un a (' ." ho t- t:J 

~I! p ~.ll"a tus . I n [ r 3 TC U spec 'ra h .'I'C n: c o rJ·J in " II pel l ets 

tl s .i ng,J red, in I'1 I11 (' r ;2" II sp CClI n'!ll't cr. UIt !";p..' 0 1 ' 

spe c t 1',1 rC'c ordcd liS Illg :1 Hcckrrt:l n IH I -(,~ SI)('cr f('lph o t ('l1( It 

1n mcth;:tn o l. Optj c aJ rot a" i on!' ,,'(' re tneJ s urcd in (:h l orofor 

on " Pc rk i n Elmf'r 241 pola r i!lictC l' , Mill. ~pec n .\ 111(, 1 sure " ' 

we rc pe rformed in dcu t cror h lare[ am . acrl onc-d 6 or b(.'nzcll 
( 

J; Il " JOn 90 ~H!: , Bruker ~lA ;60 ~1I1 z OT Druker $1: 400 ~Ull 

s pcctrolllt.!tc r. The chemi c al s h if t s \'Iere refe r e nced 0 t:l , 

so lve n t sign nls. ~1a s s spect ra ,,'e re recorded on ei ther a 

CU- 5 or () Fi nnig.:ln - 4021 mass s pcc t r omrter . AntJ,l y tl cal 

t h i n Jayer chromatogr<lph y ( t 1 c) were run on ,I 0 .20 mill t hi e 

l a f e r silicagel- 6 0 f 25 .1, p r ccoaled she c ts :1nd tlrc prot!ucts 

hCl"C d e tec t ed by UV or va nillin sp r :ly ren gent . 

Coll~ c tio n of spong e samples 

Dark b r own 'spong e samp l es 38 nnd 4 .. ·e re collected 1n 

J une 198 7 , from th e Red Se a , arou nd the marinr biology 

st :lt i on or Asmara Un i versity (AU) at Massa \\'a. Sampl es 

• 0 dep th of 2-5 me t ers \\'i th t he he l p of we re collec te d at u 

• formalin , sa lt water solu t ion In 
specimens pre s erve d i n 10 . 

The co ll ec ted samples ", erc 
t he Depar t men t of ·Bi ol ogy. AU. 

sun-dr ied and sto re d i n a co l d room . 
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Extr:lcticn of ~pon ge s:Jmplc 38 and j5013[1 00 o f OS-2 

The i nitial "Jor k was star ted \~l· th ' a u.:nk brown sponge 

sample 38. 500 gms ?£ the s ponge fr om t he co l d ro om W3S 

Pulvcriz. ..:li us i ng;) bJc ncil-r . The ) L . d III ve r ne spon ge s:lIf1plc 

wa s soxh le t e x t r ac ted with 2 . 5 li t ers of distil led chloro-

form for 48 h rs . The ex t ra c.t \,'ns concentrated unJ cr ro nerd 

pressure which gav e 6 gm s o f a pa s t e like re s iduc . The 

r esidue wa s mixe d with 6 gms of s ilicagel and dr ied t o powc.le r 

under reduc e d pressure . Th e POWd£' f CO sa mpl e wa s applied 
.. 

to a 2 . 5 e m d iameter column packed with 200 gl!l s of si licac<" ' . 

The co lumn wa s f ir s t elu ted wi t h pe trole ull e th e r' ,' foll oloocd 

by pe tr o leum e the r chlor ofo rm mi xtures. The. poinr i t y of 

the so l vent wa s increased by in c rea s ing the proportion of 

chloro form. 100 ml fractio ns were collected , an d. t es ted on 

TLC pla t es fo r Similarity . 

fJ. ..t.ctio n 3 - 15 wh i ch ,,!ere collected td th petroleum 

ether _ c hl o r ofo r m (4: 1) mixtu r e \o/ e rc f ound to have t hree 

T C Thes e we r e combined and concentra t ed components on L. 

under r educed pre ssu r e . Th e conc en t rate wa s r echroma t og ra phe. 

. . . d 1 ted wi t h pe trol cu l2I 
on J s mall co lumn wlth s i ll ca ge l an e u 

• • 
ethe r - chloroform (4 : 1) mixture. 

Th i s helped in isola t i ng 

the compound D5-2 , a wh ite needle - l i ke c rys t al l ine solid - ~ DS - 2 was furthe r pu r if ied by 
fro m an o i ly liquid mixtu re. , 

me thanol : chlor ofo rm (9: 1) 
recrys ta l li zati on, fir s t fr om 

- r ec ry s talliza tion f r om n - hex ane: 
mi x tu re , followed by 

The recrystal l ized produC 
ethyl acet a te (9:1 ) mi xture . 

give 200 mg , 0 .04\ of 
wns stJct ion filt ered and dri ed to 

t he dry weight . --_ ....... _-
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Th e puri f i ed compound showed a s i npl e Spo t in 

etha no l :chl orofo rm ( 2 : 5) mi x ture (Rf U 7) :: . 3nd 3 Iso in 

cthy l o.ce tate - pe troleur., ethe r ( 1 :4 ) mixtur e on TLC . 

Af t e r each rec r ys t alli za tion t he me lting po int 

checked . Rep roduc i bl e me lting point of 172- 174 was 

ob t a ined for DS-2 . 

was 

Characte ri zation of the puri f i ed compound was ca rr ied 

out by c ollec tine various spectral da t a . 

' Ia t r I ( 1 . t) 38< .0 (M' - HOAe - CHz - C- O, ~ ss spec urn - m z re . In : v 

+ ' 1. 2\) , 36 8. 1 (M - ZHOAe , 1 0~1), 350 . 0 (C Z51134 0 , ~I - ZHOAe - "ZO, 

3ll ), 191.1 (C I4 Hz>, 131), 161. 9 (3 . 31), 157 . 9 (6 . 41) , 134 . 0 

(7.7%) , 13Z . 9 «(gH
8
0 , Z.9 1) , 60 ( CZH40 Z' 3 . 5\ ) . 

Pr o t on-nuclear magne tic resonan..£! -(Bruke r ~iA 36 0 ~1Hz., COC 13) : 

( 6 : p pm) : 6 . 76 d(H Z5 ' J = ZHz ), 6 . 16 t (H Z4 ' J. l. 7 liz), 5. 34 

brm (H 16) , 3.46 m(H 1Z) ' 3 . 31 d(0-H 1Z' J= 5. 6 Hz) , Z. 43 br s(1I 18) , 

Z • 1 0 s (two OAe groups ) , 0 . 895 s , 0 . 814 s, 0 .789 s(3Mo groups) , 

0 .8 3 2 s ( 2Me g r ou p s). 

13C TIm T spectrum _ ( 22 . 5Mlz , benz ene -d6) s ee ta bl e 2. 

M OH) UV s pec trum showed 
Ul trav io le t spectrum - (c : 0 . 01, e 

maximum abs orba nce at 23~ nm (£ = 14GOC ) 

KBr em-I) : 340" , 31 00 , 1750 , l Z6 0 , 155 G, 

In f r ar ed spectrum - V max 

140O , 10 50 . 

°E tica l Rota t ion (e=O.Z , chloroform) 

578 54 6 436 36 5 
Anm 589 

ZO - 80 - 14" 
_Z3Z . 5 

[a ) n -67 . 5 - 70 .5 
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Ex traction of sponge sample 4 and isolation of 05 -1 

45 0 g of unidenti f i ed brown sponge sample (No 4), 

extracted i n the same way as 3B , gave 5 g of gummy crude 

ex t r act . Following the same procedure as fo r the ex trac t 

from 3B, th e samp l e was column chroma tographed and eluted 

with so lvents of increasing pol arity . Fraction 9, 10 and 

11 which were elu t ed with petroleum e the r: ch l oroform (9: \) 

mix ture showed tha t th ey are mixtures of mainly t wo component s. 

Thes e frac tions we re comb ined and purified af t er con ­

centra tion ; on sma ll er column packed with s ili cllge l , by 

elu ting wi th pe t roleum ether: e t hyl acetate (9:1) mixture. 

The majo r component was furth e r puri f h :d by r ec rys t alli za t ion 

f rom ch l o ro fo rm, me thanol (1 : 9) mixture . The r ecrys t allized 

p r oduct was suction filtered t o dryness to gi ve 500 mg of 

DS- 1 ; 0 . 11 \ of dry weight . 

TLC of DS- l showed one spot in e t hano l: toluene (2: 5) 

mix tu r e (Rf=O . 78 ) and pe trol eum e the r : ethyl <Ice t at e (4:1) 

mixtu r e . DS- l gave reproducible me lting point of 127- 128°C 

. and was cha r acterized by 
af t e r each rec r ys t a lliza tIon . 

spec tros copic t echniques . 

. t ) 414 (C29HSOO. 22 1) . 399 
Mass spec trum - mlz ( r c l . In : 

(H' -CH
3

• 9.1% ), 396 (M'-H
2
0, 7.81 ) , 385 (M'-C 2H5' 6.5~). l8 1 

(M
' CH 1 17 1 ) . 329(~I-C6H l l · 

(M'- 5.Z I ), 371 - 37' . HZO- CH 3 ' 
2

31 ( 131),215 (9 .1 1), Zil 
6.51), 305 (1.3\) . Z55(311) , 

(23.H) • 
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Ultrav io let spectrum (c=0 . 01, Me OH) _ - The UV - spec trum 

showed maximum ab sorbance at 215 nm «= 12, 500 ) 

Infrare d spec trum - (vKBr 
max cm- 1) : 34 00 , 3030 , 16 10 , 145 0, 

1350 , 1050 . 

Op tical rotation 

20 
[a ]D = -36 . 9° (C=0 . 146, CHC1

3
) 

~P~r~o~t~o~n~n~.u~c~l~e~a~r~m~a&g~n~e!t~i£c-L~~~~ ~ resonance (Bruker SF 400 ~1Hz , CDe1
3

) 

(6: ppm) : 5 . 34 d(H 4Hz) 5 2 d(O H 6' ,. .. 5f1 z) 3 5 (1'1) 3 ' .' m 3 ' 

13C nmr spectrum (22. 5 MHz, CDC1 3) 

(6: ppm) , 14 1 1 (C 5) . - , 121. 7 (C-6) , 72 (C -3), 57 (C-14) , 56 

(C-8 ) , 50 (C - 9), 46 (C- 17), 12 (C-1 8), 42 . 7, 40 .2 , 37. 6, 

36 . 5 , 3 4 . 4 , 32 .1, 29 . 6 , 28 . 3 , 27.2, 24.S , 23 . S, 22 .7 , 2 1. 4, 

1 9 • 5 • 

Tes t f o r 3S - hydroxy- s t erol (Liebe rmann - Burch ard t es t).62 

About 2 mg of the sampl e (D5-1) was dis solved in 

chloroform. To the so lution, l -ml of ace t i c anhydride 

and l -drop of sulphuric ac id were added. After S - ~ inu tes , 

a characteristic color of sterol which passed from brown 

t o deep green was observed. 

Acety l at ion of DS _1 14 _ To 100 mg of OS -l , 30 ml of ncetic 

anhydride and two drops of pyridine were added . Th e mixture 

was stirred for 72 hrs. 40 ml of water was added to the 

reaction mix ture and ex trac t ed wi th 50 ml of chlo roform twice . 

The combined ch l oro form extract was washed twi ce wi th 40 ro l 

of wa t e r , and dried over sod ium su l phate. Final l y the solven t 

was evaporat ed at reduced pressure and the ace t ate of D5 - 1 

(mp 126 °C) was recrysta l l ized from me tha nol . 
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