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The discovery of prostoglandins fran the gorgonian, PZe:xaura 

'homomalZa, rendered recognition in the cbenical carrnunity of a 

previously obscure subclass of coelenterates, the Alcyonaria or 

Octocorallia, to which the gorgonians belong (Cb.apter I). Since then 

a number of investigators have scrutinized the Gorgonacea and other 

alcyonarians . While nunerous interesting compounds have been isolated, 

c20 cliterpenoids with the 14--rrErnbered cenbrane ring system are errx=rging 

as the characteristic constituents of the octocorals. 

A number of cembrane diterpenoids have been isola-red fran various 

sources (Chapter II). Those isolated fran terresi:rial sources exist 

largely as olefins and alcohols . Highly functionalized cembrane 

derivatives are 61'Erging as characteristic metal:x>lites of som= marine 

invertebrates. 

In -rhe course of the syi:ematic inveS"tiga-rion into the chemistry 

of marine invertebrates within our research group, several Pacific soft 

corals were examined. Emblide, a novel marine cembranolide bearing 

acetoxy, dienoic ester and an unsaturated seven-rranbered lactone, was 

isolated fran i:he soft coral, Sa:r>cophywn glaucum . The soft coral, 

Sa:t'cophyton trocheliophori..on, yielded anoi:her diterpenoid, trochelin. 

The isolation and structure elucidation of ernblide and trochelin is 

presented (Chapters III and IV) . 
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PREFACE 

C-0ral reef coelenterates are aIOC>ng the m:>St successful marine 

organisms; because of their synbiotic zooxan~hellae they produce organic 

matter in waters poor in essential nutrients. The primary productivity 

of coral reefs is far greater than that of any other marine environment 

except for certain specialized grass cannunities. 112 Recen~ly, attention 

has been called to the coral reefs as a possible source of petroleum as 

there are several examples of reefs that are rx>tential precursors of 

petroleum with the Leduc Field as an example of a c~rcial oil pool 

associated with an ancient reef. 3 

'Ihe biosynthetic versatility of reef coelenterates is indicated by 

a growing list of novel carpounds recently isolated from horny corals 

(Gorgonacea) and fran soft corals (Alcyonacea): prostoglandins, sterols, 

secosterols with unusual sidechains, butenolides, sesquiterpenes and 

diterpenes including cenbranolides. The coral reef offers tantalizing 

prospects for the biochemist with its inexhaustible supply of novel 

compounds with potential value as drugs or as tools for pharmacological 

research. 
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Happy is he who has knowledge 

f ran research and does not turn 

to injury of his fellows or to 

unjust deeds, but looks upon the 

ageless order of eternal nature 

to learn in what way and where 

and hO\ll it came to be. 

Anonyrous 
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CHAPrER ONE 

INIIDDUCTION TO COELENTERATE BIOLCX:.IY 

The phylum Cnidaria, or Coelenterata, includes the hydras, jelly

fish, sea aneimnes and corals . The coelenterates were known to the 

ancients as the writings of Aristotle show. 'The brilliant coloring of 

many species canbined with the radial ~i:ry often creates a beauty 

surpassed by few other anfo1als . Because of the plmt-like form of many 

species, the coelenterates were thought to be marine plants by the 

scholars of the Renaissance period. The seeming combination of plant and 

animal charracteristics bedeviled scientists, as awareness of the living 

world grew with the developm=nt of sophisticated means of observation. 

Although the coelenterates are of relatively little direct econanic 

value, i:hey are irnportani: to man in many other ways. Corals of the 

reuote geological past f o~d reef structures that were highly favorable 

sites for the accumulation of petroleum deposits. A knowledge of the 

biology of rrx.x:iern reefs provides an insight into the circum:;tances that 

led to the produci:ion of oil in ages pasT. . Recently, the cbenical 

constituents of the coelenterates have caIE under observation yielding 

many interesting ccmpounds of unique struc"tUral and biological charac

terisi:ics. 

1 



GENERAL FF.ATURES 

The coelenterates are amJng the lowest eumata.zoan phyla - that is, 

animals constructed of well-defined tissues having distinct fo:n:n and 

symnetry and with a digestive tube called a coe lenteron. 

tract opens to the exterior by a rrouth but lacks an anus. 

The digestive 

Unlike 
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sponges, coelentera"tes have a continuous surface that is not perforai:ed 

by numerous pores . Al though in their high degree of individuality the 

coelen"terates show a marked advance over the sponges; they lack cephali

zation and show no trace of a centralized nervous system. They have 

s~le digestive, rrruscular, nervous and sensory systems constructed of 

the basic epithelial, muscular and connective tissues. Definit:e res

piratory, circulatory and excretory systems are not present . The 

genital systems consist only of sex cells localized in gonads. Definite 

synnetry which appears first in the coelenterates is of a radial nature 

and is arranged around the main oral-al:oral axis of the body. Coelen

terate construction is of the "tissue level of ccmplexicy with two 

fundamental layers, the ectode:n:n and the endodenn, and a layer of 

roosogloeal jelly in between. The rresogloea ranges fran a thin non

cellular membrane "to a thick, fibrous jellylike, mucoid material. The 

cnidarians have renained rather primitive although anticipating scroe of 

the specializations found in higher ~tazoans with only a limited degree 

of organ development (Figure 1). 
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Figure 1. Types of coelenterate symnetry (by author). A. Hydrozoan 
medusa. B. Hydrozoan polyp. C. :\ctininn polyp, cross 
section of pharynx . D. Octocoral polyp, cross section of 
pharynx. 

The epidermis may be ciliated or flugellu.lec.L P.r.·i:KJ.u~utly, cell 

boundaries are ill-defined and the epidermis is a multinucleated mass 

3 

of protoplasm. Two kinds of gland cells are round anong the suppQrcing 

cells o.f the epidermis , mucous and granular. .'>fucous cells are rrore 

abundant and produce secretions •Nhich serve adhesive or protective 

.:unctions; Jra.nu:a.:t> cells are found only sparingly in the epidermis but 

are concentrated in the pbaryngeal lining of che anthozoans, where they 

produce secretions ~~th a digestive function. 

The primitive nervous sys~em consists of sensory cells arranged in 

an irregular nerve net located beneath the epidermis and concentrated 

around the rrouth. They apparently serve as 1mdiflerentiated receptors. 

The presence of free .sensory nerve endings have been alleged but 001: 

adequately denonstrated. 

Situated here and there annng the epidermal cells are the inter-

stitial cells whicb are capable of developrrent into various cell r.yT.-eS . 

.such as cnidoblasts and 5er:n cells and r.hus are important in regenera-

tion activi~ies (Figure 2). :'he nematoc~s~s are the rrost characteristic 

structure in the coelenterates. Aside from one mown instance in -che 

phylum Ctenophor1, they are no~ found outside the Coelenterata. Tilough 



Figure 2. 
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Diagrnnnatic cross section of hydrozoan polyp wall 
1 . Nematocysts . 3 . Sensory cells. 3. Granular border oi 
epidermal cell. J. Interstitial cell. 5. Gland cells . 
6. Epidermal cells . 7. Food vacuolaes. 8. ~,luscle bases of 
eoider'mal cells. 9. Eoidertr'al gland cells of pedal disc. 

they are frequently known as 

·'stinging cell,'· chey are 

actually struc-cures produced 

by special cells. the cnido-

blas1:s or nemaxocysts. There 

are cwo main structural types : 

the true nematocys-cs with 

double walls and a tube 

usually anred with spines and 

often With a thicker basal Md 

a thinner terminal pa.rt; and 

the sp irocysts wi -ch single 

walls and an unarmed nlbe of 

uniform dirureter. Nematocysts 

are found in all coelenterate 

groups but spirocysts are con-

fined to the subclass Zoam:haria 

B 
(Figure 3) The capsules of ~he 

nernatocysts contain a mi.xture 

?igare 3. XE!P.atocys-c structural tvres (by author). A. The -crue nemato 
cys1: with a double wall and a tube usua::..ly armed with spines 
and often with a thicker basal and thinner terminal pare. B. 
The spirocyst with single walls and rui unarmed tube of 
uniform dirure-cer. 



proteins and phenols whereas those of the spircx:ysLs contain rrrucoprotein 

or glycoprotein. 5 Although che chemistry o.f the nema:cocysts is still 

not ccmpletely known, their toxicity is appreciated by those who have 

been stung by sea nettles or Porruguese ren-of-war. The toxin is 

sufficiently powBrful to subdue active animals such as fishes and in 

sane species of the Cubanedusae it is virulent enough to be fatal to 

man . 

In spite of their small size, the nernatocysts have very distinctive 

features showing crodifications in various taxa. Systematists have made 

rr.uch use of them in classifiC3.tion and have evolved an elaborate tenni-

nology for the various types of nematocysts . 

All coelenterates are basically tentaculate and radially symnet

rical with t'.vo different strucrural types found within the phylum. The 

sessile form is known as the polyp while the free-swimning fonn is 

called the medusa. Typically, the body of a polyp is a tube or a 

cylinder in which che oral end, bearing the rrouth and the tentacles, is 

directed upward and the op~site, or aboral end is a.ttached. On the 

other band, the rredusa res911bles a bell \1/ith the convex side upward and 

the IOC>uth located in the center of the concave undersurf ace 'Ibe ten-

tacles hang down :ram margin of the bell . In contrast to the polypoid 

mesogloea (middle layer) which is rrore or less thin, the medusoid 

mesogloea is thick and makes up the buL~ of the animal and because of 

this mass of jellylil{e material, these cnidarian fonns are rormonly 

known as jellyfish. Sorre cni~ians exhibii: only ttie polypoid "'onn. 

sorrx= on:y :he medusoid ~hi.le others pass through both in their lite 
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Figure -! . 
General coelenterate 
body plan (by author ). 
A. polyp . B. medusa. 

cycles (Figure 4). Because of -cheir s:imple const:ruction and great 

adaptability , the fundamental medusoid and polypoid body plans of the 
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coelenterates, by relatively minor rroclificat1on, have given rise to the 

various dist:inctive orders of the three gre:l:t: orders, Hydrozoa, Scypho-

zoa and An thozoa. TI1e di vers.i ty of these an.innls is astounding, and it: 

is difficult to believe that such differ ent-looking organisms as a 

hydra, a jellyfish, a Portuguese man- of-war, a reef coral and a sea pen 

are really nothing more than 1 variation of the s~11ple body 9lan . 

In many shallow-water coelenterates, the gas-crodermis is densely 

packed with symbiotic algal cells. Tnese are green in the freshwater 

species and o.re called zoochlorellae bu-c are typi cally bro~n1sh or 

yellowish in T.os-c marine forms, where -chey are called zooxan-chellae. 

The foTIIEr when ou-cside their coelentera-ce hosts pr ove to be the algae 

of the genus r::'alorella. and the la-cter, long resistant to identifica-

tion, have been fairly well established as belonging to the class 

Dinoflagellata of the algal phylum Pyrrophyta. 

A br ief representation and discussion of che orders and classes of 

coelenterates with e!T;)hasis on the class Anthozoa, subclass Octocoral-

lia, follows. An extensi<.:e treatement on i:he phylum Coelenterata is 

6 7 
beyond the scope of this report. · 
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Class Hyclrozoa 

All members of the class Hyclrozoa share certain disl:inctive 

characteristics tha1: set them apart frcm all the other coelen-rerates. 

For the rrosi: pan: they have ooth polypoid and rredusoid sl:ages in their 

life history, :ilthough some exist only as polyps and ol:hers only us 

rredusae. Their symretry is radial 3.Ild either tetrrurerous or polynerous; 

the rrouth is sii:uated on an elongated manub~iwn and lacks a pharynx; and 

there are neither septa nor nematocys1:-bearing s·cructures in the coelen-

teron. The hydroid form is the familiar one in t!:iis class, as "the 

medusae are mostly small, transparent: and rarely seen by the casual 

observer. The hydroid form is usually colonial and consists of the 

simplest of the polypoid type of individual (Figure 5) \Vhich is divided 

into the base, St;em and hy~an;;~ . The ~ase is an area of attachment and 

ordinarily consists of a glundular zone that secretes aclhesi.ve sub-

stances. In solitary forms, as in the hydra, the proximal end tenni-

na-res in a pedal disc. In colonial bydroids (Figure 6) tubU:ar branches 

called svo~ons grow ou-r fran the base and produce a ccmplica-red necwork, 

the along the substrate anchoring the colony 

firmly. The hy..!:!'Q'f'hiza gi. ves f onh 

either simple s-ralks with terminal 

hydranths, or the main st:em of a 

lony with nU11Erous side branches 

bearing bydranths. 

Figure 5. longitudinal section through 
llydranth of hydroid (by author). 1. 
tentacle. 2. rrnuth. 3 . hypostorre. 4. 
cellular core. 3. hydro1:heca. 6. ecto
denn o f hydranth. 7. gas1:rode:rnus. 



Class ScyPhozoa 
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Figure 6. Colonial hyclroids 
(by author). A. A1:hecate 

~ hydroid colony showing 
various reproductive 
si:ructures. 8. Tuecate 
hydroid colony showing 
sporesacs and rr.edusa. Code: 
1, tentacles; 2, hydrotheca 
3, medusa; 4, sporosac; 5, 
hydranth; 6, blas"tostyle; 
7, perisarc; 8, hydrorhiza, 
9, hydrocaul us . 

The class Scyphozoa includes the roost familiar of all the coelen-

terates. the cormx:>n jellyfish and sea nettles, as well as the 11..rgest. 

the gig::unic Cya'Y'.aa, a rredusa 1:bat may rreasure as rrn.lch as two :reters 

across the unibrella. Among the coelenterates, che 7var.ea is exceeded in 

size only by the massive reef corals, but these are colonies, not indi-

victuals. The medusoid pbase dominates the polypoid stage and is reduced 

to an inconspicuous organism often lacking in sc::im::; species. 

Scyphozoan medusae are !In.lCh larger than the hydranedusae previously 

discussed, which a.re cornronly 15 to 30 cm in diaITBter. 1be tet:ramerous 

syirmecry is a ~onspicuous feature. The umbrella varies i.n fonn Eran 

cuboidal or a tall d~-shape to a shallow saucer. It is ordinarily of 

a firm cartiligeous consistency of the ~sogloea containing many fibers 

and wandering arroeboid cells. Tne edge of the 'oell is notched and 

fringed with tent:acles. Sense organs occur in the notches and al ternaTe 

~~ch che tentacles in a definite sequence a..."'Tanged in ~ multiple of 

four (Figure 7). 



Figure 7. ~arcanedusa, ;unir.a prolifer~. 
Qxie: 1, marradial canal: 2, ring canal 
3, velum; 4. tentacle: 5 marginal lappe1 

Class Anthozou 
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The Anthozoa, third of the coelenterate classes. is characterized 

by COtq)lete suppression of the rnedusoid stage . Included here are the 

well known stony corals, soft corals , sea anerrones and sea pens. The 

polyps differ frcm those of the hyd.rozoans in a number of ways notice-

ably by being larger. short and squai: ins~ead of tall and sleoder with a 

flat:tened oral end, the oral disc. which is usually sUITounded by hollow 

t:entacles.. Unlike the situat:ion in ~he hydrozoan polyp. the mesogloea 

is usually quite thick and richly cellular . In some anthozoans, the 

cells of the mesogloea secrete 'calcareous spicules and there may be a 

horny ectodermal secretion that forrrs a sup[X)rting structure for the 

colonial aggregates of polyps . 

On the basis of their symretry and other characteris~ics, the 

Anthozoa a.re divided into two subclasses, one horrogeneous as to all 

essentials but sho\ving diversified specializat:ion. the o~her quite 

het:erogeneous but showing much less diversity. 'Ihe subclass Oc~ocoral-

lia. or Alcyonaria, is canprised of colonial forrrs whose [X)lyps are 

basically of unifor.n cons~ruc"t;ioo. Their symrei:ry is invariably octo-

rrerous (Figure 8a) with eight septa a.cd eight pinnate ten~acles. The 

colonies most always produce a calcareous skelei:on in the :onn of 

spicules in the mesogloea . The nerJEttocys~s a.re Lllliformly of a single 
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A B c D 

Figure 8. Anthozoan syrnretry. Diagr3!IJ1latci cross sec-r;ions of polyps. A. 
Oc-r;ocorallia. B. Actinaria. C. Scleractinia. D. Ceriantharia. Code: the 
septa marked 1 are pairs, those marked 2 are couples; 3, directives, 4, 
retractor muscles; 5, pharyn,~; 6, siphonoglyph; 7, body wall and 8, 
skeleton . 

type. Diversity of the alcyonarians is expressed in the various rrodi-

f ications of -r;he calcareous spicules and in t:he varia-rions in strucnire 

of axis and organiza-r;ion of the colony. 

The other subclass, the Hexacorallia or Zoant:haria, is a hetero-

geneous assemblage of Eorns whose synmetry as the name implies, is based 

on multiples of six (Figure 8). Polyps may be either solitary or 

colonial with or without a skelet:on of epiderrr.a.l origin. 

Although t:he size may vary, i:he basic plan of the alcyonarian 

subclass is universally cylindrical, t:he upper part encircled by a ring 

of eight tentacles which surround the flattened oral disc . 'The ten-

tacles bear a series of fingerlike processes, i:he pinnules, a feather-

like arrangement along bot:h sides. The m:mth leads fran -cbe center of 

the oral disc into the flati:;ened -cubular pharynx . Ali:ernating with i:he 

tentacles are eight radial septa all of which extend frc:m the body wall 

to the pharynx. As alcyonarian colonies are for the rrost pari: i.rmovably 

:ixed, cheir chief nx:>vemeni:s consisi: of the food capturing actions of 

che polyps and the withdrawal of the upper parts of the polyps into i:he 

coei"..enchyme, the conm:m i:issue connecting the polyps, in t:ilres of danger. 
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The subclass Octocorrallia is divided into SL'{ orders. ~lenbers of 

the order Stoloni.fera (Figure 9a) consist of simple cylindric polyps 

connected at the base by narrow ~ibbons of coenenchyl'l'E. Species of che 

order Telestacea are similar, but the polyps grow tall and bud off 

daughter polyps (Figure 9b). Colonies of the order Alcyooacea, the soft 

corals, are usually embedded in a thick mass of rresogloea filled with 

spicules (Figures 9c and 9d). 

The order C-orgonacea contains tbe sea fans or gorgonians and 

related foTIDS (Figure 10). TI1ese all have firm supporting skeletons, 

ofteo branched, over which the polyps are spread in a layer of coenen

chyme containing spicules. In some, the axis may be bright red or pink 

as in the familiar precious corals. These four orders show a regular 

progression of complexity and perhaps an evolutionary sequence. 

Ille remaining two orders are the massive blue corals, order Coeno

thecallia, which resembles millipores or stony corals, and the sea pens, 

order Pennatulacea. TI1e Pennatulacea are t:he m::>st complex of t:he octo

corals, being composed of several rrodiJied types of polyps . The highly 

organized colonies (Figure 11) a.re built ar0tmd one primary polyp which 

buds off lat:eral polyps in a very regular way . 

The menbers of the subclass Zoancha.ria are as diverse as t:he Alcyo

narians a.re hormgeneous, and ii: is seemingly impossible to describe the 

group in terms canpatible with all the others. Included in this group 

are the Aci:inaria. or sea anerrones, the Jladrepora.ria or stony corals, the 

Ani:bipatharia or black corals and the Ceriantharia or burrowing sea 

anemones. 
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Figure 9. Colonial forns in oci:ocorals. A. Clavuiar:.;i 7
 

(order Stoloni!era). B. Polyps of Totes~g 

(order Telesi:acea). Colony of A lc;Jonium 

(order Alcyonacea). D. Sarcophyton (order 

Alcyonacea, by aui:hor). 



Figure 10. 
8 

Sea pen. 
9 

Figtrre 11. Gorgonian. 

13 

organization of the alcyonarian polyp, differing in de-rails. The 

principal difference between the Alcyonaria and the Zoam:haria is the 

i:endency toward hexrurerous symrei:ry. Also, the namtocysts show a 

greater diversity than in i:be alcyonarians, which is further indication 

of the heterogeneous nature of the Z.Oantharia. 
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Stmnary 

The coelencerates are a highly diverse and abundant marine iorm -

anerrones. jellyfish, corals and hydras are all members of the phylum. 

The ca:rmon body form shows radial symretry. Most have tentacles about 

the rrouth and "stingmg cells' for food gathering and defense. They 

have rrore complex organization than sponges - the body wall has nvo 

dist1nci:: germ layers and m rrost a third, i:he mesogloea, is evident. 

The '.'tissue level of organization'' has led to rrore specialization 

including a nerve plexus tthat gives the animal a certain degree of co

ordination. Coelenterates may have two different body Eoms in the same 

species. One form is the polyp, which is USl,lally attached to the sub

strate •vith the free end containing the rrouth usually surrounded with 

tentacles. The other form is the medusa, which is free-swimnlng and has 

tentacles and a rrouth projecting from the underside of the bell-shaped 

body, 



If we are alert with minds and 

eyes open we will see meaning in 

the comnJnplace; we will see very 

real purposes in situations which 

we might otherwise shrug off and 

call ' chance' . 

15 



ClIAPTER TWO 

NATURAILY OCCURRING DITERPEKOIDS HAVING 

A CEJ\IBR.ANE SKEIEI'ON 

16 

The chance discovery of prostaglandins in extracts of the gorgo

nian, Plexaura homomalla, 10 rendered recognition to a previously obscure 

subclass of coelenterates, the Alcyonaria, or Octocorallia, to which the 

gorgonians belong. A number of investigators have scrutinized the 

Gorgonacea and other coelenterates. While numerous interesting compounds 

have been isolated, c20 diterpenoids with the 14-~red cembrane ring 

systen are enErging as the characteristic constituents of the octocorals . 

Naturally occurring diterpenoids con~aining a 14-m=rnbered carbo

cyclic ring wer e characterized only relatively recently . Cembrene (1) 

also known as thunbergene, d-tumbelene, and the Weinhaus hydrocarbon was 

the first 14-carbon ring canpound to be identified. 11- 13 Cembrane (2) is 

the generic name for octahydrocembrene . 

1 2 

Tue crystal structure of cembrene, determined by x-ray diffraction 

confirmed the rrolecular structure and showed that three double bonds are 
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trans-oriented and only the C--<-1: olefi.~ is cis-orienrect .13 

Three cembrene isorrers, (~) ('!), and (~) have been isolated from 

various sources . Cembrene- AC1) was isolac:ed from a rree in India14•15 

and possesses the same gross structure as ccrnpounds isolated fran a 

S . b . 16 17 f . t . " 1 . 18 d f p . £ . 
i eri an spruce, ' r am tenro. es in ~ustra ia, an rem a aci ic 

so.ft coral. 19 

The tVK> hydrocarbons, isocembrene (:!) and casbene ( ~) , were 

isolared fran a Russian pine tree 20 and-from castor be~s, 21 · 22 

respectively . (Table I.) 

6 

A soft coral recently yielded the hydrocarbon flexibilene (6).
23 

Although flexibilene (6) has a 15-membered carbocyclic ring , it is 

interes1:ing to note the similariry with casbene (5). 
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TABLE I. Physical Da-ca. for Canbrene and I sane rs 

~rune( number) Formula ~:IP (oC) [~) 

(+)-Cembrene(~) C20H32 59-60 +23.8 

(-)-Cembrene-A(~) C20H32 oil 

(+)-Isocembrene(:!) C20H32 

Casbene(~) C2df32 

Flexibilene (6) C20H32 oil 

Concurrent: with the establishment of the structure of cembrene, 

hyd.roxylated derivatives were shown to be present in cobacco leaves and 

. 24-26 
cigarette srroke: they are related to 1-isopropyl-!,6 .12-trilrethyl-

1,7,8-cyclotetradecatriene---!,&-diol (7). 
. 27 

Cembrene appears to be the 

trivial name of choice in the literature, yet the authors assigned the 

nan:e duvane to structure ~ and named i:he macrocylic diterpenoids from 

tobacco as derivatives of duvane (Cha.rt I) . 

Liter::ttlll~e reports include si..~ rronohyclric cembrane alcohols. 

28 29 . 19 15 30 
thunbergol ( 15), 1 isocembrol ( 16) , mukulol ( 17) , cembrol ( 18) 

nepthenol (19). 2- hydroxynepthenolC20). 31 and rui. alcohol isolaced-

from the soft coral, Sarcophy&on qlaucwn, which has been tentatively 

assigned struc"t:ure 21 (Chart II).
32 The mcrocyclic diterpenes incensole 

( '??) d . 1 -.d (?3) . 1 d ~ ~ ank' 33 . 34 
::.::. an incenso e oxi e ~ were iso a"t:e rran tr incense. 

A diepoxy cembrane canpound with the epoxides.occurring al: the 3,4 

and 11. 12 positions was isolat:ed fran a soft coral. 3,-l.ll,12-diepoxy

cembrane (24). 35 
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CHART I 

8 and 9 10 and 11 - -

13 and 14 

l - isopropyl-4.6.12-trim:!thyl- l,7,8- cyclotetradecatriene-4,6-diol (I ) 
and related duvane der ivatives 
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CHART II 

.is lo 

17 lS 

o\1 

20 

21 -· 
Cerrbrane alcohols: thunbergol ( 15) . isocewbrol ( 16), mukulol ( 17). 

cernbr ol (18), nepthenol (19), 2-hydroxynephthenol (20), 

and the alcohol isolated £rom the soft coral with tentative 
structure 21 
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a 

't-
24 

An acetylated cembr ane derivative, epoxynephthenol acetate (25), 

was isolated :frorr. a Pacific soft: coral. 36 
A relal:ed diol was isolated 

from a gorgonirui and has been named asperdiol (26). 37 

Several naturally occurring diter pene lactones with the cembrane 

skelet:on have been reported . The firsi: represem:ative of these macro-

cyclic diterpenes, ovatodiolide (27). was isolated fran the Vietnamese 

h b ! • ~ 38 
er , H.n-isome 1,es ova r;a. 

A large group of t~ese diterpenoids possessing various levels of 

antibacterial activity have been encountered in gorgonia..~s (Coelente-

13 39- -!2 
rata. Octocorallia, C-orgonacea). - · Eunicin (28) and jeunicin 

(29), crassin acetate (30) and eupakerin acetate (31) were isolated 
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from Caribbean gorgonians (Chart III). Eupalmerin acetate (31) can be 

looked at as the possible biogeneLic precursor of toth eunicin (28) 

and jeunicin (29), yielding one or the other by reaction of ~he epoxide 

group ~~~h the hydroxyl radical released by che hydrolysis of the 

acetate group. Peunicin (32)43 and Cuew1icin (33)
19 were also recently 

isolaced iran gorgonians. 

Recently, a number of novel cembranolides have been isolated from 

another group of coelenterates - the soit corals (Coelenterata, 

Octocorallia, Alcyonacea). Lobophytolide (34) has been isolated fran 

the soft coral. &obophytwn cristigalii, and is closely related to the 

cembranolides, eunicin (28) and jeunicin ('.:!9).4-± 

An epo>-.7cembtranolide with interesting pbannacological properties 

is sarcophine (35) isolated from the soft coral Sarcophyton gl~ucwn. 

Four additional cembranolides (36, 37, 38 and 39) have been isolated 

from Sarcophyton qlaucum and as can be expected are related to 

sarcophine. 45 ·46 

The soft coral Sinularia flexibiZis has also yielded a series of 

ceIT'branolides - sinulariolide ( 41) , 4 7 11-dehyd:rosinulariolide ( 42) , 

6- hydroxysinulariolide (43), 48 sinularin (44) and dihydrosinularin 

(4S). 49 

In the course of the sytema~ic inves-cigation into the chemistry of 

marine invertebrat:es within our research group, a Pacific soft coral, 

Sinula:: .. "ic. a.brupr:a was exa.r:nined. The octocoral was collected off -che 

Blowhole on the is lan.d of Oahu. Hawaii, and yielded pukalide ( -±6) a 

novel epoxycerrbranolide containing a furan rroie~y. 50 Table III 

illustrates ~he available data for cernbranolides. 



TABLE II Sumnary of O>..-ygenated Cernbrane Derivatives 

Name (Structure) 

a-2.7,11-Duvatriene-4:,6-diol (~) 

3-2,7,11-Duvatriene-4,6-diol (~) 

l-2,6,11-DuvaLriene--±,8- diol(lO) 

Composition 

c2ctqJ.±o2 

c2ors .. P2 
C20H3402 

:3-2,6,11-DuvaLri.ene-4,8-diol(ll) C20
H34

o2 

l-8,ll-Oxido- 2.6,12-duvatriene-4- ol(l2) C20n3402 

~t-8, 11--0xido- 2, 6, 12-duvatriene-!-ol( 13) c20
H

34
o

2 

6-8,11-0xido-2,6,12-duvaLriene--l-ol(l4) C20
H

34
02 

'I11unbergo 1 ( 15) C20
H

34 
0 

Isocembrol (16) c
20

H
34

o 

11ukulol ( 17) C
2
att34o 

Cembrol (18) c20
H

34
o 

NepLhenol (19) C2aH:>:!O 

2-Hyclroxynepthenol (20) C20H34o2 

Alcohol 21 c20H
32

o 

Incensole (22) C20H34o2 

Incensole oxide (23) c20H
34

0
3 

3,-!,ll,12-cliepoxycembrane (2-1) c20H
32

o
2 

Epoxynephthenol acetate (35) c32H36o3 

Asperdiol (26) C20
H32

o
3 

(excluding 

MP 0 c 

65-66 

127-28 

118-20 

150-52 

95-96 

109-10 

108-09 

oil 

------

37-38 

-----

oil 

98-99 

1-13-45 

oil 

164-5 

66-08 

oil 

109-110 

23 

be-cones) 

GJ 
+281.6 

+162 

+100 

+ 40 

+ 86 

+ 77.-± 

+ /2.5 

+ 74.-1 

+ 80.1 

+ 53 

+ 59.6 

---

-104 

------

- 77.5 

- -l:8 

... 63 

- 20.7 

- 87 
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CHART III 

H OH 

0 

0 

30 

A .... 

--, 
.L 

33 

0 0 

Oval:odiolide (27) and narurally occurring cembranolides frr::cn 
gorgonians: eunicin \28), jeunicin '29), crassin acetal:e (30). 
eupa~rin acetate (31), peunicin (32) ~uid cueunicin (33) 
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CHART IV 

~ 
34 I 
~ ...... 

'••1 
o~O 

0 

35 

c/-O 

36,37 
-t::;: 

/"-. -·~ \\ ,,•' -!>11111~ 
41 ! - / - 0 

~o 

Naturally occurring cer.1branolictes from so::t corals 



Table III. Surrma.ry of :l"a-curally Occurring Cembranolides 

~c:ure Formula J1P oc 1~J 

Ovai:odiolide (27) C2Ji240-:l 150 

Eunicin (28) C2cJ!3oO-t 155 -89.-l 

Jeunicin (29) C20H3004 141 +2.8 

Crassin Acetate (30) C2:fi3205 140 +70.4 

Eupn.lm::rin acei:ate (31) C2z113205 159 + 8 

Peunicin (32) c208:26°-i 175- 176 

Cuenicin (33) C2cJI3o04 oil -147 

l..obophytolide (35) c20H2s03 137-138 

Sarcophine (36) c2o~s03 
36 C20H3002 

37 C20H3002 

38 C2cf2s03 70 

39 c2o~s03 
'-10 

Sinulariolide (41 ) c2~4°6 170-173 .J..76 

11-Dehydrosinulariolide (-±2) C20H280-l 120 + 87 

6-Hydroxysinulariolide (-13) C2<f13005 192- 119 +54.5 

Sinularin (44) C2cJ!3o04 150-152 -127 

Dihydrosinularin (-l:5) C20H320<f 110- 112 - 45 

Pukn.lide ( -!6) C21H2 . .i°6 210-212 +310 



Proposed. Biogenetic Scheme :or Cembr::u1e-type Compounds 

')~ ..., I 

The biosynthesis of chese ccmpounds has not been est:ablished. but 

some speculacion can be presented.. A. hydrocarbon (!7) can be drawn to 

represent the carbon skeleton for crassin acetate (30). 

47 3 

As can be seen from above. 47 is enant:iorreric wich ( - )-cembrene-A 

(~), a well-known natural product isolated from a t:ree in India as 

previously described. Sesquii:erpene hydrocarbons isolated fran Caribbean 

gorgonians have also been shown to possess an enant:iomeric relat:ionship 

with the corrm::m forms of the corresponding hydrocarbons found in 

terrestrial plants .
51

·
52 It should be noted, however, chat a cembrnne 

derivative isolai:ed fran a soft coral, epoxynepht:henol acet:ate (25) 

has -che carbon skeleton 3. 

le seems reasonable to assurrB. 14 •21 ·22 that biogenesis ~f :hese 
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compounds involves the single cyclization of the normal diterpenoid 

precursor, geranylgeranyl pyrophosphate ('"18) which can be envisaged to 

9roduce 47, ~and 51 via deprotonation of the cations 49 and 50 (Cnart 

V). 

Chart V. 

\ 

/ 51 

Zry-
,) 
-

/ 
-< 
~ 

48 

50 

l7 

~ 

'''' •<\GJ 

I-{ 
..... 
~-r 
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(+)-cembrene-A (-!7), which has the carbon skeleton of crassin 

acetate (30) emerges as the l ikely precursor for eunicin (28), jeunicin 

(29). crassin n.cetate (30), eupalmerin acetate (31), lobophytolide ( 34). 

sarcophine ( 35) , and the four re la i:ed cc.rnpounds , ( 36) , ( 37) , ( 38) , ( 39) , 

sinula.riolide (!!:_) and pukalide (-!6). Cembrene-B (51) also represents a 

possible internediai:e since ii: is analogous to germacrene-B (52) long 

postulated as an intermediate in sesquiterpene biogenesis. 53154 

52 

If (-)-cembrene- A (~) is envisaged as the precursor of -i:he 

corresponding cembranoids, then an additional step rrrust be 

incorporated into the biogenetic scherr.e involving an inversion of 

configuration at C- 1 or an isomerization of the double bond at C-7, C-8 

to C-8, C-9. 

The same reasoning can be employed to envisage ( -)-cembrene-A ( ~) 

or cembrene- 8 (49) as i:he precursor tor epoxynephthenol acetate (25 ) . 

Once again if (+)-cembrene-A (47) is envisaged as tbe precursor for 

25, then the additional step of inversion at C-1 or i:he isomerization at 

C-8, C-9 to C-7, C-8 must be incorporated into the biogenetic scherre. 



As illustrated, diterpenoids possessing the 14- rrembered cembrane 

ring system have been found to occur in diverse natural sources. They 

have been found relacively seldcm in terrestrial sources and exist 

largely as olefins and alcohols . Conversely, highly func'tionalized 

cembr::me derivatives are errerging as comron rretabolites of !T'.arine 

invertebrates of the phylum Coelenterata. 

30 

During the cotITse of the inves'tigation into the chem.stry of 

invertebrates within our research group, several coft corals collected 

fran Enewecak .A-toll were scrm:inized. The isolation and structure 

elucidation of anblide and trochelin, two novel diterpenoids, is 

discussed in the following chapter. 



There lies the port; the vessel puffs her sail; 

There gloan the dark, broad seas . My mariners . . . 

That ever with a frolic welcan= took 

The thunder and the sunshine. . . Coroo my friends . .. 

Push off, and sitting well in order smite 

The sounding furrO'ws; for my purpose holds 

To sail beyond the sunsets, and baths 

Of all the western stars . . . 

Some work of noble note, may yet be done ... 

31 



Chapt:er Three 

Experimental Section 

32 

Melting points were determined with a Fisher-Johns apparatus and 

are uncorrected. Solvents were distilled prior to use. Chromatographic 

supports were Bio-Sil A(Bio-Rad, 200-235 mesh) for column chrcmatography 

and silica gel for thin-layer chromatography (EM Reagents, HF 254+ 366). 

Prepa.ra-i::ive thin layer chromatography plates were prepared by 

coating glass pla-ces with ID1 silica gel HF to a thickness of approxi-

mately 1 mn. The developed chranatograms were vb--ualized with short-

long wavelength ultraviolet, iodine vapor or sulfuric acid spray. 

Rotations were run on a Bendix- Ericsson Automatic Polarimeter type 

143A. Infrared spectra were obtained on a Perkin-Elmer 467 or a Beckw..an 

IR-10 instruments. 1H nmr spectra were obtained on a Varian HA-100 or a 

Varian XL-100 using IMS as an internal standard. 1rI nmr chemical shifts 

are reported in J-values (ppm from tetrarnethylsilane as an internal 

standard) and are followed by the multiplicity of the signal, the number 

of protons absorbing at thal: frequency, -che coupling constants or line 

separations in Hertz (Hz). The multiplicities are reported as follows: 

s=singlet; d=doublet; dd=d.oublet of doublets; t=triplet; cs=canplex 

signal; q=quartet; b=broad and m=mul1:iplet. 

The high resolution mass spectrum of ernblide was provided by ~he 

:V1assachusetts Institute of Technology, Cambridge, .\1assachusei:ts. rThe 

low resolution mass spectra were obtained on a Varian :V!AT-311 Spectro

meter. 



33 

Elemental analysis was performed by \'licro-Analyt:ical L:lbora:t:aries, 

U.C. Berkeley, Berkeley, California. 

The octocorals, 5arcophyton g~aucwn and SarcophyTA>n c;rocheZio-

phorum , were collec1:ed from the coral pinnacle near Bogen island, 

Enewetak a1:oll, Mars.ball Islands. The samples were kept in seawater 

containers until frozen a short tine after collection. Samples were 

then packed in dry ice containers for shipment to Hawaii. 

Preparation of Jones reagent: Dissolved S.7g of ero3 in lCml of cone 

Solution was then diluted 1:0 5cml vrit:h dist:illed a,o . 
.;.. 

Preparation of Diazanethane (3g total): EtOH (95~, 3cml) is added to 

6 .0g of KOH in lQnl of ~O in a 250nl rb flask . A solution of Diazald 

(Aldrich Glem Co.) was then added 1:0 the alkaline solution a1: a rai::e 

equal to the ra-ce of dis1:illa1:ion. ~:lixture was heated i:o approx. 60-65°C 

with a hot water ba1:h . 

Isolation of ernblide: A wet sample (650g) of Sarcophyton Jlc.ucwn, 

collected in February, 1974 at a depi:h of 10 m was steeped in several 

portions of fresh EtOH. The EtOH extract was then partitioned be"tWeen 

~O and Et2o. The ether excraci: yielded 17g of an oily residue. The 

residue was then subjeci:ed to preparat:ive ;:;hin layer chranatography (10% 

ether - 9CP,o ~Cl2 , silica gel HF) in 250mg portions. Recrys-calliza-i:.ion 

oi the component with Rf value 0 .6 gave emblide (27c:mg), c23H32o6 : 
+ ? ... -

M ~04; mp 119-120°C; (~J 0-~-~=+92° (~ 1.3, C"rlC1
3

); ir (Figure 12, li1 
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1 - 1 -1 CHC13 ) v C=O 1740 cm- , \J C=O 1720 cm , \J C=O 1695 cm , 

-1 - 1 - 1 -1 
v C=C 1660 c.11 ~ v C=C1475cm , 1380cm and 1370cm (ge.rn-dimei:hyl) , 

-1 
vc-d240cm (acetate); uv(EtOH) 284 run ( s 15, 6000), 220 nm ( E: 8, 800). 

1tt nrnr in coc1
3 

(Figure 13): 7.11 ppm (d, lH, J=l2Hz); 6.15 ppm 

(d , llI, J=12Hz); 6.02 ppm (br i:, 1 H, J=4Hz), 5.25 ppn (dd, JB). 3.70 

ppm (s, 3H), 3.10 ppm (br rn, JB), 2.35 ppm (br m, SH), 2.0 ppm (br s, 

5H), 1 .80 ppm (br s, lli), 1.77 ppm (br m, JJi), 1.43 ppn (s, 3H, rrei:hyl) 

and 1.15 ppm (dd. 6H, isopropyl). 

25.2 MHz proton decoupled. 
13c nmr in crx:1

3 
(Figure 14): 169.4 ppm 

( -C-0), 168.0 (-C-0-), 166.1 ppm (-C- 0-), 154.9 ppm (();:C), 141.9 (H

Q=C), 135.4 (H-~=C), 131.9 (~), 124.4 (C=C), 120.8 (H-.Q=C) , 82.3 ( -C

O-), 68.2 (H-~-0-), 51.2 (as-0-), with the remai ning eleven sp3 carbons 

ai: 37.1, 35.9, 34.3, 27 .1, 26.3, 25.3 , 23.7, 22.7, 21.9, 20.9 ppm. 

Einblide showed a ITDlecular ion at 404 corresponding ~o i:he formula 

C2jl32o6 (Figure 12). The mass spectrum (70 eV) m/e (relative intens

ity): M+~04(4) 373(3), 372(6), 362(2), 361 (5 ) , 344(2), 330(6), 319(6), 

312(12), 284(8), 269(10), 259(6), 241 (9), 239(6) , 227(6), 213(5), 

201(6), 200(7), 199(7), 197(6), 195(5). 189(9), 187(6), 185(6), 179(6). 

177(7)' 175(6)' 173(9), 171(7)' 169(5)' 165(9), 164(:31), 163(8)' 162(7) J 

161(10), 159(8), 157(6), 155(5), 153 ( 5 ) 1 152 ( 25 ) I 151(6), 150(6 ) 1 149 

(22), 148(13), 147(15), 146(11), 1-±4(10), 143(7), 141(5), 137(10), 

136(5), 135(10). 134(5) I 133(17)' 131(12) J 129(7) , 128(5) I 123(6), 

122(5) J 121(15) I 120(7)' 119(31), 118(7), 117(11)' 115(5)' 109(6)' 

108(5), 107(16) J 106(5)' 105(29)' 103( 4), 95(ll), 94(6)' 93 ( 23) ' 92 ( 7) ' 

91 (33), 81 (15), 79(24), 77(14) , 71(6), 69(11), 67(19), 65(7), 59(12), 



57(5), 55(19). 53(16), 45(5), -14(8), base peak !3(100) and 41(33). 

Analyses: Calculai:ed for c2~32o6 , ~, 68.3%, .!:!_, 8.0%, Q. 23.6%. Found 

(elen:ental analysis by Micro-Analytical Lab)~. 65.?°i-, !!. 8.1'1, Q.. 

26. Zfo. :ilolecul::i.r weight calculated for C3j132o6 , 404. 21957. Found 

rrolecular weight (high resolui:ion mass spectrum) 404.21689. 

Hydrogenation of emblide 

A solution of emblide (51.~) in 20nl of isopropyl alcohol was 

hydrogenated for 20 hr. over 103 Pd/charcoal. The reaction residue 

35 

showed three sp:>ts on tlc. The hydrogenated product was isolated as an 

oil; C2:f138o6 ; ir in CHC13 (Figure 15) v C=01735cm- 1 , v C-C1450an-1 , 
-1 -1 -1 1380an , 1370cm (gem dimethyl): 'J C-01240cm (acel:ai:e); uv(EtOH) 275run 

(E: 1150). 

The 1tt nmr in COC13 (Figure 16 ) showed two sha_rp spikes ai: 3. 615 

ppm and 3. 605 ppm ( 3H) , two sharp spikes at 2. 005 and 2 . 010 ppm ( 3H) . 

1.8-1.4 ppm (br m, 23H), 1 . 43 ppm (s, 3H), and 0.9 ppm (dd, 6H, gem 

dimel:hy 1 ) . 

The product showed a rrolecular ion at -!10 corresponding to the 

formula C2j!38o6 (Figure 16). The mass spectrum (70 ev) m/e (relative 

intensity): ~10(1), 383(2), 382(9), 368(4), 367(4), 350(3), 337(2), 

336(4), 335(3), 332(4), 326(2), 322(3), 321(3), 319(3), 318(4), 308(6). 

307(7), 306(2). 30-!(3), 303(3), 300(3). 295(3). 294(2). 293(4), 292(2), 

291(4), 290(5), 289(7), 279(2), 275(5), 273(2). 272(2). 271(2). 265(2), 
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263(5), 261(4), 257(4), 255(2)' 254(2)' 253(5), 249(3)' 248(2)' 247(6)' 

245(2) I 239(2), 2:36(2)' 235(5)' 233(3)' 231(2)' 229(-±), 221(4)' 219(2), 

217(2)' 215(2)' 213(2)' 211( 4)' 210(2) J 209( 3)' 208(3)' 207( 4)' 206(2)' 

205(3)' 203(3)' 201(4), 196(3), 195(3)' 194(2)' 193( 3) I 192(2) I 191( 4)' 

189( 3)' 187(2)' 185(3) J 183(3)' 182(2)' 181(6), 180(3)' 179(4)' 178(2), 

177(4)' 175( 4)' 173(3)' 172(2)' 171(3). 170(-1), 169(3), 168(2)' 167(4), 

166( 3), 165(6)' 164(2), 163(7) . 162( 3), 161(6)' 159( 4)' 157(3)' 156(2) I 

155(3)' 154(3), 153(5)' 152(4), 151(6)' 150(5), 149(10), 148(4)' 147(9), 

146(2)' 145(5), 1-±4(2), 143(3), 112( 10). 1-!1(3), 140(3) I 139(5), 138(5)' 

137(9 ), 136(7)' 135(13), 134(4), 133(8), 132(2 )' 131(3), 130(3) I 129( 3), 

128(3), 127(8) I 126(5)' 125(7), 124(7)' 123(13), 122(7). 121(15) t 

120(t±)' 119(7), 118(2), 117(2), 115(2), 114(4 ), 113(6), ll2(6). 111(10), 

110( 8), 109(23), 108(14), 107(20), 106(5), 105(9), 102(3), 101(2), 

100( 4) J 99(5), 98(5), 97(14), 96(10), 95(32), 94(11 ), 93(19), 90(8), 

87(12)' 85(45), 84(17), 83(65), 82(14), 81(33), 80(5), 79(16), 77(4), 

74(5), 73(3), 72(2), 71(15), 70(7). 69(31), 68(7)' 67(26)' 60(7). 59(5). 

58( 4), 37(13), 56(6), 55(44), 54(4). 53(5), 50(2). 49(5). -!8(8), ~7(18), 

46(7), +±(9), base peak 43(100) and 41(35). 
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Cieacetylation of emblide 

Emblide (40 .0mg) was dissolved in 15ml of :V!eOH and a catalytic 

rurount (ling) of Na was added. 'The solution was gently refluxed 1 hr 

after it was found chat ernblide ~uld not deacetylate by stirring at 

roan temperature. Ai-cer the reflux period, the reaction mi~-i:;ure was 

stirred at roan temperature .Eor 4 hr as the mixture showed no starting 

materials present. £."'<traction with chloroform and evaporation gave 28rr:g 

of deacetylated emblide; c21JSo05; ir in CHC13 (Figure 17) VOH3450cm- l 

-1 -1 -1 -1 -1 
') C=O 1720cm , v C=C 1680cm . ; C-C H50an . 1380cm and 1370cm 

(gem di1re thy 1 ) . 

The 1H nmr in COC1
3 

(Figure 18): 6 . 94 ppm (d, lH, J=12.Hz), 6. 25 ppm 

(d, lH, J=12Hz), 6.08 (c, lH, J=4Hz), 4 .12 (dd, lH, J=8Hz), 3 . 80 ppm (s, 

3H), 1.43 ppn (s, 3H, ~), 1.28 pr;rn (br s, 15H) and 1 .10 ppm (dd, 6H, 

gem di.!rethyl). 

The product showed a rrolecular ion at 362 corresponding t:o the 

formula C?1P....,_0o_ (Figure 17) . The mass spectrum (70ev) m/e (relative - .) ;) 

intensity), Jit 362(7), 344(6), 331(10), 330(33), 319(17), 312(21), 

287(11), 285(12), 284(19), 279(18), 269(18), 259(17), 241(20), 201(17), 

189(3-±), 163(20), 162(20), 161(22), 152 (33), base peak 149(100), 

148(39), 147(32), 121(38), 119(39), 107(34). 105(~5), 97(32). 95(J6), 

93(~2), 91(48), 85(41), 83(39), 81(36), 79(41), 77(25), 71(70), 69(57), 

67(39), base peak 57(100), 55(61), 43(95), and 41(67) . 
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Attempted Lemieux-Jones oxidation and derivatization of t he resulting 

carboxylic acids with diazomethane 

Einblide (53 mg) was dissol ved in 25 ml t-BuOH and added dropwise to 

4 . O g NaIO 4 and O. 2 g KMnO 4 in 60 ml of ~O. NaCD3 was then added to 

bring the pH of the mixture to 8. Dil ~so4 was then added until the 

mixture was acidic. Na2so3 was then added to reduce ro4-, r2 , and I03-

to C. Enough dil NaOH was added to make the solution basic . The t-

BuOH was rem::>ved under reduced pressure. The solution was then acidifi ed. 

with dil ~so4 . 'The solution was then washed with Et20 . The Et2o was 

then rennved C
3
H

6
0 (acetone) used as t he solvent. Approximately 3ml of 

Jones reagent was t hen added ru1d evidence ( frothing, change of color) of 

oxida-cion was ~diate. The acetone layer was then ex'tracted 1,vi th Et?O 
.<,,/ 

and CHC13 . The extracts were then combined and added to a prepared 

diaz.omethane solution in Et2o. The reaction mixture showed four spots on 

tlc: 

React ion product 1, Rf= 0.7; ir in Cf12C12 (Fi gure 20) 2960an-1 , 

-1 -1 -1 -1 -1 1 __ 
2930an , 1710cm (weak), 1260cm , llOOan , 1020cm : ti nmr in crx:13 

(Figure 19) 1. 6 ppm (br s), 1.4 ppm (br s ) and 0. 9 ppm (br s ); 

Reaction product 2, Rf= 0 .5; ir in ~Cl2 (Figure 22 ) 2980c~-1 , 
-1 -1 -1 -1 1 

2940cm , 1700 (weak) , 1260cm , llOOcm , 1020cm ; H nmr in ax13 

(Figure 21 ) 5 . 2 ppm (br t) and 1. 3 ppm (br m); 

Reaction product ~hree, Rf= 0.4; ir in ~c12 (Figure 24 ), 

-1 -1 -1 -1 -1 -1 
2960cm , 2940cm , 2880cm , 1700cm (strong ) , 1450cm , 1380cm , 

1370cm-1, 735an-1 ; ~ nmr in COCl.., (Figure 23) 7 .7 ppm (m), 7,5 ppm (m) , 
.J 

6 .35 ppm (d), 1.3 ppm (m) and 0 .9 ppm (dd, 6H) ; 
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-1 Reaction product four, Rf= 0.1; ir in CH~f12 (Figure 26) 2970cm . 
-1 -1 -1 -1 -1 -1 2940cm , 2870cm , l 735cm , 1700an , 1260cm . llOOcm , and 

1020 cm -l; 1i1 nmr in crx::13 (Figure 25) 

Ai:tempted ozonolysis and derivatization with diazanethane 

Emblide (50 mg), dissolved in 20nl CH:zC12 , was ozonized at o0c. 
When ozonolysis W!J.S c~lete, 3ml of 30% ~O? was added to the solution . .,._ .., 

The reaction mixture was allowed to care to room temperature. Pt was 

added to the excess ~02 . A prepared ~~2 in &20 solution was "then 

added to the reaction mixture. The solution was then allowed to come "to 

room "temperature and i:he excess ~~2 was allowed to evaporate. The 

mixture showed four spots by tlc corresponding to the mixture resulting 

frcm the oxidation previously described. 

Attemoted hydrolysis of hexahydroemblide 

Hexahydroenblide (lCmg) was dissolved in 9.6 ml of L~ ale KOH 

(37mg/ml ) in 2Qnl of disi:illed If:20. The solution was refluxed for l hr. 

The mixture was then allowed to cane to rocm temperature . Then the 

reaction mixture was neutralized with HCl and extracted with CTICl..,. The 
.:i 

solvent was then rerroved at reduced pressure and 9.8 mg of crude proouct 

rerr.a.ined and appeared to be horr.ogeneous : 1 spot on several solven-c 

+ sysi:ems wi l:h 1: le ; Rf =O . 8 ; vI 284. 
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Isolation of trochelin 

A wet sample (370 g) of Saraophyton trocheZiophor-rAJn was extracted 

witb several portions of EtOH. 'Ibe EtOH eA1:ract was then partitioned 

between ~O and Et2o. The Et2o extract yielded 11.5 g of a brown oily 

residue. '!he residue was subjected to preparative tlc (10% ether-9CPo 

~c12 , silica gel HF). Recrystallization of che ccmponent with Rf 

value of 0 .54 gave 250 mg of trochelin; c22HJil.0±; mp 140-141°C; ir in 
- 1 -1 -1 CHC13 (Figure 27) v C?C 1610 cm . \) C=C 1-!50 cm , 1380 cm and 1370 

-1 -1 cm (isopropyl methyls), vC-0 1240 cm (acetate); uV (EtOH) 246 nm 

(~ 16,600) and 258 nm c~ 8500). 

The 1tt nmr in coc13 (Figure 28): 5 .95 ppm (s. 2H), -1.50 ppm (d, 

1H, J=12 Hz), 4.12 ppm (d, 1H, J=l2 Hz), 3 . 10 ppm (rn, 2H), 2.60-2.45 ppm 

(br m. 1H), 2.45-2.20 (cs, ..JJ!), 2.20-1.80 ppm (br s, 5H), 1.78 ppm (s. 

3H), 1.68 ppm (br s, 2H), 1.26 ppm (s, 3H) and 1.06 ppm (d, 6H, J=-! Hz). 

The 25. 2 \!Hz decoupled 13c nmr spectnun in ct6-benzene(Figure 30): 

170.-1 (s, lC), 147.9 (s, lC), 134.7 (s, lC), 120.0 (ct. lC), 117.9 (d, 

lC), 64.2 (s, lC), 62 . 3 (d, lC), 60.8 (t, lC), 60.0 (d, lC), 59.3 (s, 

3 lC) with the remaining twelve carbons in the sp region. 37.9, 35.5, 

34.6, 31.4, 29.6, 25.0 (two carbons), 23.3, 21.9 ("tVID carbons), 20.8 and 

17.6. 

Trocbelin showed a rrolecular ion a-c 362 corresponding to the 

formula c22rr34o4 (Figure 27). The mass spectrum (70 ev) m/e (relative 

intensity): ~t 362(10), 344(2). 319(5). 303(3), 302(6), 289(2), 287(2), 

284(3), 259(10), 187(11), 183(10). 175(21). 163(14), 162(14), 161(22), 

159(19). 157(13). 153(11), 151(12), 150(13), 149(35). 148(48), 147(32). 
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143(11), 137(21), 136(40), 135(63), 134(28), 133(61), 122(27), 121(85), 

120(21), 119(67), 112(13). 109(40), 108(19), 107(94), 106(19), 105(65). 

97(14), 95(·10), 94(19). 93(98). 92(16), 91(57), 83(16), 81(58). 80(14), 

79(45), 77(29), 71(17), 69(46), 67(33), 57(13), 55(59), 53(17), base 

peak 43(100) and 41(63). 

Analyses for trocbelin 

Calculated rrolecular weight for c22H34o4 is 362. 245717. Observed 

rrolecular weight: via high resolution mass spectrum is 362 .245911. 

Deacetylatioa of trochelin 

Trochelin (40 rrg) was dissolved in 10 :nl MeOH. A cataly-ric arrount 

of ~a was added. The reac"t:ion mi.xtUre was stirred at room temperature 

for 2 hr until tlc showed no presence of starting material. Cpon extrac-

tion with CHC13 and rennval of solvent, 35 rrg of a white oily substance 

-1 remained; c20H32o3 ; ir in CHC13 (Figure 32) v OH 3600 cm and v OH 

3 ·150 -l d 1600 cm-1 . 4
J: cm an v C=C 

~ nmr in d
6

-benzene (Figure 31) : 6 . O ppm ( dd. 2Il) , 4 . 50 ppm ( d, 

lH, J=6 Hz), 4.12 ppm (d, lH, J=6 Hz), 3.10 ppm (m . 2H), 2.60-2.45 

ppm (m, lH), 2.45-2.20 ppm (cs, 4H). 2.20 (s, lH), 2.18 ppm (s, 3H), 

2.10-1.80 ppm (cs, 3H), 1.78 ppm (s . 3H), 1.68 ppm fbr s, 2H), 1.26 ppm 

( s , 3H) and 1. 06 pµn ( d, SH. J=4 Hz, isopropy 1 group) . 

1be deacetylated trochelin showed a nulecular ion at 320 (Figure 

32) with the mass 5Peci:rum (70 ev) f"J/e (real intensity): ~,t 320(7), 

305(2), 302(5), 291(5), 275(2), 273(2 ), 259(3), 251(5), 167(10), 150(13), 



149(12). 148(12). 147(11), 141(10), 139(10). 137(25), 136(16). 135(26). 

134(12), 133 (21), 131(11). 127(12), 126(11), 125(20), 123(23). 121(25), 

119(20), 109(16), 108(10), 107(28), 106(7), 97(5), 94(7), 93(33). 92(6), 

91(30), 83(10), 81(25), 80(6), 79(30), 77(14). 71(15), 69(25). 67(17), 

65(5), 57(25), 55(60), 53(20), 44(45) and base peak 43(100). 
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CHAPTER IV 

RESULTS ).ND DISCUSSION 

A Pacific soft coral, Sarcophyton glaucwn, was collected from the 

coral pinnacle near Bogen Island, Enewetak Atoll, \!arshall Islands. 

Ethanol extraction of 1:he marine invertebrate followed by parti-cioning 

between ether and water yielded a brown oily residue. The residue was 

then subjected to chrcrna1:ography and resulted in the isolation of a 

highly functionalized cembranolide which subsequently was found to have 

si:ructure 53. Recrystallization from ethanol afforded anblidea (53), 

25.5 
mp 119-120°, ~ D + 92. 'Ille following evidence supports the 

structure. 0 

c.'r\.( 

c.~)ri 
0 

,. 
o '"''' 

High resolution mass spectrum shov.-ed a molecular ion at: -!04 which 

corresponds to the formula c2~32o6 . 

a We have chosen the name in recogni non of t:he Enewei:ak )larine 
Biological Laboratory, receni:ly redesignai:ed the \lid-Pacific \larl.Ile 
Laboratory.-which bas been maintained for the benefit of i:he marine 
commmi ty by the U.S. Atomic Energy Conmission (now the Departrrent of 
Energy). 



TI1e functional groups and ole_f inic sites are apparent from i::he 

spec-cral charac-ceristics of erblide and its derivatives (Figures 12-18). 

The ioirared spectnun (Figure 12) showed a number of strong absorp-

- 1 -1 
tions in the carbonyl region a-c v C=O 1740 cm and 1720 cm The 

strongest absorption was at 1695 cm-l indicating a conjugated olefin. 

Characteristic bands for an isopr opyl (gem dimethyl) group occurred at 

1475 cm-1 , 1380 cm- 1 and 1370 cm- 1 . A v at 1240 an-1 indicated the 
C-0 

possibility of an acetate group in emblide (53). 

13 
The proton decoupled C nmr spectrum (Figure 14) of emblide 

conf irrrEd the presence of twenty- three carbons including three ester 

carbons (169.4 ppm, 168.0 ppm and 166.1 ppm): six olefinic carbons 

(154 .9 ppn, 141.9 pµn, 135.4 ppn, 131.9 pµn, 12~.4 pµn and 120.8 ppm); 

three carbons singly bound to oxygen (82 . 3 ppm, 68 .2 ppm and 51.2 ppm), 

with the remaining eleven carbons appearing i n t he sp3 region. The 13c 

nmr da-ca and assi~nts a.re surrmarized in Table IV. 

The 100 ~!Hz ~ nmr spectnun of emblide (53) in deuterated chloro

form (Figure 13) showed five signals for methyls: an overlapping double-c 

of doublets at 1.14 ppm (6R) for an isopropyl group; a singlet at 1.43 

ppm (3H) corresponding to a rrethyl actached -co a deshielded carbon atcm; 

a broad singlet at 2.0 ppm ( 5H) which includes i:he three pr o-cons of a 

rr.ethyl of an acetate; nnd a singlet methyl at 3.70 ppm (3H) correspond-

ing -co the methyl of a carl::x:m:!thoxy group. The mass spectrum fFigure 

12) shows a pa.rent peak at 404 and actested i:o the presence of the 

methyl ester ::md acetm,-y groups previously described by :ragments at 372 

for a loss of methanol and at 344 for the loss of acetic acid. 
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Fi~ure 14 . Proton decoupled 13c nmr spe ctrum of emblide: 
resonance decoupled spectrum of embl1de. 
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Table IV. Assignments of l JC Nnr Signals in the Spectrum of 
Emblide ( 52) . 

'-18 

Chemical Shift (6) Cartx:ms Multiplicity Assignment 

169.4 1 s C-18 

168.0 1 s C-20 

166.1 1 s C-22 

154.9 1 s C-4 

1-!l. 9 1 d C-3 

135.4 1 d C-2 

131.9 1 s C-12 

124.4 1 s C-1 

120.8 1 d C-11 

82 . 3 1 s C-8 

68.2 1 d C-7 

51.2 1 q C-21 

37.1 1 

35.9 1 q C-23 

3-4:.3 1 s 0 

27 .1 2 

26.3 1 

''" 25.3 1 

23.7 1 
,~ .• ·-':!t c. \.-\ .. '1 ; . 

~ ?J ;a ~.;} ,,,,· ' '" 22.7 1 o'' '1 
c\.\)?i S' 

'.21.9 1 0 co 2 c.\-\ , 
I I ~I 

20.9 q C-1 



The 1tJ nmr spectnnn also exhibiced a signal at: 5.26 ppm (lli, dd, 

J= 6,2 Hz) which may be assigned co an ether methine (CCHa) as in 

partial structure ~· 

0 

R-
\\ \ c.-o-c 

\ II 

R 

Signals are also recorded at 7. 22 ppm ( 1.H, d, J= 12 Hz) , 6 .15 ppm 

(1.H, d, J=12 Hz) and at 6.02 ppm (lli. br c, J=4 Hz). 
1 
H nmr data and 

assignments are sunma.rized in Table V. 

Emblide (53) extn.brted a strong absorption v,.i.th >. at 284 nm 
ma.'< 

<~ 15,600) with a shoulder at 220 nm ( ~ 8,800). The chrocrophore 

responsible for this ultraviolet spectral charactersitic is unlike any 

of the chrarophores encountered in other cembranoids. The ultraviolet 

49 

spectral data did suggest the existence of a diene system. Acyclic 2,4-

dienoic acids and the corresponding ~thyl or ethyl esters such as 

sorbic acid(~) absorb at 259 ~ 5 nm (s 20,000-25,000). 66 •
67 

~ 

B 

Alkyl substi"t:uents prcxiuce a batbochromic shift of 3- 9 nm. By using 

sorbic acid as a !1X)del, the ultraviolet absorption and additional spec-

troscopic evidence suggested the presence of a rrethyl sorbate (f). 

c 
coc'rl., 
\\ 
0 
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Table V. Assignmeni::s of 1tt N'nr Signals in che Spectrum of Emblide 
(53). 

Chemical shift ( ,j) Protons )llu: tiplici ty J ~Hz) Assignment 

7.11 1 d 12 ~ 
6.15 1 d 12 H c 
6.02 1 br i: 4 Hd 

5.25 1 dd H a 
3 .70 3 s C-21 protons 

3.10 1 br m 

2 . 35 8 cs 

2.0 5 br s C-23 protons 
and others 

1.80 1 br s 

1. 77 1 br m C-15 proton 

1.43 3 s C-19 protons 

1.15 6 dd C-16 and 
C-17 protons 

0 
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The proton signals at 7.11 ppm and 6.15 ppm may be assigned to the beta 
CI\) and grurrna (He) proi::oas of the dienoate syst:em. 

(doublets at 1~1 . 9 and 135.4) are also in agreemeni::. 

13 C nmr frequencies 

The structur e is 

-1 probably responsible for the strong infrared absorbance at 1695 cm . 
Catalytic hydrogenation r eadily afforded a hexahydroemblide deriva-

tive 54 (Figures 15 and 16) with a rrolecular ion at 410 corresponding to 
the formula C2ji38o6 . The infrared spectrum showed that the carbonyl 

- 1 frequency at 1740 cm was indeed due co an aliphatic ester. It also 
showed the absence of all infrared absorbances associated with the 
olef inic portion of emblide. The 100 MHz 1ii nrnr spectrum also exhibited 
~he absence of ol efinic protons wi th proton signals at 3 .6 ppm (s, 3H), 
2.0 ppm (s, 3H), 1. 8- 1.4 ppm (23 proton envelope). 1.4 ppm (s, 3H) and 
0.9 ppm (dd, 6H) for an isopropyl group. The interesting phenomenon is 
the format ion of a mi..-'<ture of isomers as the signals (spikes) indicate 
the diene and rronoene systems were sterically hindered (Figure 16). 
Otherwise, cis-addition of hydrogen to the unsaturated sites would have 
resulted in only one product . 

Valuable infonnation was obtained from the deacetylation product 
(55) of e!nblide (Figures 17 and 18) . The double~ of doublets at 5.25 
ppm in the 100 Y1Hz 1H nmr remained after acetylation implying structure 
D. 

D 

0 
\ \ \ Cl4~- c.-0- c - C.~~~ 

l 
Ha.. 

The rrethyl resonance at 1.43 ppm remained unchanged in the deacetylated 
produci:: and can be assigned to partial si:ructure E in emblide (53). 



-1 
I 

I 

j '1~JU\L~!lk+ .. , ... ""'4-1 ... \ ..... ,,. , .. ,.i. •. .u • •• , J • ....... , . • . ,.\., ~ J . . . ,,.,, """ ,: ·'' 
• • • - o ..._ ... .._ - • ~ ... ~- \ • • \ , -.,. - • • •• t t • • • • t ' · I 

· :r-,---, , -1-;·~rrT-rl- · . 1r r1:i]~ mn11nA]Jlil.ll'l "1~1-~~: ·~: ~fliffi!H]lf!~ 1111ilill[l~il .~a1· !~1rnf,,'. 1 1r~~1r~t - •. T' . M ... rr··1 · .... ~ .. 
' : I • I· ' ', '.1: i:,: 11!! .I I ! I ' : ' ,, : ,•I 1'1•1 :1 !01: ' I :11. 1''. ,II, •II' !!: I!' 11 .: c . I . I -·-·· • I • I ' • • • ·- ,, . ·' ... . : , . . .. ~ : •• . ' •• , : I I : · · l ' I 
! , .. . ·· - - - · ·--.. 1 • : - · ': !1:! iii! 1 : 1 ~ 11.1 111111 !I : , - . , ~ .. :ii; ;:.: ,1! 111..!i i :!1; I~" 1 , 11:· Ii . 1 • : • 1 Jr-' .. . I .--:-i--·- · ·· ·· ! 

• i. 1 _ . 1· : / 1 •. ::· '.1; :1111111 iili'11 1 '1 .. ll ' I r~ .' :· /11 i:; il1l :;Ii :~i 111''!·: J w,·1 '1i1: 1 l:li 1''" Jli: 1''·· ' /·~ i:. ~ ... :.>i -1~ ~· ;·~ ~ : · . .. 
I • I ·1 1·1 ' I ' '"I . 11 1 I • ' ' I I ,I •1• • I . ' I I ' I I 

;; • ' I : I : I I ~1 '·/ I: :lit :Ill; i I !11'' ii! I ~ I . I J :, i · !.! !;I: 11!1 !'111 1!1: [i ·11·l1; ·1· 1·11111111 I i 1I1 l1 111 ::1 :.:: !:~ . ~!' ::: ·1~'1 · · ~ .:: I I. ' I•• 

!. : ,; ! : ' I '1 'i! l!I! 11; 1 ' ! I : 11 1 Ill ,,1 : I !·'' 1!11 :I!! 111 11·11·1 11 111 I I 111· )Iii '.!I: !:I i!I 11! :!: : ~ : I :- I I I 
a · : : : · I I ~ JI 1 Ii 1 • ' 11 ,,I! .1!1Jh1:·II1 ~ I . 11.1 1 11 Jll! i 1:1:. ''• h_. -: . · , . . I · 
l .. . . I . II ; . I I 1 · ·, ·!' lil1 :IT I 1 I~! I Ill ' I ' 

1 

I ! ,.!i :;1i ,ill !l'1l l!i: i1 11'
1
1 ·1' '''11li !11 l11' l ! II !II' 1!1: :ti ·:! ·li;l!'.i . i ; .. : i I : ! I 

• I • I ... , !111 " I I I ,,, . ,. ,1. 11 · 1:1· I I I I . 11,1 ,.1 ,; I • . • 

: I : I ~ ! ·1· . 
1
i :Iii 1.11' 1 Ii I 111' ,-,i, 11

1 
11 I ij' ':iii.!i iii: 1:!

1
'11

1

!111
11·
1! t 1

1

\1 11 ! "'· iii !11jiH:: \l! ~ ·;;-I; ~ I : ll i·: I i I ! I .. 

.. . . ___ . _ ; . _ _ · f 1,·; ,, • I I I uu J~ ·~1 ;I:! !!I' !!Ill!! 11li!I ! 1:1!!11 1!\Lui1
1 11 1!!11·~ ~ _UL _:_L:J_J_ _ -~ . ;. 

t •., ., 4- _... ~ ..... -.W ..._. .,_ B• _.. ... ~ a.. · - · _... .. . . . ..... ...."' ........... ji(:M, 

Figure 15 . Mass spectrum ofhexabydroamlide (top). Infrared spectrm1 of hexa
llydroarblide (bottan) . 

Ul 
l\) 



"' ' . .I. 

- i ' . - : . 

- . -Li, ----·-. l ~- --· 

' - ~ . ~ -·; · __ , -· ·- _!._ __ 

l 

: 

53 

:..... 
0 

G 
.J s... 
µ 
0 

8. 
U) 

b 
2 
-r"1 

<.o 
rl 



" i1 
Cl 

: C!1I 
;•1Jd .J1J'1 

.... .. .. .... .. .. u'4 - ... 
••rt .... • ••• •• . 

Figure 17. Mass spectnrm of deacetyl,ated erblide (top). Infrared spectnm 

o! deacetylntcd esrblicle (-bottan). 

... ........... 

~· 



'H 
0 

--r-1 

:x:i 
rl 

55 



E 

O C~3 , , \ \ 

R-c-o-c-~ 
I 
R \' 

56 

The deacetylation resolved that the ~thyl was attached co the quater-

nary carbon of an ester; otherwise, the chemical shift would have been 

altered . 

Thus the speC'tral features of emblide (53). its hexabyd:ro der

ivative (54) and the C-7 alcohol (55) secured the nature of all func

tional groups. Ready loss of rnechanol (m/e 372) and of acetic acid (m/e 

3+!) fran the !IOlecular ion attested to the presence of the ~thyl ester 

and acetoxy groups which were also confirrred by appropriate 1H nmr 

singlets at 3.7 ppm and 2.0 ppm. The ultraviole-t max:um.nn at 284nm 

(E: 15,600) suggested a dienoic ester, which was also supported by an 

infrared band at 1695 in agreement with absorption expected of a tri

alkyla-ced methyl sorbate. The two 1H nmr doublets can be assigned to 

the beta and gamna protons of the dienoate system. The third carbon

carbon double bond is indicated by the pr esence of sL~ olefinic 13
c nmr 

signals (155.0 to 120.8 pprn)-three singlets wd -i::hree doublets. The 

remaining olefinic proton, a broadened triplet at 6.02 ppm, must be 

attached to the remaining unassigned olefinic carbon doublet lfran 
13c 

nmr) and appears to be the beta pr01:on of a monoenoate as in structure 

F. 

F 
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The signal at 5.26 ppm (dd,J=6.2Hz) in the 1H nmr spectrum of tmblide. 

assigned co an ester mei:hine, cannoi: be associated with the 

::i, 3-unsa"turated ester. It must: be che methine proton of the acetate 

since in the deacetylated derivative, the resonance is seen at ~.12 ppm 

(dd,J=8,2Hz). On the other hand, the rrethyl singlet at 1 . 42 ~pm in 53 

rerrains in 54 and 55, thereby placing it at the C-8 carbon bearing r;he 

oxygen of the tmnoenoate . These assignments are further attested to by 

the corresponding 13c nmr doublet at 682 ppm and a singlet at 82.3 ppm 

The three ester carbonyls at 169.3, 168 and 166.1, matched by t:he ir 

frequency at 1740cm-l require that: the remaining function be an ~.3-

unsaturated lactone of six or rrore members. 

All functional groups of emblide have thus been established. In 

53, three esters and chree olefinic linkages accounted for all but two 

sites of unsaturation. ~la.ld.ng the reasonable assumpt:ion that anblide 

arose from geranylgeranyl pyrophosphate (48), the normal diterpenoid 

precursor, the cembrane skeleton emerges as one of the rings in emblide. 

While 53 represented a reasonable structure for a marine cembranolide on 

biogenetic grounds. we had little direc"t evidence for the arrangement of 

the functional groups within l:he fourteen rrembered ring. A series of 

decoupling experiments further characterized ~he struc~ura.J. nature of 

ernblide. 



Ernblide was not very amenable to decoupling experiments but did 

provide valuable in!onnation . The doublets at 7.ll ppm and 6.15 ppm 

(!\,, He) were found to be allylically coupled i:o the proton signal at 

2 . 3 ppm which substantiates partial s-crucnrre Q. Additionally, the 

58 

doublet of doublets at 5.25ppm (Ha) was found to be coupled to the 

proi:on signal at 1.85 ppn thereby showing thai: the methine o.f the ester 

is not n.llylic and substantiating pa.rcial struc-cure H. 

\ \I 

\-\-C- R 
\ ~ 

~-C-ocR 
o. I 

G 

c. Hi 
\ H 

As has been the case with rrost cembranoids, further structural 

information on emblide was not accessible through chemical degradation. 

Several attempts at oxida-cion with the intention oC cleavage at cbe 

olefinic sites resulted in mixtures of products. Several attempts with 

Lemieux-Jones oxidations (Figures 19- 26) as well as ozonolysis succeeded 

only ~o deplete my supply of emblide. An attempt at hydrolysis of 

hexabydroemblide resulted i.!l a yield of 1. 8mg (. llf) of product which 

appeared ~o be a :ni..'<ture of several components, by tlc and glc analysis. 
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With approximately 5Qr.g of emblide remnning, a sample was 

:::;ubjected to x-ray diffrac-c].on studies 68 leading to the complete 

ST.rue-cure for emblide ( 53). ..\ computer-generated drawing of emblide 

(53) is shown below. 
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In retrospect, the comple-ce s-cruci:ure of emblide shovvs the complex-

ity of this cembr anolide . The position of -cbe funci:ional groups 

illustrates the potential for intranulecular r?arrangemen-cs during 

oxidative degradation . The exact mechanism responsible for the unusual 

results obi:ained in the l.an:Leux-Jones oxidation and ozonolys1s 

(Figures 19-26) is unknown but is assumed to have been ca-calyzed by the 

69 70 
reagents . · 
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A search for adduional quantities of anbl.ide com:inued concurrem:

ly wi:r;h i:he effort ai: structure elucidation. Many additional specilrens 

of S . glauc:wn were scrui:inized. Due to the relative inaccessibility to 

the area we had very little control over the collection of samples fran 

i:he original site where the soft coral containing enblide had been 

collected . Additional samples of 3 . gi..aucwn were subjected co the sanx= 

tedious ex-traction wii:bout isolai:ion of ernblide. 

The initial samples of 5 . gl.:i.ucum were harves-ced a few weeks after 

a i:yphoon had swept across Enewe-i::ak atoll. Since the aninnls were 

collected a-c a shallow depth (10 m) and s-corm damage was evident in t:he 

area, the formation of arnblide may aci:ually have been brought about by a 

stress condii:ion . 

Subsequent specimens of 5 . 3 laucum were collected at depths nm~ing 

from 15 to 25 m due to nonexistence of populations at the original site. 

The change in depth could affect the symbiotic zooxanthellae. Variation 

in the diterpene lactone content of soft corals and gorgon1ans of che 

same species suggests the possibilii:y that the biosynthesis of the 

diterpenes may involve Lhese zcoxanthellae. Since the zooxanLhellae may 

differ in identity, the '.Tletabolic capability may be affected in 

different specimens. 

Continued search for emblide did result in the isolai:ion of a 

diLerpene constituent of another soft coral of genus Sarcophyton, ) . 

;rocheliophor"UTTI, which originally appeared to be the alcohol correspond

ing to enblide. A proposed si:rucrure for trochelin is presented in i:he 

following discussion. 
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.~ whi -ce crystalline ma-cerial \.llas isolated from the soft coral _~ . 

<;racha:i.o"!}hn•wn by extraction wit:h ei:hanol. partitioning be"t'.veen water 

and ei:her ::ind chranatographic separation of the constitueni:s. The new 

diterpene was designal:ed trochelin and assigned tentative si::ructure 56 

pending complete si:ructure elucidation. 

Sb 

R\ = c~~o A<
R._ = C\-1~ 

The spectral dai:a for trochelin are presented Ul Figures 28-32. 

The high resolution mass spec1:rum of trochelin sho~Bd a rrolecular ion ac 

362 corresponding to the formula of c22H34o4 . The infrared .spectnlffi 

h d bo 1 ab t · t 1710 cm- 1 bands d · t s owe one car ny · sorp ion a correspon ing o an 

isopropyl (gem dim:;thyl) group at 1450 cm-1 -1 -1 
1380 cm and 1370 cm ; a 

-1 bru1d a-c 1240 cm suggesting -che presence of an acetate: and a band at 

1610 cm-l (C=C) . 

'Ille 25. 2 .\!Hz proi:on decoupled 
13c :unr specl:rum confinred the 

presence of twenty two carbons, includin£; the one es1:er carbonyl ( 170 .4 

ppm); four olefinic carbons (1~7 .9ppm, 134.7 ppm, 120.0 pµn and 117.9): 

five carbons sillgly boillld to oxygen (64 .2 ppm, 62.3 ~pm. 60 . ~ ppm, 60.0 

ppm and 59.3 ppm); wich the remaining twelve carbons appearing in che 

aliphatic re~ion. Table VI sumnarizes the 13c nmr data and ;1.Ss:ignments. 
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Table VI . Assignments of 13c N.nr Signals in the Spectrum of 
Trochelin (56) 
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TI1e 100 MHz 1H n.nrr spectrwn in c:cc13 showed an inLerest:ing ab

sorbance at 5.95 ppm (s, 2.H). The absorption did not exchange with D20 

and therefore cannot be at1:ribuLed to an exchangeable proton due to a 

hydroxyl. The spectrum of trochelin was chen taken in benzene-% 

(Figure 30) where Lhe resonance aL 6.0 ppm appears as an overlapping 

doublet of doublets akin to the conjugated diene sys1:em previously 

described for emblide (53) as in par-rial structure G. 

G 

'1'rochelin has a strong ultraviolet absorpt:ion at 246 run (,_ 16,600) 

which is very similar to the conjugated diene system in cembrene (!). 

Table VII surrrnarizes the limited available information on reported 

conjugated diene systems in cembrane derivatives. 

Table VII. Sumnary of Ultraviolet Maxima of the Conjugated Dienes in 
Some Cembrene Derivatives 

Corrpound uV YliL'<imum Absorption (extincLion coefficient) 

Trochelin 246 nm ( - 16 .600) 

Cembrene OJ 246 nm ( 0. 16,600) 

Cembrol (17) 246 run ( - 17, 100) 

Treatment of trochelin with a t:r-ace of sodimn in rethanol afforded 

the deacetylated derivative of trochelin (Figure 32). Partial structure 

H was es-rablished in trochelin when the .-ill quarte-r ( 4. 3 ppm) shifted up-
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Table VIII . Assignn:Ents of ~ >Tmr Data i n the CCCJ.3 Spectrum of 
Trochelin (56) 

Chemical shift en Protons ~<Iultiplicity 

* * 5 .95 2 s 

4 . 50 1 d 

4 . 12 1 d 

3.10 2 m 

2 . 50- 2.40 1 br m 

2 .40- 2 . 20 4 cs 

2 . 20 1 s 

2 .10-1.80 7 cs 

1. 78 3 s 

1.68 2 s 

1.56 3 s 

1 . 40 1 cs 

1.20 1 cs 

1.06 6 d 

ic resolved doublet in ct6
-benzene 

1i 

J (Hz) . .\ssignment 

H 
e' Hf 

12 

12 
-CI1:2-0-

two epoxide 
hydrogens 

C-18 pro"Cons 

4 isopropyl group 

~~--= c ~a o Ac. 
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field to a pair of quartets at 3.8 ppm. The multiplicity increo.se ~as 

reduced with the addition of D:P and t:he AB quartet reappeared :rt -! . 3 

ppm (Figure 34) . The observed geminal coupling was in general agreemem: 

with cypical values. 

1\vo of the oxygen atoms in trochelin are present in i1Il acetace 

function. The formula for trochelin, c
22

H
34

o
4

. allows for two rrore 

oxygen atoms . Trochelin did not exhibit hydroxyl absorptions nor did 

the de:icetylat:ed producl: show any carbonyl absorptions. The two 

rerraining o>.-ygen a toms, as suggested from the 25 . 2 ~1Hz 13c omr spectrum, 

must be ether functions . The 100 \!Hz 1H nmr spectnun additionally 

suggests the presence of 'CWO epoxide hydrogens as displayed by absorp

tions at 3.10 ppm (m.2H). The 1H nrnr spectrum signals also remained in 

the deacetylated derivative . One of the epoxide hydrogens (Hx) may be 

9art of structure ..!_, t:he methyl signal of which occurs at: 1.26 ppm; the 

other epoxide hydrogen (H ) can be in structure J. 
y 

I .J 

It was previously sho\.,n that a ~OAC group was present and that 

the carbon to which it was attached was fully substituted. The second 

epoxide can Teasonably be associated with the fully substituted center 

alpha to the -~OAC group, as in partial S1:ructure J. The chemical 

shifts of tbe methylene protons at ~.50 and ~ . 12 ppm are in accord wit:h 

the assigrJnEnt in J. 
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The partial st:ructures accounted for all bui: one site or unsatura-

tion allowed by c22H34o4 . Yla.king a reasonable assunption that crochelin 

21 22 ' 
arose from geranylgeranyl pyrophosphate (48). ' the cemorane ring 

system ~rges as the probable macrocycle in trochelin. Io the absence 

of additional chemical evidence, the partial si:ruccures established for 

trochelin were combined to form possible tot:al structlITes. 1\vo o.f the 

probable structures are 56 and 57. The difference between the l:Wo 

structures is the interchange of che methyl and methylene acetate 

groups. 

56 57 

A sample was submitted for x-ray crystallography, but: the cryst:als 

were unsuitable for analysis . 
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Nurrerous canpounds with the cembrane ring system have been isolated 

fran diverse sources . The ter restrially derived cembranes have been 

largely olefins and alcohols . The marine cembranes have tended to be 

rrore highly functionalized and are recognized as fairly conm:.m meta

bolites of some marine invertebrates. 

The coelenterates are a highly diverse and abundant marine fonn. A 

variety of free- swliiming, solitary and colonial forms are known. The 

gorgonians are especially abundant in the tropical Western Atlantic 

while the alcyonar1ans are dominant in the Indo-Pacific reefs. 70 These 

two orders are often represented by large colonies within easy reach of 

the chemist because of their occurrence in shallow waters. 

The cembranoids isolated fran marine sources have included a wide 

and interesting spectrum of functional groups. Many of the structures 

were determined by X-ray dif=raction analysis. Others were detemuned 

by classical spectroscopic rrethocls ·md chemical degradations and 

correlations. 

In any event, progress toward structure elucidation is dependent 

upon availability of suitable material. Alt:hough organic extracts fran 

the alcyonarians and gorgonians often exceed one to five per cent oi the 

dry weight o E the animal , the extracts may differ in consti i::uen ts frcm 

different samples of the same species. No systematic research has been 
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reported on this topic, but there are a number of scattered observations 

in addii:ion to our experience wi~h the 5arcophyc;:on spp. 

Neeman and co'Vl!Drkers31 found that relative arrounts of the cembrano-

lide sarcophine (35) isolated fran Sarcophyton gZaucwn cbanged from 3% 

of the dry weight i:o trace arrounts depending upon time and place of 

collect ion. Comparison of samples of 3arcophy i;on troche iiophor.m: also 

h d . . . t •ct t 71 
s owe variation 1.n erpenoi con ent. 

Other factors, such as age and sex of the colonies or changes in 

the symbiotic association betveen i:he polyps and zooxanthellae may also 

account for these variations . The possibility of identification errors 

also exists. The syStemacics of the Octocor allia is SOl'.l'Btimes delicate 

and identification of che symbiotic zooxani:hellae is still a mati:er of 

controversy. 

A number of cenibrane derivatives do exhibit interesting pha.nnacolo-

gical properties. Sinulariolide (41), toxic to ITU.Ce and fish, is thought 

to be part of the defense mechanism of the soft coral to ward off pred-

a.tors . Sinulariolide(-!1), sinularin(-43) and its dihydro derivn.tive(44), 

-±9 --;:::') - -? -
crassin acetate(30)'~ eupal.n'Brin acetate(31), '~ jeunicin (29) and 

eunicin(28)72 and apsercliol (26)37 have shrn~ am:iturror activity. 

Sinulariolide (-n) and looophytolide(34) markedly inhibit i:he growth of 

marine unicellular algae when present in trace anounts in culture media. 

This is not to infer that all coelenterate diterpenoids <.Lre endowed 

with pharmacological charactersitics. The annunt of anblide (53) 

rei:r.aining after structure elucidation precluded dei:;ermination of bio-

logical 1ci:ivity although its unusual speci:rum of funci:ional groups 



indicates possible activity. The pocential biological properties of 

trochelin (56) also remain untested . 

85 

'lbe cembrane der ivatives ::i.re dominant in the alcyonarians and 

gorgonians . The si:ructure elucidation and biological activities of this 

recently discovered class of cornpound.s have opened new avenues 1)f 

research for the scientist . It is interesting to note that the remain

ing orders of the coelenterates, Pennatulacea, Stolonifera and Teles

tacea, have not received much attention. Several diterpenoids isolated 

from Pennatulacea await final struccure determination but do appear to 

deviate from the cembrane derivatives. 

1be coral reefs wich their apparent biosynthetic versatility offer 

a supply of novel compounds with potential value as drugs or tools for 

9harmacological research. Once the remaining coelenterates cane under 

scrutiny, many new compounds ·Rill be added to the growing list of those 

already isolated f rom the gorgonians and alcyonarians . 
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