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Abstract 

Secondary metabolites of Tasmanian sponges (phylum Porifera) have been 

studied. This study involved bioassay, separation (mainly using chromatography), 

and structural determination (mainly using spectroscopy). Eleven terpenoids and 

one nucleoside, all of which have been structurally identified by spectroscopy, have 

been isolated from six sponges. 

Two new furanoditerpenes (26) and (28) which are related to ambliofuran 

have been isolated from Cacospongia sp. (sponge 89048). The known 

dendrolasin (66) and a new sesquiterpene (75) which are also analogous to 

ambliofuran have been isolated from sponge 89060. 

Sponge 88043 (Ircinia sp.1) gave a novel C21 furanoterpene (51). 

Compound (51) represents the first C21 furanoterpene having a 10 membered ring 

which has been obtained from a marine organism. The known C31 terpenoid quinol 

(52) and C31 terpenoid quinone (53) have been isolated from Ircinia sp.2 (sponge 

90032). Variabilin (55) which was very toxic against brine shrimp and the new C24 

chlorinated furanoterpene (54) were also isolated from sponge 90032. 

The known 2'-deoxyuridine (63) from Tedania sp.1 (sponge 88047) has a 

similar structure to spongouridine. This is the first time that this nucleoside has 

been isolated from a sponge. The known sesterterpenes (64) and furospinosulin-1 

(65) were isolated from Tedania sp.2 (sponge 88049). 



Biogenetic considerations ("isoprene rule") of the terpenoids under study 

are discussed; they are generally constructed by the conventional head-to-tail 

linkage of isoprenoid units. The sponges which have been investigated were 

selected based on results of preliminary studies using dc and brine shrimp assays. 
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CHAPTER 1 

General Introduction 

In the early twentieth century natural product chemists focused much of 

their attention on isolating and identifying substances from terrestrial organisms. 

However, with the advent of scuba diving and other underwater techniques, marine 

areas have become freely accessible. 

With the general expansion of biology over the last twenty-five years, 

sponges have begun to command more attention. Modern techniques, particularly 

electron microscopy, histochemistry, the use of radioactive tracers and scuba diving 

have proved more informative and versatile with respect to sponge material than 

earlier and conventional methodologyl a. Consequently, knowledge of sponges has 

increased greatly, although many quite elementary problems are still unresolved 2 . 

1.1 The taxonomy of sponges 

The marine sponges (phylum Porifera) are marine metazoans, very 

primitive multicellular animals. The phylum Porifera, which comprises about 

10,000 described species, can be subdivided into four classes: Calcarea, 

Hexactinellida, Demospongiae, and Sclerospongiae 1,2 . 

Demospongiae is the most common and largest group of sponges. 

Demospongiae, which, after all, account for about 95% of known sponges, have 

received relatively more attention from both chemist and biochemist 1. 

1 



2 

The fact that classification of sponges can still be debated at the class level, 

makes it apparent that there is still much to learn about these organisms. Levi in his 

study of the development and biology of some Demospongiae found it necessary to 

state that Porifera was the last major group of organisms in which the order of 

Demospongiae and Calcarea have been defined, but doubts about higher level 

classification have become more acute 4 . 

1.2 The structure and level of organization 

Sponges are complex, sedentary filter-feeding organisms. The organization 

of the body is around the system of pores, ostia, canals, and chambers which 

conduct the water current from the inhalant sponge surface to the exhalant 

apertures, the oscules2,3 . 

Specialized flagellated cells (choanocytes), each with a collar of cytoplasmic 

tentacles, are the effectors which drive the water current. These choanocytes are 

arranged as a single-layered epithelium which can be simple and continuous as in 

Leucosolenia, folded and continuous as in Ascandra, folded and discontinuous 

as in Sycon, or greatly subdivided, the condition which exists in most sponges 

(figure 1)2 . 

The simplest type of sponge organization is that found in primitive Calcarea 

such as Leucosolenia and Clathrina. In these sponges the body remains a 

simple tabular unit, with thin walls enclosing a central cavity which opens apically 

by a single osculum2. 



(b) 

3 

(a) 

(c) 
	

(d) 

Figure 1. A diagrammatic representation of different levels of sponge organization. (a) The simple 
vase with unfolded ephithelia (ascon); (b) the first stages of folding (sycon); (c) a more advanced 
syconoid condition; (d) the most complex condition with isolated choanocyte chambers, complex 
canals and thick mesohyl (leucon). Arrow marks the direction of water current. os, osculum; S. 
spongocoel; ip, inhalant pore; po, porocyte canal; ch, choanoderm; rich, choanocyte chamber; ic, 
inhalant canal; ex, exhalant canal. (From P.R. Bergquist, Sponges, Univ. of California, 1978) 
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1.3 The physiology of sponges 

The physiology of sponges involves cell mobility, nutrition, reproduction, 

respiration, and activity of sponges. It has been recognized for many years that the 

cells of the sponge mesohyl are freely mobile and that choanocytes may move from 

the choanocyte layer to become amoeboid or, more frequently, to become sperm2. 

Sponges are unselective particle feeders. The main food which is available 

in the water are bacteria, plankton, and soluble organic materials. Water also 

provides the sponge with mineral ions for the skeleton and with oxygen, and 

removes carbon dioxide and other excretory products (ammonia and ammonium 

salts) in solution23. 

Reproductive cells lie distributed in the dermal layer and develop from 

archeocytes. In Demospongiae, sperm are taken up by amoebocytes which carry 

them to the eggs. Many sponge larvae settle after 24 hours but some after two days. 

Asexual reproduction occurs through budding, fragmentation and the formation of 

gemmules 3 . 

Respiratory exchanges between the water current and the cellular sites 

where oxygen is utilized take place by diffusion 2 . It has been assumed that 

sponges, with their simple unidirectional water current driven by the uncoordinated 

beating of the choanocyte flagella, sustain a constant level of pumping activity 

under normal conditions. On the other hand sponges can respond to adverse or 

experimental stimuli by closure of ostia, canal constriction, blackflow and 

reconstruction and compression of flagellated chambers2. 



5 

1.4 Secondary metabolites of sponges 

In the literature describing naturally occurring compounds the terms primary 

and secondary metabolites are often used. Primary metabolites are the compounds 

which are essential for the survival and well-being of the organism (e.g., sugars, 

amino acids, fatty acids, nucleic acids, and the polymers derived from them), while 

secondary metabolites are the compounds which usually have no apparent utility 5 . 

The dividing line between primary and secondary metabolism is rather 

blurred: there are many obscure amino acids that are definitely secondary 

metabolites, while many steroids have an essential structural role in most 

organisms, and must therefore be considered as the primary metabolites; in 

addition, the two types of metabolites are interconnected, since primary metabolites 

provide a number of small molecules which are employed as starting materials for• 

all the important secondary metabolic pathways 5 . 

Marine sponges have yielded some of the more interesting secondary 

• metabolites (natural products). Although some of these metabolites have been 

attributed to symbiotic organisms, the majority are considered to be true sponge 

metabolites63. 

Some authors have reviewed groups of compounds, such as sterols 8 , 

carotenoids9 , diterpenoids 10 , nitrogenous pigments", guanidine derivates 12 , 

phenols 13 , and indoles 14 . The recent review of chemotaxonomy of Porifera by 

Bergquist and Wells deserves special comment since it is the most authoritative 

work on chemotaxonomy of any group of marine invertebrates& 
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Bergquist has reviewed some examples of biochemical diversity of 

sponges, such as nucleosides and nucleic acids, free amino acids, bromopyrroles, 

and prenylated benzoquinones2. 

1.4.1 Terpenoids from marine sponges 

Terpenes are the most abundant (over a hundred), nonsteroidal secondary 

metabolites isolated and characterized to date from the marine sponges, and almost 

all of them are derived from members of the single order Dictyoceratidal. There are 

six classes of terpenoids within the orders Dictyoceratida and Dendroceratida 

(figure 2)4 . 

Some diterpenoids have so far been isolated and they are based on two 

skeletal types. Among the most unusual terpenes isolated from sponges are linear 

furanoterpenes containing 21 carbon atoms, which mainly occur in the genus 

Spongia 

The rare C25 terpenoids with successive head-to-tail addition of five 

isoprene units are also produced by the order Dictyoceratida. The C25 terpenoids 

so far reported from sponges fall into two main groups : the linear series and tetra 

or pentacyclic 1,16. 

The biogenesis of terpenes is largely a history of the "isoprene rule". The 

structures of isoprenoid substances may appear to bear little relation to structures of 

polyacetate-derived compounds. The two types are, in biochemical fact, closely 

related. This relationship is emphasized in figure 317. 



Class A (1) 

Class C (3) 

R" 

 

Class E (5) 

Class F (6) 

Figure 2. Terpenoid metabolites of dictyoceratid sponges. Class A includes subclass A1 (n = 1, 
bicyclic). Class D (R = R'= H; R"= Me) includes subclasses D1 (R = H; W= R"= Me), D2 
(R = R'= R"= Me), and D3 (R = R"= H; R'= Me). Class F includes subclass Fi (n = 1, bicyclic) 
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Carbon-carbon bond formation of terpenes (figure 4) is envisioned as 

proceeding by an ionization of the carbon-oxygen bond of the dimethylallyl 

pyrophosphate to create a cationic centre which then attacks a molecule of 

A3-isopentenylpyrophosphate 17. The pathways from acetate via mevalonate to 

isopentenyl pyrophosphate are shown in diagram 1 17. 

Acetate 

 

Mevalon ate 

 

RUBBER 
(poly-cis-isoprene) 

 

A3 - Isopentenyl pyrophosphate 

 

 

Dimethylallyl pyrophosphate 

V 
Geranyl pyrophosphate (C10) 

+C5 

Farnesyl pyrophosphate (C15) 

dimerization 

MONOTERPENES 

Cs 

SESQUITERPENES 

Geranylgeranyl pyrophosphate (C 20 ) 	Squalene (C30) 

DITERPENES 	 TRITERPENES 

Diagram 1. The pathways from acetate to terpenes 
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1.4.2 Sterols from sponges 

Since the first studies by Henze (1904) and Doree (1909), sponges have 

continued to yield the most varied and biogenetically unprecedented array of sterols 

found among the invertebrate phyla. The features of sterol biochemistry used by 

Bergquist and Hofheinz to examine systematic relationships were, first, the 

occurrence of any unusual sterols and then the number of different sterols present 

in a sponge. Further attention was paid to the size of the sterol molecule, in terms 

of carbon number e.g., C26, C27, C28, C29, C30, C31, the type of tetracyclic 

ring skeleton, the location of any additional carbon, whether in the nucleus or on 

the side chain, the location of double bonds where present and in some cases the 

stereochemistry of the ring-side chain junction2,18 . 

1.4.3 Carotenoids from sponges 

Godwin, who reviewed the work on the pigments of the sponges to 1967, 

implied that the brilliant orange, red, yellow, and purple pigments of many sponges 

are carotenoidsl. 

Minale and Jensen have summarized distribution, structure, and possible 

origin of carotenoids from sponges. A series of unique carotenoids has been 

isolated from Reniera japonica, for example renieratene (16) and 

isorenieratene19. 
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The other pigment of particular interest is the dense royal-purple pigment 

found in some Hadromerida, specifically species of Cliona and Spirastrella. 

This has been reported to be a porphyrin, spongioporphyrin by MacMunn, but its 

precise nature is not known2 . 

1.4.4 Halogenated compounds from sponges 

Bromopyrrole derivatives have been found in species of Agelas, 

Axinella, and Phakellia flabellata. The complex member of this series of 

compounds include oroidin (17) derived from Agelas oroides2. 

NH2 

(17) 

Bromo compounds are responsible for the marked antibiotic activity shown 

by all species of the Verongida thus far investigated. Aerothionin is a novel 

tetrabromo compound isolated from Verongia aerophoba. The 

pharmacologically active constituent of a new species of the genus 

Echinodictyum was identified as 4-amino-5-bromopyrrolo[2,3-d]pyrimidine 2,5 . 

The chlorinated metabolites from Dysidea herbacea show the strongest 

resemblance to metabolites of blue-green algae. This is particularly true of dysidin 

from Dysidea herbacea (collected at Townsville), which is a molecule that bears 

a striking resemblance to the tetramic acid portion of malyngamide-A from 

Lyngbya majuscula6. 
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1.4.5 Compounds containing nitrogen from sponges 

Many compounds containing nitrogen have been isolated from sponges, 

such as melanins, porphyrins, bilins and pteridines. Two unusual nucleosides have 

been isolated from Tethya crypta; these nucleosides, which occur free in the 

sponge rather than as components of the nucleic acids, were given the trivial 

names, spongouridine (18) and spongothymidine 2,11 . 

OH OH 
(18) 

Many of the nitrogenous and aromatic metabolites of sponges are thought to 

be products of amino-acid biosynthesis. This is clearly the case for the cyclic 

dipeptides from Tedania ignis. The two lactams from Halichondria 

melanodocia are probably based on tyrosine and tryptophan 6. 

1.4.6 Biological active compounds from sponges 

Biological activity covers a whole range of effects such as the inhibition of 

the growth of microorganisms, toxic effects against other marine organisms, and all 

pharmacological effects. Some metabolites from sponges show in vitro 

antimicrobial activity, antineoplastic, anti-inflammatory, cytotoxic, ichthyotoxic, 

larvacidal, and pharmacological activities2,I9. 
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Antimicrobial compounds such as renierone20 , manoalide21 , 

acarnidine22,23 , jaspamide24 , plakortine25 , ptilocaulin26 , swinholide27  and 

metabolites from marine sponges Ulusa sp. 28  and Siphonodictyon 

coralliphagum29  have been isolated from sponges. 

Antineoplastic compounds have been isolated from the marine sponge 

Xestospongia muta30. The new acid from Xestospongia and its crude extracts 

showed both in vivo tumour inhibitory activity and central nervous system 

activity5,30. Nohalichondrin-A, a polyether macrolide from sponges of the genus 

Halichondria showed antitumour activity 31,32 . 

Anti-inflammatory in vitro activity is shown by metabolites from sponges 

of the genus Carteriospongia. Toxadocia zumi contains three closely related 

sterol sulfates that are cytotoxic, ichthyotcodc, and larvacidal. Tedanolide is a potent 

cytotoxin that has been isolated from Tedania ignis7 . An alkaloid from Petrosia 

seriata is a potent ichtyotoxin7 . 

Prenylated aromatic compounds are not particularly common in sponges but 

they are important for their widespread pharmacological activity. A metabolite of 

Tedania digitata has potent muscle-relaxant, anti-allergic activity 6 . 

1.5 Summary 

The preceding discussion briefly reviews the literature on sponge 

chemistry. Other, more detailed reviews on this topic have been published by 

Faulkner6,7 , Minalel, and Goad 18 . Biosynthesis of secondary metabolites of 

marine organisms has also been recently reviewed33 . The review also illustrates the 

great potential for further investigation of the phylum Ponifera. 
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The relative ease of collecting samples, the world wide distribution of sponges, the 

10,000 described species many of which are yet to be investigated and the success 

of work to date would suggest that interest in the chemistry of sponges can only 

increase. 

1.6 Background and research aims 

Sponges are a rich source of novel compounds. Compounds discovered 

may have pharmacological activity, but very little work has previously been done to 

explore Tasmanian Sponges. 

The aim of this investigation was to study secondary metabolites of some 

Tasmanian sponges and to survey Tasmanian sponges for pharmacological activity. 

Chapter 2 describes preliminary studies of some Tasmanian sponges. 

Chapters 3 to 6 deal with isolation, purification, and structural determination of 

secondary metabolites of Tasmanian sponges. Chapter 7 contains a general 

discussion and conclusion. Chapter 8 shows experimental detail. 



CHAPTER 2 

Preliminary Studies 

Two methods were used to screen for secondary metabolites of Tasmanian 

sponges, namely thin layer chromatography (tic) and brine shrimp assay. The tic 

analyses (normal phase chromatography, polar stationary phase, non polar mobile 

phase) were performed on silica gel, with visualization by uv light (X. 254nm) and 

vanillin-sulfuric acid spray reagent. 

The brine shrimp assays were performed in sea water medium (brine 

solution) and took 24 hours. Biological activity of the sponges is manifested as 

toxicity (percent death) to the shrimp. 

The objective of these two methods was to find reasonable sponges for 

further biological testing and advanced chemical analyses (e.g., structural 

elucidation). 

2.1 Tic screening 

Thin layer chromatography (tic) is an inexpensive, effective, and rapid 

method of determining whether a sponge contains unusual secondary metabolites. 

This method requires a small quantity of sponge, ordinary glassware, several 

chemical solvents, and tic plates (silica gel on glass, plastic, or aluminium), which 

are readily available from most laboratory or biological supply firms and can be cut ,  

into smaller sheets. Extracts of several different sponges can be run on the same tic 

plate at one time34. 

15 
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In tic, mixtures often separate into single components. The components 

move from the origin and separate on the basis of their differences in affinity for the 

solvent and for the adsorbent. These affinities depend on the solubility, polarity, 

functionality, and molecular weight of the components. 

The distance the compound travels in relation to the distance the developing 

solvent travels is used to define the Rf value. Calculating the Rf value for each spot 

on a chromatogram makes possible comparisons between chromatograms or 

comparisons with a table of known Rf values34 . 

When one is analyzing a dye mixture, the spots are readily visible because 

of their inherent colour. For detecting compounds that are not coloured, however, 

the chromatogram can be sprayed with vanillin-sulfuric acid reagent, ninhydrin, 

placed in iodine vapour, or treated in some other way that will render the individual 

spots on the plate visible. 

The dc readily demonstrates which sponges exhibit unusual secondary 

metabolites by the presence of additional spots, often of brilliant and characteristic 

colours. Fatty acids and triglycerides are usually the topmost spots on the finished 

plate. Next are sterols, characteristically grayish-black. Carotenoids are usually 

yellow before vanillin-sulfuric acid spraying, then char black. Secondary 

metabolites may occur anywhere along the path, depending on their nature and 

polarity. 

Tic analysis has been employed by D.I.Kerdraon and Dr. A.J.Blacicman for 

sponges which were collected in 1988. Some sponges collected 1989 have been 

screened using tic. Data of this screening are as follows: 
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Table 1. Tic rating of sponges collected in 1989 and 1990 
(DCM extract, 2% Me0H/DCM as eluent) 

Sponges Rating Sponges Rating 

89005 1 89006 1 
89007 1 89008 1 
89009 1 89010 1 
89011 1 89012 1 
89013 1 89014 2 
89015 1 89016 2 
89017 1 89018 2 
89019 1 89020 1 
89021 1 89022 1 
89023 1 89024 1 
89025 1 89026 2 
89027 1 89028 2 
89029 1 89030 2 
89031 1 89032 1 
89033 1 89034 1 
89035 2 89036 2 
89037 1 89038 1 
89039 2* 89040 1 
89041 4* 89042 2* 
89043 2 89044 1 
89045 1 89046 1 
89047 1 89048 3* 
89049 1 89050 1 
89051 2 89052 1 
89053 1 89054 1 
89055 1 89056 1 
89057 1 89058 1 
89059 1 89060 3* 
89061 2* 89062 1 
89063 2 89064 1 
89065 2 89066 2 
89067 1 89068 1 
90002 1 90005 1 
90006 1 90007 1 
90008 1 90009 1 
90010 1 90011 1 
90012 1 90013 1 
90014 2* 90015 2* 
90016 1 90017 1 
90018 1 90032 4* 

* Some spots visible under 254nm uv light before sulfuric acid spraying. 
Rated from 1 to 4 referring to the intensity and number of secondary metabolites 
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The results (table 1) showed significant differences in only a few sponges, 

such as sponge 89041, 89048, 89060, and 90032. They showed reasonable rating, 

and therefore these sponges were to be subjected to chemical investigation. From 

eighty-two sponges, the rating was dominated by 1 (60 sponges, 73.17%) 

followed by 2 (18 sponges, 21.95%). Rating 3 and 4 each had 2 sponges (2.44%). 

2.1 Biological activity screening 

Many new natural compounds are isolated, characterized, and published 

without any biological activity test whatsoever. The Porifera has been the phylum 

most widely studied by chemists. These studies have usually been carried out in 

conjunction with zoologists, and several hypotheses have been put forward to 

account for the likely role of the biologically active compounds. For example, 

sponges may have biologically active compounds: (a) as a chemical defense 

mechanism against predators, overgrowth, or to prevent recruitment; (b) to fight 

bacterial, fungal or viral infections35 . 

A summary of certain aspects of chemical defense in sponges has been 

presented. This brief review suggests that secondary metabolites play a 

fundamental role in sponge survival and adaptation 36 . 

The use of bioassays to screen marine organisms for biologically active 

substances is commonplace. Terrestrial organisms or human pathogens have been, 

and still are, the usual test organisms. Although these assays have excellent merit in 

the search for potential pharmaceuticals and agriculture and aquaculture chemicals, 

there are more appropriate bioassays for ecological studies. 
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For example, tests using marine organisms encountered in a sponge's natural 

habitat have the prospect of providing insight into the possible ecological role of 

these compounds34. 

It is quite plausible that some compounds from sponges might have a 

protective function. Sponges must fend off attack by large predators and also 

ensure that they are not invaded by microorganisms. 

A method, utilizing brine shrimp (Artemia sauna ), is proposed as a 

simple bioassay for natural product research. The method is rapid, reliable, 

inexpensive, and convenient as an in-house general bioassay too1 37. 

The eggs of brine shrimp are readily available at low cost in pet shops as a 

food for tropical fish. Upon being placed in brine solution, the eggs hatch within 

48 hours, providing a large numbers of larvae (nauplii) 37 . 

Brine shrimp have been previously utilized in various bioassay systems. 

Among these applications have been the analysis of pesticide residues, mycotoxin, 

dinoflagellate toxins, etc. Some sesterterpenes isolated from Spongia nitens and 

Spongia idia are toxic against brine shrimp in concentration 10 gg/1 38 . 

The biological activity of two extracts of metabolites from each of 41 

sponges which were collected by Dr. A.J. Blackman in 1988 have been studied 

using the brine shrimp bioassay37 . Data for the bioassay for these extracts are 

shown in the following table. 



Table 2. Results of the brine shrimp assay of methanol and dichloromethane 
extracts of sponges collected in 1988 

Sponges Percent deaths at 24 hours (1001.tg/m1) 
methanol extract 	 dichloromethane extract 

Control 0 0 
88016 3.3* 0 
88017 0 10 
88018 6.6* 0 
88019 0 0 
88020 63.3* 20 
88021 3.3* 0 
88022 0 10 
88023 0 0 
88024 0 0 
88025 0 20 
88026 10 0 
88027 0 0 
88028 0 0 
88029 0 30 
88030 0 10 
88031 6.6* 50 
88032 0 0 
88033 0 0 
88034 3.3* 0 
88035 0 20 
88036 3.3* 10 
88037 0 10 
88038 50 20 
88039 0 0 
88040 0 0 
88041 10 0 
88042 10 0 
88043 10 0 
88044 0 0 
88045 20 30 
88046 0 10 
88047 0 0 
88048 0 0 
88049 0 0 
88050 10 0 
88051 100* 50* 
88052 0 10 
88053 0 0 
88054 0 0 
88055 10 10 
88056 0 0 

* Average from three replications 

The biological activity of the DCM extract of some sponges collected 1989 and 

1990 has also been assayed using brine shrimp. Data for this result are shown in 

table 3. 

20 
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Table 3. Results of the brine shrimp assay of DCM extracts of some sponges 
collected in 1989 and 1990. 

Sponges % deaths Sponges % deaths 

Control 0 
89005 0 89006 10 
89007 0 89008 0 
89009 0 89010 0 
89011 0 89012 0 
89013 0 89014 0 
89015 0 89016 0 
89017 0 89018 0 
89019 0 89020 0 
89021 0 89022 0 
89023 10 89024 0 
89025 0 89026 20 
89027 0 89028 10 
89029 0 89030 10 
89031 0 89032 0 
89033 0 89034 0 
89035 30 89036 10 
89037 0 89038 0 
89039 50 89040 0 
89041 30 89042 10 
89043 0 89044 20 
89045 0 89046 0 
89047 0 89048 50 
89049 0 89050 0 
89051 0 89052 0 
89053 0 89054 0 
89055 0 89056 0 
89057 0 89058 0 
89059 0 89060 30 
89061 20 89062 0 
89063 10 89064 0 
89065 10 89066 0 
89067 0 89068 0 
90002 0 90003 0 
90004 10 90005 0 
90006 0 90007 0 
90008 0 90009 0 
90010 0 90011 20 
90012 0 90013 10 
90014 0 90015 0 
90016 0 90017 0 
90018 0 90032 80 

Note: percent deaths have been observed at 24 hours (100gg/m1) 
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From the results of the brine shrimp bioassay (table 2) and (table 3), some 

sponges such as sponge 88020(Me0H), 88031(DCM), 88038(Me0H), 

8805 1(Me0H and DCM), 89039(DCM), and 89048(DCM), and 90032(DCM) 

showed significant difference in percent death, and were therefore subjected to 

chemical investigation. 

Choosing sponges for further chemical investigation does not just depend 

on screening results, but also on the quantity of the specimen available because 

sufficient materials are needed for structural elucidation. For example, sponge 

89041 which showed a 4 rating on tic screening, was not subjected to chemical 

investigation because the quantity of the freeze dried specimen was only 12.5g. 
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CHAPTER 3 

Two New Linear Furanoditerpenes 
from Cacospongia sp. 

3.1 A review of compounds from Cacospongia sp. 

The occurrence of linear furanoditerpenes in marine sponges is quite rare, 

because from the Faulkner review of marine natural products only one linear 

furanoditerpene (ambliofuran) has been reported from Dysidea amblia since 

1977. Compounds analogous to ambliofuran are dendrolasin, dehydrodendrolasin, 

and furospinulosin-1. 

Cacospongia scalaris collected in the bay of Naples (Italy) has been 

reported to contain scalarin (19), a new pentacyclic C25 terpenoid. Structure (19) 

has been assigned on the basis of chemical and physico-chemical evidence 39 . 

Another scalarin-like terpene having a pyrrole ring, molliorin-A (20), has been 

obtained from the extract of marine sponge Cacospongia mollior40 . 

OH 

(19) 
	

(20) 

Cacospongia scalaris collected at the Izu peninsula (1501cm southwest 

of Tokyo) had significant activity in the starfish egg assay. From this sponge have 

been isolated two compounds which were identified as a double bond derivative of 

ircinins and a double bond isomer of fasciculatin, (21) and (22) respectively41. 
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OH 

(21) 	 0 
OH 

Cacospongione-A (23) and cacospongienones, new C21 difuran terpenoids 

have been isolated from the marine sponge Cacospongia scalaris, collected at 

the Cap de Nice42 . 

A sesterterpene with a new carbon skeleton, cacospongionolide (24), has 

been isolated from the marine sponge Cacospongia mollior. The structure (24) 

has been elucidated by spectral data, using 2D nmr spectroscopy, and by chemical 

transformations43 . Further series of molliorins and sterols have also been isolated 

from Cacospongia mollior by Italian co-workers. 

Further molliorins have been isolated from Cacospongia mollior. Their 

structures have been assigned on spectral grounds and confirmed by 

44,45,46 .  synthesis 	Biosynthesis of molliorin-B (25) in the sponge Cacospongia 

mollior has been reported by Italian co-workers. 
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Cacospongia mollior converted ornithine-2- 14 C and scaradial into labelled 

molliorin-B 47 . Series of sterols also have been isolated from Cacospongia 

mollior48 . 

3.2 Studies of Cacospongia sp. (sponge 89048) 

Specimens were collected from -6 to -10m at the coastal area near Gordon, 

South East Tasmania during October 1989. This sponge was brown in colour and 

massive, measuring up to 20cm in diameter. The surface was rough and the body 

quite tough when dried (plate 1). This sponge has been identified by 

Dr. C.N. Battershill at the Australian Institute of Marine Science, Townsville, 

Queensland, as follows: 
Order. Dyctyoceratida 

Family: Thorectidae 

Genus: Cacospongia 

Species: undescribed. 



Plate 1. Cacospongia sp. (sponge 89048) 

3.2.1 Isolation and structural determination 
of C20 furanoditerpene alcohol (26) 

The crude dichloromethane extract of sponge 89048 showed a 3 rating since 

2 spots were visible under uv 254nm before vanillin-sulfuric acid spraying (by tic 

screening). A toxic effect against brine shrimp (deaths of 50%  at  concentration 

10014/m1) was also observed. However attempts to isolate the active components 

were not successful. Compound (26) was the major component  of  sponge 89048 

but only gave a low toxicity against brine shrimp (deaths of 20%  at  concentration 

10011g/m1) and the minor component (28) showed deaths  of  only 10% at 

concentration 1001.1g/ml. 
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The freeze-dried sponge 89048 which was extracted by n-hexane, 

dichloromethane, and methanol afforded 2.039g (0.9%), 0.7375g(0.3%), and 

5.537g(2.4%) dry weight of sponge respectively. The n-hexane and 

dichloromethane extracts were subsequently shown to be a complex mixture of 

fatty acid derived compounds (tic analysis with vanillin-sulfuric acid). 

The n-hexane extract was first fractionated by medium performance liquid 

chromatography (mplc). Subsequent fractions were purified by preparative thin 

layer chromatography (ptic). Two C20 linear furanoterpenes were isolated in this 

manner. Compound (26) was the major diterpene of sponge 89048 and was 

identified as the C20 linear furanotmene alcohol (26). The structure of (26) was 

determined by spectroscopic methods, principally nmr and by consideration of its 

possible biogenesis. 

Elemental composition and structural features 

Compound (26) was a yellowish oil and was found to be pure by GC-MS 

and by tic in several solvent systems. GC-MS gave the molecular ion peak Mt 

300. High resolution mass spectrometry yielded the molecular formula C201-12802 

(Mt 300.214, calculation 300.209), indicating the presence of seven double bond 

equivalents in the structure of the molecule. The mass spectrum gave a fragment ion 

at miz 69 due to an isoprene unit. Proton and 13C nrnr spectra confirmed the 

presence of 28 hydrogens and 20 carbons respectively. 

An infra-red spectrum showed the presence of a hydroxy functional group 

and the mass spectrum gave a fragment with m/z 282 due to the loss of H20. It was 

concluded that one oxygen was present as a hydroxy group. 
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The other oxygen had to be present as part of a 13-substituted furan ring since the 

mass spectrum had a fragment with m/z 81. 

The proton nuclear magnetic resonance (nmr) spectrum supported the 

presence of a 13-methy1ene-substituted furan ring: two broad singlets occurred at 8 

7.34 and 7.22 attributable to two ox-hydrogens, a broad singlet at 8 6.27 was due to 

one n-hydrogen, and one triplet at 8 2.51 assignable to a methylene attached to the 

furan ring. 

The furan has two double bonds and one ring, so 4 more double bonds had 

to be still present in the structure. The ultra violet spectrum (Et0H) at 276nm 

(e 23,880) was in accordance with the proposed three conjugated double bonds. 

The proton nmr spectrum supported this part of the conjugated system and the 

oleflnic proton in the down field region (such as olefinic proton at 8 6.10, 6.24, 

and 6.25) could be part of the conjugated system. The proton and 13C nmr spectra 

indicated the presence of four olefinic methyls. Three methyls had to be part of the 

conjugated double bond system. 

Structural assembly 

For the structural fragments found so far, the fragment ion at m/z 81 

corresponded to C5HSO. One of the two oxygens had to be a hydroxy, as the 

infrared spectrum required. This had to be connected to the -CH- according to the 

chemical shift value of 8=77.6 in the 13C nmr spectrum. The following structural 

fragments are now identified: 
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Biosynthetic considerations suggested that these fragments may be combined in 

two different ways: 

OH 
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(26) 

19 

(27) 

For convenience, the numbering system used in this thesis is 
that followed by previous authors for this class of compound. 

The long range carbon-proton correlated experiment confirmed the position 

• of the -OH. The proton at 8 6.10 (H-C(12)) correlated to C(15), where C(15) was 

attached to the hydroxy group and C(15) also correlated to methyl protons C(14), 

so the structure (27) may be excluded on the basis of the nmr spectra. 

3.2.1.1 Mass spectrometry analysis 

The mass spectrum (appendix A 1) gave the following ions: m/z 282, 

267, 231, 173, 145, 135, 81 (base peak), and 69. A prominent peak at m/z 282 

was due to loss of water from (26). This peak is most noticeable in spectra of 

primary and secondary alcohols. This elimination by electron impact has been 

rationalized as follows 86: 
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- H20 /CH2  
RHC I  
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OH 
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RHC 	CH2  
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[ RHC--/CH2  
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Alcohols containing branched methyl groups frequently show a fairly 

strong peak at (Mt - 33) resulting from loss of -CH3 and 1120. This elimination 

was consistent with the structure (26) which showed a strong peak at m/z 267. 

C-C bonds next to a heteroatom are frequently cleaved. This rule agreed with the 

structure (26) since the mass spectrum showed peaks at m/z 231 and 69 resulting 

from the cleavage of C(15)-C(16) bond. A base peak at m/z 81 arose by the 

cleavage of C(5)-C(6) bond. This peak is characteristic for 0-substituted 

furanoterpene compounds. The mass spectral fragmentation pattern of (26) was as 

follows: 

OH d 

NI • -1120 

 

c and d 

 

m/z 282 m/z 231 
and 69 

 

a 

    

m/z 267 M• - (H2O+CH3) V 
m/z 81 

m/z 135 
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3.2.1.2 Infrared spectrum analysis 

The infrared spectrum (appendix A 2) showed vibrations at 3400, 2900, 

1460, 1390, 1020, 980,895, and 775 cm -1 . The strong vibration at 3400 cm-1  was 

due to the absorption of the hydroxy functional group. The presence of hydroxy 

had been confirmed by the mass spectrum with miz 282 (loss of water) and proton 

nmr spectrum (broad singlet at 62.09). 

The olefinic structure introduces several characteristic modes of vibration 

into the hydrocarbon molecules 86. The absorption at 2900 cm-1  was, due to the 

various CH stretching modes. The CH2 deformation and CH3 asymmetric 

deformation vibrations showed absorption at 1460 cm -1 . The CH3 symmetric 

deformation showed absorption at 1390 cm -1 . The remaining vibrations between 

1020 to 895 cm-1  could be attributed to out of plane C-H bending and -OH 

deformation, and ether as a furan ring showed absorption at 775 cm-1 . , 

3.2.1.3 Nmr spectral analysis 

The 1 H nmr spectrum of (26) is shown in figure 5. The resolved signals, 

assignments and approximate integrals are presented in table 4. 
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Figure 5. The proton nmr spectrum of (26) in CDC13 

Table 4. The resolved signals of 1 H nmr spectrum of (26) 

Chemical 
shift (8) 

Multiplicity Integration Coupling 
constant (Hz) 

1.65 
1.72 
1.78 
1.80 
2.09 

s 
s 
s 
s 

bs 

3 
3 
3 
3 
1 

2.28 dd 2 6;8 
2.38 q 2 7;7 
2.51 t 2 7 
4.06 t 1 6 
5.11 t 1 8 
5.53 t 1 7 
6.10 d 1 10 
6.24 d 1 15 
6.27 s 1 - 
6.35 dd 1 10; 15 
7.22 s 1 
7.34 s 1 

s = singlet, bs = broad singlet, d = doublet, dd = doublet of doublet, t = triplet, 
q = quartet. 
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The proton nmr spectrum displayed resonances consistent with the presence 

of four olefinic methyls at 8 1.65, 1.72, 1.78, and 1.80. The chemical shift and 

line width of alcohol hydroxy protons is highly dependent on the solvent, 

temperature, and impurities which contain exchangeable protons. The chemical 

shift of the hydroxy protons in aliphatic alcohols without strong hydrogen bonds 

lies generally at a higher field than 8=5, mostly in the range of 8=1 to 8=2.5. The 

signal is often slightly broadened. In this case, the hydroxy proton gave a signal at 

2.09 ppm. The remaining peaks in the high field region could be resolved as 

methylene groups. The proton at 4.06 ppm was typical of a proton on an 

oxygenated carbon atom. Two triplet olefinic protons at 5.11 and 5.53 ppm had to 

be protons next to methylene protons on C(6) and C(16) respectively. The doublet 

signal at 6.10 ppm was assigned to H-C(12), which was part of the conjugated 

double bond system. The remaining low field signals at 8 6.24 to 6.35 were rather 

complex. Consequently, the spectrum was very difficult to interpret unambiguously 

without the aid of 2D nmr techniques. 

The COSY (COrrelated SpectroscopY) experiment of (26) (figure 6) also 

confirmed the above-mentioned assignments and this COSY gave sufficient 

information regarding the proton multiplets. In this type of spectrum the proton 

chemical shift is in both dimensions. The important features in the COSY plot are 

the off-diagonal cross peaks, which show which protons are coupled in the proton 

spectrum. The diagonal of the spectrum contains a cross section of the proton 

spectrum, any coupled proton being indicated by intense off-diagonal signals (cross 

peaks) with coordinates (8x,8y) and (817,8x). The intense cross peaks in the low 

field region (6 to 7 ppm) were due to the coupling of olefinic protons; intense peaks 

in the middle region (4 to 6 ppm) were due to the coupling between olefinic and 

methylene protons; and intense peaks in the high field region were due to the 

coupling of methylene protons. 
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Weaker cross peaks due to long range 4J coupling can also be recognized. The 

spectrum showed a strong coupling interaction between the methine C(15) 8 4.06 

and C(16) methylenic protons (8 2.28). The interactions between the olefinic 

proton C(17) 8 5.11 and C(16) methylenic protons, and between the C(7) olefinic 

proton 8 5.53 and the C(6) methylenic protons 8 2.38 were also observed. 

Similarly, COSY interactions were also observed between the olefinic protons at 8 

6.35 and 5 6.10; 8 6.35 and 8 6.24. A trans-disubstituted double bond was 

identified by the coupling constant (J = 15Hz) to H-11. 

Figure 6. The COSY spectrum of (26) in CDC13 
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The 13 C nmr spectrum (figure 7) confirmed the presence of the 

0-substituted furan at 8 111.6; 139.6; and 143.4. The chemical shift of hydroxy 

carbon was overlapping with the carbon signal from deutero-chloroform (77.6 

ppm). This problem has been solved using deutero-benzene as solvent and also 

from a DEPT (Distortionless Enhancement by Polarization Transfer) experiment. 

Figure 7. The 13 C nmr spectrum of (26) in CDC13 

The DEPT experiment provides the cleanest method of determining the 

number of attached protons to any carbon. The DEPT spectrum is the sum of three 

13C nmr sub spectra which have been edited for methine, methylene, and methyl 

groups. The spectra are presented so that methine and methyl groups have positive 

intensity (up) and the methylene groups negative intensity (down). Quaternary 

carbons give no signal. Inspection of the DEPT spectrum indicated there were four 

methyl groups (at 8 26.6, 18.7, and two overlapping at 8 13.3); three methylene 

groups (at 8 34.9, 29.6, and 25.4); nine methine carbons (at 8 143.4, 139.6, 

138.2, 132.8, 126.5, 122.9, 120.5, 111.6, and 77.6). 
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The four remaining quaternary carbons were all considerably downfield (at 

8.138.5, 134.6, 134.5, and 124.4). The signal at 8 125.4 was assigned to the 

furan ring C(3) and three to the olefinic methyls. 
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Figure 8. The carbon-proton correlated spectrum of (26) in CDC13  

The carbon-proton correlated (short range) (figure 8) and DEPT 

experiments have been used to assign various multiplets in the proton spectrum to 

the various CH groupings. The coupled olefinic protons at 8 7.22 and 7.34 had to 

be attached to the methine carbons at 8 139.6 and 143.4. Six olefinic protons at 8 

5.11, 5.53, 6.10, 6.24, 6.27, and 6.35 were compatible with the methine carbons 

at 8 120.5, 132.8, 126.5, 138.2, 111.6, and 122.9 respectively. The proton at 8 

4.06 was attributed to the oxygenated carbon at 8 77.6. The high field methylene 

and methyl protons can be assigned to their respective carbon atoms. 
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Three methylene protons at 5 2.51, 2.38, and 2.28 correlated to carbons at 8 25.4, 

29.6, and 34.9 respectively. Four methyl protons at 8 1.80,1.78, 1.72, and 1.65 

belonged to carbons at 8 13.1, 13.3, 26.6, and 18.7 respectively. 

The long range carbon-proton correlated spectrum (figure 9) confirmed 

the position of the -OH and quaternary carbons. The proton at S 6.10 (H-C (12)) 

correlated to C(15) 8 77.6 where C(15) was attached to the hydroxy group. The 

quaternary carbon C(18) 8 139.5 correlated to methyl protons at 8 1.65 and 1.72, 

the quaternary carbon at 8 135.5 and 135.6 correlated to methyl protons at 8 1.78 

and 1.80 respectively. The remaining quaternary carbon at S 125.4 had to be 

present on the furan ring C(3). Complete assignments of the proton and carbon rnnr 

spectra are shown in table S. 
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Figure 9. The long range carbon-proton correlated spectrum of (26) in CDC13  



38 

Table 5. Position of protons and carbons of (26) 

No 8 Protons 
(multiplicity) 

Carbons 
DEPT 8 

1 7.34(s) CH 143.4 
2 6.27(s) CH 111.6 
3 C 125.4 
4 7.22(s) CH 139.6 
5 2.51(t) CH2 25.4 
6 2.38(q) CH2 29.6 
7 5.53(t) CH 132.8 
8 - C 135.6b 
9 1.80(s) CH3 13.1 
10 6.24(d) CH 138.2 
11 6.35(dd) CH 122.9 
12 6.10(d) CH 126.5 
13 C 135.5b 
14 1.78(s) CH3 13.3 
15 4.06(t) CH 77.6 
16 2.28(dd) CH2 34.9 
17 5.11(t) CH 120.5 
18 C 139.5 
19 1.65(5)a CH3 18.7a 
20 1.72(s)a CH3 26.6a 

a-13  Assignments with the same superscript in the same vertical column may be interchanged 

3.2.1.4 Uv spectrum analysis 

The ultra-violet absorption (uv) spectrum (appendix A 3) was measured 

in super dry ethanol and showed two absorption bands. The uv spectrum generally 

supports the structure (26), particularly for three conjugated double bonds which 

have X maximum 276nm (e 23,880). The X calculation found 259nm using the 

empirical rules of diene absorption 86 . In cases where cis and trans isomers are 

possible, the trans isomer absorbs at the longer wavelength with the greater 

intensity86 . The X maximum 276nm was possibly due to trans absorption of three 

conjugated double bonds. Another peak at X 217nm (c 6,060) was due to the 

homoannular diene from two conjugated double bonds in the furan ring. 
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3.2.2 Isolation and structural determination 
of C20 linear furanoterpene (28) 

The n-hexane extract of sponge 89048 also contained a non polar C20 linear 

furanoterpene (28). Extraction, fractionation, and purification in a similar manner to 

(26) afforded (28). Compound (28) was the minor diterpene of sponge 89048 and 

was determined to be the C20 linear furanoterpene (28). 

Diterpene (28) was obtained as a yellowish oil, which was found pure by 

tic. High resolution mass spectrometry of (28) gave the formula C2011280 which 

has one oxygen less than (26). The m/z 81 peak was due to the 13-substituted furan. 

The proton and 13C nmr spectra confirmed the presence of 28 hydrogens and 20 

carbons respectively. The infrared spectrum differed only in the absence of the 

broad band at 3400 cm-1 , so oxygen had to be present as ether at the furan ring. 

Compared to the proton nmr spectrum of (26), the spectrum of (28) had one 

more methylene peak overlap in the high field region and thus it was particularly 

well suited for the absence of the hydroxy functional group. The uv absorption of 

(28) was similar to that of (26). 

2 	
5 	7 	10 	12 	15 	17 

13 	 18 

6 	 11 	 16 
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	 14 	 19 

(28) 
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3.2.2.1 Mass spectrometry analysis 

The mass spectrum (appendix A 4) gave the molecular ion peak (Mt 

284). Comparison of the mass spectral fragmentation pattern (28) with that of (26) 

indicated there were structural differences, but also there was a similarity: the base 

peak (m/z 81) indicated the presence of the (3-substituted furan. The major fragment 

ions were revealed at m/z 234, 215, 173, 133, 81, and 69. The fragment ions at 

nilz 215 and 69 were due to the cleavage of C(15)-C(16) bond. 

3.2.2.2 Infrared spectrum analysis 

The hydroxy and carbonyl functional groups were absent from the infrared 

spectrum (appendix A 5). Thus the only possibility for oxygen present in the 

molecular formula was as the furan ring. This was confirmed by mass, 1 H, and 

13C nmr spectra. 

3.2.2.3 Nmr spectral analysis 

The proton nmr spectrum of (28) (figure 10) generally is similar to (26), 

the only significant difference is the proton which is attached at the oxygenated 

carbon. The signals, assignments and approximate integrals are presented in 

table 6. 

Weak signals at 8 1.00, 1.55, and 1.90 were due to the minor impurities 

which were difficult to separate from compound (28). Four methyl groups occurred 

at 8 1.61 to 1.80. Two methylene groups gave overlapping signals at 82.11, and 

the remaining methylene protons appeared at 62.41 and 2.50. The low field region 

signals were dominated by olefinic protons, and these protons were similar to those 

of (26). 
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Figure 10. The proton nmr spectrum of (28) in CDC13 

Table 6. The signals, assignments and integrals of the 1 H nmr spectrum of (28) 

Chemical 
shift (8) 

Multiplicity Integration Coupling 
constant (Hz) 

1.61 s 3 
1.68 s 3 
1.78 s 3 
1.80 s 3 
2.11 bs 4 
2.41 q 2 7;7 
2.50 t 2 7 
5.11 bs 1 - 
5.48 t 1 7 
5.88 d 1 11 
6.15 d 1 15 
6.27 bs 1 - 
6.36 q 1 11; 15 
7.21 s 1 
7.33 s 1 

s = singlet, bs = broad singlet, d = doublet, t = triplet, q = quartet 

The 13C nmr spectrum (figure 11) also confirmed the presence of the 

n-substituted furan at 8 111.7, 139.5, and 143.3. The assignment of the 13 C 

signals was done by comparison with the assignments made for (26). Carbon-

proton correlated and DEPT experiments have been used to assign protons to the 

various CH groupings. 
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Figure 11. The 13C nmr spectrum of (28) in CDC13 

Table 7. Position of protons and carbons of (28) 

8 proton 
(multiplicity) 

Carbon 
DEPT 8 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7.33(s) 
6.27(s) 
- 
7.21(s) 
2.50(t) 
2.41(q) 
5.48(t) 
- 
1.80(s) 
5.88(d) 
6.36(q) 
6.15(d) 
- 
1.78(s) 
2.11(bs) 
2.11(bs) 
5.11(bs) 
- 
1.61(s)a 
1.68(s)a 

CH 
CH 
C 
CH 
CH2 
CH2 
CH 
C 
CH3 
CH 
CH 
CH 
C 
CH3 
CH2 
CH2 
CH 
C 
CH3 
CH3 

25.3  

34.6  

143.3 
111.7 
1 
139.6 

25.5 
29.6 

131.7 
1 

13.1 
136.0 
124.7 
126.0 
132.0 

17.4 
40.8b 
27.4b 

123.7 
138.9 

18.4a 
26.3a 

rt -13  Assignments with the same superscript in the same vertical column may be interchanged. 
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3.2.2.4 Uv spectrum analysis 

The uv spectrum of (28) (appendix A 6) is generally similar to (26) in 

that maximum absorption occurred at X, 277nm (e 29,375). This absorption was 

consistent for three conjugated double bonds in structure (28). 

3.2.3 Biogenesis 

The biogenesis of terpenes has been reviewed in detail in chapter 1. The 

carbon-carbon bond formation of (26) is constructed of 4 isoprenoid units. 

Isopentenyl pyrophosphate (11) is a precursor of the synthesis of farnesyl 

pyrophosphate (15). Diterpenes are formed by the addition of one more molecule of 

isopentenyl pyrophosphate (11) to famesyl pyrophosphate (15). 

Carbon skeleton biogenesis of (28) is similar to that of (26), starting with 

isoprene units to form diterpene (C20). The carbon-carbon bonds formation from 

isoprenoid units is indicated by a heavy line, and the carbon-carbon double bonds 

have been removed for clarity. 

(26) R = OH 
(28) R = H 

A literature search revealed these to be new diterpenes from sponges, 

because linear diterpenes having the three conjugated double bonds system (26 and 

28) and hydroxy functional group (26) have not been reported. 
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Table 8. Literature search of compounds from Cacospongia sp. 

Compounds 	 Species 	 References 

Scalarin 	 Cacospongia scalaris 	 39 
Molliorin-A 	 Cacospongia mollior 	 40 
Sesterterpenes 	 Cacospongia scalaris 	 41 
Cacospongione-A 	 Cacospongia scalaris 	 42 
Cacospongienones 	 Cacospongia scalaris 	 42 
Cacospongionolide 	 Cacospongia mollior 	 43 
Molliorin-B,C,D 	 Cacospongia mollior 	 44,45,46,47 
Sterols 	 Cacospongia mollior 	 48 
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CHAPTER 4 

Terpenoids from Ircinia sp. 

4.1 A review of furanoterpene compounds from Ircinia sp. 

An unusually diverse array of secondary metabolites has been reported from 

Ircinia sp. Various species of Ircinia contain furanoterpenes such as 

sesterterpenes49 .50.51,52, prenylated quinones53, and Ster01S54,55,56,57 . 

The isomeric furanosesterterpenes ircinin-1 (29) and ircinin-2 (30) have 

been isolated from Ircinia oros. The presence in the 1 H nmr spectrum of two 

singlets (at 8 1.55 and 1.66) attributable to two methyl groups on double bonds and 

integrating for three protons first suggested the presence of two isomers. The two 

isomers have been confirmed by 'acetylation, methylation, treatment with hot 

concentrated alkali, and ozonolysis 58 . 

25 

Fasciculatin (31) and variabilin (32) have been isolated from the 

Mediterranean sponge Ircinia fasciculata and from the Pacific sponge Ircinia 

variabilis, respectively. The stereochemistry of the A 1 1  double bond in 

fasciculatin (31) was derived from the coupling constant (J = 15Hz) of the two 

olefinic protons, and the S,S chirality at C(13) and C(18) followed from production 

on ozonolysis of (2S, 65)-2,6 dimethylpimelic acid59,60. 
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OH 

Strobilinin (33) which represents a simple double bond variation of 

variabilin (32) has been isolated from Ircinia strobilina. Ozonolysis reactions on 

separate 0-methyl samples confirmed the location of the double bond 61 . Palinurin 

(34) also represents a simple double bond variation of fasciculatin (31) 62 . 

OH 

(32) A7'8 Al2,13 

(33) A8,10 A13,15 

The structure of ircinianin (35) has been established by X-ray diffraction 

methods. Ircinianin (35), differing markedly from the usual linear sesterterpenes of 

most Ircinia sp. by its polycyclic structure, is evidently closely related to 

fasciculatin (31): it can be imagined as being biosynthetically derived from a 

A 13,15-dehydrofasciculatin by intramolecular 4 +2 cycloaddition 63 . 

(35) 
	

(36) 

Ircinia wistarii, a marine sponge from Heron Island on the Great Barrier 

Reef, Australia, produced wistarin (36) which was a cyclic ether isomer of (35). 

The structure of wistarin (36) has been confirmed by spectral analysis. 



(37) 
(38) 
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A study of molecular models of (35) revealed that C(9) can readily approach the 

proximity of the C(20) oxygen atom. Therefore, it is reasonable to assume that 

wistarin (36) is derived from ircinianin (35) by cyclization in vivo64. 

Suvanine (37), is a tricarbocyclic sesterterpene which was isolated from a 

Ircinia sponge collected from Suva Harbor, Fiji. The structure of suvanine has 

been determined by spectral analysis and ozonolysis 65 . 

Sulfircin (38) was isolated as its N,N-dimethyl guanidinium salt from a 

deep water sponge Ircinia sp. The structure of sulfircin (38) is similar to suvanine 

(37), and its structure was determined by X-ray crystallography 52 . 

H2N ‘  
OS 0; H2t N\ 

Other acyclic sesterterpenes have been isolated and characterized from 

Ircinia sp. Ircinic acid (39), a further example of an acyclic sesterterpene, has 

been isolated from Ircinia sp. collected from Suva Harbor, Fiji. The structure of 

(39) has been determined by several nmr strategies49 . 

OH 



OH OH 

OH OH 

OH 

(40) A8'10 Al2,13 

(41) A7'8 Al2,13 

(42)As,io A13,14 

0 
(43) 
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Oxygenated linear furanosesterterpene tetronic acids have been isolated 

from New Zealand collections of the genus Ircinia. The keto furanosesterterpenes 

at C(5) (40), (41), and (42) have been identified by spectroscopic methods and 

reduction. Most of the polar fractions contained the hydroxy sesterterpenes (43) 

and (44)51 . 

The Australian Ircinia sp. also produced a sestertmene tetronic acid (45). 

The structure elucidation of (45) was based on detailed spectroscopic analysis and 

methylated derivatives 50 . 

OH 



COOH 

COOH 

49 

Palominin (46) has been isolated from the Caribbean sponge Ircinia sp. 

collected at Palomino Key, Puerto Rico. The structure elucidation of (46) was 

based on physical and chemical evidence66 . 

OH 

Two linear C21 furanoterpenes, ircinin-3 and ircinin-4 have been isolated in 

small yield from Ircinia oros. They were shown to have structures (47) and (48), 

which are closely related to the isomeric sesterterpenes ircinin-1 (29) and ircinin-2 

(30) 1 . 

(47) Al2,13 

(48) A 13 ' 15  

Ircinia dendroides produced two more linear C21 furanoterpenes (49) 

and (50). The structures of (49) and (50) were determined mainly by spectroscopic 

methods. Both structures showed a biogenetic-type degradation of the sesterterpene 

tetronic acids67. 

(49) A7 ' 8  A l2 • 13  
(50) A8,10 Al2,13 
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4.2.1 Isolation of the novel C21 furanoterpene (51) 

The analytical thin layer chromatogram of the dichloromethane extract of 

this sponge showed a distinct spot under the uv light. Isolation of the main 

compound C21 furanoterpene was attempted using medium performance liquid 

chromatography (mplc), preparative thin layer chromatography (ptic), and high 

performance liquid chromatography (hplc). 

The crude extract was first fractionated by mplc, subsequent fractions were 

purified by ptic. Oil (Rf : 0.6, solvent 100% dichloromethane) was isolated in this 

manner, representing 10.72% of the crude extract. As repeated chromatography 

was required to obtain a pure sample this percentage may not represent the true 

composition of the crude extract. 

Analysis of this oil by GC-MS found a mixture of six isomers (the main 

component 81.4% and the others 18.6%). Attempts to obtain single components 

using ptic, silver nitrate ptic and hplc were fruitless. It was particularly difficult to 

fractionate by chromatography. 

Although the single component was difficult to fractionate by 

chromatography, careful interpretation of the data of isomer mixtures still allowed 

information to be obtained to determine the tentative structure of (51). 

Based on spectroscopic data and biogenesis, one structure has been 

proposed for C21 furanoterpene (51). The gross structure was deduced from nmr 

spectroscopy, particularly from COSY, spin-spin decoupling, and carbon-proton 

correlations, as well as nOe. 
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4.2.2 Structural determination of (51) 

Elemental composition and structural features 

The molecular formula C21112402 was established by high resolution mass 

spectrometry. Confirmation of the molecular formula by 13C and 1 H nmr spectra 

found 22 carbons and 25 hydrogens, so one extra C-H was still present. The extra 

C-H might have come from one of the other isomers present. Spin-spin 

decoupling, the COSY experiment, and carbon-proton correlations have shown that 

the extra proton occurred at 8 7.34 and the extra carbon at 8 140.3. 

The FT-infrared spectrum demonstrated the absence of -OH and -CO 

vibrations, so the two oxygens had to be present as ethers. The base peak of the 

mass spectrum was at rn/z 81 which suggested the presence of a 0-methylene-

substituted furan. 

From COSY, the olefinic proton at 8 5.89 showed strong coupling 

interaction to the olefinic proton at 8 6.24. The following proton-proton 

connectivities have been assigned from the COSY spectrum: 

6 2.82 	.24  

5.89 

5.24 	2.15 

4.42 
0 

2.48 	5.24 

2.29 

The remaining part of the structure consisted of two olefinic methyls, two other 

olefinic protons, and five quaternary carbons. 

Structural assembly 

The two olefinic methyl groups gave singlets and so had to be attached to 

the quaternary carbons atom. The following features were identified: 
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4.42 2 =CH- 4 =C —  2 -CH3  
0 

Methylene protons at 8 2.82 were assigned to methylene protons between two 

double bonds. Biogenetic considerations suggested these fragments identified so 

far could be assembled as follows: 

The number of double bond equivalents (degree of unsaturation) equalled 

ten [F=(21-24/2)+1=10]. This information suggested that the structure of the 

molecule needed two more rings. There are many possibilities for the formation of 

these two rings, but only one of them agreed with the spectroscopy data, namely: 

19 

14 

(51) 

The long range carbon-proton correlation found a correlation between C(12) 

and protons on C(14); and between C(17) and protons on C(19). The nOe 

spectrum showed a strong correlation between the proton on C(9) and the proton 

on C(20); and between protons on C(17) and the proton on C(15). 
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4.2.2.1 Mass spectrometry analysis 

Electron impact (appendix A 7) and chemical ionization mass spectra 

found molecular ion peak Mt 308. The major fragment ions from the mass 

spectrum were revealed at m/z 81, 97, 150, 176. The furan ring was readily 

recognizable from the mass spectrum because of the base peak at m/z 81. The 

remaining fragments were due to rearrangement and could be assigned as follows: 
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4.2.2.2 FT-IR spectrum analysis 

The Fourier transform infrared spectrum (appendix A 8) showed only 

C-H vibration around 3035-2866 cm-1  and another vibration around 1562-771 

cm-1 , so no OH and CO functional groups were present in the proposed structure. 

4.2.2.3 Nmr spectral analysis 

The presence of the 13-substituted furan ring could be deduced from the 

spectral characteristics of (51): IR spectrum 771 (furan ring) cm -1 , mass spectrum 

m/z 81, 1H nmr spectrum signals at 8 7.34 (2H) and 7.21. The 1H nmr spectrum 

of (51) in deutero-chloroform is shown in figure 12. The resolved signals, 

assignments and approximate integrals are presented in table 9. 

Figure 12. The proton nmr spectrum of (51) in CDCI3 
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Table 9. The signals, assignments and integrals of the 111  nmr spectrum of (51) 

Chemical 
shift (6) 

Multiplicity Integration Coupling 
constant (Hz) 

1.64 
1.69 

s 
s 

3 
3 

2.15 d 2 7 
2.29 cl 2 7:7 
2.48 t 2 7;7 
2.82 d 2 7 
4.42 cl 1 7;7 
5.24 m 2 7;7 
5.89 di 1 15; 7 
6.24 sd 2 15 
6.50 s 1 
7.20 s 1 
7.34 bd 3 

s = singlet, sd = singlet of doublet, d = doublet, bd = broad doublet, di = doublet of triplet, 
t = triplet, q = quartet, m= multiplet. 

The two olefinic methyls gave signals at (8 1.64 and 1.69) and four 

methylenes showed peaks at 8 2.15, 2.29, 2.48, and 2.82. The methine proton 

which attached on oxygenated carbon C(16) demonstrated the quartet signal at 8 

4.42. The multiplet olefinic protons at 5 5.24 were not separated in deutero-

chloroform, but could be separated nicely into a doublet at 8 5.42 and triplet at 8 

5.28 in C6D6. The multiplet olefinic proton at 5 5.89 had to be the proton on 

C(11). The two protons at 8 6.24 could be assigned as the doublet and singlet from 

the spin-spin decoupling experiment. The singlet proton at 8 6.50, could be the 

olefinic proton on C(9). The remaining down field signals had to be olefinic 

protons on the furan ring. 
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Figure 13. The COSY spectrum of (51) in CDC13 

The COSY spectrum of (51) (figure 13) also confirmed the 

above-mentioned assignments. The intense cross peaks in the low field region were 

due to interactions of the olefinic protons, and the intense cross peaks in the high 

field region were due to interactions of the methylene protons. 4J coupling, such as 

coupling between methyl with olefinic proton at 8 5.24, could also be recognized. 

The assignments of the COSY spectrum are summarized in table 10. 
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Table 10. H-H Connectivities from COSY spectrum of (51) 

Protons Chemical shift (8) Coupled to H (8) 

H-5 2.48 H-6 (2.29) 
H-6 2.29 H-5 (2.48), H-7 (5.24) 
H-7 5.24 H-6 (2.48) 
H-10 6.24 H-11 (5.89) 
H-11 5.89 H-10 (6.24), H-12 (2.82) 
H-12 2.82 H-11 (5.89) 
H-15 5.24 H-16 (4.42) 
H-16 4.42 H-15 (5.24), H-17 (2.15) 
H-17 2.15 H-16 (4.42) 

The spin-spin decoupling spectrum (figure 14) also supported the COSY 

assignments. For instance, there was an intense cross peak in the COSY 

corresponding to the protons at 8 5.89 and at 8 6.24. Irradiation of the doublet of 

the triplets at 8 5.89 collapsed each of the doublets at 8 6.24 and 2.82 to a 

broadened singlet. Irradiation at 8 4.42 collapsed the multiplet at 65.24 and the 

doublet at 8 2.15 to a triplet and a singlet respectively. Spin-spin decoupling also 

revealed that the two overlapping proton signals at 8 6.24 were a doublet and a 

singlet. The results of the spin-spin decoupling experiments are shown in 

table 11. 

Table 11. Spin-spin decoupling of (51). 

No 
Irradiated 
at 8 at 8 

Signal changed 
from to 

1 2.15 4.42 m d 
2 2.29 2.48 t s 

5.24 m ds 
3 2.48 2.29 t d 
4 2.82 5.89 m d 
5 4.42 2.15 d s 

5.24 m st 
6 5.89 2.82 d s 

6.24 ds ss 
7 6.24 5.89 m q 

s=singlet; ss = singlet of singlet, st = singlet of triplet, d=doublet; ds = doublet of singlet, 
t=triplet,q=quartet; m=multiplet. 
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Figure 14. The spin-spin decoupling spectrum of (51) in CDC13 
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The 13 C nmr spectrum (figure 15) indicated the presence of the 

13-substituted furan ring at 8 143.0, 138,8, and 110.8. The DEPT experiment was 

employed to assign various proton multiplets to the various CH groupings. The 

DEPT spectrum analysis found two methyl carbons, four methylene carbons and 

eleven methine carbons (one methine carbon had to be an impurity from the 

isomers). The methyl carbons gave signals at (5 16.2 and 16.7) and the methylene 

carbons showed signals at (5 24.7, 28.4, 42.8, and 48.8). The oxygenated 

methine carbon C(16) demonstrated a signal at 5 65.7. The remaining methine 

carbons occurred at 5 107.5, 110.8, 121.1, 127.5, 128.0, and 128.1. 

Figure 15. Thel 3C /mu spectrum of (51) in CDC13 

The carbon-proton correlated spectrum of (51) (figure 16) indicated that 

the three olefinic protons at 5 7.34 were attached to the methine carbons at 8 143.0, 

142.7, and 140.3. However, the proton attached on the carbon at 5 140.3 was 

assigned as an impurity. 
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Figure 16. The carbon-proton correlated spectrum of (51) in CDC13 

The olefinic proton at 5 7.20 was thus assigned to the carbon at 8 138.8. The 

methine proton at 5 4.42 had to be attached to the oxygenated carbon atom at 8 

65.7. The remaining down field olefinic protons could likewise be assigned to their 

respective carbon atoms. The methylene protons at 5 2.15, 2.29, 2.48, and 2.82 

were attached to the carbons at 5 48.8, 28.4, 24.7, and 42.8 respectively. The two 

olefinic methyls at 5 1.64 and 1.69 were compatible with the carbons at 5 16.2 and 

16.7. 
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The long-range carbon-proton correlation (figure 17) showed that C(12) 8 

42.8 correlated to protons H-14 8 1.69 and C(17) 8 48.8 correlated to protons 

H-19 8 1.64. Strong correlation also found between carbon C(15) 8 128.0 and 

proton on H-14 8 1.69 .The two quaternary carbon at 8 131.9 C(18) and 136.6 

C(13) also gave strong correlation to proton H-19 8 1.64 and H-14 8 1.69 

respectively. Similarly, interactions were also observed between C(11) 8 127.7 and 

protons H-12 8 2.82; C(16) 8 65.7 and protons H-17 8 2.15. Complete 

assignments of protons and carbons of compound (51) are presented in table 12. 

C 18 
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Figure 17. The long range carbon-proton correlated spectrum of (51) in CDC1 3  
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Table 12. Position of protons and carbons of (51) 

No Protons Carbons 

1 7.34 143.0 
2 6.24 110.8 
3 - 124.9 
4 7.20 138.8 
5 2.48 24.7 
6 2.29 28.4 
7 5.24 128.1 

5.28 in C6D6 
8 - 125.3 
9 6.50 107.5 
10 6.24 121.1 
11 5.89 127.7 
12 2.82 42.8 
13 - 136.6 
14 1.69 16.7 
15 5.24 128.0 

5.42 in C6D6 
16 4.42 65.7 
17 2.15 48.8 
18 131.9 
19 1.64 16.2 
20 7.34 142.7 
21 128.2 

Molecular mechanics calculations were used to produce a working model of 

(51) to further examine the conformation. Rotation of C(8)-C(9), C(11)-C(12), 

C(12)-C(13), and C(15)-C(16) bonds followed by minimization yielded an 

energetic minimized conformation (figure 18). 

Figure 18. Molecular mechanics derived model of minimized conformation of (51) 
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The relative stereochemistry of (51) was determined by a series of different 

nOe experiments, which established the spatial relationships of the various 

hydrogens, as shown in figure 19. 
Irradiated 

I 	I 	I 	1 	I 	I 	I 	1 	1 	I 	I 	I 	I 	• 1  • " I " 
8.0 	7.0 	6.0 	5.0 	4.0 	3.0 	2.0 	1.0 	0.0 

PPM 

Figure 19. The nOe spectrum of (51) in CDC1 3  

For example, irradiation of the doublet at 8 2.15 H2-C(17) affected the multiplet at 

8 5.24 H-C(15), singlet at 8 1.69 H3-C(19). Irradiation of the doublet at 8 2.82 

H2-C(12) affected the multiplet at 8 5.24 H-C(15) (which became a doublet), the 

doublet at 8 6.24 H-C(10), and the singlet at 8 1.64 H3-C(14). Irradiation of the 

singlet at 8 6.50 H-C(9) affected the multiplet at 8 5.89 H-C(11) and the broad 

singlet at 87.34 H-C(4) and H-C(2)). 
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Assignments of the COSY, n0e, and long range carbon-proton correlations 

are summarized in figure 20. 

= COSY connectivities 

= nOe interactions (tail of the arrow protons irradiated, 
head of the arrow protons affected) 

= Long range C-H correlations 

Figure 20. Summary of  the  COSY, n0e, and long range correlation of (51) 

The Diels Alder reaction of (51) using tetracyanoethylene  as dienophile gave 

very complex products.  The  GC-MS of the products gave four  isomers  of Mt:  436 

and many other  impurities. The fragmentation pattern  of the  isomers showed 

similarity with fragments  at na/z  409 (loss  of  HCN), 355, and 81  (base) peak. This 

information suggested that the dienophile did not  attack  the furan ring. Attempts to 

isolate the pure products  were unsuccessful. 
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4.2.2.4 Uv spectrum 

The uv absorption (appendix A 9) of (51) at wavelength (X. 228nm, 

calculated 229nm) is in accordance with cross-conjugated double bonds. This, and 

the nOe data, fully support the preferential conformation of (51). 

4.2.2.5 Biogenesis 

At present, the biogenetic origin of C21 compounds is a matter of 

speculation. A radiolabelling experiment in S. nitens and I. oros gave in only 

nonradioactive nitenin and ircinin. However, both sponges utilized acetate 

efficiently for the synthesis of fatty acids. This might suggest that the sponges, like 

molluscs and coelenterates, are unable to synthesize terpenoids de novo. 

Terpenoids may be derived from the diet or may be synthesized by algae or bacteria 

symbiotically associated with the animals 1 . 

While evidence on the biogenetic origin of the C21 compounds is lacking, 

Minale et al. reported two pathways: (1) loss of C4 from a sesterterpenoid or (2) by 

addition of a Ci unit to a diterpenoid precursorl. 

The carbon skeleton of (51) may be constructed by the conventional 

head-to-tail isoprenoid units indicated by a heavy line with one additional carbon 

atom C(21). The double bonds have been removed for clarity. 
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A literature search revealed this to be a new C21 furanoterpene. This C21 

furanoterpene has an unprecedented carbon skeleton and also represents the first to 

have a 10 member ring from a sponge. Table 13 below presents a summary of the 

literature search revealing this compound. 

Table 13. C21 furanoterpenes from marine sponges 1 -5,6,72  

No Trivial name (Formula) mp(degrees) [oaD 

1 Nitenin (C21142404) oil -45.4° 
2 Dihydronitenin (C21H2604) oil -25.2° 
3 Furospongin-1 (C21113003) 35 +8.8° 
4 Anhydrofurospongin-1 

(C21H2802) oil 0 
5 Furospongin-2 (C21142603) oil 0 
6 Isofurospongin-2 (C21H2603) oil 0 
7 Dihydrofurospongin-2 

(C21112803) oil -0.91° 
8 Tetrahydrofurospongin-2 

(C21113003) oil 0 
9 Tetradehydrofurospongin-1 

(C21142603) oil 
10 Furospongenol (C21113003) oil 
11 Furospongenon (C21112803) oil 
12 1rcinin-3 (methyl ester) 

(C22142804) oil -2.1° 
13 Ircinin-4 (methyl ester) 

(C22142804) oil +1.7° 
14 Cacospongione A (C21113003 
15 Cacospongienone A (C21 1-12803) 
16 Cacospongienone B (C21H2803) 
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4.3 Studies of Ircinia sp.2 (sponge 90032) 

The specimens were collected in Bass Strait. This sponge was greenish in 

colour, measuring up to 25cm in diameter, of a spongy consistency, and very hard 

to break when dried. 

4.3.1 Isolation of (52), (53), (54), and (55) 

The freeze dried sponge 90032 extracted by dichloromethane and methanol 

afforded 5.1g and 7.9g of extracts respectively. The dichloromethane extract was 

shown to be a complex mixture of fatty acids and other derived compounds (tic 

analysis with vanillin-sulfuric acid). 

The dichloromethane extract was first fractionated by mplc; subsequent 

fractions were purified by ptic. A Cm terpene quinol (52) was one of the major 

components to be isolated in this manner. The other major component was 

ambliofuran which was also isolated from the sponge 88049. Three minor 

components (53), (54), and (55) were also isolated. Spectroscopic methods have 

been employed to determine their structures, particularly nmr such as COSY and 

carbon-proton correlations. 

4.3.2 Structural Determination of (52) 

Elemental composition and structural features 

Prenylated benzoquinol (52) was a brown liquid and was found to be pure 

by tic in several solvent systems. El and CI mass spectrometry gave the molecular 
+ 

ion peak M 450. High resolution mass spectrometry yielded a molecular formula 

C31114602 (Mt  450.345, calculation 450.3496). 
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Proton nmr spectrum confirmed the present of 46 hydrogens. Since 13C nmr 

spectrum showed only 24 carbon resonances, four methylenes at 8 40.2 and three 

methyls at 8 16.5 had to be overlapping. The calculation of the index hydrogen 

deficiency equalled nine [F=(31-46/2)+1 = 9], indicating the presence of nine 

double bond equivalents in the structure of the molecule. 

A rapid inspection of the mass spectrum gave the following features: the 

base fragment ion at m/z 69 was the result of a terminal isoprene cleavage, and 

fragment ion at m/z 123 was the result of cleavage of two isoprene units. An 

infrared spectrum showed the presence of the hydroxy functional group. 

The 1H nmr spectrum showed four prenyls: [a 3H broad multiplet at 8 5.09 

and a 1H triplet at 8 5.29 (CH=C), an 18H broad multiplet at 8 2.05 (CH2-C=C), a 

3H singlet at 8 1.68 (cis methyl of the terminal isoprene residue), and a 12H singlet 

at 8 1.59 (trans CH3-C=C)]. A 2H doublet at 8 3.28 had to be coupled to the 

olefinic proton at 8 5.29. This methylene had to be present in the structure between 

two double bonds, because its chemical shift was further downfield. 

The uv spectrum showed maximum absorption at 295.4 nm which was 

suitable for a monosubstituted 1,4-dihydroxybenzene, and the three olefinic 

protons at 6 6.52 to 6.69 had to be part of a benzene ring system. 
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Structural assembly 

The nine units of hydrogens deficiency were due to the polyprenyl side 

chain and benzene ring. The following structural units have thus been found: 

OH 

OH 

There is only one possibility of connecting them in a chemically meaningful way, 

namely: 

OH 

4.3.2.1 Mass spectrometry analysis 

The mass spectrum (figure 21) gave the fragment ions at m/z 448, 381, 

327, 177, 175, 161, 123, 69 (base peak). The fragmentation pattern was similar to 

that of squalene. A peak at m/z 448 was due to the loss of 2 hydrogens. The 

fragment ions at m/z 381 and at tniz 69 were due to cleavage of the C(22)-C(23) 

bond, while the fragment ions at m/z 327 and at m/z 123 had to be due to cleavage 

of the C(18)-C(19) bond. 
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Formation of the fragment ion at roJz 161 (high resolution mass spectrometry found 

C1oH902) came from parent ion rniz 163 (supported by metastable ion transitions). 

100 — 

69 

200 	 300 	 400 

Mass/Charge 

Figure 21. The mass spectrum of (52) 

The mass spectral fragmentation pattern of (52) was as follows: 

OH 

 

Mt" 450 

 

m/z 327 m/z 69 

 

m/z 161 
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4.3.2.2 Infrared analysis 

Infrared spectrum (figure 22) showed vibrations at 3360, 2900, 1480, 

1430, 1360, and 1175 cm -1 . The absorption at 3360 cm -1  had to be the result of 

OH stretching, and the absorption at 2900 cm -1  had to be due to the C-H 

stretching.The remaining absorptions were not easily assigned at this stage. 

.2 
O-H 

C-H 

0 
4000 	 3000 	 2000 	1800 	1600 	1400 	1200 	1000 	800 

Wavenurnber cm-i  

Figure 22. The infrared spectrum of (52) (neat) 

4.3.2.3 Nmr spectral analysis 

The resolved signals, approximate integrals of the proton nmr spectrum of 

(52) (figure 23) are: 5 1.59 (s, 12H); 1.68 (s, 3H); 1.74 (s, 3I-1); 2.04 (m, 18H); 

3.28 (d, 2H); 5.11 (m, 4H); 5.29 (t, 1H); 6.53 (bs, 1H); 6.59(m, 1H); 6.66(d, 

1H). The overlapping methyl protons at 8 1.59 could be assigned as methyls at 

C(27), C(28), C(29), and C(30), because they have similar environments. The 

methyl group at 5 1.68 had to be the methyl at C(26) and the methyl group at 8 

1.74 was consistent with the methyl at C(31). The methylene groups at 8 2.04 were 

ambiguous due to overlap of the signals. The down field methylene group at 5 3.28 

had to be protons at C(7). 

103 — 	 

75 — 
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Olefinic protons at 8 5.11 also were unclear due to overlapping signals, but they 

still could be assigned as protons on C(12), C(16), C(20), and C(24). The olefinic 

proton at 8 5.29 had to be a proton on C(8), and the down-field olefinic protons at 

8 6.53 to 6.66 were consistent with aromatic protons on benzene ring. 

11-27, 11-28, H-29, H-30 

Figure 23. The proton nmr spectrum of (52) in CDC13 

Analysis of (52) by 2D-nmr experiments provided valuable information to 

establish its structure. The COSY spectrum (figure 24) has been used to assign 

the proton multiplets. The doublet of methylene protons at 8 3.28 coupled to the 

triplet of olefinic proton at 8 5.29. The olefinic protons at 85.11 showed intense 

coupling to the methylene protons at 8 2.04; these olefinic protons had to be 

protons on C(12), C(16), C(20), and C(24). The intense cross peak in the down-

field region had to be due to the coupling between olefinic protons on C(2) and 

C(3). The 4J coupling also could be observed between methyl groups and olefinic 

protons. 
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Figure 24. The COSY spectrum of (52) in CDC13 

The 13C nnu.  spectrum (figure 25) showed only 24 carbons, the remaining 

carbons overlapping at 8 16.6 and 40.2. The DEPT spectrum gave 8 methine 

carbons, 9 methylene carbons and 6 methyl carbons, so the eight remaining 

carbons had to be quaternary carbons. The methyl carbons gave signals at 8 16.6 

(four carbons), 18.2, and 26.3; the methylene carbons gave signals at 8 27.0, 27.2 

(two carbons), 27.3, 30.1, and 40.2 (four carbons); the methine carbons appeared 

at 6 114.3, 117.1, 117.2, 121.8, 124.3, 124.8 (two carbons), and 124.9. 
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Figure 25. The 13C nmr spectrum of (52) in CDC13 

The quaternary carbons raised signals at 8 128.9, 131.8, 135.4, 135.5, 136.1, 

139.0, 148.5, and 149.8. The doublet of methylene protons at 8 3.28 had to be 

attached to the carbon at 8 30.2, while the triplet olefinic proton at 8 5.29 had to be 

attached to the carbon at 8 121.8. The remaining three aromatic protons at 8 6.59 

correlated to carbons at 8 114.3, 117.1, and 117.2 respectively. 

The carbon-proton correlation and DEPT experiments have been used to 

assign protons to their respective carbons. Four carbons at 8 16.6 had to be 

attached to the four methyl protons at 8 1.59. The methyl group at 8 1.68 was 

assigned to the carbon at 8 18.2, while the methyl group at 8 1.74 was assigned to 

the carbon at 8 26.2. The four methylene carbons at 8 40.2 and the four at 8 27.0, 

27.2 (two carbons), and 27.3 were correlated to methylene groups at 6 2.04. 
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The long range carbon-proton correlation spectrum (figure 26) supported 

the proposed structure (52) particularly at the benzene ring moiety. The strong 

coupling between the quaternary carbons and their neighbouring methyls was 

obvious. The medium correlation between the carbon at 8 30.2 and the proton at 8 

6.53 was observed. 

Figure 26. The long range carbon-proton correlated of (52) in CDC13 
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The summarized of COSY and long range C-H correlation results are 

presented in table 14. 

Table 14. Selected nmr COSY and long range C-H correlation results of (52) in CDC13 

COSY(regular) 	COSY(4J coupling) 	 Long range C-H 

H-2<-->H-3 	 H-2<-->H-6 	 C-1<-->H-2 
H-7<-->H-8 	 H-8<-->H-31 	 C-3<-->H-2 
H-11<-->H-12 	H-10<-->H-31 	 C-4<-->H-3, H-7 
H-15<-->H-16 	H-12<-->H-30 	 C-5<-->H-3 
H-19<-->H-20 	H-14<-->H-30 	 C-6<-->H-2 
H-23<-->H-24 	H-16<-->H-29 	 C-7<-->H-6 

H-18<-->H-29 	 C-8<-->H-7, H-31 
H-20<-->H-28 	 C-9<-->H-31 
H-22<-->H-28 	 C-12<-->H-30 
H-24<-->H-26, H-27 	C-16<-->H-29 

C-20<-->H-28 
C-24<-->H-27 
C-25<-->H-26, 11-27 

The chemical shift of 13C nmr assignments of (52) was established by 

comparing the 13C nmr spectrum of (52) with known terpenoids isolated from 

marine organisms [such as compound (65) see later in Thesis; the chain moiety of 

(52) is similar to the chain moiety of compound (61)]. The complete assignments of 

the 13C nmr spectrum of (52) are shown in table 15. 

Table 15. The 13C assignments of (52) 

Carbon 	 DEPT 	 Chemical shift (8) 

C-1 	 C 	 149.8 
C-2 	 CH 	 117.2a 
C-3 	 CH 	 117.1a 
C-4 	 C 	 128.9 
C-5 	 C 	 148.5 
C-6 	 CH 	 114.3 
C-7 	 CH2 	 30.1 
C-8 	 CH 	 121.8 
C-9 	 C 	 139.0 
C-10 	 CH2 	 40.2bh 
C-11 	 CH2 	 27.3 
C-12 	 CH 	 124.9 
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Table 15 (continued) 

C-13 C 136.1 
C-14 CH2 40.2bh 
C-15 CH2 27.2ch 
C-16 CH 1248dh  
C-17 C 135.5 
C-18 CH2 40.2bh 
C-19 CH2 27.2ch 
C-20 CH 124.8dh  
C-21 C 135.4 
C-22 CH2 40.2bh 
C-23 CH2 27.0 
C-24 CH 124.3  
C-25 C 131.8 
C-26 CH3 18.2 
C-27 CH3 16.6eh 
C-28 CH3 16.6eh 
C-29 CH3 16.6eh 
C-30 CH3 16.6eh  
C-31 CH3 26.2 

a -e Assignment with the same superscript in the same column may be interchanged 
and assignments are based on the comparisons with known compound (65) 

h Overlapping signals. 

4.3.2.4 Uv spectrum 

The uv spectrum (appendix A 10) gave peaks at 295.4 and 209 nm. The 

?'max at 295.4 nm was compatible with a monosubstituted 1,4-dihydroxybenzene 

structure (reference Xmax .294nm)68 . There is no significant diference between the 

A,max reference and the Xmax  of the uv spectrum, so the uv spectrum also confirmed 

the presence of benzene ring system. 

4.3.2.5. Biogenesis 

The isoprene rule (biogenetic considerations) is very important for the 

formation of terpenoid carbon-carbon bonds. The structure (52) was formed by 

connecting head to tail isoprene units plus a C6 unit. 
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A literature search revealed this to be known C31 terpene quinol from the 

Australian sponge Ircinia ramosa94 . Comparison of the MS, JR. and 1 H nmr 

spectra revealed the two to be identical in structure. The 13C nmr assignment of this 

compound has previously not yet been discussed by authors and in this thesis the 

assignment has been discussed in detail. 

4.3.3 Structural determination of (53) 

Elemental composition and structural features 

Compound (53) was isolated as a yellow oil with the molecular formula 

C31H4402 which had two fewer hydrogens when compared with compound (52). 

The proton nmr spectrum confirmed the presence of 44 hydrogens. The 13C nmr 

spectrum showed only 25 carbons because of three methyl carbons overlapped at 8 

16.8 and the remaining methylene overlapped at 8 40.4. 

The infra-red spectrum showed the presence of the carbonyl functional 

group and the absence the hydroxy group. It was possible that compound (53) was 

derived from compound (52) by oxidation of hydroxy functional groups into 

carbonyls. 

The number of double bonds (degree of unsaturation) equalled 10 which 

was compatible if the two oxygens were present as carbonyls. If this prediction 

was correct, the carbonyls had to be present as a quinone which was due to 

oxidation of compound (52). 

Based on the mass spectral fragmentation pattern, the ions at rniz 69, 123, 

and 161 were still present. The fragment ions at miz 69 and 123 were characteristic 

of the chain structure of (52), while the fragment ion at m/z 161 was due to the 

quinone. 
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(53) 

The 13 C nmr of (53) showed significant difference compared to (52), 

particularly at the benzene ring moiety. The C(1) of (52) gave a signal at 8 149.8 

which moved to the downfield region at 8 188.6 in (53). The signal at 8 128.9 C(4) 

in (52) shifted downfield becoming 8 188.3 in (53). The X maximum of the uv 

spectrum of (53) become shorter compared to (52) which was consistent with a p-

benzoquinone structure. 

4.3.3.1 Mass spectrum analysis 

The mass spectrum (figure 27) of (53) gave the fragment ions at m/z 433, 

379, 325, 161, 123, 81, and 69. The fragment ion at m/z 433 was due to the loss 

of one methyl. This fragmentation is very commonly present in hydrocarbons 

containing branched methyl groups. The cleavage of the terminal isoprene unit gave 

fragment ions at m/z 69 and 379. This fragmentation pattern was similar to that (52) 

which showed the fragment ion at m/z 69 and 381 .The cleavage of two isoprene 

units gave the fragment ions at m/z 123 and 325 which were due to the cleavage of 

the C(18)-C(19) bond. The fragment ion at m/z 161 was similar to (52) due to 

rearrangement. 
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Figure 27. The mass spectrum of (53) 

The mass spectral fragmentation pattern of (53) was as follows: 

Mt 448 

m/z 69 
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4.3.3.2 Infrared spectrum analysis 

The infrared spectrum (appendix A 11) demonstrated vibrations at 2885, 

1680, 1580, 1460, 1365, 1280, and 885 cm-1 . The vibration at 1680 was due to 

the carbonyl stretching. The remaining vibrations were not easily to assign. 

4.3.3.3 Nmr spectral analysis 

The proton nmr spectrum of (53) (figure 28) showed the resonances as 

follows: 8 1.60 (s,12H); 1.63 (s,3H); 1.68 (s,3H); 2.02 (m,16H); 3.13 

(d,J=7Hz,2H); 5.13 (m,5H); 6.54 (bs,1H); 6.72 (m,2H). Four methyl protons at 

8 1.60 could be assigned as the trans methyls on C(27), C(28), C(29), and C(30). 

PPM 

Figure 28. The proton nmr spectrum of (53) in CDC13 
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The cis of methyl of the terminal isoprene unit C(26) gave the resonance at 8 1.63, 

while the other methyl at 8 1.68 had to be olefinic methyl on C(31). The multiplets 

at 82.02 had to be all of the methylene groups on the chain except the methylene on 

C(7). The methylene protons on C(7) appeared as a doublet at 8 3.13. The trans 

pentaprenyl gave the multiplet signals at 8 5.13. The broad singlet at 8 6.54 was 

assignable to the aromatic proton on C(6) and the two remaining aromatic protons 

at 8 6.72 had to be protons on C(2) and C(3). 

The COSY spectrum (figure 29) showed strong coupling interactions 

between methylene at 8 3.13 (H-7) and one olefinic proton at 8 5.13; between the 

remaining olefinic protons at 85.13 and methylenic protons at 62.02. 

Figure 29. The COSY spectrum of (53) in CDC13 
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Weaker cross peaks due to long range coupling can also be observed such as: 

coupling interactions between olefinic protons at 8 5.13 and methyl protons; 

between the aromatic proton at 8 6.54 (H-6) and methylene at 8 3.13 (H-7); 

between the aromatic proton at 8 6.54 (H-6) and the aromatic proton at 8 6.72 

(H-2). 

The 13 C nmr spectrum of (53) (figure 30) showed only 25 signals 

because some of the signals were overlapping (such as methylenes at 8 40.4 and 

methyls at 8 16.8). A long branched aliphatic chain was quite easily identified as it 

showed characteristic features in the 13 C nmr spectrum. The cis olefinic methyl 

C(26) gave a signal at 8 18.4, while the trans C(27), C(28), C(29), and C(30) 

appeared at 8 16.8. The remaining 13 C of the chain could be assigned by the 

comparison to the 13C nmr spectrum of (52) (table 16). 

180 	160 	140 	120 	100 	80 
	

40 	20 
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Figure 30. The 13C rttnr spectrum of (53) in CDC13 
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The chemical shift of the carbonyl C(1) of (53) at 8 188.6 was quite significantly 

different when compared to C(1) of (52) at 8 149.8. The remaining carbons C(2), 

C(3), and C(6) were also shifted downfield; this also had to be the effect of the 

presence of carbonyls. The structure moiety of (53) from C(7) to C(31) was similar 

to (52) and the 13C nair also supported the similarity of this part. 

Table 16. Comparison of 13 C nmr of (52) and (53) in CDC13 

No 5 compound (52) 5 compound (53) 

C-1 149.8 188.6 
C-2 117.2a 137.4a 
C-3 117•1a 137.0a 
C-4 128.9 188.3 
C-5 148.5 149.2 
C-6 114.3 118.3 
C-7 30.1 28.0 
C-8 121.8 124.4 
C-9 139.0 140.9 
C-10 40.2bh 40.4bh 
C-11 27.3 27 . 361 
C-12 124.9 125.1 
C-13 136.1 133.0 
C-14 40•2bh 40.4bh 
C-15 27.2°1  27.3ch 
C-16 124.8dh 124.9dh 
C-17 135.5 136.2 
C-18 40.2bh 40.4bh 
C-19 27.2eh 27 . 3Ch 
C-20 124.8dh 124.9dh 
C-21 135.4 135.6 
C-22 40.2bh 40.4bh 
C-23 27.0 27.1 
C-24 124.3 124.9dh 
C-25 131.8 131.9 
C-26 18.2 18.4 
C-27 16.6eh 16.7eh 
C-28 16.6eh 16•7eh 
C-29 16.6eh  16.7eh 
C-30 16•6eh 16•7eh 
C-31 26.2 26.4 

a-e Assignment with the same superscript in the same column may be interchanged. 
and assignments are based on comparison with known compound (65) 

h Overlapping signals. 
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4.3.3.4 Uv spectrum. analysis 

Two peaks have been detected from the uv spectrum (appendix A 12) of 

(53). The maximum wavelength has been observed at 245.4nm (reference 245) 

which was suitable for benzoquinone 68. The other peak appeared at 212.3nm. 

4.3.3.5 Biogenesis 

The quinone (53) can be derived from hydroquinone (52) by oxidation. The 

carbon skeleton formation must be the same as compound (52). 

A literature search revealed this to be known C31 terpene quinone from the 

the sponge Dysidea pallescens95 . Comparison of the MS, IR, and 1 H nmr 

spectra revealed the two to be identical in structure. The 13C nmr assignment of this 

compound has previously not been described and in this thesis the assignment has 

been discussed in detail by comparing to compound (52). 

4.3.4 Structural determination of (54). 

Elemental composition and structural features 

Compound (54) was isolated as a brown oil and the molecular formula 

C24H37C103 was established by high resolution mass spectrometry. The 13C and 

proton nmr spectra confirmed the presence of 24 carbons and 37 hydrogens 

respectively. 
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The infra red spectrum demonstrated the presence of hydroxy and carbonyl 

groups. The mass spectrum gave fragment ion at m/z 81 (base peak), indicating the 

presence of furan. The presence of chlorine could be seen from characteristic 

isotope peaks at m/z 408 and 410 of the mass spectrum and the peak at m/z 372 

was due to loss of HC1. The infrared spectrum also showed C-Cl vibrations at 850 

and 760 cm-1 . 

The proton nmr spectrum also supported the presence of a n-substituted 

furan: 3H singlets at 8 6.28, 7.21, and 7.34. The proton nmr showed two prenyls: 

[a 2H broad multiplet at 5 5.08 (CH=C) and a 6H at 8 1.58 (trans CH3-C=C)]. The 

COSY spectrum showed that the methine proton at 8 4.30 which attached on 

oxygenated carbon only coupled to one methyl at 8 1.45, so that adjacent to this 

proton, had to be a quaternary carbon or carbonyl. 

The structure moiety from C(1) to C(14) could be clearly assigned by the 

comparison the spectroscopic data of (54) with analogous compounds such as 

dendrolasin and furospinolosin-1. 

The positions of the chlorine was not determined since the quantity of the 

material was not sufficient to do spectroscopic experiments such as carbon-proton 

correlations. 

23 
OH 

position of Cl could be on C(15), — C(16), C(17),C(20), and C(21). 

(54) 
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4.3.4.1 Mass spectrometry analysis 

El (appendix A 13) and CI mass spectrometry found the molecular ion 

IVI* 408.241 (calculation 408.2429). The fragment ions were revealed at m/z 393, 

372, 357, 327, 81(base peak), and 69. The fragment ion at m/z 393 (Mt  - 15) was 

due to loss of one methyl group; the fragment ion at m/z 372 (Mt  - 36) was a 

distinct peak from loss of HC1. The fragment ion at m/z 357 (Mt  - 51) was loss of 

methyl and HC1. The fragment ion at m/z 327 (Mt  - 81) was due to the cleavage of 

C(5)-C(6) bond. The fragment at m/z 69 was due to one of the isoprenoid unit. 

4.3.4.2 Infrared spectrum 

Infrared spectrum (appendix A 14) showed vibrations at 3425, 2850, 

1695, 1435, 1365, 1010, 850, and 760 cm -1 . The vibration at 3450 cm -1  was due 

to O-H stretching, the C-H vibration gave absorption at 2850, the carbonyl group 

showed vibration at 1695, and the C-Cl vibration appeared at 850 and 760 cm -1 . 

4.3.4.3 Nmr spectral analysis 

The proton nmr spectrum (figure 31) showed the presence of the 

13-substituted furan at 8 6.28 (1H), 7.21 (1H), and 7.34 (1H). The remaining 

olefinic protons were present at 8 5.08 (2H). There were two methine protons at 8 

4.31 (2H), and one at 8 2.04 (1H) overlapping with methylene. The hydroxy 

proton gave a signal at 8 3.45 (broad singlet). The methylene groups appeared at 8 

2.41 (2H), 2.25 (2H), and 2.04 (12H). The methyl groups gave peaks at 8 1.58 

(6H), 1.45 (3H), and 0.91 (3H). The signals at 8 1.26 and 2.44 could be assigned 

as impurities from fatty acid derivatives. The impurity at 8 0.07 was quite difficult 

to explain (it may be silicon grease). 
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Figure 31. The proton runr spectrum of (54) in CDC13 

The position of the protons could be assigned as follows: the three furan 

protons at 8 7.34, 6.28, and 7.21 had to be belong to the C(1), C(2), and C(4) 

respectively. The olefinic protons at 8 5.08 were assigned as protons on C(7) and 

C(12). The proton at 5 4.31 was a typical of the proton on oxygenated carbon and 

had to be attached on C(23). The two methylene protons at 8 2.41 and 2.25 could 

be clearly assigned as methylene protons on C(5) and C(6) from their multiplicity 

and from the COSY. The assignment of the remaining of the methylene protons 

was not clear due to overlapping signals with the other protons. The two methyl 

groups at 8 1.58 (2 methyls) could be assigned as methyls on C(9) and C(14), and 

the remaining methyl groups at 8 1.45 and 0.91 had to be present on C(24) and 

C(19). 

The COSY spectrum (figure 32) showed that one of the triplets of olefinic 

proton H-7 8 5.08 coupled to the methylene H-6 8 2.25, and this methylene 

coupled to the methylene H-5 8 2.41. Further analysis of COSY found that one of 

the olefinic protons H-12 8 5.08 coupled to the methylene H-11 8 2.04. The 

olefinic proton at 8 4.31 was attached on oxygenated carbon and coupled to one 

methyl groups at 8 1.45. The methyl group at 80.91 coupled to proton at 8 2.04. 
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Figure 32. The COSY spectrum of (54) in CDC1 3  

The 13 C spectrum (figure 33) confirmed the present of 24 carbons, and 

the nature of the carbons was revealed by the DEPT spectrum. The DEPT spectrum 

showed the presence of four methyl carbons (at 8 16.4, 16.6, 19.8, and 20.3), 

eight methylene carbons (at 8 25.6, 25.8, 27.1, 29.0, 31.2, 36.9, 40.2, and 47.9), 

and eight methine carbons (at 8 29.5, 58.1, 81.2, 111.6, 124.3, 124.9, 139.4, and 

143.1), so there had to be 4 quaternary carbons (at 8 125.2, 135.4, 136.3, and 

carbonyl at 8 210.0). 
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Figure 33. The 13C nmr spectrum of (54) in CDC13 

4.3.5 Structural determination of (55) 

Compound (55) was isolated as a greenish oil and El mass spectrometry 

(appendix A 15) found the molecular formula C25H3404. The mass spectrum 

fragmentation pattern (m/z 81) indicated the presence of a 13-substituted furan. The 

proton nmr spectrum (figure 34) showed clearly the I3-substituted furan (singlets 

at 8 7.32, 7.20, and 6.26) and the 13C nmr spectrum also provided supporting 

evidence for the 13-substituted furan (8 143.0, 139.3, and 111.6). 

2 	 OH 10 	12 	15 	17 	20 
8 	 13 	 18 	21 	22 

23 
6 	 11 	 16 
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(55) 
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Figure 34. The proton nmr spectrum of (55) in CDC13 

The infra-red spectrum demonstrated the vibrations of hydroxy and 

carbonyl functional groups. The chemical shift of carbonyl group (8 174.0) was 

suitable for a ester. The uv spectrum max (Et0H) 251.9nm was characteristic of 

the conjugated tetronic acid moiety. Furthermore, the infra-red bands (at 1725 and 

1630 cm - I-) and the proton nmr signals [at 8 1.84 (s, 3H) and 5.43 (d,1H, J = 

8Hz)] supported the conjugated tetronic acid moiety. 

The remaining protons have been assigned by comparison with known 

compounds. A literature search found variabilin (42) which has the same structure 

as (55). Table 17 below presents a summary of the literature search revealing 

compounds from Ircinia sp. 

-6 
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Table 17. Literature search of compounds from Ircinia sp. 

Compounds 	 Species 	 Chemical Abstract (references) 

Ircinin-1 and -2 	 I. oros 
Terpene quinones 	 I. spinosula 
Fasciculatin 	 I. fasciculata 
Furanoterpene 	 I. oros 
Prenylated quinones 	 I. spinosula 
Variabilin 	 I. variabilis 
Strobilinin 	 I. strobilina 
Irciartianin 	 Ircinia sp. 
Sesterterpenes 	 I. strobilina 
Palinurin 	 I. varibilis 
Fasciculatin 	 I. fasciculata 
Furanoterepenes 	 Ircinia sp. 
Wistarin 	 I. wistarii 
Steroid 	 I. campana 
Steroid 	 I. fasciculata 
Furanoterpenes 	 I. dendroides 
Furanoterpenes 	 I. muscarum 
Sterols 	 I. foetida 
Sterols 	 I. variabilis 
Suvanine 	 Ircinia sp. 
Sesterterpenes 	 Ircinia sp. 
Variabilin 	 Ircinia sp. 
Sesterterpene 	 Ircinia sp. 
Sestertapenes 	 Ircinia s p 
Sulfircin 	 Ircinia sp. 
Sterol 	 Ircinia sp. 
Terpenoid 	 Ircinia sp. 
Sterol 	 Ircinia sp. 

1972, 76, 99861k (58) 
1972, 76, 141089s (68) 
1972, 77, 5632g (59) 
1973, 78, 124761d (69) 
1973, 78, 43746a (53) 
1974, 80, 15085g (60) 
1975, 83, 10481k (61) 
1977, 87, 65507m (63) 
1978, 89, 20649j (70) 
1979, 91, 207729u (62) 
1981, 94, 136428u (71) 
1982, 97, 21006z (72) 
1982, 97, 212628p (64) 
1983, 98, 14541n (54) 
1983, 98, 14541n (55) 
1983, 99, 19895m (67) 
1983, 99, 192077u (73) 
1984, 101, 167573e (56) 
1984, 101, 167573e (57) 
1985, 102, 59600y (65) 
1987, 106, 63839h (49) 
1987, 107, 112965c (74) 
1988, 108, 164817w (50) 
1989, 110, 112000w (51) 
1989, 110, 36832x (66) 
1990, 112, 52555k 
1990, 112,p116169x 
1990, 112, 136192c 
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CHAPTER 5 

Nucleoside and Sesterterpenes 
from Tedania sp. 

5.1 A review of compounds from Tedania sp. 

A series of unique carotenoids has been isolated from Tedania digitata, 

collected in Japan, for example tedanin and tedaniaxanthin. Their structures were 

mainly determined by spectroscopic methods 75 . 76 • 

A new pharmacologically active agent isolated from Tedania digitata, 

collected off Newport Reef and Fairlight, Sydney, Australia has been identified as 

1-methylisoguanosine (56) by spectral and degradative chemical methods and 

synthesis77 . 

OH OH 
(56) 

A new hydroxylated atisane, atisane-313,16a-diol (57) has been isolated 

from the Caribbean sponge Tedania ignis, collected near Summerland Key, 

Florida Key. Its structure has been determined by single-crystal x-ray diffraction. 

Diketopiperazines (58), (59), (60), and epiloliolide (61) have also been isolated78. 
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OH 
	

(57) 

HO 

(61) 

0 
(58) R = -CH2CH(CH3 )2  
(59) R = -CH(CH3)2  
(60) R = -CH3  

Tedanolide (62) is a macrolide, also isolated from the Caribbean sponge 

Tedania ignis. Tedanolide is highly cytotoxic, exhibiting an ED50 of 2.5x10 -4  in 

KB and 1.6x10 -5  in PS cell lines. The structure of tedanolide has been confirmed 

from spectroscopic data and x-ray diffraction 79 . 

(62) 

5.2. Studies of Tedania sp.1 (sponge 88047) 

This sponge was collected by scuba diving off the Bruny island coast in 

1988. It was yellowish in colour (plate 3).This sponge has been identified by 

Dr. C.N. Battershill as follows: 



Order: Poecilosclerida 

Family: Tedaniidae 

Genus: Tedania 

Species: undescribed 

Plate 3. Tedania sp.1 (Sponge 88047) 

5.2.1 Isolation and structural determination of Nucleoside (63) 

The methanol extract of sponge 88047 was first fractionated by mplc, 

subsequent fractions were purified by ptic and recrystallisation. One nitrogenous 

compound (Rf:0.3 in 10%Me0H/DCM; mp 161-162 0C) was isolated in this 

manner. The structure of nitrogenous compound (63) was determined using 

spectroscopic methods, particularly nmr and by comparison with known 

compounds. 

96 
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Elemental composition and structural features 

Nucleoside (63), isolated as white crystals, was shown to have the 

molecular formula C9H i2N205 (Mt 228.077, calculation Mt 228.0744) by 

chemical ionization high resolution mass spectrometry. The 13C nrnr spectrum 

confirmed the presence of 9 carbons. The relatively sharp band in the FT-IR 

spectrum at 3600 cm-1 , together with the broad bands extending from above 3500 

cm-1  to 2500 cm-1  indicated partially hydrogen bonded hydroxy groups. The 

former band was assigned to the NH group. The IR and the 13C nmr also indicate 

the presence of two amide carbonyls and will be discussed later. 

In the El mass spectrum, the molecular ion at m/z 228 gave a very weak 

signal. Chemical ionization further confirmed that the molecular ion had to be 228. 

The mass difference to the next peak at m/z 210 was 18, which would correspond 

to the loss of water. The mass spectrum was dominated by ions at m/z 117, 112, 

69, 42, and 28. 

The proton nmr spectrum (in CD30D) showed a broad singlet at 8 4.91 

corresponding to amine and hydroxy groups. The DEPT experiment gave 5CH and 

2CH2 •  The two remaining carbons were necessarily quaternary carbons as the 

amide carbonyls. 

The COSY spectrum was used to assign the correlation between the proton 

multiplets. The methylene protons at 8 2.40 were coupled to the protons at 8 4.44 

and 6.29. The methylene protons at 5 3.80 were coupled to the proton at 5 4.05. 

The intense cross peak at the down field region showed coupling between protons 

at 5 5.87 and 7.85. 
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Structural assembly 

According to the identified features the molecule consisted of the following 

parts: 

2 -OH, 	2 -C=0 	-NH- 	0 	N 

-CH-CH2-CH- 	-CH=CH- 	-CH2-CH- 

This list may be further simplified by realizing that the two coupled olefinic protons 

had to be placed between a carbonyl and a nitrogen, since all other possibilities lead 

to inconsistent spectral data. The chemical shifts of the carbonyl carbon atoms were 

consistent with the presence of an amide, so both carbonyl groups had to be 

neighbouring the NH. Thus the following fragment has been deduced: 

The fragments -CH-CH2-CH, -CH2_CH, 2-0H, and 0 can be made as a 

sugar ring on the basis of their chemical shifts COSY in the proton nmr spectrum. 

The 13C nmr spectrum also showed three oxygenated methine carbons and one 

oxygenated methylene carbon. This sugar ring has three chiral centres, so 8 

possible stereoisomers could be made. The stereoisomers of this compound are not 

discussed in detail. Thus the following sub-structure has been established : 

CH2OH I 	0 

CH 	aH 
\CH 	/ 

1 
OH 
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There is only one possibility of connecting them in a chemically meaningful way, 

namely: 
0 

I 
5'CH2OH 

4' CH  
\CH 3' 2' 

OH 

(63) 

5.2.1.1 Mass spectrometry analysis 

Electron impact and chemical ionization (appendix A 16) mass spectra 

found the molecular ion 1■41-  228. The major fragment ions were revealed at m/z 

28, 42, 69, 112, and 117. Two fragments at m/z 112 and 117 could be explained 

by rearrangement fragmentation of (63) with transfer C(6) proton to C(2)'and 

cleavage of N(1)-C(1)' bond. 

5.2.1.2 FT-infrared spectrum 

The FT-infrared spectrum demonstrated the presence of overlapping 

alcohols and amine absorptions around 3400 - 3500 cm - I. A strong vibration at 

1687 cm-1  was due to carbonyl stretching. Signals at 1456 and 1265 cm -1  

corresponded to N-H and 0-H bending. Other peaks at 1200 - 1045 cm-1  were 

caused by stretching of C-0, C-N, and C-C. 
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5.2.1.3 Nmr spectral analysis 

The proton nmr spectrum of (63) in D20 (figure 35) showed resonances 

as follows: 5 2.40 (m,2H); 3.80 (m,2H); 4.05 (q,1H); 4.44 (q,1H); 4.84 (HOD); 

5.87 (d,J=8Hz,1H); 6.29 (t,J=7Hz;7Hz,1H); and 7.85 (d,J=8Hz,1H). The 

protons of a methylene group near a chiral centre are not chemical equivalent86 . 

There are two methylene groups near a chiral centre on structure (63): one at 82.40 

and the other one at 8 3.80. 

8.0 
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Figure 35. The proton nmr spectrum of (63) in D20 

The down field aromatic proton at 8 7.85 suggested a heterocyclic proton. 

This proton had to be on C(6). The coupling constant and COSY spectrum showed 

that the proton on C(6) coupled to the proton at 8 5.87. The three methine protons 

at 8 6,29, 4.44, and 4.05 could be suitable for methine protons on a sugar ring. 

The methylene protons at 5 2.40 were part of the sugar ring H2-C(2)' and the low 

field methylene protons at 6 3.80 could be assigned as protons on C(5)'. 
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The carbon nmr spectrum (figure 36) confirmed the presence of 9 

carbons. The presence of two amide carbonyls was confirmed by the 13 C nmr 

spectrum which showed low intensity signals at 8 152.5 and 166.6. The DEPT 

spectrum showed two methylene carbons and five methine carbons. The two 

protons bearing carbons C(5) and C(6) were assigned to the signals at 8 102.9 and 

142.8 respectively. The three oxygen-bearing carbons C(1)', C(3)', and C(4), 

were assigned to the signals at 8 89.2, 72.5, and 86.9 respectively. The methylene 

carbon on the sugar ring gave a signal at 8 41.6, and the methylene carbon C(5)' 

showed a signal at 8 63.1. The complete assignments of the proton and carbon 

signals for (63) are presented in table 18. 
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Table 18. Position of protons and carbons of (63) 

No Protons Carbons 

1 
2 152.5a 
3 4.84 
4 166•6a 
5 5.87 102.9 
6 7.85 142.8 
l' 6.29 89.2 
2' 2.40 41.6 
3' 4.05 72.5 
4' 4.44 86.9 
5' 3.80 63.1 

a Assignments with the same superscript may be interchanged 

A literature search revealed this to be known as 2'-deoxyuridine, mp 164- 

1650C. However this compound has not previously been found in sponges. 

The Newman projection formulae of nucleoside conformations of the 

C(4)'-(C)5' bond are useful to confirm the relative chemical shifts of the 

5'-methylene proton and the sum of the 4'-5' coupling constants. The relative 

chemical shifts of the 5' methylene proton can be calculated by the following 

formulae: (M = 85 ,  _ 85 ,,) and the vicinal coupling constants can be calculated by 

the following formulae or . ,j4 ,544.5 „)80. 

Relative chemical shifts of the 5'-methylene hydrogens and. the sum of the 

4'-5' vicinal coupling constants of (63) found 0.088 ppm (reference 0.075 ppm) 

and 8.68 Hz (reference 8.5 Hz) respectively 80 . An anomeric proton (H-1') showed 

a signal at 8 6.29 (reference 6.31) 81 . 

Comparison of the MS, IR, 1 H nmr, and melting point, revealed that the 

two compounds have identical structures, thus confirming the final structure (63). 

The nucleosides from sponges are listed in table 19. 



Table 19. Nucleosides from sponges. 

No Name (formula) mp  (0C) 

1 Spongouridine (C9H12N206) 226-228 
2 Adenosine (C10H11N504) 83  225-230 
3 2'-deoxyadenosine (C10H11N403)83  179 
4 1-methylisoguanosine (C1iHi5N505)77  
5 Mycalasine A (C13H13N503)82  
6 Mycalasine B (C13H12N404) 82  

The computer generated model of (63) gave information about the energy 

minimum conformation of (63). The energy has been calculated by PC-Model 

program and the lowest energy conformation of (63) found (figure 37). 
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a() 
Figure 37. The energy minimum of the conformation of (63) 



5.3 Studies of Tedania sp.2 (sponge 88049) 

Specimens were also collected from -6 to -10m off the Bruny Island coast 

in 1988. This sponge was purple in colour, the surface being quite smooth 

(plate 4). This sponge has been identified by Dr. C. N. Battershill, as follows: 

Order: Poecilosclerida 

Family: Tedaniidae 

Genus: Tedania 

Species: undescribed 
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Plate 4. Tedania sp. 2 (sponge 88049) 
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5.3.1 Isolation and structural determination of sesterterpene (64) 

The crude dichloromethane extract of sponge 88049 was first fractionated 

by mplc, subsequent fractions were purified by ptic. One C25 tetronic acid (64) was 

isolated in this manner. Structure (64) was determined by spectroscopic data and 

comparison with known compounds. 

Elemental composition and structural features 

C25 tetronic acid (64) is a yellow oil and the molecular formula C25H2804 

was established by high resolution mass spectrometry. The mass spectrum gave a 

fragment ion at m/z 81, indicating the presence of methylene 13-substituted furan. 

The proton nmr spectrum showed the presence of two furan rings [singlets at 5 

7.36, 7.29, and 7.09 (a-furano protons) and at 5 6.96 and 6.32 (13-furano 

protons)]. The 1 H nmr spectrum showed the presence in the molecule of the chain 

-CH2-CFI2-CH(Me)-CH=CH-. Furthermore the 1 H nrrir spectrum showed the 

presence of the partial structure -CH2-CH(Me)-CH=C [5 2.18 (2H,-CH2-), 

2.95(1H,CH), 1.06(3H,Me), and 4.97(1H,CH=)]. 

The 13C nmr spectrum suggested that the molecule contained the tetronic 

acid moiety (8 171.2,C=0). The partial structure CH2-CH(Me)-CH=C was very 

probably conjugated with the tetronic acid residue. All the oxygen atoms and 

double bonds were readily assigned, being clearly indicated by the molecular 

formula. 
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Structural assembly 

The following features have been identified so far: 

106 

Biogenetic considerations (isoprene rule) suggested that the furan rings 

were linked to each other by a methylene group (2H singlet at 8 3.73) and to the 

chain. The mass spectrum also supported this view and gave the molecular ion at 

m/z 161. The structural fragments found above may be put together in only one 

way: 

(64) 

5.3.1.1 Mass spectrometry analysis 

The GC-MS found the molecular ion Mt 392 (appendix A 17). The 

major fragment ions were revealed at m/z 81, 93, 137, 161, 174, 175, 255, 282, 

and 311. The fragment ions at m/z 81 and m/z 311 indicated direct cleavage of 

C(5)-C(6) bond; also fragment ions at rniz 137 and miz 255 were due to cleavage of 

the C(17)-C(18) bond. 



m/z 81 
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A peak at nVz 161 had to be due to cleavage of the C(10)-C(11) bond, and the 

fragment ion at m/z 175 had to be a fragment from cleavage of the C(11)-C(12) 

bond. The mass spectral fragmentation pattern of (64) is shown as follows: 

m/z 161 	m/z 175 

5.3.1.2 Nmr spectral analysis 

The 1 H nmr spectrum (figure 38) confirmed the presence of 28 protons. 

The proton nmr spectrum revealed signals at 8 1.06 (d,3H); 1.67 (s,3H); 1.98 

(s,3H); 2.18 (t,2H); 2.34 (q,2H); 2.41 (t,2H); 2.95 (m,1H); 3.73 (s,2H); 4.97 

(d,1H); 5.35 (t,1H); 5.48 (m,1H); 5.90 (s,1H); 6.06 (d,1H); 6.32 (s,1H); 6.96 

(s,1H); 7.09 (s,1H); 7.29 (s,1H); 7.36 (s,1H). 

Some impurities were still present at 6 1.25 to 1.53. There were two 

olefinic methyls ( 8 1.67 and 1.98) and one secondary methyl at 8 1.06 (doublet, 

J=7Hz). The methylene protons at 8 2.18, 2.34, and 2.41 could be assigned as 

methylene protons on C(17), C(11), and C(10) respectively, and the singlet 

methylene protons at 6 3.73 were clearly assigned as protons on C(5). 
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Figure 38. The proton nmr spectrum of (64) in CDC13 

The high field of methine proton at 8 2.95 was related to C(18) where the 

secondary methyl was present. The 13-subsituted furan was recognized from 

protons at 8 7.36, 7.29, and 7.09 and the two singlets at 8 6.39 and 6.96 had to be 

olefinic proton on the furan ring C(7) and C(9). The tetronic acid proton on C(22) 

occurred at 8 5.90. The two doublets of olefinic proton at 8 4.97 and 6.06 were 

compatible with protons on C(20) and C(15) respectively. The triplet and multiplet 

at 8 5.35 and 5.48 had to be protons on conjugated double bond system C(12) to 

C(16). 

The presence of the tetronic acid carbonyl was established by 13C ntnr 

(figure 39) which showed a low intensity peak at 8 171.2. The DEPT experiment 

was employed to assign the proton multiplet to the CH groupings. The DEPT 

spectrum showed three methyl carbons, four methylene carbons and eleven methine 

carbons. The quaternary carbons gave low intensity signals at 8 133.9, 128.9, 

125.4, and 123.9. The remaining peaks have been assigned by comparing (64) 

with known compounds which were related to (64), and the final assignment is 

presented in table 20. 
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Figure 39. The 13C nmr spectrum of (64) in CDC13 

Table 20. Position of protons and carbons of (64) 

No 	 Protons 	 Carbons 

	

1 	 7.36 	 142.8 

	

2 	 7.29 	 111.1 

	

3 	 - 	 - 

	

4 	 7.09 	 139.7 

	

5 	 3.73 	 25.6 

	

6 	 - 	 - 

	

7 	 6.32 	 107.2 

	

8 	 - 

	

9 	 6.96 	 137.4 

	

10 	 2.41 	 24.1 

	

11 	 2.34 	 28.4 

	

12 	 5.35 	 124.5 

	

13 	 - 	 - 

	

14 	 1.67 	 12.5 

	

15 	 6.06 	 136.5 

	

16 	 5.48 	 130.1 

	

17 	 2.18 	 40.2 

	

18 	 2.95 	 31.6 

	

19 	 1.06 	 20.0 

	

20 	 4.97 	 119.7 

	

21 	 - 	 - 

	

22 	 5.90 	 137.8 

	

23 	 - 	 - 

	

24 	 1.98 	 10.5 

	

25 	 171.2 
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A literature search revealed this to be a known C25 terpene from the 

Australian sponge Thorecta marginalis, collected from the New South Wales 

coast'. Comparison of the MS and 1 1-1 nmr spectrum revealed the two to be 

identical in structure, thus confirming the final structure (64). 

5.3.2 Isolation and structural determination of sesterterpene (65). 

This compound was part of the non polar fraction of sponge 88049 and was 

purified by ptic using pure n-hexane as eluent. Compound (65) had been isolated as 

a colourless oil. Structure (65) was established by spectroscopic data particularly 

nmr, biogenesis, and comparison to known compounds. 

Electron impact mass spectrometry found molecular ion Mt 354, and high 

resolution yielded C25H380. The proton nmr spectrum confirmed the presence of 

38 hydrogens; however the 13C nmr spectrum only showed 19 signals because 

some peaks were overlapping (coinciding). The mass spectrum showed the 

presence of a I3-methylene-substituted furan at miz 81. This moiety has also been 

supported by the proton nmr spectrum which showed signals at 8 7.36 (1H) and 

7.24(1H), attributable to two cc-hydrogens, a singlet at 8 6.31 due to one 

0-hydrogen, and one 2H triplet at 8 2.47, assignable to a methylene group attached 

to the furan ring. The remaining part of the structure could be assembled based on 

the isoprene rule (biogenetic considerations) and proton nmr spectrum. The 

structure was thus: 
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5.3.2.1 Mass spectrometry analysis 

The fragmentation pattern of the mass spectrum of (65) was similar to 

squalene. The major fragments (appendix A 18) were revealed at m/z 285, 217, 

135, 81, and 69. The fragment ion at m/z 81 (C4H3OCH2+) was due to cleavage of 

the C(5)-C(6) bond. Peaks at m/z 285 and 69 were due to cleavage of the 

C(20)-C(21) bond. The fragment ion at m/z 217 had to caused by cleavage of the 

C(15)-C(16) bond, and the fragment ion at m/z 135 by cleavage of the C(8)-C(10) 

bond. The mass spectral fragmentation pattern of (65) is shown as follows: 

5.3.2.2 Nmr spectral analysis 

The presence of the 0-substituted furan was shown by the 1H nmr spectrum 

(figure 40) with signals at 8 7.36, 7.24, and 6.31. The resolved signals, 

assignments and approximate integrals of the proton spectrum are: 5 1.64 (s,12H); 

1.72 (s,3H); 2.02 to 2.11 (bm,12H); 2.27 (q, J=7;7Hz,2H); 2.47 (t,J=7Hz,2H); 

5.13 (bs,3H); 5.21 (overlapping triplet,1H); 6.31 (s,1H); 7.24(s,1H); 7.36(s,1H). 
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The olefinic protons at 8 7.36, 7.24, and 6.31 were compatible with 

protons on C(1), C(4), and C(2) respectively. A triplet at 8 2.47 was attributable to 

the methylene group attached to the furan ring. A broad singlet at 8 5.13 and 

overlapping triplet at 8 5.21 had to be all-trans polyprenyl side chain (CH=C). 

Methylene protons gave signals at 8 2.02 to 2.11. A singlet at 8 1.72 was 

attributable to the cis methyl of the terminal isoprene residue and a singlet at 8 1.64 

to the trans methyl protons. 

Figure 40. The proton runr spectrum of (65) in CDC13 

The 13 C nmr spectrum (figure 41) confirmed the presence of furan at 5 

142.4, 138.7, and 111.0. The low intensity signals at 8 135.7, 134.9, 134.8, 

131.2, and 124.9 were due to quaternary carbons. The overlapping signals at 8 

123.6 to 124.4 had to therefore correspond to the methine carbons in the 

polyprenyl side chain. 



C-1 
C-6 C-25 

C-10, C-15, C-C-20, C-21 

C-7, C-12, C-17, C-22 

7 

C-4 	 C-2 

C-8, C-13 	 C-9 
C-18 

C-3 
C-2 

C-14, C-19, 
C-24 

C-11, C-16 

113 

1 
140 

1 
120 

1 
100 

1 
80 

PPM 

610 1 
40 

24 

Figure 41. The 13C mnr spectrum of (65) in CDC13 

Assignment of the remaining peaks however was ambiguous due to overlap 

of the signals. The DEPT experiment would clarify the assignment problems in the 

low field region. Inspection of the DEPT spectrum indicated there were five methyl 

groups: three overlapping at 8 15.9, one at 8 17.6, and one at 8 25.6; eight 

methylene groups: one each at 8 24.9, 26.5, 26.7, 28.4, and four overlapping at 8 

39.8; and seven methine carbons. 

A literature search revealed this to be known C25 linear furanosesterterpene 

from Ircinia spinosula. Comparison of the mass spectrum and proton nmr 

spectrum revealed the two to be identical in structure, thus the final structure (65) 

was confirmed84. 
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6.1.1 Isolation and structural determination of (66) 

The crude dichloromethane extract of sponge 89060 gave a 3 rating since 2 

spots were visible under uv 254nm before vanillin-sulfuric acid spraying by tic 

screening. A toxic effect against brine shrimp (deaths of 30% at concentration 

1001.1g/m1) was also observed. Isolation of components which were present in 

sponge 89060 found sesquiterpenes (66) and (75). 

The freeze dried sponge 89060 was extracted using n-hexane, 

dichloromethane, and methanol, affording 1.04% n-hexane extract, 1.97% 

dichloromethane extract, and 2.66% methanol extract of dried sponge. 

The n-hexane extract (300mg) was subjected to ptic with n-hexane as eluent 

to obtain 19mg (66). The structure of (66) was determined from spectroscopic data, 

particularly nmr. 

Elemental composition and structural features 

Sesquiterpene (66), a pale yellow oil, was found to be 99% pure by GC-

MS and by tic, and shown to have the molecular formula C15H220 by high 

resolution mass spectrometry. The integration of the signals in the proton nmr 

spectrum of (66) resulted in a total of 22 protons. Since the BC nmr spectrum of 

(66) showed only 14 carbons, one quarternary carbon had to be overlapping. The 

mass fragmentation pattern at miz 81 (base peak) clearly showed the presence of the 

furan ring, so the oxygen atom had to be present as an ether in the furan ring. 



116 

This furan derivative had to be a f3-substituted furan, since the 1 H nmr 

spectrum of (66) gave signals at 57.34 and 7.21, attributable to two a hydrogens, 

and a broad singlet at 8 6.28 due to one 13 hydrogen. The methylene protons at 8 

2.24 (quartet) and 2.45 (triplet) were part of the 13-substituted furan. Based on the 

presence of a multiplicity and coupling constant proton at 8 2.24, its adjacent 

proton had to be the olefinic proton at 8 5.16. The 1 H nmr spectrum of (66) also 

indicated the presence of three olefinic methyl groups at 8 1.59, 1.60, and 1.68. It 

is possible that the two methyls at 8 1.59 and 1.60 have the same environment. The 

13C nmr spectrum also confirmed the presence of the 13-substituted furan moiety, 

signals at 8 142.4, 138.7 and 110 being due to the methine carbons in the furan 

ring. 

Structural assembly 

The fragments identified so far point to an elemental composition of 

C15H220 with mass 218. This matches the molecular mass as derived from the 

mass spectrum. The molecular formula implies five double bonds (degree of 

unsaturation). The following structural fragments have been found: 

O

ry••••• .

/  

-CH2-  
-CH2- 

The two methylene groups had to be connected to each other, because they 

have the same coupling constant, and one of them had to be attached to the methine 

carbon atom and the other had to be attached to the quartemary carbon. Thus the 

constitution of this compound is: 

15 

9 
	

14 

(66) 
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6.1.1.1 Mass spectrometry analysis 

The GC-MS found the molecular ion Ive 218 (appendix A 19) 

compatible with the molecular formula C15H220. The major fragment ions were 

revealed at m/z 203, 175, 149, 136, 95, 81, 69, and 41. The fragment ion at m/z 

203 (Mt - 15) was due to the loss of one methyl group, this elimination commonly 

occurring on straight chain hydrocarbons which contain a branched methyl 

group86. The fragment ion at m/z 136 could be due to cleavage of the C(8)-C(10) 

bond with rearrangement. The mass spectrum also demonstrated the presence of a 

0—substituted furan at m/z 81. The fragment ion at m/z 69 is a very common 

fragment in terpenes due to C(10)-C(11) bond cleavage which gives the terminal 

isoprenoid unit. 

6.1.1.2 Nmr spectral analysis 

The 1H nmr spectrum of (66) is shown in figure 42. The resolved signal, 

assignments and approximate integrals are: 8 1.59 (s,3H); 1.60 (s,3H); 1.68 

(s,3H); 2.00 (overlapping doublets, J=7Hz,2H); 2.06 (overlapping triplets, 

J=7;7Hz,2H); 2.24 (q,J=7;7Hz,2H); 2.45 (t,J=7;7Hz,2H); 5.08 (t, J=7Hz,1H); 

5.16 (t,J=7Hz,1H); 6.28 (s,1H, furan proton); 7.21 (s,1H, furan proton); and 

7.34 (s,1H, furan proton). 

Minor impurities were still present in the 1 11 nmr spectrum at 8 1.0 and 

1.85. Three of the methyl groups were present at 8 1.59, 160, and 1.68; the four 

methylene protons had to be at 5 2.00, 2.06, 2.24, and 2.45. Two olefinic protons 

at 8 5.08 and 5.16 had to be olefinic protons on C(12) and C(7) respectively. The 

remaining down field olefinic protons could be assigned as protons in the furan 

ring. 
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Figure 42. The proton nmr spectrum of (66) in CDC13 

Figure 43. The 13C nmr spectrum of (66) in CDC13 
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The 1- 3C nmr spectrum (figure 43) indicated the presence of three signals 

at ö 142.4, 138.7, and 111.0 which were due to the furan ring carbons C(1), C(4), 

and C(2) respectively. The two very close signals at 8 124.2 and 123.6 therefore 

corresponded to the carbons C(7) and C(12) respectively. The low intensity signal 

at 8 135.6 was given by one of the quaternary carbons. Assignment of two more 

quaternary carbons was not unambiguous due to overlap of the signals. The high 

field signals could clearly be assigned from the DEPT experiment. The DEPT 

experiment showed four methylene carbons and three methyl carbons. The 

methylene carbons gave signals at 8 39.6 , 28.3, 26.5 and 24.9 and the methyl 

carbons at 8 25.6, 17.6, and 15.9. 

A literature search revealed (66) to be known as dendrolasin which was 

discovered twenty years ago from the ant Dendriasius fuliginosus. 

Comparison of the mass spectrum (database search and 1 H nmr spectrum) revealed 

the two to be identical in every respect, indicating the same structure. Thus the final 

structure (66) was confirmed. 

Synthesis of dendrolasin using the hydroxy-thioether has been recorded 

(figure 44), and another synthesis of dendrolasin achieved by the alkylation of 

the trimethylsilyl ester anion derived85. 
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Figure 44. Synthesis of dendrolasin85  
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6.1.2 Isolation and structural determination (75) 

The n-hexane extract of sponge 89060 also contained another non polar C15 

linear furanoterpene (75). Extraction, fractionation, and purification in a similar 

manner to (66) afforded (75) as pale yellow oil. Structure (75) was determined by 

spectroscopic data, particularly nmr. 

Elemental composition and structural features 

The GC-MS spectrometry of (75) found the molecular ion Mt 216, and 

high resolution mass spectrometry yielded a molecular formula C15H200 which 

was two hydrogens less than (66). The total integration of the proton ntrir spectrum 

confirmed the presence of 20 hydrogens, and the 13C nmr spectrum also confirmed 

the presence of 15 carbons. The number of double bonds (degree of unsaturation) 

of (75) could be one more than (66). The base peak fragment of the mass spectrum 

at m/z 81 indicated the presence of the [3-substituted furan. 

The proton nmr spectrum showed three olefinic methyl groups at 8 1.76 

(3H) and 1.79 (6H). They had to be attached to quarternary carbon atoms, because 

neighbouring protons are ruled out by the signals being singlets. 

The ultra violet spectrum showed absorption X. 265nm which was in 

accordance with the proposed three conjugated double bonds. The olefinic protons 

at 8 5.88, 6.30, and 6.12 and the three methyl groups had to be part of the 

conjugated double bond system. 
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Structural assembly 

According to the identified features the molecule consists of the following 

parts: 

-CH2-  

The methylene group had to be attached between the furan fragment and the 

conjugated double bonds system, because this methylene group was a quartet. This 

leaves only one possible arrangement, namely: 

(75) 

The stereochemistry of the double bond between C(10) and C(11) had to be 

cis because their coupling constant was suitable for cis (J10,11=12Hz). 

6.1.2.1. Mass spectrometry analysis 

Major fragment ions were revealed at m/z 201, 160, 135, 107, 93, 81, and 

43 (appendix A 20). Fragment ion at m/z 201(Mt - 15) could be assigned as 

loss of one methyl group from the Mt 216. This fragmentation is quite common 

for hydrocarbons containing branched methyl groups. The base peak at m/z 

81(Mt - 135) was due to cleavage of C(5) and C(6) bond. This peak is very 

commonly present in straight chain furanoterpene compounds. 
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6.1.2.2 Nmr spectral analysis 

The proton nmr spectrum of (75) in deutero-chloroform (figure 45)_ 

showed resonances as follows: 8 1.76 (s,3H); 1.79 (bs,6H); 2.41 

(q,J=7;7Hz,2H); 2.50 (t,J=7Hz,2H); 5.47 (t,7Hz,1H); 5.88 (d,J=12Hz,1H); 6.12 

(d,J=15Hz,1H); 6.27 (bs,1H); 6.30 (q,J=12;15Hz,1H); 7.21 (s,1H); 7.34 (s,1H). 

Figure 45. The proton nmr spectrum of (75) in CDCI3 

One methyl proton was present at 5 1.76 and two more methyl protons 

showed overlapping signals at 8 1.79. Two methylene protons gave signals at 8 

2.41 and 2.50, and these methylene were part of 13-substituent furan. The coupling 

constant and COSY of proton at 5 2.41 showed correlation with the olefinic proton 

at 8 5.47. The olefinic protons at 8 5.88, 6.12, and 6.30 were part of the three 

conjugated double bond system. The remaining olefinic protons at 8 6.27, 7.21, 

and 7.34 were typical of protons on the furan ring 

The 13 C nmr spectrum of (75) in deutero-chloroform (figure 46) 

confirmed the presence of 15 carbons and the nature of the carbons was revealed by 

DEPT experiment. 
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The DEPT experiment gave three methyl carbons, two methylene carbons, and 

seven methine carbons, so there had to be three quaternary carbons. The low 

intensity peaks at 8 134.7, 134.6, and 124.6 could be assigned as quaternary 

carbons. The furan ring methine carbons gave signals at 8 111.0, 138.7, and 

142.4. The two methylene carbons at 8 28.8 and 24.5 corresponded to C(5) and 

C(6) respectively. The remaining signals of methine carbons in the low field region 

such as signals at 5 134.8, 130.8, 125.6, and 123.1 were assigned as part of the 

three conjugated double bond system. The methyl carbons gave signals at 8 26.1, 

18.4, and 12.7 corresponding to the C(9), C(14), and C(15) carbons respectively. 
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Figure 46. The I 3C nmr spectrum of (75) in CDCI3 

6.1.2.3 Uv spectrum analysis 

The uv spectrum (Appendix A 21) generally agreed with the proposed 

structure (75) particularly for three conjugated double bonds. The absorption at A. 

265nm is compatible with the three conjugated double bonds. 
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6.1.2.4. Biogenesis 

The biogenesis of (75) is similar to that of (66), (25), (19) and it can be 

assumed that these compounds have a very close relationship. 

The known compound dehydrodendrolasin has a structure similar to that of 

(75), the only difference being in the position of the double bonds. 

Dehydrodendrolasin has three conjugated double bonds from C(5) to C(11), 

however compound (75) has three conjugated double bonds from C(7) to C(13). 

Thus compound (75) must be a new compound from sponges since its structure 

has previously not been reported in the literature. 

The species Dysidea pallescens and Pleraplysilla spin ifera have 

provided an assortment of furanosesquiterpenes. A series of four more 

furanosesquiterpenes has been obtained from the sponge Microciona toxystila. 

The furanosesquiterpenes from sponges (particularly those having one oxygen 

atom as furan ring) are listed in table 21. 

Table 21. Furanosesquiterpenes from sponges 1,6332  

No Name (formula) mp (degrees) [cE]D 

1 Pallescensin-1 (C15H220) oil 
2 Pallescensin-2 (C15H200) oil +39.5° 
3 Pallescensin-3 (C15H2003) oil - 
4 Pallescensin A (C15H220) oil +9.7° 
5 Pallescensin B (C15H200) oil +62.6° 
6 Pallescensin C (Ci5H180) oil +42.4° 
7 Pallescensin D (C15H180) oil -45.3° 
8 Pallescensin E (C15F1160) oil 0 
9 Pallescensin F (C15H180) oil 0 

10 Pallescensin G (C15H180) oil -289° 
11 Dehydrodendrolasin (C15H200) oil 0 
12 Pleraplysillin-1 (C15H200) oil 0 
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table 21 (continued) 

13 Spiniferin-1 (C15H160) oil -4.2° 
14 Spiniferin-2 (C151460) oil 0 
15 Microcionin-1 (C15H220) oil +70 
16 Microcionin-2 (C15H220) oil -58.3° 
17 Microcionin-3 (C15H220) oil +36.50  
18 Microcionin-4 (C15H220) oil +98.3° 
19 Penlanfuran (C151-1200) 
20 Tavacpallescensin (C15H160) 
21 Ent-furodysinin (C15H200) 
22 Herbacin (Ci5H190) 
23 (+)-euryfuran (C15H220) 
24 Furodysin (C15H200) 
25 Furodysinin (C15H200) 



CHAPTER 7 

General Discussion and Conclusions 

7.1 General discussion 

7.1.1 Qualitative comparison 

Two methods were used to screen secondary metabolites of Tasmanian 

sponges, namely tic and brine shrimp assay. The tic analyses (normal phase 

chromatography, polar stationary phase, non polar mobile phase) were performed 

on silica gel, with visualization by uv light (X 254nm) and vanillin-sulfuric acid 

spray reagent. Tlc screening results of the sponges which were collected in 1989 

(table 1) showed significant differences in only a few sponges. 

The brine shrimp assays were performed in a sea water medium (brine 

solution) where they remained for 24 hours. Biological activity of the sponges is 

manifested as toxicity to the shrimp (percent death). Bioassay results (table 2 and 3) 

showed significant activity in only a few samples at concentration 1001.1g/ml. 

Problems associated with the isolation of water-soluble compounds 

(methanol extracts) are by no means unique to marine natural products, but there 

are inherent problems such as the scarcity of starting organisms, many 

investigations being done with only few animals, and the abundance of salts carried 

over from sea-water into the water extracts. The presence of large amounts of 

inorganic salts causes interference in all chromatography systems, including gel-

filtration. It also gives rise to false results in bioassays87. 
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Sponge 88051 (Methanol extract) showed high toxicity against brine 

shrimp. On isolation the toxic component was found to be variabilin (Mt 398 from 

GC-MS) which has been known to be very toxic against brine shrimp. 

Analysis of the sponge 89048 (n-hexane and dichloromethane extracts) by 

tic showed it to be a similar complex mixture of fatty acid derivatives. Using pure 

dichloromethane, C20 furanoterpene alcohol occurred at Rf : 0.5, and C20 

furanoterpene at Rf : 1.0. 

Analysis of sponge 88043 (dichloromethane extract) by tic revealed it to be 

a complex mixture of fatty acid derived compounds. Using pure dichloromethane 

as eluent, C21 furanoterpene occurred at Rf : 0.6. 

Sponge 90032 showed mild toxicity against brine shrimp and the tic 

analysis found a 4 rating. Variabilin has been isolated from this sponge which is 

toxic against brine shrimp. The three remaining compounds are not toxic against 

brine shrimp. 

Analysis of the sponge 88047 (methanol extract) by tic showed one major 

component. Further analysis revealed that the nitrogenous compound gave Rf : 0.3 

(10% methanol/dichloromethane). 

Analysis of the sponge 88049 also showed a complex mixture of fatty acid 

derivatives, by the characteristic Res and purple colour with the vanillin-sulfuric 

acid spray. Further analysis revealed that the C25 furanoterpene gave Rf : 0.45 (2% 

methanol/dichloromethane). 
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Analysis of the sponge 89060 (dichloromethane extract) by tic gave distinct 

spots. Using pure n-hexane, sesquiterpene (66) occurred at Rf : 0.6 and (75) at Rf : 

0.5. 

7.1.2 Working philosophy on spectroscopic analysis 

There is no unique approach to structure determination by spectroscopy. 

The creaming method suggests picking first the most apparent and easily accessible 

evidence from all spectra, putting them together and then proceeding as the 

preliminary result. Of course the type of structure and the extent to which structural 

features are reflected in different spectroscopic data will play a decisive role in any 

individual case88 . 

The approach can be summarized as follows: (a) the molecular formula can 

be obtained from the mass spectrum, and the fragmentation pattern noted; (b) the 

nature of the functional groups is available from the infra-red spectrum; (c) whether 

these functional groups are in conjugation or not is ascertained from the electronic 

spectrum; and (d) possible structural alternatives can be selected and/or discounted 

by considering the environments of the hydrogens and carbon nuclei present in the 

molecule from the data given in the 1H and 13C rimr spectra89 . 

Spectroscopic structural analysis does not always give an unequivocal 

answer. Even in those cases where all arguments appear to support one another and 

a proposed solution seems to be self-evident, it must be kept in mind that, in 

general, the analysis is often terminated long before an exhaustive treatment can be 

claimed. In a strict sense this would mean that all other possibilities of structure 

assignment are rejected on spectroscopic grounds88. 
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In practice, of course, the nature of the biosynthetic pathways leading up to 

the unknown are often understood, which helps to reduce the number of structural 

possibilities. Also, it is frequently the case that the problem is resolved by the 

judicious application of just one or two of the techniques, with perhaps the aid of a 

simple test and a melting point or boiling point determination89 . 

7.1.3 Diagnostic features of the linear a-substituted furanoterpenes 

There are four characteristic features of linear furanoterpenes from their 

spectroscopic data: (a) the mass spectrum of linear furanoterpenes usually gives a 

characteristic fragment ion at m/z 81 if the methylene attached as a13-substituent on 

the furan ring; (b) the proton nmr spectrum in CDC13 always shows signals about 8 

7.34 (s), 7.22 (s), and 6.27 (s) which are due to two a-hydrogens and one 

13-hydrogen respectively; (c) the 13C nmr spectrum in CDC13 gives signals about 8 

143.0, 139.0, 110, and 124.0; (d) the infra-red spectrum demonstrates a vibration 

around 775 cm-1 . 

These features can be used to screen natural products which contain the 

linear 13-substituted furan and also can be used as a clue to determine the structure 

of natural products. 

7.1.4 Determination of the lowest energy conformation of (51) 
using Simulated Annealing 

Advances in the molecular modelling of the conformation behaviour of 

molecules in solution have increased due to progress in fields such as nmr 

spectroscopy and computer technology. Computer technology is a relatively 

simple, fast, and inexpensive method to investigate the conformation of the 

molecules. 
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The basic equations for calculating the energy of different conformations of 

molecules are known. The increase in computer power and speed at a reasonable 

cost has spurred the use of theoretical techniques for biological applications. Since 

the late 1970's new theoretical tools have emerged from treating the complex 

problems involved in studying peptide conformational and dynamic properties. 

These techniques include vibrational normal mode analysis, Monte Carlo methods, 

total geometry optimization, and molecular dynamics. These techniques, combined 

with computer graphics, give promise to a greatly expanded role of computer-

assisted molecular design90• 

One of the major problems with all searching techniques including either 

Monte Carlo methods or molecular dynamics methods is that of adequately 

searching conformation space. Monte Carlo samples the space well, but at the 

expense of extremely long simulations. Molecular dynamics is typically carried out 

at 300°K, and under these conditions, it takes a very long time to overcome even 

modest energy barriers, so conformational space is sampled slowly. Higher 

temperatures, however, can distort the geometries such that subsequent energy 

minimizations result in local minima with relatively high energies, and the system 

can become unstab1e90 . 

By accounting for these negative aspects of high-temperature dynamics, 

however, increased thermal energy can significantly increase the efficiency with 

which conformational space is sampled. The protocol is to run the dynamics at a 

high temperature so that there is sufficient thermal energy to cross energy barriers, 

and to cool down the system and equilibrate it at a lower temperature to allow the 

system to escape from high energy minima. 
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The concept is reminiscent of annealing wherein a substance is first heated to a 

higher temperature and allowed to cool slowly to find more stable configurations. 

This application has been used to determine the conformations of compound (51). 

The determination of the lowest energy conformation of C21 furanoterpene 

(51) has been performed using PC-Model program version 4 on Apple Macintosh 

IIfx. The C21 furanoterpene (51) structure was built and minimized in PC-Model, 

followed by global optimization of the 10 member ring, excluding the double 

bonds. Figure 28 showed the final result of the global minimum of (51) which gave 

a similar conformation to the observed nOe. 

7.1.5 Chemical defence 

Research into the chemical ecology of marine sponges has not been carried 

out in this investigation. Sponges may be producing secondary metabolites for 

defence against another organisms. Sponge metabolites may be active against a 

number of biological factors simultaneously, thereby increasing the adaptive benefit 

of secondary metabolite production. 

Hypothesized factors selecting for chemical defenses include 91 : 

(a) the need to inhibit heterotrophic or pathogenic microorganisms such as bacteria 

and fungi; (b) the need to inhibit fouling organisms such as settling larval 

invertebrates; (c) interspecific competition for space; (d) the inhibition of 

carnivorous micrograzers; and (e) inhibition of grazing by macrocarnivores. 

Understanding the complexities involved in the chemical defences of marine 

sponges will be a particular challenge to the natural products chemist and chemical 

ecologist. 
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There are some questions that need to be answered by chemists and biologists 

studying the chemical ecology of marine sponges. Are some carnivores resistant to 

the chemical defences of marine sponges? What environmental factors influence the 

chemical variability observed in secondary metabolite production? Is the production 

of defensive compounds induced when marine sponges are subjected to attack by 

predators or pathogens? What roles may the sponge metabolites play in defence 

against competitor, fouling organisms, and pathogens in the marine environment? 

These are just some of the questions that can only be answered by the close 

cooperation of chemist and biologist and an interdisciplinary approach to marine 

chemical ecology91 . 

7.1.6 The distribution of terpenoids within sponges under study 

Terpenoids have been divided into six classes; the division is shown in 

figure 2 (chapter 1). The classes of terpenoid secondary metabolites, as defined in 

figure 2, have been characterized from species of the Dictyoceratida and 

Dendroceratida, whose taxonomic status has been established to the generic level& 

Terpenoids of class A consist of a series of linear polyprenylfurans, which 

occurs in many species of all three families of dictyoceratid sponges. They are, as a 

consequence, the least diagnostic terpene metabolites from a chemotaxonomic 

viewpoint4 . 

The six sponges under study gave six terpenoids of class A: two 

compounds (26) and (28) isolated from Cacospongia sp. (sponge 89048); one 

compound (65) isolated from Tedania sp.2 (sponge 88049); two compounds (66) 

and (75) isolated from sponge 89060; and one compound (54) isolated from 

Ircinia sp.2 (sponge 90032). 
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The terpenoids of class B consist of linear furanosesterterpenes and tetronic 

acid moiety. Sponge 90032 gave one class B compound (55). The class F 

terpenoids (polyprenyl quinols) are certainly not unique to sponges and have been 

isolated from many marine species including algae and tunicates4. Sponge 90032 

also produced one terpenoid class F (52). 

7.2 Conclusions 

Preliminary studies of secondary metabolites of Tasmanian sponges have 

been performed using two methods namely tic and brine shrimp assay. Tic results 

of 81 sponges collected during 1989 and 1990 showed significant differences in 

only a few sponges. The results of brine shrimp assay of 41 sponges collected in 

1989 and 1990 also showed significant differences in only a few sponges. 

Six sponges were selected for further investigation: sponges 89048, 89060, 

88047, 88049, 88043, and 90032. These sponges showed significant results in tic 

rating, brine shrimp assay and the quantity of specimens. 

Eleven terpenoids and one nucleoside have been isolated and characterized 

from six sponges: 

(a) sponge 89048 (Cacospongia sp.) has been shown to produce two 

new linear furanoditerpenes (26) and (28) which are analogous to 

ambliofuran; 

(b) sponge 88043 (Ircinia sp.1) produced the novel C21 furanoterpene 

(51) which represents the first example of a furanoterpene derivative 

from sponges to have a 10 member ring; 

(c) sponge 90032 (Ircinia sp.2) produced two known prenylated C31 

terpenes (52) and (53), one new C24 furanoterpene (54), and variabilin 

(55); 
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(d) sponge 88047 (Tedania sp.1) gave a nucleoside which is known as 

2'-deoxyuridine (63); 

(e) sponge 88049 (Tedania sp.2) gave two sesterterpenes (64) and (65); 

(f) sponge 89060 produced the known furanosesquiterpene, dendrolasin 

(66) and a new linear furanosesquiterpene (75) which is analogous to 

dendrolasin. 

7.3 Future work 

Depending upon the results of this study, there are several directions which 

future work might take: (a) different bioassays might be used to screen Tasmanian 

sponges; (b) different chromatography methods could be used to separate water 

soluble materials; (c) chemical degradation might be used to simplify structure 

determination of the compounds; (d) biologically active compounds might be 

synthesized. 



CHAPTER 8 

Experimental 

Samples of marine sponges were collected from Tasmanian coastal waters 

in 1988 and 1989 at a depth of 6 to 10m by SCUBA diving. Photographs were 

taken of all of the sponges after labelling. Voucher samples of each were lodged in 

Dr.A.J.Blacicman's marine organism collection. 

These samples were then cooled for 1 day in a deep freeze (-20°C) and then 

freeze dried over 2 to 3 days (on average) until dry. They were then placed into the 

deep freeze before further handling. 

8.1 General comments 

When extracting any organism, there is always the possibility of isolating 

artifacts. These can arise from several sources 92 : it is possible that a compound 

derived from a more labile species and symbiotic organisms may be isolated; 

extraction in plastic containers may lead to the isolation of plasticizers; use of 

"drastic" conditions in purification steps such as distillation may lead to 

decomposition. 

To reduce the danger of isolating artifacts, the following steps were taken. 

Sponges had all other visible organisms removed from them. The sponges were 

tested and extracted immediately after freeze drying. 

136 
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Water bath temperatures were kept to a minimum (20-40 0C) when concentrating 

extracts, and extracts were either chromatographed immediately after concentration 

or stored in deep freeze. 

When handling microscale quantitative and qualitative analysis of natural 

products, sample contamination is always a potential problem. All glassware was 

cleaned by soaking in detergent and rinsed with tap water and acetone. After drying 

in an oven, dichloromethane or methanol was used to rinse all apparatus prior to 

use. 

Chemicals and solvents used in all experiments were purified by distillation. 

All solvents and water for hplc were filtered and degassed using WATERS 

Associates MILLIPORE apparatus prior to use. 

Merck silica gel 230-400 mesh was used to pack mplc columns. Analytical 

thin layer chromatography was performed on pre-coated aluminium sheets of 

Merck silica gel 60 with F254 indicator. For preparative thin layer chromatography 

(pt1c), Merck silica gel tic grade was used. 

Compound bands were visualized on ptic plate either by examination under 

uv light or by edge spraying with vanillin-sulfuric acid reagent. The bands thus 

located were extracted with dichloromethane for lipid soluble compounds and 

methanol for water soluble compounds then concentrated in vacuo to afford the 

corresponding compounds. 
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8.2 Tic screening 

8.2.1 Materials 

The materials used for tic screening included organic solvents 

(dichloromethane and methanol), glassware (small 5-dram vials, glass development 

chamber, disposable pasteur pipettes, capillary tube, tic plate, heat source, uv light, 

and sprayer apparatus with 1% vanillin in concentrated sulfuric acid). 

8.2.2 Method 

Freeze dried sponges (5g dry weight) were cleaned of all other visible 

organisms, chopped into small pieces, and packed firmly into a 5-dram vial. The 

vial was filled with dichloromethane and kept for 24 hrs, and then the liquid extract 

was decanted into an evaporating dish. After extraction by dichloromethane, the 

specimens were further extracted using methanol for 24 hrs, decanted off and 

evaporated. The concentrated extracts was taken up in a fine capillary tube and 

carefully applied to the silica tic plate with its origin marked. The extract was 

applied several times to the same spot. This plate was then placed in a glass 

chamber containing the developing solvent (2% methanol in dichloromethane as 

eluent for dichloromethane extracts and 25% methanol in dichloromethane as eluent 

for methanol extract). When the solvent front had migrated to within lcm of the top 

of the plate through capillary action, the plate was removed from the chamber, the 

solvent front marked immediately and air dried. , 

The compound spots were visualized on tic plate by examination under uv 

light (254nm). Those spots visible under uv light were recorded. Chromatographed 

substances which were not detected by uv light required further preparation. 
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Spraying with vanillin-sulfuric acid reagent and warming to about 80 0C gave 

immediate colour reactions as the compounds begin to decompose. The 

chromatograms were photocopied before fading occurred as a cross-reference with 

the appropriate voucher sample number. 

8.3 Brine shrimp assay screening 

8.3.1 Materials 

The materials used for this bioassay included Artemia salina (brine 

shrimp eggs), filtered sea water, a shallow rectangular dish with a perforated 

dividing dam to grow shrimp, syringe 504 2 dram vials, and a disposable pipette. 

8.3.2 Method 

Samples were prepared by dissolving 10mg of each extract in lml of 

methanol, and 501.11 of this solution (corresponding to 10014/ml) was transferred 

to 1.25 cm discs of filter paper. The discs were dried in air, then placed in 2 dram 

vials. Control discs were prepared using only methanol. 

Brine shrimp eggs were hatched in a shallow rectangular dish filled with 

filtered sea water. The eggs (50mg) were sprinkled into the larger compartment 

which was darkened, while the smaller compartment was illuminated. After 48 

hours the phototropic nauplii were collected by pipette from the lighted side. 

Ten shrimp were transferred to each sample vial containing the treated paper 

disces using a disposable pipette, and sea water was added to make 5m1. A drop of 

dry yeast suspension (3mg in 5m1 sea water) was added as food to each vial. 
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The vials were maintained under illumination. Survivors were counted after 24 

hours, and percent death was determined. Some difficulty was encountered in 

counting the surviving brine shrimp when filter paper was used since some shrimp 

were concealed under the filter paper. This method was modified by removing the 

filter paper and observing the shrimp under a binocular microscope. This 

observation method allowed all of the shrimp, surviving or dead, to be clearly seen. 

8.4 Isolation and identification of (26) and (28) from 
Cacospongia sp. (sponge 89048) 

8.4.1 Extraction 

The freeze dried sponge 89048 (229.3g) collected at Gordon, southern 

Tasmania, was chopped into small pieces and extracted with n-hexane at room 

temperature. The sponge 89048 was then air dried and extracted with 

dichloromethane. Finally, the sponge was extracted with methanol. The solvents 

were changed twice. The extracts were concentrated in vacuo to afford 2.04g n-

hexane extract, 0.74g dichloromethane extract, and 5.54g methanol extract. All of 

the extracts were kept in the deep freeze before further handling. 

8.4.2 Isolation 

Analytical tic of n-hexane extract (silica gel, dichloromethane) with 

visualization by uv light (254nm) and spraying with vanillin-sulfuric acid reagent 

revealed 2 major components. 

The n-hexane extract (1g) was fractionated using mplc (gradient elution 

starting with a 100% dichloromethane and increased by the following 

methanol/dichloromethane ratios: 1/99, 2/98, 5/95 and 100/0).Twenty-five 

fractions were collected from these elutions. Fractions shown to be identical by tic 

were combined and evaporated in vacuo. 
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Fractions 1, 2, and 3 were combined affording an oil (50mg), and further 

purification by ptic (n-hexane as eluent) gave 20mg of (28) (Rf : 0.5). Fractions 6, 

7, 8, 9, 10, 11, and 12 were combined affording an oil (351mg). Further 

purification (50mg) by ptic (1% methanol in dichloromethane as eluent) gave 43mg 

of (26) (Rf : 0.6). The purity of (26) was checked by means of tic using the 

following solvent systems: n-hexane-DCM (1:4), 100% DCM, 1% methanol in 

DCM, 2.5% methanol in DCM. These solvent systems were all used in 

combination with Merck silica gel F254 (ready made plate), in saturated chambers. 

The GC-MS also proved compound (26) to be pure. Spectroscopic experiments 

have been employed for both compounds to determine their structure. 

Table 22. Mplc fractions of n-hexane extract of sponge 89048 

Fractions Colour Composition 

1, 2, 3 yellow (28) 
4,5 yellow Impure, not investigated 
6, 7, 8, 9, 
10, 11, 12 yellow (26) 
13, 14, 15 green Not investigated 
16, 17, 18 green Not investigated 
19, 20, 21, 
22, 23 yellow Not investigated 
24,25 pale yellow Not investigated 

Diterpene alcohol (26) was obtained as an oil (43mg), Rf : 0.6, yield:0.27% of the 
sponge. 

MS: 	GC-MS: (Mt 300.214) calc for C20112802 300.209 
Major fragments: 282 (Mt-H20), 267 (Mt-H20-CH3), 231, 173, 145, 135, 
81 (Base peak -CH2-furan). 

IR (cm -1 ): 	3400(OH, st, s); 2900(CH, st, s), 1460, 1390, 1020, 980, 895, 
and 775 (furan ring)93 . 

nmr(8): 	1.65(3H,s,C19H); 1.72(3H,s,C2OH); 1.78(3H,s,C14H); 1.80(3H,s,C9H); 
2.09(1H,bs,OH); 2.28(2H,dd,C16H); 2.38(2H,q,C6H); 2.51(2H,t,C5H); 
4.06(1H,t,C15H); 5.11(1H,t,C17H); 5.53(1H,t,C7H); 6.10(1H,d,C12H); 
6.24(1H,d,C1OH); 6.27(1H,s,C2H); 6.35 (1H,dd,C11H); 7.22(1H,s,C4H); 
7.34(1H,s,C1H). 



13C nmr(8): 13.1(C9); 13.3(C14); 18.7(C19); 25.4(C5); 26.6(C20); 29.6(C6); 34.9(C16); 
77.6(C15); 111.6(C2); 120.5(C17); 122.9(C11); 125.4(C3); 126.5(C12); 
132.8(C7); 135.5(C13); 135.6(C8); 138.2(C10); 139.5(C18); 139.6(C4); 
143.4(C 1). 
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Uv (am): 	276(e 23,880); 217(e 6,060) 

Diterpene (28) was obtained as an oil (20mg), Rf : 0.5, yield:0.02% of the sponge. 

MS: 	GC-MS(Mt 284.214) calc for C2011280 284.2139 
Major fragments: 234, 215, 173, 133, 81(base peak CH2-furan), and 41. 

IR (cm-1 ): 	2900(CH,st,$), 1460, 1390. 

1 11 nmr (8): 	1.61(3H,s,C19H); 1.68(3H,s,C20H); 1.78(3H,s,C14H); 1.80(3H,s,C9H); 
2.11(4H,bs,C15H,C16H); 2.41(2H,q,C6H); 2.50(2H,t,C5H); 
5.11(1H,bs,C17H); 5.48(1H,t,C7H); 5.88(1H,d,C1OH); 6.15(1H,d,C12H); 
6.27(1H,bs,C2H); 6.36(1H,q,C1111); 7.21(1H,s,C4H); 7.33(1H,s,C1H). 

13 C nmr (8): 13.1(C9); 17.4(C14); 18.4(C19); 25.5(C5); 26.3(C20); 27.4(C16); 29.6(C6); 
40.8(C15); 111.7(C2); 123.7(C17); 124.7(C11); 125.3(C3); 126.0(C12); 
131.7(C7); 132.0(C13); 134.6(C8); 136.0(C10); 138.9(C18); 139.6(C4); 
143.3(C 1). 

Uv (nm): 	277(e 29,375); 248(e 22,954). 

8.5 Isolation and identification of (51) from Ircinia sp. 1 
(sponge 88043) 

8.5.1 Extraction 

This sponge was extracted by D.I.Kerdraon using dichloromethane and 

methanol in 1988. 

8.5.2 Isolation 

The dichloromethane-soluble material from dichloromethane extracts (3g) of 

sponge 88043 was chromatographed on a vacuum silica gel column. Starting with a 

pure solvent (dichloromethane) the eluting power was then increased to the 

following dichloromethane/methanol ratios : 100/0, 99/1, 98/2, 95/5, and 90/10. 

Eighteen fractions were collected from these elutions. Fractions shown to be 

identical by tic were combined and evaporated. Fractions 2, 3, 4, and 5 (523.2mg) 

showed the major spot on tic (DCM/MeOH:98/2). 
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Further purification of these fractions on preparative tic obtained an oil (322 mg) 

using pure DCM as eluent. 

Table 23. Mplc fractions of DCM extract of sponge 88043 

Fractions Colour Composition 

1 yellow fatty acids 
2, 3, 4, 5 pale yellow (51) 
6, 7, 8, 9 pale yellow sterols 
10, 11, 12 brown Not investigated 
13 to 18 green Not investigated 

The hplc separations were performed on C18 bonded phase columns 

(reverse phase chromatography, non polar stationary phase, polar mobile phase) 

employing various water-acetonitrile mixtures. 
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Figure 47a. GC-MS of the isomer mixture of (51) before separation by hplc 
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The solvent system (acetonitrile:water, 87.5:12.5) was degassed at a rate of 

5m1/min. The GC-MS of this isomer mixture after separation using hplc is shown 

in figure 47b. The calculation of the percentage of each peak of the TIC after 

separation by hplc found peaks (a) 2.52%, (b) 6.84%, (c) 1.82%, (d) 81.40%, (e) 

4.70%, and (f) 2.72%. Spectroscopic experiments have been employed to 

determine the structure of (51). 

10 
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Figure 47b. GC -MS of the isomer mixture of (51) after separation by hplc 

C21 furanoterpene (51) was obtained as an oil (19mg); yield: 6.8% of the crude 
extract. 

MS: 	EI: (Mt 308) for C21 1-12402 
Major fragments: 81(-CH2-furan), 97, 150, and 176. 

FT-IR (cm -1 ): 3035-2866(st,CH), 1562-771. 
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1 11 nmr (8): 	1.64(3H,s,C1911); 1.69(3H,s,C1411); 2.15(2H,d,C1711); 2.29(2H,q,C6H); 
2.48(2H,t,C5H); 2.82(2H,d,C1211); 4.42(1H,q,C16H); 5.24(2H,m,C7H,C1511); 
5.89(1H,dt,C11H); 6.24(2H,sd,C2H,C1011); 6.50(1H,s,C9H); 7.20(1H,s,C4H); 
7.34 (2H,bd,C1H,C2OH). 

13C nmr (6): 16.2(C19); 16.7(C14); 24.7(C5); 28.4(C6); 42.8(C12); 48.8(C17); 65.7(C16); 
107.5(C9); 110.8(C2); 121.1(C10); 124.9(C3); 125.3(C8); 127.5(C11); 
128.0(C15); 128.1(C7); 128.2(C21); 131.9(C18); 136.6(C13); 138.8(C4); 
142.7(C20); 143.0(C1). 

9.5.3 DieIs Alder reaction of (51) 

Tetracyanoethylene has been purified by recrystallisation from benzyl 

chloride. One hundred mg of C21 furanoterpene (51) was dissolved in 25m1 

dichloromethane. A nitrogen flushed dichloromethane solution and excess 

tetracyanoethylene was added. The solution was kept standing at room temperature 

for 48 hours. The product was checked by GC-MS and four isomers were found 

(Mt 436) and many other peaks. 

8.6 Isolation and identification of (52), (53), (54), and (55) 
from Ircinia sp.2 (sponge 90032) 

8.6.1 Extraction 

Sponge 90032 (259g freeze dried) was cut into small pieces and extracted 

with n-hexane at room temperature, the solvent being changed twice. The n-hexane 

extracts were concentrated in vacuo to afford 15.3g of crude extract and then kept 

in a deep freeze before further handling. 

After the n-hexane extraction, the sponge was extracted twice with 

dichloromethane. The dichloromethane extracts were evaporated in vacuo to obtain 

7.6g of crude extract. Methanol was the last solvent employed to extract the 

sponges after dichloromethane extraction. From this was obtained 17g of crude 

extract. 
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8.6.2 Isolation 

Analytical tic of dichloromethane extract (silica gel, 2% Me0H in DCM) 

with visualisation by uv light (X 254nm) and spraying with vanillin-sulfuric acid 

reagent revealed the extract to be a complex mixture. There are two major spots 

present on tic under uv light. 

Medium performace liquid chromatography of the n-hexane extract was 

employed with gradient elution from 100% n-hexane to methanol/DCM (0/100, 

2/98, 4/96, 5/95, 10/90) until 100% methanol was attained. Aliquots shown to be 

identical by tic were combined affording five fractions. Fifteen fractions have been 

collected from these elutions (each fraction approximately 25m1). Fractions 1, 2, 3, 

(853mg) were shown by tic analysis to predominantly contain the known 

compound (38) which has been found in sponge 88049; fractions 4,5 (55mg) were 

shown by dc to contain compound (74), fractions 6, 7, 8 (570mg) were dominated 

by compounds (52) and (53), fractions 9,10, 11, 12 (460mg) mostly contained 

known compound (55), and the remaining polar components had to be present in 

fractions 13, 14, 15. Further purification of these fractions by ptic afforded 150mg 

(52), 23mg (53), 15mg (54), and 84mg (55). 

Table 24. Mplc fraction of n-hexane of sponge 90032 

Fractions Colour Composition 

1, 2, 3 pale yellow (38) 
4, 5 brown (54) 
6, 7, 8 brown (52) and (53) 
9, 10, 11, 12 green (55) 
13, 14, 15 yellow Not investigated 
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The DCM and methanol extracts of this sponge mainly contained compound 

(55) and polar components, but the polar components were not investigated further. 

The C31 prenylated benzoquinol (52) was obtained as a brown oil (150mg); yield: 

0.06% of the freeze dried sponge. 

MS: 	EI (Mt 450) or C311-14602 
Major fragments: 448, 381, 327, 161, 123, 81,69 (base peak). 

IR (cm-1 ): 	3360(-0H), 2900, 1480, 1430, 1360, 1175. 

nmr (8): 	1.59(12H,$); 1.68(3H,$); 1.74(3H,$); 2.04(18H,m); 3.28(2H,d); 5.11(4H,m); 
5.29(1H,t); 6.53(1H,bs); 6.59(1H,m); 6.66(1H,d). 

13 C nmr (8): 16.6; 16.7; 18.2; 26.3; 27.0; 27.2; 27.3; 30.2; 40.3; 114.3; 117.1; 117.2; 
• 	 121.9; 124.3; 124.8; 124.9; 128.9; 131.8; 135.4; 136.1; 139.1; 148.6; 150.0 

Uv (nm): 	295.4 and 209 

The C31 prenylated benzoquinone (53) was obtained as a yellow oil (23mg); yield: 
0.01% of the freeze dried sponge 

MS: 	EI (Mt 448) or C31 114402 
Major fragments: 433, 379, 325, 161, 123, 81, 69(base peak). 

IR (cm-1 ): 	2885, 1680(C=0), 1580, 1460, 1365, 1280, 885. 

1 H nmr (8): 
	1.60(12H,$); 1.63(3H,$); 1.68(3H,$); 2.02(16H,m); 3.13(2H,d); 5.13(5H,m); 

6.54(1H,bs); 6.72(2H,m). 

13C nmr (8): 16.7; 16.8; 18.4; 26.4; 27.1; 27.3; 27.4; 28.0; 30.4; 40.4; 118.3; 124.4; 124.9; 
125.1; 131.9; 133.0; 135.6; 136.2; 137.0; 137.4; 140.9; 149.2; 188.3; 188.6. 

Uv (nm): 	245.4 and 212.3. 

The chlorinated furanoterpene (54) was obtained as a brown oil (15mg); yield: 
0.006%of the freeze dried sponge 

MS: 	El (Mt 408) or C24H37030 
Major fragments: 393(Mt -15), 372(Mt - HC1), 357(Mt - 51), 
81(base peak), and 69. 

IR (cm- 1 ): 	3425(OH), 2850, 1695(C=0), 1435, 1365, 1010, 850(C-C1), and 760 

1 H nmr (8): 	0.91(3H); 1.45(3H); 1.58(6H); 2.04(13H); 2.25(2H); 2.41(2H); 3.45(1H); 
4.31(2H); 5.08(2H); 6.28(1H); 7.21(1H); 7.34(111). 

1L 3 C nmr (8): 16.4; 16.6; 19.8; 20.3; 25.6; 25.8; 27.1; 29.0; 29.5; 31.2; 36.9; 40.2; 47.9; 
58.1; 81.2; 111.6; 124.3; 124.9; 125.2; 135.4, 136.3; 139.4; 143.1; 210.0. 
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8.7 Isolation and identification of (63) from Tedania sp.1 
(sponge 88047) 

8.7.1 Extraction 

This sponge was extracted in the same manner as sponge 88043 

8.7.2 Isolation 

Mplc was employed to separate (63) from the methanol extract (2.5g). 

Starting with 100 % ethyl acetate, the eluting power was increased to the following 

ethyl acetate/(acetone/water, keeping a 4/1 ratio between acetone and water): 99/1, 

98/2, 95/5, and 90/10. Twenty fractions were collected from these elutions. 

Fractions 12, 13, 14, 15, and 16 afforded white needles (56mg). Further 

purification by ptic and recrystallisation in methanol gave 40mg (63) mp 161- 

1620C. Spectroscopic experiments have been employed to identify the structure of 

(63). 

Nucleoside (63) was obtained as a white crystal (40mg); Rf : 0.3, yield: 1.6% of the 
crude extract. 

MS: 	EI: (Mt 228.077) calc for C9H12N205 228.0744 
Major fragments: 117, 112, 69, and 42. 

FT-IR (cm4 ): 3500-3400 (st, OH,NH); 1687(st,C=0); 1456(bn, NH); 1265(bn, OH); 
1200-1045(st, C-0, C-N, C-C). 

1 H nmr (8): 	2.40(2H,m,C2'H); 3.80(2H,m,C5'H); 4.05(1H,q,C3'H); 4.44(1H,q,C4'H); 
4.84(HOD); 5.87(1H,d,C5H); 6.29(1H,t,C1'H); 7.85(1H,d,C6H). 

13C nmr (8): 41.6(C2'); 63.1(C5'); 72.5(C3'); 86.9(C4'); 89.2(C1'); 102.9(C5); 142.8(C6); 
152.5(C=0); 166.6(C=0). 
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8.8 Isolation and identification of (64) and (65) from Tedania sp.2 
(sponge 88049) 

8.8.1 Extraction 

This sponge was also extracted in the same manner as sponge 88043 

8.8.2 Isolation 

Analytical tic revealed the dichloromethane extract to be a complex mixture 

of compounds. Mplc was employed to separate the dichloromethane extract (3g) 

and elution power was increased to the following dichloromethane/methanol ratios: 

100/0, 99/1, 98/2, 95/5, and 90/10. Fractions shown to be identical by tic were 

combined affording five fractions. Fraction 1 (350mg) was shown by tic analysis 

to contain mainly compound (65), fraction 2 (80mg) was dominated by sterols, 

fraction 3 (260mg) contained predominantly compound (64), and the remaining 

fractions were dominated by more polar components. Purification of these fractions 

using ptic afforded 150mg (65) and 82mg of (64). Spectroscopic experiments were 

employed to determine the structures of (64) and (65). 

Sesterterpene(64) was obtained as a yellow oil (82mg); yield: 2.7% of the crude 
extract. 

MS: 	GC-MS: (Mt 392) for C25H2804 
Major fragments: 81(-CH2-furan), 93, 161, 174, 255, 282, 
311(M4: - CH2-furan). 

nmr (8): 1.06(3H,d,C19H); 1.67(3H,s,C14H); 1.98(3H,s,C24H); 2.18(2H,t,C1711); 
2.34 (2H,q,C11H); 2.41(211,t,CIOH); 2.95(1H,m,C1811); 3.73(2H,s,C5H); 
4.97(1H,d,C2OH); 5.35(1H,t,C12H);5.48(1H,m,C16H); 5.90(1H,s,C22H); 
6.06(1H,d,C1511); 6.32(1H,s,C7H); 6.96(1H,s,C9H); 7.09(1H,s,C4H); 
7.29(1H,s,C2H); 7.36(1H,s,C1H). 

13c nmr (8): 10.5(C24); 12.5(C14); 20.0(C19); 24.1(C10); 25.6(C5); 28.4(C11); 31.6(C18); 
40.2(C17); 107.2(C7); 111.1(C2); 119.7(C20); 124.5(C12); 130.1(C16); 
136.5(C15); 137.4(C9); 137.8(C22); 139.7(C4); 142.8(C18); 171.2 (C25). 
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Sesterterpene (65) was obtained as a colourless oil (150mg), yield: 5% of the crude 
extract. 

MS: 	EI: (Mt 354) for C25H380 
Major fragments: 285 (Mt-69), 81(-CH2-furan), and 69 (terminal isoprene unit). 

11-1 nmr (8): 	1.64(12H,$); 1.72(3H,$); 2.02-2.11(12H,bm); 2.27(2H,q); 2.47(2H,t); 
5.13(3H,bs); 5.21(1H,tt); 6.31(1H,$); 7.24(1H,$); 7.36(1H,$). 

13C nmr (8): 15.9; 17.6; 25.6; 24.9; 26.5; 26.7; 28.4; 39.8; 111.0, 123.6; 124.4; 124.9; 
131.2; 134.8; 134.9; 135.7; 138.7; 142.4. 

8.9 Isolation and identification of (66) and (75) from sponge 89060 

8.9.1. Extraction 

The sponge 89060 was collected from Eaglehawk Neck in Tasmania in 

1989 and after freeze drying (77g) it was immediately extracted with n-hexane, 

dichloromethane, and methanol at room temperature, the solvents being changed 

three times for n-hexane, twice for dichloromethane and methanol. The extracts 

were concentrated in vacuo to obtain 0.8g n-hexane extract, 1.52g dichloromethane 

extract, and 2.05g methanol extract. 

8.9.2 Isolation 

Analytical tic (silica gel, n-hexane) of the n-hexane extract with visualization 

by uv light (254nm) and spraying with vanillin-sulfuric acid reagent revealed two 

major components. 

Both the n-hexane and dichloromethane extracts were then separately 

chromatographed (normal-phase mplc) with n-hexane as a starting eluent followed 

by dichloromethane and further elution with Me0H/DCM in the ratio of 1/99 with 

successive increases in methanol until pure methanol was attained. The fractions 

containing compounds of similar polarity were monitored by tic. 
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The compounds (66) and (75) were predominantly present in n-hexane to 

methanol/dichloromethane 1/99 elutions. These fractions were combined and 

subjected to ptic to afford 19mg of (66) and 23mg of (75). Spectroscopic 

experiments were employed to elucidate their structure. 

Table 25. Mplc fractions of n-hexane and DCM extracts of sponge 89060 

Fractions Colour Composition 

1, 2, 3, 4 yellow (62) and (71) 
5, 6, 7 pale yellow Fatty acids 
8, 9, 10, 11 pale yellow Not investigated 
12, 13, 14, 15 pale yellow Not investigated 

Sesquiterpene (66) was obtained as an oil (19mg); Rf : 0.6, yield:0.07% of the 
sponge. 

MS: 	GC-MS: (Mt 218.166) calc for C15H220 218.1669 
Major fragments: 203(M1-  - CH3), 175, 149, 136, 95, 81, and 69. 

1H nmr (8): 	1.59(3H,$); 1.60(3H,$); 1.68(3H,$); 2.00(2H,dd); 2.06(2H,tt); 2.24(2H,q); 
2.45(2H,t); 5.08(1H,t); 5.16(1H,t); 6.28(1H,$); 7.21(1H,$); 7.34(1H,$). 

13 C nmr (8): 15.9, 17.6, 24.9, 25.6, 26.5, 28.3, 39.6, 111.0, 123.6, 124.2, 135.6, 138.7, 
142.4. 

Sesquiterpene(75) was obtained as an oil (23mg), Rf : 0.5, yield: 0.08% of the 
sponge. 

MS: 	GC-MS: (Mt 216.151) calc for CI5H200 216.1513 
Major fragments: 43, 81, 93, 107, 135, 160, 201. 

1 H nmr (8): 	1.76(3H,$); 1.79(6H,bs); 2.41(2H,q); 2.50(2H,t); 5.47(1H,t); 5.88(1H,d); 
6.12(1H,d); 6.27(1Hbs); 6.30(1H,q); 7.21(1H,$); 7.34(1H,$). 

13C nmr (8): 12.4, 18.4, 24.8, 26.1, 28.8, 110.0, 123.1, 124.6, 125.6, 130.9, 134.6, 134.7, 
134.8, 138.8, 142.6. 

Uv (nm): 	265. 
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The brine shrimp assay of twelve pure compounds isolated are presented in 

the following table. 

Table 26. The brine shrimp assay of pure compounds 

Compounds 	 Percent deaths (10014/m1) 

26 	 20 
28 	 10 
51 	 0 
52 	 0 
53 	 0 
54 	 0 
55 	 100 
63 	 10 
64 	 20 
65 	 0 
66 	 0 
75 	 10 

8.10 Instrumental methods 

8.10.1 Freeze drier 

Sponges were kept in deep freeze for 24 hours before being freeze dried on 

an Ly-5-FM Bredda Scientific freeze drier. 

8.10.2 Medium performance liquid chromatography (mplc) 

Dried silica gel was slurried and homogenized in a beaker with an excess of 

the starting solvent system (dichloromethane or ethyl acetate). It was then poured 

into the column (6cm in diameter) and gently stirred. Afterwards it was set aside for 

15 minutes. The column was then connected to the vacuum line and the water 

aspirator was opened, slightly at first, then more and more fully. A piece of filter 

paper was then placed on top and the silica gel was pressed down until it became 

very hard. 
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8.10.3 Preparative thin layer chromatography (ptk) 

The silica gel was slurried and homogenized in a beaker with water (water 

volume must be twice the weight of silica gel). Layers were prepared by spreading 

slurries of adsorbents on glass plates. The Stahl type of apparatus was used to 

spread slurries on glass plates. The plates were dried in an oven for 24 hours. 

8.10.4 High performance liquid chromatography (hplc) 

High performance liquid chromatography was performed on WATERS 

Ass. instrumentation, consisting of a model 450 variable wavelength uv detector, a 

model U6K universal liquid chromatography injector, and a 0-6000psi 

chromatography pump. All analytical work was performed on a radial compression 

unit, model RCM 100, using C-18 reverse phase columns. 

8.10.5 Gas chromatography-mass spectrometry (GC-MS) 

The GC-MS was used to confirm a molecular ion of each non polar 

compound. GC-MS analyses were carried out using an HP 5790 Mass Selective 

Detector coupled to an HP 5890 gas chromatography fitted with a direct capillary 

inlet interface. 

High resolution (HRMS) and low resolution mass spectra (MS) were 

recorded on direct insertion mass spectrometry using a Vacuum General Micromass 

7070F magnetic sector mass spectrometer which operated at a source temperature 

of 2500C and with electron impact energy of 70eV. The spectra are presented as 

linear graphs with mass number intensity maxima, normalized to the strong peak 

(base peak) of the spectrum. 
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8.10.6 Nuclear Magnetic Resonance (NMR) 

The original 1 H nmr, 13C nmr, and DEPT spectra are directly reproduced 

throughout. They were generally recorded in deutero-chloroform, 

deutero-methanol, and D20 on a Bruker spectrometer at a temperature of 

approximately 300C using tetramethylsilane as an internal reference. The 1 H nmr 

were routinely recorded at 300MHz. If other frequencies or other kinds of reference 

were used, they are given as captions to the spectra, along with the solvent used. 

The chemical shift values (8) are given as ppm. Additional techniques such as 

COSY, carbon-proton correlations, n0e, and spin-spin decoupling experiments are 

recorded on the Bruker spectrometer and processed using an Aspect 3000 

computer. 

8.10.7 Infrared 

Infrared spectra were obtained on either a Hitachi 270-30 IR 

spectrophotometer, or on a FTS:20E Digi-Lab Fourier Transform infra-red 

spectrophotometer as NaC1 discs (neat) and are presented as plots of percent 

transmittance versus frequency. The frequency scale is inverted, the frequencies 

increasing from right to left. The frequency values are given as wavenumber in 

cm-1 . 

8.10.8 UV 

Ultra-violet spectra were recorded on a Shimadzu uv-visible recording 

spectrophotometer uv-160 in super dry ethanol and cyclohexane. The data are given 

as plots of absorbance versus wavelength X in nm. 



155 

8.10.9 Melting Point 

Melting point was determined on a Yanagimoto-Seisakusho micro melting 

point apparatus and is uncorrected. 
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100. 98 

100 
	

200 
	

300 
Mass/Charge 
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A 16. The chemical ionization mass spectrum of (63) using ammonia 
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