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CHAPTERI 

INTRODUCnON 

Synthetíc organic chemistry is a central part of organic chemistry. A very actíve 

branch of synthctíc organic chemistiy is the synthesis of biologically actívc natural 

products, í.e., products found in nature. The main reasons for synthesizing these kinds of 

compounds are to find new and novel medicinal agents for the treatment of many kinds of 

diseases, and to use the syndieses as platforms for devclopment of new chemistry. 

This dissertatíon contains descriptíons of two synthetíc projects. The fîrst part reports 

progrcss toward a total synthesis of aplysistatin, a bromine-containing natural product that 

was isolated firom a sea hare. Aplysistatín has substantíal anti-leukemic activity. To make 

the synthesis of this complex compound easier, a convergent synthetic strategy was used, 

í.e., two smaller intermcdiates, each representing about half of the target molecule, were 

formed and combined to produce the larger, more complicated natural product. Several 

dcvelopments, especially in the synthesis of furan-containing intermediates, are reported, 

Thc aplysistatin synthcsis of was not completed, due to time restraints on the invcstigator, 

but the key coupling of thc two portions of the molecule was shown to be fcasiblc. 

The second part of this dissertation rcports an improved synthesis of hexacene. 

Hexacene is a theorctically important aromatíc compound, that is not found in nature. It 

contains six linearly-fíised benzene rings. The compound is not commercially available, 

and was needcd for studies of its fluorescence properties, in a collaborativc effort with a 

member of Texas Tech Geosciences Department. A number of improvements over thc 

literaturc methods used to synthesize hexacene werc dcveloped during this work. 
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CHAPTERII 

BACKGROUND 

Terpenes in Marine Organisms 

Wallach, in 1887, first recorded tiie remarkable observation (which led to his Nobel 

prize in 1910) that a distinct group of naturally occurring substances may be formally 

derived from branched five-carbon units.^ Ruzika and Stoll in 1922, came up with the 

theory that these substances, the teipenoids, are biosynthesized from branched five-carbon 

modules, isoprene units.^ This idea sparked an incredible amount of research in structural 

determination and in organic synthesis, in vitro and in vivo. At the outset, many 

terpenoids were extracted from terrestrial plants for their pleasant aroma. For many years, 

they were an interesting subject for academic research. With the discoveries that many 

terpenoids have biological activity, the search for new sources of terpenes was expanded 

greatiy. Marine organisms proved to be an especially rich source, though few of the first 

terpenoids isolated had biological activity.^ More recentiy, with the advent of better 

separation and structure elucidation techniques, terpene research has greatly expanded, 

especially the in the area of biologically active terpenes. 

Sesquiterpenes are made up of three of isoprene units. Sesquiterpenes have been 

isolated from many different terrestrial plants of many different origins. On the other hand, 

marine sesquiterpenes are not as widely distributed among marine phyla, having been 

found in only coelenterates, algae, sponges and mollusks.^ Many of the marine 

sesquiterpenes contain halogen atoms, chlorine or bromine and sometimes both. This is a 

result of the relatively high concentration of halogens present in sea water. It is interesting 

to note that some sesquiterpenes that have been isolated from terrestrial plants have also 

been isolated from marine animals. Ahhough marine animals may be a source of 
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scsquiterpenes, it has bccn suggcsted tiiat tiiey arc not the producers of thesc natural 

products. Ciereszko and co-workers found that terpenoids isolatcd from coclenterates are 

syntiicsized by uniccllar algac, thc zooxanthcUac, symbiotically associatcd with thesc 

animals.^ It has also bcen shown that the sea hare, Apfysia californica, storcs halogenated 

terpcnoid mctabolitcs fiom scvcral kinds of algac in its gut^ The currcnt theory as to tiie 

function of thcsc terpenoid metabolites in thc original producers, algac, is that they arc part 

of a chemical defense systcm. These metabolitcs arc stored in the outer part of these plants 

and are thought to discourage herbivorcs from fecding on thcnL^ Therc arc many known 

sea plants that contain toxins for their chemical defensc systcm that actually harm tiie 

herbivores. It is now believed that some herbivores, sea hares for cxample, that feed on 

thesc toxic plants are not harmed by the plants, and they stcffe thc toxins for use in their 

own chemical defense by discouraging feeding on them by predators. Sea hares have no 

othcr source of protection; even though they are nwllusks, thcy have no extemal, protective 

shclls. 

Natural Products as Medicinal Agents 

Plants have long been uscd as mcdicinal agents. There is an extensive folklore 

conceming terrestrial plants as sources for tíie rclief of sufîering. Plants that arc used as 

therapcutic agents have attracted researchers to investigatc tfieir active components. 

Throughout the world's culturcs, therc has been folklorc that told of the medicinal 

propcrtics of plants, but only in the Orient has this folklorc dcscribed tfie uses of marine-

derived rcmedies, and these arc not in any great numbcr. Thc obvious reason for this 

absence of marine medicinal sources in folklorc is the fact that the ocean is not man's 

normal habitat The only access man had to the oceans was the intertidal zone; bcyond tfiat 

tiie occan bccomes a very hostiJe environment. The usc of marinc organisms as sourccs of 

drugs has been rather limited until recentiy witfi the introduction of scuba diving and tfic 



advcnt of on-sitc tests for activity.^ Also, highly improvcd spectroscopic and 

chromatographic tcchniques have hclpcd reccnt growth in the field Natural products now 

havc becomc a very important sourcc of novcl and cliitícally uscfiil drugs. In addition, 

many of thcsc compounds scrve as prototypcs for the dcvelopment of novel analogs of 

clinical importancc. 

Classically, during tfie isolatíon of natural products, the components in a crude extract 

that were thc noost abundant anci/or thc casiest to purify were isolated and then tcsted for 

biological activity. Sincc this did not always result in tíic isolation of biological activc 

compounds, this was not very efficient, especially considcring that many kilograms of an 

organism had to be collected, then taken inland, extracted and tested for activity. Recendy, 

bioactivity-directed isolation procedures has been uscd in order to increase the discovery 

rates of biologically active natural products. The main advantage of this method over the 

classical approach is tíiat highly potcnt, minor, novcl components can bc isolatcd.^ Also 

small amounts of an extraa from a small amount of an organism can be tested for activity. 

If thc preliminary results are positive, then a larger amount of the organism can be collected 

and thc active component(s) will bc isolated. 

Discovery of Aplysistatin 

Sea hares (phylum Mollusca, family Aplysiidae) had been used for certain medical 

treatments by 15(X) AJD. by ancient peoples, such as those in the Mediterranean basin.lO 

This potentially useful source of medicinal agents has received littie attention and had 

eluded modem chemical and biological evaluation. Pettit and co-workers reported that the 

2-propanol cxtract of the South Pacifîc Ocean (Australia) sea hare Apfysia angasi was 

found to significantíy inhibit progression of the Natíonal Cancer Instítute's murine 

lymphocytíc leukemia P-388 and growth of tíie ncw P-388 in vitro cell line.^0 The 

cxtracts were then chromatographcd on silica gel with ligroin-etfiyl acetate as eluent to give 



a cytotoxic component dcsignatcd aplysistatín, 1. Thc structure was dctermined by ̂ H 

NMR and X-ray crystallography. Aplysistatín was latcr found as a minor component of a 

red alga, Laurencia palisada. The major metabolitc isolatcd from this source was 2 (Figurc 

1.1). This compound, whcn exposcd to air, oxidized to aplysistatin.^ ̂  Another intercstíing 

metabolitc, 3, was also isolated. It is the probablc precursor to 2 and at lcast an in vitro 

precursor to aplysistatin. 

2 3 

Figurc 1.1. Major Metabolites from Laurencia Palisada 

Aplysistatin has an intriguing structurc, containing a bromine atom and a fairly rarc 

scven-membered ether (oxepane) ring, as well as an exocyclic a,p-unsaturated ylactone. 

The biosynthetíc patfiway to aplysistatín is not known. In partícular, it is not known if the 

metabolites 2 and 3 from the red alga arc on tfie pathway or noL White proposed that the 

biosynthesis proceeds tfirough a brominatíve cyclizatíon of a dienol precursor, 4 or 5, in 

which a bromonium ion serves as the electrophile for the cyclizatíon of the A, B-rings 

(Schemc 1.1).̂ ^ Thc dienol precursors arc derived from famesol tfiat has been oxidized on 

a nonterminal metíiyl group to form the ylactone. 
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Scheme 1.1 

Previous Syntheses of Aplysistatin 

The groups that have synthesized aplysistatin have tried to mimic the proposed 

biosynthetic cyclization directly or indirectiy. Two fundamentally different approaches 

were taken in the three recorded syntheses, the order in which the rings were constructed 

was very different. 

The first total synthesis of aplysistatin was reported by Hoye and Kurth in 1979.̂ 3 

Compound 7 was formed in a straightforward manner from geraniol and was cyclized with 

mercury(n) trifluoroacetate (Hg(TFA)2) followed by bromination to form 8 as a mixture of 

diastereomers in a 44% yield (Scheme 1.2). Following the oxidative elimination of the 

thiophenyl group in 8 to produce 9, the benzyl protecting group was removed from 9 with 

trityl fluoroborate with concomitant lactonization to form aplysistatin. 
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^ - ^ v ^ H O ^ ^ la)Hg(TFA)2 
r '^j l^ HO^lx^OBz b) KBr 

p O — ^ ^ ^ C H ^ 2) Br̂ , pyr 

a) MCPBA 

In tíic abovc syntíiesis, thc cyclizatíon of tfîc dienc alcohol had served well to establish 

the entirc A-ring stereochcmistry. However, therc was no sclectívity in favor of thc natural 

over thc 12-cpi confíguratíon during the synthesis of 7. To overcome this problem, Hoye 

synthesized aplysistatín as shown in Scheme 1.3.̂ ^ Previously synthesized 10 (from the 

Hg(TFA)2 cyclizatíon of homogcranic acid̂ )̂ ̂ ^s reduccd to the hemiacetal, which was 

alkylated thcn protcctcd to form compound 11. The B-ring was then formed by treatment 

with Hg(TFA)2 (74% as a single diastereomer) followed by bromination and the rcsulting 

compound was then converted to acid 12 with trifluoroacctíc acid. Lactonizatíon was done 

by treatíng 12 with trietfiylamine to producc 13. Aplysistatín was formcd by eliminating 

thcp -nitrobcnzoate group with excess triethyl amine. This synthesis solved tfie problem 

of selectivity at C-12. 


