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The sea offers a wide variety of potentially useful

resources. Marine algae have been a rich source of structurally

unique natural products showing diverse biological properties. The

current need to develop new antifungal, antibiotic, anticancer and

antiviral drugs has prompted intense research efforts into the

discovery, isolation and structure determination of these potential

medicinal agents from seaweeds.

Over the past two years a survey of the biomedicinal

potential of seaweeds from the Oregon Coast has been conducted. In

this period we have made 125 survey collections representing some

85 different species of algae. On the basis of antimicrobial

bioassays and preliminary chemical characterization, 16 seaweeds

have been identified for further study. This research has

investigated, using standard chromatographic and spectrochemical

techniques including 2D NMR spectroscopy, the natural products of

the previously unstudied red alga Ptilota filicina J. Agardh

(order: Ceramiales).



P. filicina, which grows abundantly on rocks in the mid-

intertidal zones along the central Oregon coast, yielded a unique

series of w-3 fatty acids. Two of them were found to be

stereoisomeric icosapentaenoic acids containing conjugated triene

functionalities, while a third, ptilodene, was characterized as

another novel 20-carbon fatty acid with oxidation sites at C-11 and

C-16. Ptilodene showed slight antimicrobial activity to pathogenic

gram-negative and gram-positive bacteria, and moderate inhibition

to the dog kidney Na+/K+ ATPase.

From a previous survey of marine algae from the Caribbean,

the red seaweed Laurencia obtusa (Hudson) Lamouroux (order:

Ceramiales) was identified for further investigation. L. obtusa is

a recognized source of many novel natural products and occurs

worldwide in tropical and subtropical marine habitats. Of the

several collections made, the Isleta Marina collection

(northeastern coast of Puerto Rico) was shown to possess two novel

isomeric brominated sesquiterpenes, in addition to the previously

known sesquiterpenes, elatol and obtusol.

A minor component of this research was devoted to the

isolation of hormothamnione, the first naturally occuring

styrylchromone, from the tropical marine cyanophyte Hormothamnion

enteromorphoides Grunow. Hormothamnione was found to be a potent

cytotoxin to cancer cells in vitro and appears to be a selective

inhibitor of RNA synthesis.

The results obtained from our survey of Oregon seaweeds

contradicts the generally accepted hypothesis that temperate-cold

water algae, as versus tropical algae, are devoid of interesting



secondary metabolites. The occurrence of novel w-3 icosapentaenoic

acids is of current interest because of their structural similarity

to 5Z, 8Z, 11Z, 14Z, 17Z- icosapentaenoic acid, arachidonic acid

and related derivatives of these, many of which possess significant

hormonal and bioregulatory functions in mammalian systems.
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THE NATURAL PRODUCTS CHEMISTRY OF THE RED ALGAE PTILOTA FILICINA AND
LAURENCIA OBTUSA

CHAPTER I. GENERAL INTRODUCTION

To date terrestial organisms have been the principal sources

of biologically active metabolites.1 Nevertheless, in the last

three decades, there has been a considerable interest to explore

the oceans for useful biomedicinals.2-6 These research efforts

have resulted in the discovery of a vast number of marine natural

products with unique molecular structures, 7-10 of which

possess some form of biological activity. 11-14 Previous studies

indicate that the discovery rates for useful new drugs will be

higher in the sea than on land.15-17 Hence, the expected future

trend may be that an increasing number of new pharmaceuticals will

be derived from marine plant and animal species.

The major objective of this research was to discover, isolate

and structurally define novel secondary metabolites with

potentially useful biological properties from marine algae. Two

abundant species of red algae, Laurencia obtusa from the tropical

Caribbean, and Ptilota filicina from the coldwater Oregon coast,

were the main algae studied in this work. The justifications for

the selection of these specimens were based on previous surveys of

marine algae conducted in their respective geographical locations.

This chapter will first present an overview of the

significance of natural products derived from both terrestrial and

marine sources to mankind. This introduction will provide some

highlights of the uses and applications of seaweeds and briefly
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review the chemical classes of secondary metabolites found in the

phyla Chlorophyta, Phaeophyta and Cyanophyta. Because the nature

of this thesis research is focused on the investigation of natural

products from two species of Rhodophyta (red seaweed), a more

detailed summary of the characteristics and natural products

chemistry of these algae will be reviewed. Further, this review

will emphasize secondary metabolites from the genera Ptilota and

Laurencia. The remainder of the introduction will present a short

description of each of the subsequent chapters.

The Significance of Terrestial and Marine Natural Products

For centuries man has needed to differentiate those living

organisms plants, animals and microorganisms - which are

poisonous from those which are not. Man was then able to develop,

through his experience, a knowledge of naturally occurring drugs

that was gradually incorporated into the discipline known as

`pharmacognosy'. The center of interest in pharmacognosy is

directed towards the isolation, purification, characterization and

biosynthesis of medicinally-active agents from natural sources.

The study of plant natural products has existed for centuries

and many of these are still used today for the same general

purposes: medicines, poisons, narcotics, hallucinogens, perfumes

and spices.18 The study of natural products is not focused

entirely on the discovery of new pharmaceuticals, for example many

higher plants accumulate extractable organic substances in

sufficient quantities to be useful as chemical feedstock and raw
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materials for various scientific, technological and commercial

applications. For example, economically important plants serve as

the raw sources of industrial oils, resins, tannins, saponins,

natural rubber, carbohydrates, polysaccharides, gums, waxes, dyes

and many specialty products.19-23

Of the 250,000 to 750,000 existing species of higher plants,

it has been estimated that only five to fifteen percent have been

surveyed for biologically active compounds.24 Unfortunately,

several factors are limiting the development of drugs from

terrestrial environments. For example the current increasing rate

of extinction of tropical flora is alarming because it is estimated

that more than half of these are unknown and that most have never

been surveyed for bioactive chemical constituents.24 Furthermore,

several currently used drugs are exhibiting a reduction in their

effectiveness as antibacterials or antimalarials because of

increasing resistance developed by mutations of these human

pathogens. 25-28 Therefore, we must consider the sea, in addition

to the terrestial environment, as a potential resource of new

biomedicinals, insecticides, industrial and agricultural raw

materials.

The exploitation of resources from the sea has taken place

over thousands of years. Man has depended upon the ocean as a

source of food and raw materials, and in a few cases, medicines.29

Consequently, there are several established pharmaceutical products

which come from the sea such as agar, alginic acid, carrageenan,

protamine sulphate, spermaceti, cod and halibut liver oils.1

Increased interest over the last thirty years has led to the
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systematic study of most classes of chemical compounds in many

marine organisms. 8-10 30 -32 Therefore, there is an extensive

literature on the chemistry of marine-derived natural products.

The basic chemical classes observed in marine organisms include the

terpenoids (monoterpenes, sesquiterpenes, diterpenes,

sesterterpenes, triterpenes, carotenoids, sterols), acetylenes,

lipids, shikimates, sulphur and nitrogenous compounds. Furthermore

marine organisms, and in particular marine algae, are by far the

richest phylogenetic source of halogenated natural products

(halometabolites).33 To date, a total of well over 700 have been

reported.34 Marine halometabolites display a wide chemical

diversity and can be classified into five major chemical classes:

hydrocarbons, phenolics, ketones, terpenes and C-15 nonterpenes.

Uses and Applications of Seaweeds

Although marine flora are extremely abundant, a rather

limited exploitation of this rich marine resource has occurred in

most western cultures.35 Seaweed use has generally been relegated

to agricultural purposes, not only as food for domestic animals,

but also as fertilizers for the soi1.29,36 A variety of seaweeds

from the genera Porvhyra, Palmaria, Ulva and Laminaria have long

been important sources of food, especially in the Orient and

Scandinavia. Agar, alginic acid, alginates, iodine and other

products are useful in pharmaceutical and industrial

applications.35,37-39 Some seaweeds were important as sources of

potash in the manufacture of glass and soap.29
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Until the beginning of the 1950's marine algae had been

ignored as potential sources of useful medicinal products.

However, in the last thirty years chemical investigations of

seaweeds have shown that these organisms produce a wide variety of

structurally unique and biologically active secondary metabolites.

In general, it has been reported that many of the red algae

(Rhodophyta) produce halogenated terpenoids and acetogenins

(compounds produced by acetate polymerization) and many of these

metabolites have displayed antimicrobial activities, cytotoxicities

and other pharmacological effects.7 ,40-41

Overview of Algal Natural Products

With the exception of the recently reported brominated

phlorethols of Cystophora congesta, brown seaweeds (Phaeophyta)

were not known to produce halogenated organic metabolites.42 Brown

algae have generally yielded complex diterpenoids8 ,10,43 and

metabolites of mixed terpenoid-aromatic biogenesis ,8,10 which have

been shown to possess antibiotic,44 antifunga145 and cytotoxic

activities. 46-48 Furth 8,10ermore, complex phlorotannins

polyunsaturated C-11 hydrocarbons8 '10 and sulphur containing C-11

acetogenins49-50 have been isolated from brown seaweed. An unusual

C-19 acetogenin, epoxynondec-18-ene-7,10-diol, has been found in

the brown alga Notheia anomala.51 Sesquiterpenes have been

isolated, although to a lesser extent compared to diterpenes, from

members of the Dictyotales.8

Reports of natural products derived from green algae
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(Chlorophyta) are not as frequent when compared to red and brown

seaweeds. The natural products of this phylum generally consist of

sesquiterpenoids and diterpenoids, the majority found in the linear

or uncyclized form and about half possess a characteristic 1,4-

diacetoxybutadiene moiety. 8,10 Several triterpenoids and unique

sterols, as well as brominated aromatics have been reported as

constituents derived from some green algae. 8,10 Some of these

green algal natural products have shown potent antimicrobial and

antifungal activity as well as other potent biological effects,

including inhibition of cell division in fertilized sea-urchin

eggs, cytotoxicity to cancer cells in vitro, and ichthyotoxicity.52

Constituents of blue-green algae (Cyanophyta) have been

reviewed by Moore53 and Faulkner, 8,10 and consist of distinct types

of chemistry, such as indole alkaloids, nitrogenous compounds,

fatty acids, acetogenins, isoprenoids (mainly sterols) and

peptides. Several metabolites from blue-green algae are considered

marine toxins, and in one case a secondary metabolite was shown to

be responsible for a contact dermatitis affecting swimmers and

bathers along the shores of Hawaii.54 Furthermore, these same

compounds have been investigated as possible anticancer agents, but

unfortunately, it was found that their marginal antineoplastic

activities were outweighed by their powerful tumor promoting

activity.55 Their mode of action and potencies have been shown to

be essentially identical to that of the well known tumor promoter,

12-0-myristyl phorbol 13-acetate.
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The Natural Products of the Rhodophyta

Plants found in the phylum Rhodophyta, commonly known as the

red algae, are mostly marine although a few fresh water and

terrestrial species are known. These marine plants are mostly

multicellular and are normally found attached to substratum.

Approximately 4,000 species classified within 400 genera are

recognized, making the Rhodophyta one of the largest phyla within

the plant kingdom.56 Red algae are found abundantly in the lower

littoral and sublittoral zones, sometimes at great depths in

tropical seas. All species in this phylum contain chlorophyll a

and a few possess chlorophyll d as well, a pigment which is not

found in any other group of plants.57 In addition, red algae

possess accessory pigments such as phycocyanins, allophycocyanin

and phycoerythrins.35 The latter are responsible for the red color

in many Rhodophytes. However, recognition of members of this

division is often made difficult because they are not all red in

color, but in fact many are green, brown, purple or even

blackish.58 Therefore, red algae are taxonomically classified by

the distinct morphology of their reproductive system. Some red

algae are capable of precipitating calcium carbonate and so are of

ecological importance in the formation of coral reefs.59

Many species are widely used for commercial applications

because they are an important source of colloids. Colloids from

red algae are used in culturing bacteria and as suspending agents,

stabilizers, and moisture retainers used in the food industry.29

Many economically important species are found within the following
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genera: Chondrus, Eucheuma, Furcelaria, Gelidium, Gigartina,

Gracilaria, Porphyra and Pterocladia.

The red algae contain a vast array of secondary metabolites

of diverse chemical structure. Furthermore, extensive studies by

natural product chemists have demonstrated their capacity to

produce an imposing variety of halometabolites. Subsequently,

bromoperoxidases were found in red algae and are presumably

responsible for producing these halometabolites. 33,60

Natural Products Derived From The Genus Ptilota

Very few reports of the isolation of constituents from the

genus Ptilota have been made over the last four decades. In 1955,

Lindberg isolated from P. pectinata, collected from the coast of

Norway, the aminosulfonic acid taurine as well as the related

derivatives N-dimethyltaurine and N-monomethyltaurine.61 These

metabolites have been also encountered in various brown, green and

other red seaweeds. Their physiological and ecological role in

algae still remains a mystery and their role in sulfur metabolism

is not understood.62 The red alga Ptilota filicina J. Agardh

(taxonomic classification is shown in Figure I.1) is commonly found

in the low intertidal zone ranging from Alaska to Punta Baja,

California as well as on the coast of Japan. P. filicina collected

from Baklan Bay was reported by Russian investigators to contain a

total of eighteen amino acids, 40% of which were classified as

essential amino acids.63 Apparently the abundance of this alga has

promoted interest as a potential source of food. P. pectinata was

also investigated by Morisaki, et al. in 1976 and was found to
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possess several sterols, including cholesterol and demosterol.64

Another common species, P. serrata, is found abundantly along the

coast of Nova Scotia and was first investigated in the early 1970's

for its sterol content. 65 Cholesterol was the principal sterol

isolated from this alga. An investigation of fifteen marine

seaweeds from Nova Scotia, which included P. serrata, was initiated

during the late 1970's by Ackman and McLachlan with the purpose of

discovering biochemically novel fatty acids." They determined

that 77% of the total polyethylenic fatty acids isolated from P.

serrata was the all cis-5,8,11,14,17-icosapentaenoic acid. P.

plumosa was one of 100 species of marine algae collected from the

coast of Great Britain and investigated by Blunden, et al for

biomedicinal properties.67 Of the algae surveyed, this alga

displayed the most potent hemagglutinating activity in human

erythrocytes, especially of the B cell type. The marine

biopolymers responsible for this activity, also known as lectins,

are water-soluble compounds of either a polysaccharide, protein or

glycoprotein chemical nature. These substances have received

little attention to date, presumably due to the difficulties

inherent in their isolation and purification."

Natural Products Derived From The Genus Laurencia

The genus Laurencia Lamouroux (Hudson) (taxonomic

classification of this species is shown in Figure 1.2) occurs world

wide in both tropical and subtropical environments. A diversity of,

natural product have been isolated from members of this taxonomic
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group which has captured the interest and curiosity of many marine

natural product chemists during the last four decades. The

literature is full of reports of secondary metabolites isolated

from over thirty species of algae in this genus making Laurencia

one of the most studied of all algal genera.

The chemistry of Laurencia secondary metabolites has been the

subject of several extensive reviews by Martin and Darias 69(1978),

Erickson" (1983) and Faulkner8,1° (1984, 1986). Therefore, the

purpose of this review is to broadly introduce those structural

classes encountered in Laurencia natural products and to

specifically highlight those metabolites isolated from L. obtusa.

To date, a total of thirty three natural products have been

reported from this one species. Furthermore, several natural

products originally isolated from opisthobranchs of the genus

Aplysia are also included because these metabolites are in fact

derived from their diet of algae which is mainly composed of the

genus Laurencia.8 The hypothesis that algal metabolites are

involved in the defense mechanism of Aplysia (commonly known as sea

hares) has been supported by field observations.70 Despite the

lack of protection, as they have no shell, these sea hares have few

known predators. Furthermore, species of Laurencia are also

generally avoided by herbivorous fish.71-72 The natural products

brasilenyne and cis-dihydrorhodophytin, isolated from sea hares but

presumed to actually be Laurencia metabolites, have shown fish

antifeedant activity.73
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Laurencia metabolites have been grouped into the following

categories: sesquiterpenoids, diterpenoids, triterpenoids, C-15

acetogenins, and those of miscellaneous origin.

The genus Laurencia is a prolific producer of

sesquiterpenoids, which are considered one of the major classes of

secondary metabolites within this genus. Many metabolites in this

class possess carbon-halogen bonds and the incorporation of these

halogens involves a number of biogenetically-interesting steps.

For example, bromonium ions are envisioned as inducers of carbon

cyclizations to form a number of different ring systems.9,74

Martin and Darias (1978) have speculated that marine

sesquiterpenoids are formed by biogenetic routes different from

those of terrestrial origins and several hypotheses for the

biogenesis of sesquiterpenoids from Laurencia have been previously

reviewed.

Generally, sesquiterpenes can be classified into two main

biogenetic groups: those metabolites derived from germacrene and

related 10-membered-ring intermediates and those from snyderane,

bisabolane and other related 6-membered monocyclic farnesane

derivatives." Figure 1.3 depicts all of the sesquiterpenoids

isolated to date from L. obtusa.

Diterpenoids from the genus Laurencia share several common

features with the sesquiterpenes derived from this seaweed. In

both, bromonium ion-induced cyclizations appear to play a central

role in their biogenesis and several of these metabolites have also

been isolated from the sea hares of the genus Aplysia. Marine

diterpenoids reported since 1977 have been reviewed by
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Faulkner,8,10 while those isolated prior to 1978 were reviewed by

Fenical.43 A more specific review of diterpenoids from the genus

Laurencia has been made by Erickson and these are shown in Figure

1.4.

In addition to sesqui- and diterpenes, a few triterpenoids

have been reported from the genus Laurencia. The majority of these

squalene-derived metabolites have been obtained from L. obtusa as

shown in Figure 1.5. 8,10

A number of species of Laurencia produce C-15 acetogenins

which are believed to originate from fatty acid metabolism.

Specifically, they are generally hypothesized to originate from C-

15 linear hydroxy-, halohydroxy, or epoxypolyenes, which are in

turn believed to derive from a common biogenetic precursor: 4(E/Z),

7(Z),10(Z),13(E)-hexadecatetraenoic acid." Many unique functional

groups and structural features are commonly encountered in the C-15

acetogenins from Laurencia, for example, cyclic ether rings of

various sizes, enynes, allene side chain, bromine atoms or a

multiple bond in its place and generally an additional halogen

(bromine or chlorine). Figure 1.6 lists the non-terpenoid

compounds reported to date from the lipid extracts of L. obtusa.

Although the genus Laurencia is known to produce a variety of

miscellaneous secondary metabolites, such as brominated aromatics,

brominated indoles, alkaloids, sphingosine derivatives, and C-20

acetogenins, none have yet been reported from L. obtusa. 40,8,10
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Descriptions of Chapters

This thesis consists of a total of four chapters and an

appendix. Chapter II describes our survey of Oregon seaweeds for

biologically active and/or structurally unique natural products.

The primary goal of this investigation was to discover potentially

useful medicinal agents from marine algae from Oregon. A total of

eighty five different species of seaweeds from the phyla

Chlorophyta, Phaeophyta and Rhodophyta were analyzed by thin layer

chromatography in order to determine the chemical nature of the

constituents in each lipid extract. Biologically active substances

were identified in both the aqueous and organic crude extracts by

antimicrobial testing against several human pathogenic

microorganisms. We used the results obtained from the survey to

identify sixteen species of Oregon seaweeds as possible sources of

new biomedicinals. Each of these seaweed projects constitutes an

independent research project that will require further

investigation.

The study of the natural products from the red alga Ptilota

filicina, as described in Chapter III, was initiated based on

results from our Oregon seaweed survey and was one of the sixteen

targeted seaweeds. Chapter III presents the isolation,

purification and structure elucidation of two new stereoisomeric C-

20 fatty acids (1 and 3), both of which possess a conjugated triene

moiety not previously encountered in polyunsaturated fatty acids of

marine origin. Determination of the chemical structures of these

metabolites was made possible through the extensive use of 2D-NMR
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spectroscopy.

Another novel C20 fatty acid isolated from P. filicina, named

ptilodene (6), is discussed in Chapter IV. This metabolite is

oxygenated at C-11 and C-16 and contains both a cross conjugated

dienone and a 1,4 pentadiene moiety. Again, the structure of this

molecule were determined by using 2D-NMR methodology together with

other conventional spectroscopic methods and comparisons to model

compounds.

The final chapter describes the isolation and structural

assignment of various new and known brominated sesquiterpenes from

the Caribbean red alga, Laurencia obtusa. This alga was selected

from a previous survey of tropical seaweeds from the coast of

Puerto Rico, made by Dr. William Gerwick and in which I did not

participate. The gross structure of both obtusadiene (8) and

isoobtusasdiene (9) were solved by conventional spectroscopic

methods together with comparisons to the known sesquiterpene,

elatol. The relative stereochemistry of substituents in

obtusadiene was determined by an nOeDS (nuclear Overhauser

enhancement Difference Spectroscopy) experiment97 and coupling

constant analysis. Investigation of the absolute stereochemistry

of this natural product was based upon circular dichroism

spectroscopy using both the nonempirical exciton chirality method

and the diene helicity rule.99 These sesquiterpene metabolites

showed only weak antimicrobial activity and were inactive as

cytotoxins to cancer cell lines.

A minor component of this thesis was directed towards the

isolation and purification of a novel styrylchromone,

98
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hormothamnione (11), from the marine blue-green alga (Cyanophyta)

Hormothamnion enteromorphoides Grunow.100 This tropical cyanophyte

possesses a carbon skeleton not previously encountered in nature.

Furthermore, it was found to be a potent cytotoxin to cancer cells

in vitro and appears to be a selective inhibitor of RNA synthesis.

Since this last study was not related to the overall theme of this

thesis, it was placed in the Appendix.



Figure 1.1
J. Agardh.

PHYLUM RHODOPHYTA

CLASS FLORIDEOPHYCEAE

ORDER CERAMIALES

FAMILY CERAMIACEAE

GENUS PTILOTA

SPECIES FILICINA

Taxonomic classification of Ptilota filicina

16
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PHYLUM RHODOPHYTA

CLASS FLORIDEOPHYCEAE

ORDER CERAMIALES

FAMILY RHODOMELACEAE

GENUS LAURENCIA

SPECIES OBTUSA

Figure 1.2 Taxonomical classification of Laurencia obtusa
(Hudson) Lamouroux.
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(1) obtusenol 75

(2) a-snydero1,76 R = H

(3) a-snyderol acetate 76
R Ac

(4) 3,8-bromo-8-epi
caparrapi oxide 77

(5) laurinterol 78

Figure 1.3 Sesquiterpenoids isolated from L. obtusa
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Figure 1.3 (Continued)

20

(12) (+)-elatol 80
X - Br

(13) (-)-elatol 83

X = Br

(14) 84

(15) brasilenol 85

(16) brasilenol acetate

(17) epibrasilenol 85

(18) guaiazulene 86
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(19) obtusadiol 86

(20) laurencianol 87

(21) 15-bromo-2,16-diacetoxy-
7-hydroxy-9 (11)-
paraguerene 88

Figure 1.4 Diterpenoids isolated from L. obtusa
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CHAPTER II

A SURVEY OF THE BIOMEDICINAL POTENTIAL OF SEAWEEDS FROM THE OREGON
COAST

ABSTRACT

There is current need for organic compounds with novel

molecular carbon skeletons displaying antibiotic, anticancer and

antiviral activities. Tropical marine algae have been a rich

source of structurally-unique natural products showing a wide array

of biological properties. However, little attention has been given

towards the chemistry of seaweeds from colder and temperate waters.

Therefore, the objective of this research was to discover by

survey, and subsequent isolation and structure determination, new

natural products with potential biomedicinal properties from

macroalgae of the Oregon coast.

Collections of 85 species of Oregon seaweeds were made during

1985 and 1986. Each specimen was taxonomically classified and

extracted according to standard methodology to produce lipid and

aqueous extracts. These were then tested for in vitro

antimicrobial activity and, in some cases, fish toxicity.

Preliminary evaluation of the chemistry for each lipid extract was

achieved by thin layer chromatographic analysis (tic).

Analysis of the survey data permitted identification of 16

seaweeds to be targeted for further study based on biological,

chemical and taxonomic considerations. Our findings suggest

contradiction of the generally accepted hypothesis that cold water

marine algae are a poor source of bioactive secondary metabolites.
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INTRODUCTION

The present need for newer and more useful drugs ,

5 101-105 has

opened a broad and relatively unexplored frontier, the sea. Marine

organisms are recognized to possess diverse and unique natural

products that exhibit a variety of biological activities;

antiviral, antifungal, antitumor, cytotoxic and others. 12,106,107

The scientific discipline of marine natural products originated

from the pioneering surveys for antibacterial constituents in

seaweeds, unicellular algae and marine animals, 108 -115 which

subsequently evolved to a more systematic survey of marine

organisms from a pharmacological, ecological and chemotaxonomical

point of view. 44,116-118 Most investigations of marine bioactive

substances have been largely centered on tropical and subtropical

116,117,119-127species. By contrast, few systematic surveys of

colder-water organisms for bioactive constituents have been

reported. 111,112,118,128 Furthermore, most of these were smaller,

nonsystematic studies which rarely have lead to chemical

characterization of the active metabolite(s) .129-131 It is

possible that the difficulty in the collection of seaweeds from

these hostile rocky shores, as well as the inclement weather and

water conditions have made studies of cold water algae less

attractive than from tropical regions. This has given rise to a

general hypothesis that metabolites from colder-water marine

organisms are fewer in number and less chemically-interesting than

are those found in among tropical marine organisms. 132-134
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The apparent lack of investigation of colder-water organisms

for new biomedicinals, for the above reasons, provided the impetus

to conduct a survey of macroalgae from the coast of Oregon. Our

research goals focussed on the discovery and identification of

colder-water seaweeds which might be of potential biomedicinal

interest.

From a total of 300 seaweeds that exist along the Oregon

coast 85 species were collected.135 The following criteria were

used to determine which seaweeds possessed the greatest

biomedicinal potential: evaluation of each lipid and aqueous

extract against various human pathogenic microorganisms, gold fish

toxicity bioassays, and preliminary identification of the chemical

nature of the major secondary metabolites from the lipid extract by

thin layer chromatography (tic). The latter criterion was also

used to select those algae with the highest probability of

containing unique natural products though not showing biological

actvity in our limited screening effort. The sixteen targeted

seaweeds, from the 85 species that were screened, were recollected

in larger amounts for in-depth investigation.



28

MATERIALS AND METHODS

Since the summer of 1985 we have made a survey of most of the

seaweeds found along 45 miles of the Oregon coastline (ranging from

Otter Rock to Coos Bay), where a total of 85 different species were

collected. Essentially all collections were made intertidally

since the turbid and rough water conditions made subtidal

collecting impracticable. Small collections (100-500 g, wet

weight) of each algae were frozen on site with dry ice for

transport back to our storage freezers (-20 C). Each collection

was given a code indicating the following: letter code indicating

location of collection; date of collection; specifier of item

collected on this date. Location codes are as follows: CP Cape

Perpetua, NP = Yaquina Lighthouse or Marine Gardens in 1984-85

collections, YLH = Yaquina Lighthouse, SR Seal Rock, MG = Marine

Gardens, Otter Rock. Furthermore, vouchers of each specimen were

made and subsequently identified according to species by Dr.

William H. Gerwick. Those seaweeds which presented difficulty in

their taxonomic classification were identified by Dr. Harry Phinney

(Professor Emeritus, Department of Botany, Oregon State

University).

EXTRACTION METHOD:

Lipid extracts were produced in the standard fashion136-137

(fig. 1); defrosted or fresh seaweed (100-500 g) was macerated in

warm chloroform/methanol (2:1, v/v) and heated on a hot plate until



29

boiling (approximately 20 minutes). The filtrate was evaporated in

vacuo following removal of water by partitioning, and the lipid

extract was subsequently transferred in ether to a weighed flask

and the ether removed in a stream of N2. The filtered algae was

redissolved in methanol/water (7:3, v/v) and again heated until

boiling. The filtrate was evaporated in vacuo and recombined with

the initial aqueous extract. Aliquots of both lipid and aqueous

extracts were then removed for the antimicrobial and fish toxicity

assays and for lipid analysis by tic.

IN VITRO ANTIMICROBIAL ASSAYS:

The lipid extracts were dissolved in minimal diethyl ether

while the aqueous extracts dissolved in minimal water and then

applied to sterilized paper discs (Difco Lab., Detroit, MI) and

dried at room temperature. 138-139 Extracts made in 1984 and 1985

were tested for antimicrobial activity at saturation of the disc

concentrations. Only those seaweeds collected in 1986 were

quantitatively assayed (2 mg/disc). These were then applied to an

agar plate (Mueller Hinton Agar, Difco Lab.) seeded with one of the

following human pathogenic bacteria: Sa = Staphylococcus aureus, Bs

= Bacillus subtilus; Ec = Escherichia coli, Pa = Pseudomonas

aeruginosa; Ca = Candida albicans. The plates were incubated

overnight at 37°C and measurements of the zones of inhibition were

usually made 15 hours later. Zones of inhibition represent total

diameters and include 0.25 inch (7 mm) of paper disc diameter.
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FISH TOXICITY ASSAYS:

These assays are partially complete at this point and only

those aqueous and lipid extracts from collections made during the

summer of 1985 were tested. Crude lipid extracts were dissolved in

a small amount of methanol (approximately 100 Al) to produce a

concentrated solution while aqueous extracts were simply dissolved

in a minimal amount of distilled water. A microliter syringe was

used to add 50 Al of either of these solutions to 40 ml of pure

distilled water in a 50 ml beaker, at which time a fish (Carassius

auratus) was added. The fish were monitored relative to control

fish (100 Al of methanol alone) for 1 hour. Fish unable to

maintain a static position when the beaker was swirled were

described as experiencing narcosis.

THIN LAYER CHROMATOGRAPHY ANALYSIS:

Thin layer chromatograms on silica gel 60 F254 (Merck) were

developed in all cases in freshly distilled diethyl ether and

benzene (l:l,v /v). Ultraviolet absorptions were measured at 254 nm

and the tic plates were sprayed with 50% H2SO4 and heated on a hot

plate. Colorless compounds were made visible upon charring the tic

plates and the following color code was used: pk = pink, pu =

purple, or = orange, yl = yellow, gy = grey, gr = green, br =

brown, and bl = black.
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CRITERIA FOR SELECTION OF NEW NATURAL PRODUCTS:

Each extract was graded for the presence of potentially

important new natural products using the following code; (-) lowest

priority, primary metabolites only; (+) minor compound of unknown

chemical nature, marginal interest factor; (++) natural products

clearly present, however present as a minor compound or probably of

a known structure type; (+++) several clearly new natural products

present, however only as minor compounds in the extract, but

definitely worthy of pursuit; (++++) major new compounds present,

highest priority.
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RESULTS AND DISCUSSION

A total of 85 species of algae from 125 different collections

have been separately extracted for both aqueous and lipid soluble

classes of compounds. Each were tested for their potential

biomedicinal utility and presence of unique chemistry (Table II.1).

We have used these results to identify 16 seaweeds worthy of

further detailed investigation (Table 11.2). All of these algae

have been recollected in mass and the majority are currently under

investigation by our research group.

In most species examined at least some antimicrobial activity

was found. Of the 85 species of marine algae screened, 72 (84.7%)

showed in vitro activity against one or more of the assay

microorganisms. A total of 224 separate extracts were screened and

124 (54.9%) of these showed antimicrobial activity. The high rate

of in vitro activity is comparable to results obtained in other

117,120,128,130,131similar studies. Table 11.3 presents a summary

of the in vitro bioactivity and chemistry in different phyla of

algae from Oregon. The highest proportion of activities found were

against gram (+) bacteria and the least against yeast. Of the

three major algal phyla studied the highest proportion of in vitro

gram (+) and gram (-) antimicrobial activities was observed in the

brown algae (Table 11.3). Both the green and red algae showed high

levels of inhibitory activity to gram (+) bacteria, 86% and 80%

respectively, however, low levels of inhibitory activity to gram (-

) bacteria, 36% and 39% respectively, were observed. The highest

proportion of yeast inhibitory activities was observed for the
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green algal extracts followed by the red and brown algae.

Furthermore, of the 85 species studied, 47 (55.3%) of these showed

the presence of potencially new natural products in their lipid

extract. Analysis of these tic data suggest that novel natural

products are produced to an equal extent among the three algal

phyla.

Although the fish toxicity bioassays are only partially

completed we have observed that 25 extracts of a total of 79

(31.6%; 36 species) showed some type of toxic effect. However,

only 4 lipid extracts were extremely toxic and caused death in fish

within one hour (Table II.1). It is interesting to note that these

four algal species all belong to the phylum Rhodophyta (Delesseria

decipiens, Hymenena sp., Pterosiphonia sp. and Plocamium

cartilagineium).
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CONCLUSIONS

The survey of the biomedicinal potential of seaweeds from the

Oregon coast has been sucessful in identifying new seaweeds which

possess a high probability of containing novel and bioactive

natural products. Our survey data contradicts the generalization

that colder-water algae do not produce bioactive natural products.

It has been suggested that colder-water algae may encounter similar

biological events as tropical algae (predation, fouling,

reproduction, competition, symbiosis, etc.) but even more so

because of their physically-changing environment.118 Therefore, it

is reasonable that colder-water algae also biosynthesize novel

secondary metabolites for adaptive purposes and to a similar extent

as tropical marine algae. However, there have not yet been enough

studies to prove this hypothesis and further investigation is

needed.
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Frozen algal specimen
(100-500 g, wet weight)

sliced, macerated
and soaked in
CHG13/Me0H (2:1, v/v)
heated until boiling for 20
min.

filtered

filtered algal residue

- redissolved and heated in
(MeOH /H20, 7:3, v/v)
for 20 min.
filtration
in vacuo evaporation

aqueous extract

filtrate

partition
H20/CHC13

solvents
reduced
in vacuo

aqueous extract lipid extract

- recombination

aqueous extract

in vacuo
reduction

of C61-16/H20
azeotrope

crude lipid
extract

bioassays bioassays
tic analysis

Figure II.1 Generalized extraction scheme.



Table 11.1 Summary of the Bioactivity and TLC Analysis of Seaweeds collected from the
Oregon Coast.a

PHYLUM

Order

Genus species

code U

CHLOROPHYTA

Cladophoraies

Extractb

Chaetomorpha linum (7)

CP-23/7/86-12 A

Sa Bs Ec

Cladophora columbiana L 8.5 10

CP-23/7/86-15 A

Cladophora sp. L 13 12

CP-23/7/86-11 A

Cladophora sp. L 9 11

NP-20/6/85-7 A

Cladophora sp. L 8 11

YLH-26/4/86-1 A

Cladophora sp. L 10 10

CP-23/7/86-27 A

10

Pa Ca

C

7

8

10

Fish TLC

ut
d (-) UV at .03

ut Char at .4 and .85,

ut

ut

ut

ut

wn f (1) two non-UV active

ut charring components at

Rf's of .45 6 .4

ut

ut

ut

ut

(+++) UV at .05,.22

Char at .26,.37,.45

(++) UV at .03

Char at .24,.14,.41,.55,.85

(++) UV chromophore at .4

Char at .15, .45

(+++) UV at .04,.23,.33

Char at .13,.23,.37,.46



Table II.1 (Continued)

PHYLUM

Order

Genus species

code I Extract Sa Bs Ec Pa Ca Fish TLC

Spongomorpha coalita L oke (+++) char only .5,.35,.1

NP-4/6/85-11 A ok UV active only .2

Char and UV at .05,.25

Spongomorpha coalita L 7.5 8.5 ut (+++) UV .12,.18,.35 strong

SR-26/5/86-25 A 7.0 - ut UV at .5 weaker

Char at .2,.3,.35,.5,.66

Spongomorpha saxatilis L 10 11 7(10) sl 7.5 ut (t+t) 3 UV .22,.35,.39 highest

MG-22/6/86-8 A running also chars under heat

ut Char at .15,.20

Cod tales

Bryopsis corticulans L ok (i+) three char non-UV active

8P-20/6/85-14 A ok cpd at .45,.35,.15

two uv active cpd at .3,.10

Codium setchellii L 7.5 15 7.5 ok (t) UV active band at

NP-20/6/85-20 A ok slightly above origin

UJ
Codium fragile L 7 9 9.5 6.5 ut (+) UV .25,.3

CP-23/7/86-13 A ut Char .4,.47



Table 11.1 (Continued)

PHYLUM

Order

Genus species

code

Ulotrichales

Extract Sa Bs Ec Pa Ca Fish TLC

Enteromorpha intestinalis ok (-) sterol at .5 and tat at

NP-21/6/85-3

Enteromorpha sp.

A 21.0 weak

halo

8

ok

ut (Si) non-UV and charring at

CP-2317/86-25 A _ - - ut 0.2,.2,.25,.35,.45,.75

UV only at 0.05

Ulva taeniata 9.0 9.5 51 7.5 ut (1-) UV .13,.30

SR-26/5/86-9 A 18.0 sl sl 51 ? ut Char .55,.05

PHAEOPHYTA

Chordariales

Haplogloia andersonii 9 11 8 51 6.5 ut (-) 1 colored band .19

MG-22/6/86-7

Analipus japonicus

NP-21/6/85-5

A

A 10.0

7

8.5

31 6.5 ut

ok

ok

1 UV active baud .21

(-) charred pigments, fats,

sterol at usual Rf's

Leathesia difformis

CP-23/1/86-14

L.

A

7 9 9 ut

ut

(it) Char .4, 47

UV .1,.25,.3

.6



Table 11.1 (Continued)

PPHYLUM

Order

Genus species

code 0 Extract Sa Bs Ec Pa Ca Fish TLC

Desmaresttales

Desmarestia llgulata L 7.5 10 - ut (-) colored char .12

SR-26/5/86-21 A 10 12 7.5 10 ut weak UV .30, aqueous extract

acidic ( plf=1) by pH paper

Dictyosiphonales

Phaeostrophlon irregulars L wn

NP-20/6/85-4 A 13 10 8.0 8.0 wn

Phaestrophion irregular. L ut

SR-26/5/86-16 A B ut

Phaestrophion irregulare L sl ut

SR-26/5/86-18 A ut

Soranthera ulvoidea L 8 8 ok

NP-20/6/85-16 A ut

(-) brown-colored band barely

moving from origin

(-) 3 bands .05,.09,.15

.15 chars grey

(-) 3 bands .05, .09, .15

.15 very faint char

(++++) 2 char cmpds near

origin brown char compounds

.30,.07



Table 11.1 (Continued)

PHYLUM

Order

Genus species

code g Extract Sa Bs Ec Pa Ca Fish TLC

Fucales

Fucus distichus

CP-23/7/86-34 A

Pelvetiopsis limitata

CP-23/7/86-8 A

Laminariales

Alaria marginata

SR-26/5/86-8 A

Alaria marginata

NP-19/6/85-4 A

Alaria marginata

NP-20/6/85-3 A

(sporophylls)

Costaria costata

MG-22/6/86-14 A

s

9.5 31

7

8.5

9.5

8

7

ut

ut

ut

ut

ut

(-) 1 char at .36

faint colored band .10

(+) non UV active chars

at .5, .45,. 6 and .8

(-) sterol at .5, char at

ut .4, .2

(-) 1 faint band-colored .12

wn (-) very faint,

wn not interesting

ut (tft) Char .74, UV 0.61,0.50

ut steroid, UV at 0.44, 0.32



Table II.1 (Continued)

PHYLUM

Order

Genus species

code I Extract Sa Bs Ec Pa Ca Fish TLC

Hedophyllum sessile L 10 9 ut (-) fat char 0.58, steroid

MG-22/6/86-16 A 13 sl ut 0.48, UV 0.63

Hedophyllum sessile 11 8 uc (+t) Char .14,.24,.38,.46

CP-23/7/86-26 A ut UV .05,.10,.30

Laminaria sinclairil L 15 20 17 8 11 ut (++++) 2 char .05, .2

SR-26/5/86-3 A ut UV .15,.30,.35

Postelsia palmaeformis L - - - ok (++) 3 UV bands at .14,.20,.25

NP-21/6/85-1 A 9.5 8.5 ok

(drift)

Postelsia palmaeformis L 6.5 ut (t) Char .02,.11,.25, 36, 47,

CP-23/7/86-33 A ut .72, UV .38

Pterygophora californica L 8 - ut (++) Char .36,.48,.74,.79

CP-23/7/86-32 A ut UV .23,.27



Table II.1 (Continued)

PHYLUM

Order

Genus species

code 0

Scytosiphonales

Extract Sa Bs Ec Pa Ca Fish TLC

Scytosiphon lomentaria L sl sl ut (+) sterol 0.43

MG-22/6/86-18 A 8.0 ut UV 0.35,0.26

RHODOPHYTA

Banglales

Porphyra lanceolata L 10.0 11.0

SR-26/5/86-24 A sl

Porphyra sp. L 10 8.5

NP-19/6/85-3 A

Porphyrella sp. (7)

NP-21/6/85-6 A

Porphyrella gardneri L 8 10

NP-20/6/85-15 A

(on Laminaria)

Smithora naladum 7.5

NP-20/6/85-11 A

7.0 ut (++) Char .10,.15 (.15 also

ut UV), Colored bands .03,.05

ng (++) 3 UV bands .17,.22,.26

ok

ok (-) fats, sterols and pigments

wn charred at usual Rf

ok (-) two char (non-UV) .45,.55

ok

ok (++) Char .55,.25,.23,.20

ok UV .4



Table II.1 (Continued)

PHYLUM

Order

Genus species

code if Extract Sa Bs Ec Pa Ca Fish TLC

Ceramiales

Botryoglossum farlowianum L al 7 ut (+++) Char 4 UV 0.53, steroid

MG-22/6/85-17 A ut 0.45, UV 0.74,.0.58,.34,.26

.23

Botryoglossum farlowianum 9 ok (-) Char 0.45

NP-4/6/85-13 A ok UV 0.5

Callithamnion sp. 10 ut (+) Char 0.12,0.3

CP-23/7/86-7 A ut UV 0.47,0.35

Callithamnion pikeanum L ok (+t) Long UV brown char 0.5

NP- 4/6/85 -1 A ok non UV char 0.4, .12

UV active, non char .1

Crycopleura lobulifera L 7 7.5 sl sl ut (++) Colored band .15

SR-26/5/86-19 A ut UV active .19

Cryptopleura violacea L 10 12 sl 8 9 ut (t) UV active .4 and .22

SR-26/5/86-13 A ut



Table II.1 (Continued)

PHYLUM

Order

Genus species

code I Extract Sa Bs Ec Pa Ca Fish TLC

Delesseria decipiens L d
i (it) Char at .55,.45,.15,.05

NP-4/6/85-12 A n UV t Char at .25

UV active .5, .2

Hymenena kylinii(T) L al 7.5 ut (+) Char .45,.55

SR-26/5/86-12 A sl sl ut UV .4

Hymenena multiloba L untested ut (+) UV at .2

NP-17/1/85-2 A ut

Hymenena sp. (++) Char at 0.5,0.45_0.35,

NP-20/6/85-5 A ok .75, UV .2,.15

Hymenena sp. sl ut (+) too faint

SR-26/5/86-15 A ut no UV bands observed

Hymmena sp. L sl 9 ut (+++) 3 colored bands lower

SR-26/5/86-17 A al ut Rf's, UV .25,.29

Hymenena sp. L al sl ut (+) Char .05,.18

SR-26/5/86-22 A sl ut orange colored .11



Table II.1 (Continued)

PHYLUM

Order

Genus species

code 0 Extract Sa Bs Ec Pa Ca Fish TLC

Hymenena sp. L 13 12 8 7 ut (-) faint, difficult to read

MG-22/6/86-5 A sl ut 2 colored bands at .20,.47

Laurencla spectabilis L 12 13 10.5 11.5 12 ut (+ft) Char .55,.45,.35,.10

SR-26/5/86-11 A 10 7.5 9.0 sl ut UV .4,.25,.15

one yellow char uv active .30

Microcladia borealis L 9 9 8 sl ut (-) TLC very faint

MG-22/6/86-4 A 8 sl ut UV active .35

Microcladia borealis si ut (-) primary metabolites only

CP-23/7/86-3 A 10 ut

Neoptilota densa L not tested n (+++) UV 0.5,.02

HP-17/1/85-1 A ok

Odonthalia flocossa L not tested ok (++++) UV active brown char

NP-17/1/85-3 A ok .25, lanasol, UV .15

Odonthalia flocossa L not tested ok (ft++) UV active brown .25, Cr)

NP-17/1/85-4 A ok lanasol, UV active .15



Table 11.1 (Continued)

PHYLUM

Order

Genus species

code Y Extract Sa Bs Ec Pa Ca Fish TLC

Odonthalla flocossa L 18 18 14 8 21 ut (+ft+) lanasoi 0.4, (black

CP-23/7/86-2 A 10 ut char) UV G purple char at 0.15

Odonthalia flocossa L 20 22 18 12 22 ut (++++) 1 anaso 1 at 0.4 (black)

CP-23/7/86-4 A 7 13 ut UV k purple char at 0.15

Odonthalia oregona L 16 12 8 12 11.5 ut (++++) UV Purple Char at

CP-23/7/86-1 A 11.5 12 ut 0.3,0.15,.0.05

Odonthalia L 8 12 ok (f+++) 3 dark brown-black char

washingtoniensis A ok low Rfs (lanosol analogues?)

RP-4/6/85-2

Odonthalia

washingtonlensls

L

A

24

9

23

7.5

20

-

8

sl

25

7.5

ut

ut

(++++) major grey brown char,

UV 0.47, major grey brown

MG-22/6/86-12 UV 0.23, minor grey brown

char, UV 0.05

Polysiphonia pacifica L 18 10 10 51 7 ut (++) 2 colored bands low

MG-22/6/86-5 A sl 9 7 ut .22,.37, TLC faint



Table I1.1 (Continued)

PHYLUM

Order

Genus species

code # Extract Sa Bs Ec Pa Ca Fish TLC

Polysiphonia sp. L 10 9

NP-4/6/85-4 A 9(?)

(cystocarplc)

Polysiphonia sp. L 10 8 7.5(7)

NP-4/6/85-14 A

(tetrasporic)

Polysiphonia sp. L

NP-21/6/85-4 A

(Devil's Punchbowl)

Pterosiphonia L 8.0 8.0

californica A

CP-23/7/86-24

Pterosiphonia sp. L 11(21) 12 (18)

NP- 20/6/85 -10 A -

Ptilota filicina L 9 8

NP- 9/6/85 -1 A 15 halo -

Ptilota filicina L 7(19) 7(12)

NP-20/6/85-19 A 7(9)

wn (++) UV at .20,.15

ok

n (++) 3 non-UV active char

ok .5,.45,.05

ok (+) UV at .25, fat G sterol

ok as usual

ut (+++) Char non-UV .72,.45,.33

ut UV active .25,.15,.05

7.5(7) (+++) char .45,.4

ok UV active .25, fat & sterol

as usual

ok (+++f) Major UV brown .25 to

n 0.4, minor red char at .2

n (+) Char band .10

ok UV active .14



Table I1.1 (Continued)

PHYLUM

Order

Genus species

code I/ Extract Sa Hs Ec Pa Ca Fish TLC

Polysiphonia sp. L 10 9 - - wn (++) UV at .20,.15

NP-4/6/85-4 A 9(7) - - ok

(cystocarpic)

Polysiphonia sp. L 10 8 7.5(7) n (++) 3 non-UV active char

NP-4/6/85-14 A ok .5,.45,.05

(tetrasporic)

Polysiphonla sp. L ok (+) UV at .25, fat i. sterol

NP-21/6/85-4 A ok as usual

(Devil's Punchbowl)

Pterosiphonia L 8.0 8.0 - - ut (++t) Char non-UV .72,.45,.33

californica A ut UV active .25,.15,.05

CP-23/7/86-24

Pterosiphonia sp. L 11(21) 12 (18) 7.5(7) d (+++) char .45,.4

NP-20/6/85-10 A ok UV active .25, fat & sterol

as usual

Ptilota filicina L 9 8 ok (-ft++) Major UV brown .25 to

NP-9/6/85-1 A 15 halo - - n 0.4, minor red char at .2

Ptilota flliclna L 7(19) 7(12) - ri (+) Char band .10

NP-20/6/85-19 A 7(9) - ok UV active .14

(w/diafoms)



Table II.1 (Continued)

PHYLUM

Order

Genus species

code l/ Extract Sa Bs Ec Pa Ca Fish TLC

Ptilota filicina L not tested ut no TLC

YLH-28/2/86-1 A ut

Ptilota filicina L not tested ut (++++) red char .10, major red

MG-26/4/86-1 A ut .2, UV .6 (brwn), .5 (drk brn,

major) .25 (brwn)

Ptilota filicina L not tested ut (++++) Red char UV active .15

SR-26/5/86-2 A ut Brown char UV active .5

Char at .6,.75

Ptilota filicina L not tested ut (+tit) Red char UV active .2

MG-22/6/86-1 A brown char UV active .5

pink char (sterol) .65,

brwn char (fat) .75

Ptilota filicina L not tested ut (+) (5X Me0H/Chl) pink char

MG-4/7/86-1 A .75, red char at .05

Ptilota filicina L not tested ut (+) (5X Me0H/Chl)

MG-6/8/86-4 A ut black char UV active .75 -P.
UD

char (pink) .6 (sterols)



Table II.1 (Continued)

PHYLUM

Order

Genus species

code #

CryptonemiaLes

Bosslella plumosa

MG-22/6/86-2

Bossiella sp.

CP-23/7/86-10

Calliarthron sp.

NP-19/6/85-2

Callophyllis sp.

NP- 4/6/85 -8

Callophyllis sp.

SR-26/5/86-10

Constantinea simplex

SR-26/5/86-20

Constantinea simplex

CP-23/7/86-6

Extract Sa Bs Ec

L

A

L

A

L

A

L

A

L

A

L

A

L

A

Pa Ca Fish TLC

8 7 ut (++++) UV active .15,.5

13 ut UV active .7,.55,.47,.25

12 halo 6.5 ut (+) Char .25,.58,.88

ut UV 4,.83,.87

7(12) ok (-) UV active .15

ok

ok (-) UV active non-char 0.4

8 ok

sl ut (-) UV .4

sl ut Char .45

ut (-) TLC faint one colored

sl ut band .10

ut (-) fat char 0.48, sterol 0.4

ut UV no char at 0.27,.07



Table II.1 (Continued)

PHYLUM

Order

Genus species

code f Extract

Corallina sp.

CP-23/7/86-22 A

"Coralline Red"

MG-22/6/86-3 A

Dilsea californica

SR-26/5/86-6 A

Dilsea californica

MG-22/6/86-11 A

Endociadia muricata

NP-20/6/85-12 A

Farlowia moills

CP-2317186-3s A

Sa Bs

31 9.0

31 7.5

8 13

8

Ec

8

Pa Ca Fish TLC

ut (+++) Char UV-non active

ut .75,.45,.33,.25

UV active .15,.37

UV active char .05

ut (-) UV active .20

ut

31 ut (-) UV active 0.5

ut

sl ut (-) UV 0.47

ut

wn (t) non UV char .55,.45

wn UV active char .33

13 7 9 ut (tt++) blue after acid spray
- - ut chars gray-black .13

large UV active char .42



Table II.l (Continued)

PHYLUM

Ordel.

Genus species

code ft Extract Sa Bs Ec Pa Ca Fish TLC

Gloioslphon1a capillaris 7.5 (i++) UV active .09,.22

NP-20/6/85-19 A

Halymenia sp. L 13 9.0 snh (++ ) Char at low Rf's

UP-19/6/85-5 A ok

Prionitis lanceolata L 7.5 9.5 ut (++++) Long UV .5,.55,.6

SR-26/5/86-14 A 10 ut Char .45

UV active (pinkish) .20

Prionitis linearis(?) L 7 7 ut (-) No UV activity

CP-23/7/86-28 A 7 ut Char .37,.50,.80

Prionitis lyallii L 9 7 14 - 12 ut (++++) UV .1,.2,.25,.47

CP-23/7/86-9 A - ut .2 chars heavily (purple)

(lanceolata?)

Char .03

Prionitis sp. L wn (-) not enough to observe

NP- 20/6/85- -1 A wn

Prionitis sp. ut (++++) Non-UV Char .33

CP23/7/86-20 A ut UV active .15,.013,.05



Table II.1 (Continued)

PHYLUM

Order

Genus species

code y Extract Sa Bs Ec Pa Ca Fish TLC

Prionitis sp. L 9 9 7 8 ut (++++) UV .07,.16

CP-23/7/86-29 A 12 ut Char .36,.44

Prionitus sp. L ut (++++) red char .16

CP-23/7/86-36 A ut UV .07 to origin

(exposed surf)

Prionitus sp. L 7.5 8.5 - ut (++++) red char .16

CP-23/7/86-37 A - 7.0 ut UV .07 to origin

(tidepool)

Gigartinales

Ahnfeltia plicata

NP-20/6/85-13 A

Gigartina papillata

CP-23/7/86-23 A

Gigartina volans

SR-26/5/86-5 A

7.5

8

7.5 10 ok (++) Char non-UV .2,.35,.55,

ok .75, UV active .5

8.5 10 8.5 ut (-) Char non UV .45,.33

ut

8 ut (-) Pigments, fats, sterols

ut only



Table 11.1 (Continued)

PHYLUM

Order

Genus species

code Y Extract Sa Bs Ec Pa Ca Fish TLC

Gigartina sp. L ok (+) UV active .15

NP-19/6/85-1 A ok

Gigartina sp. ut (-) One non UV .33

CP-23/7/86-21 A sl sl ut

Gymnogongrus (linear's?) ok(+) TLC faint, uninteresting

NP-20/6/85-2 A ok

Iridaea heterocarpa L 8.5 11 8 ut (-) Char (gray) 0 up to .13

SR-26/5/86-23 A sl ut weak UV active .27

Iridaea heterocarpa L - ut (-) primary metabolites only

CP-23l1/86 -5 A ut

Iridaea sp. L 10 10 9 a ut (++) Char .37,.47,.78

CP-23/7/86-30 A ut UV .06,.10,.26,.32

Piocamium (cartilaginelum)? L 8 9.0 7.5 9 d ( +++I ) UV .15 to .25
to

NP-20/6/85-6 A wn ul., char .3,.75 -P,

Non-UV active char .4,.35,.65



Table II.1 (Continued)

PHYLUM

Order

Genus species

code Y Extract Sa Bs Ec Pa Ca Fish TLC

Rhodoglossum sp. ok (-) Char .45,.4

NP-20/6/85-9 A ok (fat L sterol)

Schizymenia pacifica L ut (f+) UV active .6 (fat)

SR-26/5/86-4 A ut UV active .5, Char .45(sterol)

Nemaliales

Cumaglola andersonii ut (-) too faint to read

NP-20/6/85-18 A ut uninteresting

Cumaglola andersonii L ok (-) colored band near origin

NP-21/6/85-2 A - ok

(Marine Gardens)

Gelidlum L 8 12 8 ut (+++) Char at .4,.35,.3,.05

SR-26/5/86-7 A sl 51 - sl ut UV at .3,.15,.1

(pusillum?)



Table II.1 (Continued)

PHYLUM

Order

Genus species

code # Extract Sa Bs Ec Pa Ca Fish TLC

Rhodymeniales

Halosaccion glandiforme

NP-20/6/85-8 A

Unidentified Rhodphytes

Foliose red

CP-23/7/86-19

Small red

CP-23/7/86-31

wn (-) non-UV active char

ok .4 (sterol)

L 8.5 9.5 9 ut (-) Char .85

A ut UV .47

L 6.5 8 7 7 ut (-) Char .36,.44,.82

A ut

aAll zones of inhibition are measured in milimeters.

L = lipid extract, A aqueous extract.

cal = slight inhibition
dut = untested

eok = no effect

wn = weak narcosis

8n = narcosis
h sn = strong narcosis

d = dead
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Table 11.2 Summary of Bioactivity and Chemistry in Different
Phyla of Algae from Oregon

Phylum
species

examined

gram (+)
bacteria

gram (-)
bacteria

yeast potential
new natural
products

Rhodophyta
80% (45) 39% (22) 38% (21) 57% (32)

56

Phaeophyta
100% (15) 47% (7) 20% (3) 47% (7)

15

Chlorophyta
86% (12) 36% (5) 43% (6) 57% (8)

14

85 species 85% (72) 40% (34) 35% (30) 55% (47)
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Table 11.3 Seaweeds Collected in Mass from the Coast of Oregon
as a Result of Screening Efforts.

Phylum
genus/species date of

collection
Chlorophyta

Codium setchellii
Spongomorpha coalita
Spongomorpha coalita

Phaeophyta

Laminaria sinclairii
Phaeostrophion irregulare
Phaeostrophion irregulare
Soranthera ulvoidea

Rhodophyta

Anfeltia plicata
Callithamnion pikeanum
Delesseria decipiens
Farlowia mollis
Gloiosiphonia californica
Laurencia spectabilis
Odonthalia washingtoniensis
Prionitis sp. 1
Prionitus sp. 2
Prionitus sp. 3

Pterosiphonia sp.
Ptilota filicina
Ptilota filicina
Ptilota filicina
Ptilota filicina
Ptilota filicina
Smithora naiadum

3 July 1985
18-19 June 1985
6 August 1986

6 August 1986
3 July 1985
26 May 1986
3 July 1985

status
of work

A
B

B

C

B

B

C

3 July 1985
3 July 1985
19-21 June 1985
19 August 1986
3 July 1985
6 August 1986
6 August 1986
19 August 1986
19 August 1986
19 September 1986
3 July 1985 A
18-19-21 June 1985 B
26 April 1986
26 May 1986
6 August 1986
18 September 1986 B

3 July 1985

C

C

B

C

C

C

C

C

C

A project finished or dropped due to unpromising results
B project under current study
C - seaweed preserved frozen for future study

C
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CHAPTER III

TWO NEW ICOSAPENTAENOIC ACIDS FROM THE TEMPERATE RED
SEAWEED PTILOTA FILICINA J. AGARDH

ABSTRACT

Two new fatty acid metabolites, 5(Z),7(E),9(E),14(Z),17(Z)-

icosapentaenoic acid and 5(E),7(E),9(E),14(Z),17(Z)-icosapentaenoic

acid, have been isolated from the temperate red marine alga,

Ptilota filicina (Ceramiales, Rhodophyta). The structures of these

new compounds, isolated as their methyl ester derivatives, have

been deduced from detailed 1H NMR, 13C NMR, and 2D-NMR analyses as

well as comparisons to known compounds.
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INTRODUCTION

The widespread occurrence of w-3 fatty acids in marine

organisms is a unique feature of marine-derived lipids which has

considerable health and economic consequence. 66,142-146 Further,

relatively simple biochemical modifications of arachidonic acid and

icosapentaenoic acid result in molecules possessing important

hormonal and bioregulatory functions in mammalian systems. 147-149

Hence, we have been interested in examining metabolites of fatty

acid origin from Oregon coastal seaweeds as part of our evaluation

of the biomedicinal potential of these marine plants. The lipid

extract of Ptilota filicina was identified in our survey efforts as

strongly antimicrobial to gram positive and gram negative bacteria

and possessed several unique secondary metabolites by thin layer

chromatographic (TLC) analysis. A series of subsequent large scale

recollections have yielded, following extensive purification work,

several new and uniquely functionalized 20 carbon fatty acids, the

structures of two of which, 5(Z),7(E),9(E),14(Z),17(Z)-

icosapentaenoic acid (1) and 5(E),7(E),9(E),14(Z),17(Z)-

icosapentaenoic acid (3), are reported here. The structures for

both of these natural products together with their respective

synthetic derivatives is seen in Figure III.1.

Other species of the genus Ptilota from elsewhere in the

world have been previously examined for new biomedicinal agents.

From P. pectinata collected from Norway, the amino acid taurine was

identified61 and from P. plumosa from the coast of Great Britain, a

potent hemagglutinin activity with human B cells was
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described.64,65,67 P. filicina from the Soviet Union has been

examined as a possible food source due to reported high

concentrations of essential amino acids.63 However, Oregon coastal

seaweeds have not been previously examined in detail, presumably

due to the combination of adverse collection conditions and few

reports of unique terpenoid natural products from temperate zone

algae, and hence, the natural products of P. filicina from Oregon

were unstudied prior to this work.
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EXPERIMENTAL

Ultraviolet spectra were recorded on an Aminco DW-2a UV-Vis

spectrophotometer and infrared spectra (IR) on a Perkin-Elmer 727

spectrophotometer. Nuclear magnetic resonance spectra (NMR) were

recorded on Varian EM 360, FT-80A and Bruker AM 400 NMR

spectrometers and all shifts are reported relative to an internal

TMS standard. Low resolution mass spectra (LRMS) were obtained on

a Varian MAT CH7 spectrometer while high resolution mass

measurements (HRMS) were obtained on a Kratos MS 50 TC. High

performance liquid chromatography (HPLC) employed a Waters M-6000

pump, U6K injector and R 401 differential refractometer while thin

layer chromatograms were made using Merck aluminum-backed TLC

sheets (silica gel 60 F254). All solvents were distilled from

glass prior to use.

P. filicina was collected from exposed intertidal pools (-0.5

to +0.5 m) at Marine Gardens on the Oregon coast in June 1985.

Voucher specimens are on deposit at the Department of Botany

Herbarium at Oregon State University. The seaweed was preserved by

freezing until workup at which time the defrosted alga (1.522 kg

dry weight) was homogenized in warm CHC13 /MeOH (2:1, v/v). The

mixture was filtered and the solvents removed in vacuo to yield a

residue which was partitioned between CHC13 and H2O. The CHC13 was

dried over MgSO4, filtered and reduced in vacuo to yield 17.3 g of

a dark green tar.

The crude extract was fractionated by silica gel

chromatography in the vacuum mode (10 cm x 9 cm, Merck TLC-grade
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Kieselgel) and metabolites progressively eluted with increasingly

polar mixtures of isooctane and EtOAc. Those eluting with 25-45%

EtOAc /isooctane yielded a mixture of fatty acids containing

compounds 1 and 3. Treatment of a portion of these fractions with

CH2N2 afforded a mixture of methyl esters (696 mg), which was

subsequently chromatographed on a gravity-driven silica gel column

(2.5 cm x 55 cm, Woelm Kieselgel 70-230 mesh) employing isocratic

conditions (EtOAc /isooctane, 1:9, v/v). This yielded a simplified

mixture of 2 and 4 (296 mg) from which they could be isolated by

normal phase HPLC (Alltech Si Gel column, 25 cm x 10 mm, 2.0%

EtOAc /isooctane) to give 71.5 mg of 2 and 44.3 mg of 4, both as

colorless oils.

Methyl 5(Z),7(E),9(E),14(Z),17(Z)-icosapentaenoate (2):

Compound 2 was a colorless mobile oil which showed the following:

UV (MeOH) A max 253, 262, 273 nm (e = 56,880; 74,570; 56,370); IR

(CHC13) v 3010, 2925-2875, 1735, 1450, 1000, 920 cm-1; IH NMR and

13C NMR see Table III.1.

Methyl 5(E),7(E),9(E),14(Z),17(Z)-icosapentaenoate (4):

Compound 4 was also isolated as a colorless mobile oil and showed:

UV (MeOH) A max 258, 268, 279 (e = 45,000; 57,000; 44,000); IR

(CHC13) v 3015, 2930-2870, 1735, 1440, 1000 cm-1; 1H NMR and 13C

NMR see Table III.1.

N-Icosa-5(E),7(E),9(E),14(Z),17(Z)-pentaenoyl pyrrolidine

(5): The pyrrolidide derivative 5 was obtained via the following

literature procedure.15° At 0°C, freshly distilled pyrrolidine (1

ml) was added to a partially pure sample of 4 (12.2 mg), glacial

acetic acid (0.1 ml) added and the solution maintained at 20 C.
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After 24 hr, the reaction was terminated by quenching with water

and the products were repetitively extracted with CHC13 (3 x 25

ml). The CHC13 layer was first washed with 1 M HC1 (3 x 25 ml) and

then H2O (3 X 25 ml) and then evaporated in vacuo to obtain 9.2 mg

of crude product. Final purification of compound 5 (ca. 1.8 mg)

was achieved using HPLC (Waters A-Porasil 8 mm x 50 cm, 40% EtOAc

in isooctane) and showed the following: 1H NMR (bz-d-6) 50.91 (3H,

t, J=7.7 Hz), 1.21 (4H, m, N-CH2CH2), 1.39 (2H, p, J=7.4 Hz), 1.93

(4H, m), 2.03 (4H, q, J-7.2 Hz), 2.16 (2H, q, J=6.9 Hz), 2.65 (2H,

t, J=6.5 Hz, N-CH2), 2.79 (2H, bt, J=6.3 Hz), 3.38 (2H, t, J=6.4,

N-CH2), 5.45 (4H, m), 5.60 (2H, m), 6.18 (4H, m); low resolution

electron impact mass spectrometry (LR EIMS) m/z (rel. intensity):

356 (M-1")+H (1.7), 355 (M-1-) (6.7), 340 (0.2), 326 (0.3), 312 (0.4),

300 (0.3), 286 (1.8), 272 (0.5), 260 (0.3), 246 (1.4), 232 (1.0),

218 (1.1), 2.04 (0.6), 192 (0.6), 178 (0.6), 166 (1.4), 152 (2.4),

140 (1.8), 126 (5.9), 113 (100), 98 (19.3), 70 (26.2), 55 (46.1);

HR EIMS m/z, obs. 356.2969 (M+)+H, C24H38N0 requires 356.2955.
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RESULTS AND DISCUSSION

The red seaweed P. filicina (Ceramiales), grows abundantly in

the mid-intertidal zone along the central Oregon coast.135 Based

on the results of our survey for biomedicinals from Oregon

seaweeds, a large re-collection was made in June 1985 and

maintained frozen until extracted for its lipids using standard

methodology. Conventional silica gel vacuum chromatography of this

dark green oily-tar gave several fractions containing a brown

charring, UV active compound. By IR and 13C NMR analyses, these

fractions were a mixture of carboxylic acids which were rendered

separable following derivation to the corresponding methyl esters

(CH2N2). Final purification of these derivatives was achieved

using silica gel column chromatography followed by HPLC and yielded

two unstable colorless oils (2 and 4), the structures of which were

deduced from spectroscopic data as outlined below.

It was recognized early in the structure elucidation process

that 2 and 4 were geometrical isomers of one another due to the

similarity in spectroscopic properties of the two molecules and the

spontaneous room temperature conversion of 2 into 4, monitored by

HPLC. Further, the characteristic ultraviolet absorptions for a

c,t,t triene functionality (A max 253, 262, 273 nm) in 2 were

replaced in the absorption spectra of 4 with those characteristic

for a t,t,t triene max(- I 258, 268, 279 nm).151 Hence, the

greater instability of 2 was explained by its propensity both to

double bond isomerization as well as autoxidation and presumed

polymerization. 152-154
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As neither 2 nor 4 gave meaningful mass spectral information

(electron impact, chemical ionization), the more stable metabolite

derivative 4, was converted into the corresponding pyrrolidide

(5).155 Derivative 5 was characterized by LR EIMS [obs. M+ 355

(6.7%)] and HR EMS [obs. (M+)+H] to yield a molecular formula of

C24H 37NO. Hence, the corresponding molecular formula for both

natural products (1 and 3) was C20113002, yielding six degrees of

unsaturation.

Further structure elucidation efforts were conducted with

derivative 2, principally because most of its proton resonances

were clearly resolved in its high field IH NMR spectrum (Table

III.1). The 13C NMR spectrum of 2 showed one ester carbonyl,

confirmed by a characteristic stretch at 1735 cm-1 in the IR, and

10 olefinic carbon atoms, thus accounting for all 6 degrees of

unsaturation. Other than these olefin and ester carbons, the 13C

NMR spectrum was composed of one methyl ester carbon, one aliphatic

methyl carbon and eight methylene carbons. Hence, 2 was deduced to

be a methyl ester derivative of an icosapentaenoic acid containing

a conjugated c,t,t triene as well as two nonconjugated double

bonds.

The linear array of these methylene and olefinic groups in 2

was conveniently given by a 1H-1H 2D shift correlation spectroscopy

(COSY) experiment (Figure 111.2) .156 The C-2 protons, identified

by their characteristic chemical shift (52.33) and triplet

multiplicity,157 were correlated to a 2H signal at 81.73 (H2-3)

which was further correlated to another 2H signal appearing at

82.23 (H2-4). The allylic nature of these latter protons was
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indicated by both their chemical shift and a clear correlation to

an olefin proton at 65.33. As this latter signal overlapped four

other protons at this chemical shift, observation of the continuity

of this linearly-related spin system was afforded by detection of

allylic coupling between H2-4 and H-6 (66.04). The H-6 proton was

correlated both to the H-5 proton at 65.33 and the H-7 proton at

66.35. The H-7 signal was, in turn, correlated to H-8 (66.15), and

H-8 to H-9 (66.10), and H-9 to H-10 (65.71). Coupling constant

analysis (Table III.1) of this C-5 to C-10 olefin constellation

reconfirmed the c,t,t nature of the triene as well as fixing its

orientation relative to the carboxyl group.

A correlation between H-10 and two protons of a 6H multiplet

at 62.09 identified the allylic protons at C-11. This latter

multiplet was coupled in the upfield region only to the terminal

methyl group and a 2H signal at 61.46. This latter signal must,

therefore, be H2-12. In turn, these C-12 protons were coupled

exclusively to the 6H multiplet at 62.09, and therefore, H-13 must

also be allylic. Further, since the 6H multiplet was only coupled

in the olefin region to one proton at 65.71 (H-10) and to two of

five overlapping protons at 65.33, H-14 must be located in this

latter multiplet.

At the other end, the terminal methyl group (60.97) was

correlated to the 6H multiplet of overlapping allylic protons at

62.09, and thus must contain in addition to H2-11 and H2-13, H2-19.

In analogy to the reasoning used to identify the H-14 chemical

shift, the H-18 proton must also be in the 5H multiplet at 65.33.

A third partial structure for derivative 2 was identified
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beginning with a bisallylic methylene, identified as such by its

characteristic chemical shift (62.77) and multiplicity (t, J-6.1

Hz).157 In the COSY experiment, these protons were exclusively

correlated to two of the five olefin protons occurring as a

multiplet at 55.33. By a 1H-13C heteronuclear 2D shift correlation

spectroscopy experiment (HETCOR) (Figure 111.3)156 the carbon shift

of the bisallylic methylene was identified as 625.56, and hence,

via comparison with all four geometrical isomers of the model

compound, methyl 12,15 - octadecadienoate, both olefins were of the Z

geometry. 158

Consideration of these three partial structures with regards

to the molecular formula and number of olefins in 2 required two of

the olefins to be duplications. With two connections to be made

between these three partial structures, and with the middle

fragment being symmetrical, only one structure, 2, was possible.

The structure of derivative 4 was developed by comparison of

its spectroscopic properties with those of derivative 2 (Table

IIIA.l). In most respects, the major structural features present

in 2 were also present in 4, as was suggested by the facile

conversion of 2 into 4. The major difference was that the c,t,t

triene in 2 was replaced in 4 by a t,t,t triene. This was

evidenced by UV (see experimental), IH NMR (J5_6 = 14.4 Hz, J9-10

14.4 Hz) and 13C NMR data (6 olefin carbon signals greater than 130

ppm) 159

Many terrestial higher plants are known sources of conjugated

octadecatrienoic acids of strictly defined geometry Z,E,E or

Z,E,Z.160 Several speculations on the biogenesis of these
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terrestial fatty acids have been proposed during the past twenty

years.16° At first glance they appear to be biogenetically related

to the conjugated triene fatty acids of marine origins reported

here. However, recent investigations on the biogenesis of these

terestially-derived conjugated fatty acids supports the proposal

suggested by Morris wherein a linoleic-type precursor undergoes a

lipoxygenase-type reaction to generate a radical intermediate,

followed by stereospecific formal loss of a hydrogen atom leading

to the Z,E,Z or Z,E,E combinations.161 Nevertheless, it seems more

likely that both natural products 1 and 3 are derived by

stereospecific double bond migration (C8_9 and C11-12 olefins) from

5(Z),8(Z),11(Z),14(Z),17(Z)-icosapentaenoic acid to the C7_8 and

C9-10 positions (Figure 111.4). Further substantiation of our

proposal was based upon a retro-biosynthetic analysis of the marine

conjugated trienes isolated from P. filicina employing the

mechanisms established for the formation of terrestial conjugated

trienes. This led to prediction of the equally unlikely precursors

5(E),8(Z),14(Z),17(Z)- or 5(Z),8(Z),14(Z),17(Z)-icosatetraenoic

acid, both of which are rather unusual marine algal fatty acids

compared to 5(Z),8(Z),11(Z),14(Z),17(Z)-icosapentaenoic acid

(Figure 111.4) .66 Metabolites 1 and 3 were shown to be true

natural products of P. filicina by observing nearly identical TLC's

for the lipid extracts obtained by standard extraction methodology

and by a procedure described to inhibit extraction artifacts

resulting from enzyme catalyzed degradation of complex lipids.162



70

......... -....... OR

14 17

1 R = H

2 R = CH3

3 R =OH

4 R = OCH3

I''
5 R =N\-/

Figure III.1 Chemical structures of the isolated P. filicina
metabolites (1) and (3), together with their respective methyl
ester derivatives.
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Figure 111.2 1H-1H COSY of methyl 5(Z),7(E),9(E),14(Z),
17(Z)-icosapentaenoate (2) showing correlations between coupled
protons (ca. 7 mg of 2 in 0.4 ml CDC13 with 0.3% TMS, 5 mm tube,
400, MHz).
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Figure 111.4 Proposed biogenesis of conjugated triene fatty
acids from P. filicina.
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Table 111.1 NMR Data of the Two Icosapentaenoic Acids
Isolated From P. filicina as Their Respective
Methyl Ester Derivatives (2) and (4).'

76

Compound 2
1H 13c b

Compound 4
1H 13c c

C# 8 m J(Hz) 8 8 m J(Hz) 8

1 174.01 174.01
2 2.33 t 7.5 33.36 2.31 t 7.4 33.35
3 1.73 p 7.5 24.82 1.73 p 7.4 24.51
4 2.23 q 7.5 27.08 2.09 m - 32.08
5 5.33 m 130.78d 5.57 dt 14.4,7.2 132.64d
6 6.04 bt 11.4 129.76d 6.08 m - 131.34d
7 6.35 dd 13.9,11.4 125.75d 6.08 m - 130.66d
8 6.15 m 130.78d 6.08 m 131.46d
9 6.10 m - 130.15d 6.08 m 130.57d
10 5.71 dt 14.4,7.2 135.07d 5.63 dt 14.4,7.2 134.35d
11 2.09 m - 32.37 2.09 m 32.34
12 1.46 p 7.5 29.21 1.46 p 7.4 29.25
13 2.09 m 26.69 2.09 m 26.68
14 5.33 m - 129.59 5.33 m 129.62
15 5.33 m 128.46 5.33 m 128.49
16 2.77 bt 6.1 25.56 2.77 bt 6.0 25.56
17 5.33 m 127.30 5.33 m 127.31
18 5.33 m 131.82 5.33 m 131.86
19 2.09 m 20.55 2.09 m 20.55
20 0.97 t 7.6 14.29 0.97 t 7.6 14.29
1' 3.66 s 51.49 3.66 s 51.48

aChemical shift values in ppm relative to TMS as an internal
standard operating at 9.398 T. All spectra obtained in CDC13.

bAssignments by comparison with values determined for 4 and with
several model compounds. 158,159,163

'Assignments from a 1H -13C HETCOR experiment and by comparisons
with model compounds. 158,159,163

dCarbons assigned by comparison to model c,t,t and t,t,t conjugated
trienes.163
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CHAPTER IV

PTILODENE, A NOVEL EICOSANOID Nal-/K+ ATPASE INHIBITOR
FROM THE MARINE ALGA PTILOTA FILICINA J. AGARDH

ABSTRACT

A new twenty carbon fatty acid with novel sites of oxidation

and unsaturation was isolated from the red marine alga Ptilota

filicina (Ceramiales). The structure was based on classic

spectrochemical methodology including 2D nmr and the pure natural

product showed inhibitory activity to dog kidney Na+/K+ ATPase.

The new natural product, named ptilodene was also antimicrobial to

pathogenic gram positive and gram negative bacteria.
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INTRODUCTION

One interesting feature of marine natural products studies

has been the sporadic discovery of biologically active prostanoic

-acid derivatives from a diversity of sea life. 8 10 These

prostanoids fall into two distinct biosynthetic classes. One class

is easily envisioned as deriving from an initial cyclooxygenase-

type reaction164- 166 while the other appears to procede via

intermediate lipoxygenase-type products. 167-169 By contrast, only

a few acyclic metabolites which illustrate the functioning of a

lipoxygenase-type pathway, the other major biosynthetic manifold of

arachidonic acid metabolism in mammalian systems, have been

reported from marine organisms to date. 170-172 Hence, our initial

report here on the isolation and structure elucidation of 11-

hydroxy-16-oxo-5(Z),8(Z),12(E),14(E),17(E)-icosapentaenoic acid (6)

from the red alga Ptilota filicina is significant for its further

illustration of a lipoxygenase-type pathway in marine organisms.

Furthermore, this novel lipid shows some pharmacological activities

in similarity to mammalian-derived eicosanoids as well as

antimicrobial activity to several human pathogens.

In a survey of the little-studied Oregon coastal seaweeds for

new natural products with potential biomedical applications,173 we

identified the lipid extract of P. filicina as showing a

combination of interesting biological activities and unique natural

products by TLC analysis. Subsequently, we found this alga to

contain large quantities of two stereoisomeric icosapentaenoic

acids containing conjugated triene functionalities.174 Our
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continued investigation of this alga has now resulted in the

isolation of ptilodene (6), the structure of which we report here

principally on the basis of several 2D nmr experiments.
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EXPERIMENTAL

Ultraviolet spectra were recorded on an Aminco DW-2a UV-Vis

spectrophotometer and infrared spectra (IR) on a Perkin-Elmer 727

spectrophotometer. Optical rotations were measured on a Perkin-

Elmer 143 polarimeter. Nuclear magnetic resonance spectra (NMR)

were recorded on Varian EM 360, FT-80A and BruAr AM 400 NMR

spectrometers and all shifts are reported relative to an internal

TMS standard. Low resolution mass spectra (LRMS) were obtained on

a Varian MAT CH7 spectrometer while high resolution mass

measurements (HRMS) were obtained on a Kratos MS 50 TC. High

performance liquid chromatography (HPLC) employed a Waters M-6000

pump, U6K injector and R 401 differential refractometer while thin

layer chromatograms were made using Merck aluminum-backed TLC

sheets (silica gel 60 F254). All solvents were distilled from

glass prior to use.

P. filicina was collected from exposed intertidal pools (-0.5

to +0.5 m) at Marine Gardens on the Oregon coast in June of 1985

and 1986. Voucher specimens are on deposit at the Department of

Botany Herbarium at Oregon State University. The seaweed was

preserved by freezing until workup at which time the defrosted alga

(1.522 kg dry weight) was homogenized in warm CHC13 /MeOH (2:1,

v/v). The mixture was filtered and the solvents removed in vacuo

to yield a residue which was partitioned between CHC13 and H2O.

The CHC13 was dried over MgSO4, filtered and reduced in vacuo to

yield 17.3 g of a dark green tar (1985 collection). The 1986

collection of P. filicina (0.278 kg dry weight) was extracted in
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exactly the same manner as described above to yield 7.70 g of crude

lipid extract.

Ptilodene (6).- The natural product (6) was isolated by

vacuum chromatography175 of 7.60 g (June 1986 collection) of crude

lipid extract over a column that consisted of a 500 ml sintered

glass filter funnel (9 cm x 10 cm diameter) packed with 150 g of

silica gel (Kieselgel 60, 230 mesh). Fractions were eluted under

vacuum into a 1-L Erlenmeyer suction flask with solvent mixtures

(250 ml each) that ranged from 100% CHC13 to 100% Me0H. Compound 6

was eluted with 2-10% Me0H in CHC13. Extensive purification by

reverse-phase HPLC (Waters 3.9 mm x 25 cm p-Bondapak C-18 column

using 40% H20/Me0H, 1.5 ml/min, 15 min retention time, 0.5 mg per

injection) yielded 2 mg (0.03% of crude extract). Compound 6: [a

]D= 0° (CHC13, c 0.26); LRMS (FAB, negative ion mode) m/z 332 (M-,

C20H2804, 9.9%), 331 (M--1, 28.3%).

Acetate-methyl ester derivative of 6 (7).- The crude lipid

extract from the 1985 collection was subjected to vacuum

chromatography as described above (Si02, Kieselgel 60, 230 mesh,

150 g) and fractions containing 6 were obtained by elution with 60-

90% EtOAc in isooctane. Further purification was achieved by

column chromatography (2x) using silica gel (Silica Woelm, 70-230

mesh, 100 g) and eluted with a gradient of CHC13 /MeOH (1-3% Me0H in

CHC13). The mixture containing 6 (169 mg) was combined with excess

pyridine (2 ml) and acetic anhydride (2 ml) and stirred at room

temperature overnight. The reaction was quenched with ice water

and the mixture extracted with Et20 (3 x 20 ml). The combined Et20

phase was then washed with 5% HC1 (3 x 20 ml), saturated NaHCO3 (3
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x 20 ml) and water (1 x 20 ml). The Et20 phase was dried over

anhydrous MgSO4, filtered and reduced in vacuo to yield the

acetylated mixture.

Further purification was achieved by Si02 column

chromatography (as described above) and those fractions containing

the acetylated derivative of 6 was methylated using CH2N2 (prepared

from Diazald). Compound 7 was purified by HPLC (two Waters 3.9 mm

x 25 cm p-Porasil analytical columns, 3.0 ml/min, 5.5 min retention

time, 1 mg per injection) using 20% EtOAc in isooctane to yield 7

mg (0.04% of crude extract). Compound 7: [a]p 0° (CHC13, c 0.22);

HRMS (El) m/z 388.2321 amu (Mt, C23H3205, mamu dev. +7.2); UV

(MeOH) -max 275, 224 nm (e 6800, 8450); IR (CHC13) vmax 3040,

2940, 2860, 1745, 1700-1625, 1475-1450, 1370, 1220 cm-1; 13C NMR

(100 MHz, C6D6) 8 187.92, 173.00, 169.50, 148.38, 141.06, 139.84,

131.51, 130.67, 129.56, 129.52, 128.99, 128.57, 124.03, 73.16,

50.94, 33.28, 32.41, 26.78, 26.06, 25.65, 24.99, 20.63, 12.27 ppm.

Antibiotic activity was tested against five human pathogens

(Staphylococcus aureus, Bacillus subtilus, Escherichia coli,

Psuedomonas aeruginosa, Candida albicans). Sterile bioassay discs

(0.25 inch paper) were spotted with an Et20 solution of either the

extract or pure compound to be screened and air-dried. The discs

were then placed on inoculated agar plates and incubated at 37°C

for 12-24 h. A positive antibiotic activity was indicated by a

clear ring of inhibition around the disc. For the crude lipid

extract (June 1985 collection): S.a. (9 mm), B.s. (8 mm), E.c. (-),

P.a. (-), C.a. (-). For compound 6 (100 ug/disc): S.a. (-), B.s.

(12 mm), E.c. (8.5 mm), P.a. (-), C.a. (-).
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RESULTS AND DISCUSSION

Intertidal collections of P. filicina from the Central Oregon

coast during summer months gave lipid extracts exhibiting

antimicrobial activity to several human pathogens. By

bioautography this activity was localized to a major metabolite at

low Rf which charred with acidification a distinctive cherry-red

color. This antibiotic natural product (6) was unstable and thus

isolated in only small quantities by repetitive vacuum

chromatography followed by HPLC. Larger amounts could be isolated

as a partially stabilized acetate-methyl ester derivative (7) by

first acetylation (Ac20/pyr/RT) of fractions enriched in natural

product 6, followed by column chromatography over silica gel and

methylation (CH2N2) of the major fractions. Final purification of

derivative 7 to a colorless oil was again achieved by HPLC.

Low resolution negative ion FAB mass spectrometry of 6 gave a

prominent M- for C202804 which was in part confirmed by HR EIMS of

derivative and in part from a careful analysis of 1H and 13C NMR

data for 6 and 7 (Table IV.1). Hence, the eight degrees of

unsaturation inherent in the molecular formula of derivative 7 were

readily accounted for by 5 olefins, 2 ester carbonyls (one acetoxy

and one carbomethoxy) and 1 conjugated carbonyl.

The linear arrangement of atoms in derivative 7 was readily

provided by COSY experiments (Figure IV.2). One spin system

consisted of the terminal methyl group (C-20) coupled to the C-19

protons which were in turn coupled to the C-18 olefin proton. This

olefin was in conjugation with a carbonyl and of E geometry 017_
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18= 15.5 Hz). Further, C-12 to C-16 constituted a dienone (UV A

max = 275, 224 nm) in which both olefins were E (-14-15= 15.4 Hz,

J12-13= 15.1 Hz). The proton at the terminus of this dienone, H-

12, was further coupled to a deshielded methine proton (H-11) which

had shifted downfield upon acetylation over 1 ppm relative to the

natural product (6). This H-11 proton was coupled to H2-10 which

were in turn coupled to the C-9 olefin proton. A second spin

system began with the recognizable C-2 protons and in which

sequential correlations were observed between H2-2 and H2-3, H2-3

and H2-4, and H2-4 and the H-5 olefin proton. A final partial

structure consisted of a bis-allyic methylene in which both olefins

were of the Z stereochemistry. 158

Since these three fragments consisted of two end pieces and a

symmetrical middle piece and accounted for all of the atoms in the

molecule, structure 6 was easily deduced. The absolute

stereochemistry of the C-11 hydroxy functionality is under

investigation.

Pure ptilodene (6) was inhibitory to the growth of several

microorganisms, including Escherichia coli and Bacillus subtilus

(100 pg/0.25 inch disc). Ptilodene was moderately active in

inhibiting the functioning of dog renal Na+/K-1- ATPase (57% at 10-

4M, 43% at 10-5 M, 30% at 10-6 M; Oubain standard 87% at 10-4 M,

76% at 10-5 M, 36% at 10 -6 14).176 There are two distinct

biosynthetic routes by which the oxidations at C-11 and C-16 may be

introduced (Figure IV.3). In analogy to leukotriene biosynthesis,

a lipoxygenase-type reaction at C-16 to form sequentially

hydroperoxide and 15,16-epoxide intermediates could be followed by
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attack of water at C-16 to yield the appropriate positions of

oxidation.177 Alternatively, two lipoxygenase-type reactions could

introduce oxygen at both C-11 and C-16 following isomerization of

the C14-15 olefin to C15-16.
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Figure IV.1 The chemical structure of ptilodene (6) and its
acetate-methyl ester derivative (7).



Bz

18

15

I

r
17 _5,6,8,9,11

13
12

OCH3

19

20
OA c

4 '

10

7.5 7.3 6.5 6.2 5.5 5.2 4.5 4PPM.2 3.5 3.0 2.5 2.2 1.5 1.2

012/11

: 12/13

17/18

$21> 15, 13/14

87

PPM

10/9,11

8
4/5

247/6,8 8

7 19/17

CI 19/18

7.5 7.0 6.5 6.0 5.5 5. a 4.5
4P PMM

3.5 3.0 215 2. a 1 . 5 1 .

3.5

4.2

4.5

5.2

5. 5

6.a

6. 5

7.3

PM

7.5

Figure IV.2 1H-1H COSY of acetate-methyl ester derivative (7)
showing correlations between coupled protons.



0

OH

ISOMERASE

OH

88

A.

0-0H

-H
2
0

OH

LIPDXYGENASE

H.

+H
2
0 OH

\.,,==)/7..=.7.7//

OH
-oxidation

-isomerase

B.

HOO

L I PO X YGENA S E

OOH

/-2 x 2e- reductions

-oxidation

-isomerase

Figure IV.3 Proposed biogenesis for ptilodene (6).

OH



89

Table IV.l 1H NMR Data of Ptilodene (6) and its Acetate-Methyl
Ester Derivative (7).a

Atoms Compound 6 Compound 7

6 (#H, m, J) S (#H, m, J)

H-2 2.15 (2, t, 6.8) 2.10 (2, t, 7.3)
H-3 1.55 (2, tt, 7.1, 7.1) 1.60 (2, tt, 7.3, 7.3)
H-4 2.02 (2, dt, 7.5, 7.5) 1.97 (2, dt, 7.3, 7.3)
H-5 5.32 (1, m) 5.32 (1, m)

H-6 5.32 (1, m) 5.32 (1, m)

H-7 2.78 (2, m) 2.75 (2, bt, 7.3)
H-8 5.51 (1, bdt, 10.5, 6.7) 5.49 (1, dtt, 10.8, 7.3, 1.7)
H-9 5.41 (1, m) 5.35 (1, dt, 10.8, 6.9)
H-10 2.25 (2, m) 2.38 (1, ddd, 13.2, 6.9, 6.6)
H-10' 2.25 (1, ddd, 13.2, 6.9, 6.6)
H-11 4.03 (1, dt, 5.2, 5.7) 5.40 (1, ddd, 6.6, 6.6, 6.6)
H-12 5.96 (1, dd, 15.2, 5.2) 5.75 (1, dd, 15.1, 6.6)
H-13 6.37 (1, dd, 11.1, 15.2) 6.28 (1, dd, 11.1, 15.1)
H-14 7.53 (1, dd, 11.1, 15.3) 7.30 (1, dd, 11.1, 15.2)
H-15 6.31 (1, d, 15.3) 6.25 (1, d, 15.2)
H-17 6.16 (1, bd, 15.8) 6.17 (1, dt, 15.5, 1.4)
H-18 6.85 (1, dt, 15.8, 6.5) 6.80 (1, dt, 15.5, 6.6)
H-19 1.79 (2, dq, 6.5, 7.3) 1.80 (2, ddq, 1.4, 6.6, 7.4)
H-20 0.73 (3, t, 7.3) 0.75 (3, t, 7.4)
11-0H 2.85 (1, bs)

11-0Ac 1.70 (3, s)

1-0O2Me 3.35 (3, s)

aChemical shift values in ppm relative to TMS as an internal
standard operating at 9.398 T. All spectra obtained in C6D6.
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CHAPTER V

TWO NEW CHAMIGRENE SESQUITERPENOIDS FROM THE RED ALGA
LAURENCIA OBTUSA (HUDSON) LAMOUROUX

ABSTRACT

The red seaweed genus Laurencia is a very prolific source of

halogenated metabolites. Two new brominated sesquiterpenes,

obtusadiene (8) and isoobtusadiene (9), together with the known

natural products elatol and obtusol, have been isolated from

Laurencia obtusa. The structure and relative stereochemistry of

these compounds were determined by spectroscopic techniques

including nOeds and by comparisons with known compounds. Absolute

stereochemical investigations by means of the exciton chirality

method were performed on the p-benzoate derivative of 8.
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INTRODUCTION

Marine algae of the genus Laurencia occur worldwide in

diverse marine habitats and are an abundant source of novel natural

products. 8,10,40 In the course of our survey work178 on the

biomedicinal potential of Caribbean seaweeds, 179,180 we initiated a

study on the chemistry of the red alga Laurencia obtusa. The crude

lipid extracts of our Caribbean collections of L. obtusa have

yielded two new brominated sesquiterpenes of the chamigrene type in

addition to several known halogenated sesquiterpenes. We report

here the structures of the two new algal metabolites (8, 9) which

were established from analyses of their respective IH and 13C NMR

spectra and by comparison to known natural products. Relative

stereochemistry was deduced from a combination of coupling constant

analyses and nOeds experiments97 while absolute stereochemistry was

determined by the exciton chirality method on a benzoate derivative

of 8.98 We propose the trivial names obtusadiene and

isoobtusadiene for compounds 8 and 9, respectively.
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EXPERIMENTAL

Optical rotations were measured on a Perkin-Elmer 143

polarimeter, UV spectra on a Beckman DB-GT grating

spectrophotometer and IR spectra with a Perkin-Elmer 283

spectrophotometer. NMR spectra were recorded on Varian FT-80A,

JEOL FX900 and Bruker HX500 spectrometers and nuclear Overhauser

enhancement difference spectroscopy (nOeds) was performed on a

Bruker AM-400 spectrometer. Low resolution mass spectra were

obtained on a Hewlett Packard 5995A mass spectrometer, and high

resolution mass spectra were recorded on a Kratos MS 50 TC mass

spectrometer. Circular dichroism spectra were recorded on a Jasco

J-41A spectropolarimeter. All solvents were distilled from glass

prior to use.

L. obtusa was collected at a depth of 0-1 m near Isleta

Marina on the east coast of Puerto Rico in May 1984. The algae

were preserved by storage in i-PrOH and a taxonomic voucher is

deposited in the herbarium of the Department of Marine Sciences,

University of Puerto Rico.

The preserved algae (dry weight, 1.01 kg) were homogenized

and extracted (3x) with CHC13 -MeOH (2:1, v/v) to yield, following

in vacuo removal of extraction solvents and water, 28.5 g of a dark

green tar (2.8% of dry weight). The crude extract was

chromatographed on a gravity-driven silica gel column employing a

gradient of isooctane /EtOAc /MeOH and fractions eluting with 5%

EtOAc- isooctane contained metabolites 8 and 9. Fractions eluting

with 5-20% EtOAc- isooctane contained the known metabolites elatol
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and obtusol. Metabolites 8 and 9 were further purified using

semipreparative normal phase HPLC (Alltech RSIL Silica, 50 cm x 10

mm, 10% Et0Ac/isooctane), followed by analytical normal phase HPLC

(pPorasil, 2 x 25 cm x 3.9 mm, 1.0% EtOAc /isooctane) and yielded

pure 8 (410 mg, 1.44% of extract) and 9 (32.6 mg, 0.11% of extract)

as colorless oils. Other collections of L. obtusa made near on the

east coast of the island of Tobago in the Lesser Antilles, in

December 1982 and from La Parguera on the southwestern coast of

Puerto Rico in February 1983, were also found to contain

metabolites 8 and 9.

Obtusadiene (8). - The colorless oil showed [a]D25 -52.0° (c

2.8, CHC13); UV Amax (MeOH) 262 nm (log 6 = 3.5); CD (MeOH) A E =

-13.5 L mot -1 cm-1 (Amax 265 nm); IR (CC14) 3570, 3460, 3090, 3030,

2940, 1641, 1470, 1445, 1373, 1208, 1055, 902, 867, 610 cm-1;

LREIMS (70 eV) 298 (1.0), 296 (1.0), 217 (1.0), 216 (1.0), 199

(10.4), 161 (6.6), 157 (12.5), 133 (46.7), 132 (48.9), 119 (22.7),

117 (32.6), 115 (25.8), 105 (82.3), 91 (46.4), 85 (100.0), 65

(19.7), 55 (37.0); HREIMS m/z 298.0753 (M++2, C15H21081Br, -0.3

mamu dev., 7.1%), M.+ 296.0778 (C15H21079Br, 0.3 mamu dev., 7.5%),

217.1599 (C15H210, 0.6 mamu dev., 5.6%), 199.1495 (C151119, 0.8 mamu

dev., 32.1%), 161.0970 (C1111130, 0.3 mamu dev., 14.3%), 157.1025

(C12H13, 0.8 mamu dev., 20.6%), 133.1020 (C1013, 0.3 mamu dev.,

66.6%), 119.0855 (C9H11, -0.6 mamu dev., 30.6%), 105.0705 (C8H9,

0.0 mamu dev., 100.0%); see Tables V.1 and V.2 for 13C NMR and IH

NMR data, respectively.

p-Bromo benzoate derivative of 8 (10). A solution of

compound 8 (47 mg) in CH2C12 was treated with excess amounts (3:1)
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of p-Br benzoyl chloride and pyridine. The crude reaction mixture,

after refluxing for three days, was worked up as usual, isolated by

preparative tic (2 mm thick layer silica gel, 100% C6H6) and

purified by normal phase analytical hplc (pPorasil, 2%

EtOAc /isooctane) to yield 13.4 mg of 10 (26.2% yield) as a

colorless oil: UV Amax (MeOH) 244 nm (log E = 4.5); CD (MeOH) A 6 =

+7.6, 0.0, -16.5 L mo1-1 cm-1 (Amax 244, 250, 267 nm); 1H NMR

(CDC13) 8 7.90 (2H, d, J=8.8 Hz), 7.58 (2H, d, J=8.8 Hz), 5.91 (2H,

m), 5.47 (1H, ddd, J=3.6, 3.6, 3.6), 5.37 (1H, m), 4.96 (1H, bs),

4.86 (1H, bs), 4.66 (1H, d, J=3.6), 2.90-1.85 (4H, m), 1.71 (3H,

ddd, J=1.8, 1.8, 1.8), 1.26 (3H, s), 1.13 (3H, s).

Isoobtusadiene (9). - Pure 9 showed [a]D25 -11.7° (c = 0.7,

CHC13); UV Amax (MeOH) 234 nm (log e = 4.1); IR (CC14) 3570, 3080,

3030, 2980, 1640, 1480, 1432, 1375, 1205, 1080, 1030, 910, 890, 605

cm-I; LREIMS (70 eV) 298 (7.1), 296 (5.9), 217 (7.7), 216 (5.1),

199 (12.8), 161 (16.0), 143 (20.9), 133 (25.8), 117 (53.0), 115

(45.5), 105 (37.3), 91 (100.0), 85 (24.9), 69 (51.6), 65 (31.3), 55

(52.9); HREIMS m/z 298.0754 (M++2, C15H21081Br, -0.1 mamu dev.,

6.9%), 296.0733 (Mt, C15H21079Br, -0.3 mamu dev., 9.1%), 217.1601

(C15H200, 1.2 mamu dev., 14.9%), 199.1487 (C151119, -0.1 mamu dev.,

47.4%), 161.0953 (C1111130, -1.3 mamu dev., 48.8%), 143.0859

(C11H11, 1.5 mamu dev., 34.2%), 133.1016 (C1013, -0.2 mamu dev.,

31.2%), 117.0703 (C9H9, -0.1 mamu dev., 66.4%), 115.0549 (C9H7, 0.1

mamu dev., 38.1%), 105.0693 (C8H9, -1.1 mamu dev., 53.1%), 91.0548

(C7H7, 0.0 mamu dev., 100.0%), 69.0575 (C5H9, 0.1 mamu dev.,

65.1%), 65.0395 (C5H5, 0.3 mamu dev., 25.2%); see Tables V.1 and

V.2 for 13C NMR and IH NMR data, respectively.
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RESULTS AND DISCUSSION

A collection of L. obtusa from northeastern Puerto Rico was

preserved in alcohol and later extracted for its lipids according

to standard methodology. This extract was repeatedly

chromatographed over silica gel to yield obtusadiene (8),

isoobtusadiene (9), and the known compounds elato1181 and

obtusol. 81,82

The major new compound (8) was a colorless and optically

active oil which had a molecular formula by HREIMS of C 15H210Br and

thus, contained 5 degrees of unsaturation. The IR spectrum of (8)

showed absorptions for a hydroxyl functionality and olefinic bonds,

two of which were in conjugation within a ring (UV Amax = 262nm).

By 13C NMR spectroscopy (Table V.1) obtusadiene had a total of six

olefinic carbons and was thus bicarbocyclic.

There were two isolated spin systems in the IH NMR spectrum

of obtusadiene (8). One was nearly identical, including coupling

constants, to the array found in elatol and several other well

characterized B-chamigrenes of marine origin 40 ,

69 and accounted for

two degrees of unsaturation. The remaining spin system contained a

homoannular diene and showed extensive long range coupling (Table

V.2), a detailed analysis of which allowed formulation of the B

ring.

The relative stereochemistry at the spiro juncture, C-6, was

investigated by nOeds in which enhancements of the exocyclic

methylene protons (H2-14) and the lower field methyl protons (H3-
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13) were observed upon irradiation of the olefinic protons at 8

5.85 (H-4 and H-5, Figure V.1). The absolute configuration was

determined by the chiral exciton coupling method using the p-Br

benzoate derivative (10). This analysis assumes that the B ring

adopts a conformation with the least steric interaction as deduced

with Drieding models. The first negative (Amax 267nm) and second

positive (Amax 244 nm) split Cotton effects were consistent for the

6R,9S,10R enantiomer. Furthermore, prediction of a left hand

skewness in the cisoid diene by the empirical diene helicity

rules99 was confirmed by a negative Cotton effect at Amax 265 nm in

the CD spectrum of obtusadiene (8). The absolute configurations at

C-9 and C-10 for obtusadiene (8) are identical to those found in

elatol which suggests that these chamigrenes may arise via

analogous biosynthetic steps (Figure V.2) .69,81,182

Isoobtusadiene, (9), was also a colorless and optically

active oil which possessed an identical molecular formula and

similar spectral features to obtusadiene (8). Metabolite 9

displayed UV absorptions consistent with a heteroannular diene, a

conclusion further supported by analysis of the IH NMR spectrum

(Table V.2). An additional exocyclic methylene replaced the vinyl

methyl group at C-15 and the olefin protons at H-4 and H-5 formed

an AX spin system. The methylenes at C-1 and C-2 were coupled and

formed part of a complex 6 proton multiplet in the 61.9-2.7 region.

Neither the relative stereochemistry at the Spiro center nor the

absolute stereochemistry were determined for isoobtusadiene (9).

Natural products 8 and 9 were devoid of significant

antimicrobial (gram +, gram -, yeast) or cytotoxic activities (KB).
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8= R = H

0
II

10 = R = C

15

9

Figure V.1 Chemical structures of obtusadiene (8) and
isoobtusadiene (9) isolated from L. obtusa and of the p-Br
benzoate derivative (10).
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Figure V.2 Proposed biogenesis of natural products (8) and (9).
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Table V.1 13C NMR Data of the Brominated Sesquiterpenes
Obtusadiene (8) and Isoobtusadiene (9)a.

Carbon Compound
No.

ib,d 2b,d

C-1 30.2 t 26.5
C-2 119.7 d 26.8h
C-3 129.7 s 143.71.

C-4 129.1 de 131.5J
C-5 129.6 de 132.7.1

C-6 48.8 s 51.5.
C-7 146.4 s 142.31
C-8 38.2 t 37.9
C-9 71.9 df 72.1
C-10 71.5 df 70.6
C-11 43.8 s 42.8
C-12 21.3 qg 21.5
C-13 26.8 q 26.5h
C-14 113.3 t 117.6k
C-15 20.7 qg 111.3k

a5 in ppm from TMS.
bObtained in C6D6 at 125 MHz. Multiplicity assignments obtained
from 13C off-resonance decoupling experiment; abbreviations: s
singlet, d = doublet, t triplet, q = quartet.

cObtained in CDC13 at 22.5 MHz.
dAssignments made on the basis of comparison to model compounds.182
e-kAssignments may be reversed.



Table V.2 1H NMR Data of the Brominated Sesquiterpenes
Obtusadiene (8) and Isoobtusadiene (9)a.

100

Hydrogen
Atom

8 (CDC13)b,e

Compound

8 (C6D6)c,e,f 9 (CDC13)d,'

H-la
H-lb
H-2
H-4
H-5
H-8a
H-8b

2.05-2.62, m
2.05-2.62, m
5.32, m
5.87, d
5.87, d
2.05-2.62, m
2.05-2.62, m

1.87,

2.13,

5.13,

5.73,

5.73,

2.37,

2.13,

ddq
m
m
bs

bs
dd
m

1.98-2.64, m
1.98-2.64, m
1.98-2.64, m
5.84, bd
6.27, d
1.98-2.64, m
1.98-2.64, m

H-9 4.08, bddd 3.75, bddd 4.15, bdd
H-10 4.62, d 4.17, d 4.65, d
H-12 1.05, s 0.98, s 1.02, s

H-13 1.15, s 1.19, s 1.23, s

H-14a 4.93, s 4.93, bd 4.80, sg
H-14b 4.93, s 4.87, bd 4.80, sg
H-15a 1.70, ddd 1.56, ddd 5.12, bsg
H-15b 4.86, bsg

a6 in ppm from TMS.
bObtained at 80 MHz.
dObtained at 500 MHz.
dObtained at 90 MHz.
eJ(Hz)- 8 (CDC13): 4,2 = 1; 5,2 = 1; 9,10 = 3.1; 8 (C6D6): la,lb --
17.8; la,2 = 4.2; la,15 = 2.1; 15,1b = 2.1; 15,2 = 2.1; 8a,8b =
14.6;9,8b 3.4; 10,9 = 3.0; 14a,14b = 1.5; 9: 4,5 = 10.2; 9,10 =
3.1; 9,8 6.6.

(Assignments were made by aid of spin decoupling experiments.
gAssignments may be reversed.
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HORMOTHAMNIONE, A NOVEL CYTOTOXIC STYRYLCHROMONE FROM THE MARINE
CYANOPHYTE HORMOTHAMNION ENTEROMORPHOIDES GRUNOW

ABSTRACT: The first naturally occurring styrylchromone,

hormothamnione, was isolated from the marine cyanophyte

Hormothamnione enteromorphoides and its structure determined by an

x-ray experiment on its triacetate derivative. Hormothamnione is

an exceptionally potent cytotoxin to cancer cells in vitro and

appears to be a selective inhibitor of RNA synthesis.

Blue green algae have recently received considerable

attention by academic researchers,1,2 the National Cancer

Institute3 and industry4 as a new source of novel bioactive natural

products. We have therefore collected several cyanophytes as part

of a survey of algal chemistry from the north coast of Puerto Rico

and we report here the struture of a novel cytotoxin from one of

these, Hormothamnione enteromorphoides. A CHC13 /MeOH of fresh H.

enteromorphoides demonstrated slight gram positive antimicrobial

activity and showed the presence of a distinctive orange-charring

(H2SO4) yellow pigment by thin layer chromatography.5 The readily

isolable pigment band contained a subtle mixture of several

compounds, the major of which, 11 (Figure appendix.1), was isolated

by careful reverse phased HPLC and its novel styrylchromone

structure solved by x-ray crystallograhic means. Trivially named

hormothamnione, metabolite 11 is a potent cytotoxin to several

human cancerous cell lines and appears to operate via inhibition of

RNA synthesis (Table appendix.1)

Senescent yellow-colored H. enteromorphoides was found in
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abundance on a exposed shallow reef (1-3 m) at Playa de Vega Baja,

Puerto Rico several times during the months of July and August in

1984 and 1985. The frozen or alcohol preserved seaweed was

extracted in the standard fashion (CHC13 /MeOH, 2:1) and the yellow

band containing 11 was isolated by vacuum chromatography over TLC

grade silica gel. Preparative thick layer chromatography of this

yellow band simplified the mixture to two components of 75:25

ratio. Small quantities of 11 were obtained from this mixture

employing painstaking reverse phased HPLC conditions.6 The major

component (11) was more conveniently isolated from this mixture by

first derivatizing to 12 (acetic anhydride, pyridine, 16 hours,

room temperature) and then employing normal phased HPLC

conditions.7 The natural product 11 was easily reformed (as

determined by TLC, MS, NMR) via mild base treatment (K2CO3 in Me0H)

of 12.

The natural product (11) was a yellow solid (m.p. 270°C

dec) which analyzed for C21112008 by high resolution electron impact

mass spectrometry (14-1- M/Z 400.1163, 46%) which upon derivatization

to 12 increased in mass to C27H26011 (M+ = base peak at M/Z 526 by

low resolution CIMS in the negative ion mode) and thus, 12 was the

triacetate derivative of 11. The natural product had typical

chromone8 UV absorptions at 295 and 353 nm (MeOH; e = 6,200; 8,900

respectively) and IR absorptions (KBr) broadly centered at 3400 cm-

1 (phenol) and at 1640 cm
-1

(pyrone carbonyl). The IH NMR (80 MHz,

CDC13) of 12 confirmed its triacetate nature [6 2.34 (6H, s) and

2.50 (3H, s)].

Of the remaining seventeen hydrogens in the IH NMR spectrum
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of 12, twelve were present as methyl singlets, three at shifts

consistent with aromatic methoxyls [6 3.89 (3H, s), 4.06 (3H, s)

and 4.11 (3H, s)] and one consistent with a deshielded olefinic

methyl group [6 2.17 (3H, s)]. The other 5 protons were separated

into two deshielded spin systems, one consistent with a trans

disubstituted olefin [6 7.08 (1H, d, J = 16) and 7.58 (1H, d, J =

16)] and the other interpreted as forming the proton component of a

symmetrical 1.3.5. trisubstituted aromatic ring [8 6.94 (1H, t, J =

1.9) and 7.23 (2H, d, J = 1.9)]. The nature of the ring system and

placement of these proton, methyl, methoxy and acetoxy substituents

was not readily determinable and more definitive NMR experiments

were precluded due to limited resources of compound. Hence, an x-

ray experiment was performed to unambiguously assign the structure

of crystalline 12 (m.p. 198-201°C).

Preliminary x-ray photographs of the triacetate 12

displayed monoclinic symmetry and accurate lattice constants of a =

18.472 (5), b 5.769 (3), c = 24.096 (6) A, and 0 = 93.40 (2)°

were determined from a least square analysis of fifteen moderate,

diffractometer measured 28- values. The systematic extinctions and

crystal density indicated space group P21/a with one molecule of

composition C27H26011 forming the asymmetric unit (Z = 4). All

diffraction maxima with 28 < 114° were measured on a computer

controlled four-circle diffractometer with graphite monochromated

Cu Ka radiation (1.54178 A) and variable speed, 1° w -scans. Of

the 3459 reflections surveyed, only 1211 (35%) were judged [Fo > 3a

(Fo)] after correction for Lorentz, polarization and background

effects.9 The centrosymmetric structure was solved easily.
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Hydrogen atoms were located on a AF-synthesis after partial

refinement of the nonhydrogen atoms. Block diagonal least-square

refinements with anisotropic nonhydrogen atoms and isotropic

hydrogens have converged to a standard crystallographic residual of

0.081 for the observed reflections. Crystallographic parameters

have been deposited with and are available from Cambridge

Crystallographic Data File, University Chemical Laboratory,

Lensfield Road, Cambridge, CB2 lEW, England.

The styrylchromone structure of hormothamnione is

unprecedented in natural products although the carbon skeleton is

known from synthetic studies.10 It is equally plausible that

hormothamnione is biogenetically derived from acetate or shikimate

pathways, though the oxidations at C-13 and C-15 are inconsistent

with the expected oxidation patterns resulting from either

sequence.

The natural product 11 was found to be a potent cytotoxic

agent to P388 lymphocytic leukemia and HL-60 human promyelocytic

leukemia cell lines. Macromolecule biosynthesis in the presence of

11 was measured via radioactive precursor incorporation studies

using HL-60 and KB cell lines (Table appendix.l). A major mode of

cytotoxic action of hormothamnione appears to be by inhibition of

RNA synthesis. Further studies on the site of cytotoxic action of

11this novel marine natural product are underway.
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Figure A.1 Chemical structures of hormothamnione (11) and its
triacetate derivative (12).
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Figure A.2 A computer generated perspective drawing of the final
x-ray model of hormothamnione triacetate (12). The chromone
fragment (atoms 01 to C8a) is planar, and the substituents on the
fully substituted aromatic ring are all rotated out of the plane.
The relevant torsional angles vary from 50° for C8-C7-031-C21 to
87° for C7-C8-032-C22. The acetate substituents on the 1,3,5,
substituted ring are also rotated by roughly 77°.
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Inhibition of Cell Growth and Macromolecule Biosynthesis
in Several Cancerous Human Cell Line by Hormothamnione
(11).

ID50

(ng /ml)a

ID50
(ng/m1)bc

ID50
(ng /ml)bd

ID50
(ng /ml)be

Cell-line Cell Growth DNA RNA Protein

P-388 4.6
HL-60 0.1 300 1.0 > 500
KB 530 140 > 500

aID50 is the drug concentation required to inhibit cell growth to 50%
of control levels.
bThe percentages of macromolecule biosynthesis inhibition were
calculated from the specific activities of incorporated precursors
(c-e) into 106 cells in drug treated as versus control cells. ID50
were obtained by plotting the logarithmic drug concentrations
against the percentage inhibition of macromolecule biosynthesis.
dExponentially growing cells pulse labeled with 1 pCi of 3H-thymidine
(16.6 Ci/mmole) per ml of cell suspension.

dExponentially growing cells pulse labeled with 2 pCi of [5-3H]-
uridine (28 Ci/mmole) per ml of cell suspension.
eExponentially growing cells pulse labeled with 1 pCi of 3H-L-leucine
(130 Ci/mmole) per ml of cell suspension.


