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Abstraet

A survey of 34 New Zealand ascidians was performed for the purpose of investigating the

biological and chemical properties of ascidians from New Zealand waters. The crude extracts were

assayed for biological activity and were also analyzed by HPLC with photodiode array capability for

comparison of absorption spectra. In this manner, biological profiles of the cytotoxicity and

antimicrobial activities of the crude extracts were obtained, as well as a UV metabolic profile. The

(-)-enantiomer of the known compound 1,2,3-trithiane was isolated from the ascidian Hypsistozoa

fasmeriana, and the (+)-enantiomer from the ascidian Distaplia stylifera, a member of the same

family (Holozoidiae). The (+)-enantiomer was originally isolated from the New Zealand ascidian

Aptidium sp.D and appears to be unique to New Zealand waters. A new class of compound, the

fasmerianamines A and B, derivatives of 1.,2,3-trithiane, were isolate from a second collection of

Hypsistozoa fasmeriana. Another new class of metabolite, the fluorescent, biologically inactive

distomadines A and B were discovered in the ascidian Pseudodistoma aureum. A previously

unknown trimethylated purine, If ,IrP,7-ti^ethylguanine as well as other known purine bases were

detected and isolated. Much of the biological activity of the ascidian extracts could be attributed to

the presence of unsaturated long-chain amino alcohol-type compounds. The presence of the

pyridoacridine class of compound, a large class of aromatic polycyclic alkaloids of worldwide

distribution, was detected in a New Zealand ascidian for the first time.

The pyridoacridone alkaloid ascididemin possesses a wide range of biological activity and

progressed as far as in vivo xenograft antitumoural assays at the NCI, in addition to exhibiting

potency against Mycobacterium tuberculosis, revealing its value as a lead compound. The

antitumoural activity of ascididemin is attributed to the intercalative ability of its planar pentacyclic

structure. The synthetic strategy for another natural pyndoacridone, kuanoniamine A was optimized,

and the slmthetic compound also showed not only good human solid tumour selectivity, progressing

as far as in vivo hollow fibre testing at the NCI, but also potency against Mycobacterium

tuberculosis. Three other synthetic ring A-modified analogues were prepared. Two, combining

either a furan or a thiophene A ring with a carboxylic acid methyl ester substituent in position two on

ring A, were tested at the NCI and were found to be inactive. This indicated that the carboxylic acid

methyl ester substituent modification had a detrimental effect on cytotoxicity. The disruption of the

planarity of the heterocyclic ring system with subsequent inability to intercalate into DNA might be a

factor. An isoxazole ring A-modified analogue was found to be too unstable for evaluation purposes,
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ChapEer One

General Introduction

1.1 Marine Natural Products Chemistry

Traditionally the exploration of natural resources for possible medicinal use has been

terrestrial based, due largely to the comparative ease of collection in an environment with a

breathable atmosphere, but also to the availability of a rich body of ethnobotanical knowledge upon

which bioprospectors can draw. Today, some 25% of all pharmaceutical sales are drugs derived

from plant natural products.r'2 As pharmacological research has evolved, and technological advances

have been made, the search area has also widened, turning to the discovery of biologically active

natural products of marine origin. Consistently, two groups of organisms, sponges and ascidians,

have been singled out by bioprospectors as being rich sources of novel metabolites offering unique

structures that can be utilized as lead compounds for medicinal use.3

Ascidians or tunicates, like sponges, are sedentary filter-feeders, and also like sponges lack

an exoskeleton, forming small, soft immobile masses tlpically attached to rocks or sediment in areas

with a high water flow. Unlike sponges, however, ascidians are our closest relatives among the

inveftebrates, physically simplistic though they may be (Figure 1.1). The life cycle includes both a

vertebrate and an invertebrate stageo with the larval stage surprisingly being more neurologically

complex and evolved than the adult, a situation singular among animals. The free-swimming larvae

are called tadpoles due to their ovoid trunks and motile tails, features evocative of frog tadpoles, and

are characterized by the presence of a notochord and dorsal nerve running the length of the tail.

Hence, the vertebrate classification. The tadpole's free-swimming stage is extremely short, with

metamorphosis occurring often within minutes after its release. Upon settlement on a suitable

surface, the tadpole attaches by its anterior end, the tail is resorbed into the trunk along with all

protochordate characteristics, and the young adult ascidian becomes an exclusively immobile

invertebrate, bearing little resemblance to other members of the chordate phylum.

Often called sea squirts because of their propensity to contract and spray streams of water

from the pharynx when disturbed, ascidians are unique amongst the animal kingdom in that their

sirnple heart and circulatory system entirely reverses flow every few minutes. They are non selective

filter feeders, any undesirable particles engulfed being ejected back through the oral siphon by the

ascidian's ability to confract suddenly and violently.
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The outer covering of the adult body of the ascidian, called the tunic, from which the name

tunicate is derived, is also quite remarkable. Varying in consistency from soft and delicate to tough

and textued, while providing a somewhat token flexible exoskeleton, the tunic scrves to anchor the

animal to the substate, and is atypically composed largely of polysaccharides very much like plant

cellulose. Most ascidians are solitary animals, ranging in size from pea to potato dimensions. These

possess the leathery-type tunics, which offer a modicurn of protection against predators. However

many colonial species also exist which share not only bodily structures, but also the tunic.

Frequently this tunic is fragile and brightly coloured, possibly an advertisement to would-be

predators of the presence of unpalatable or toxic metabolites generated as part of a chemical defense

ffiAnfre#
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system.s As rich colouration is often associated with biologically active metabolites, this has been a

major impetus to the investigation of the species by curious natural products chemists.

Secondary metabolites are inherently energetically demanding to produce. Hence their

contribution to the survival of the organism is a prerequisite for their generation, and the genes

controlling their expression must have evolved in response to challenging environmental stimuli over

a considerable period of time. Whereas primary metabolites such as amino acids and carbohydrates

and their polymers are ubiquitous to all living forms, secondary metabolites are an intrinsic response

of the organism to the environment in which it lives.6 The fact that soft-bodied, sessile organisms

such as ascidians have flourished and proliferated for millions of years argues a strong case for the

success of their chemical defense system in ensuring their genomic survival. Whether the

environmental challenge is from predation, pathogen invasion, xenobiotics, or competition for space,

there will be metabolites that have evolved to deal with the problem of the survival of the species.T

Therefore the marine fauna and flora are an exceptional reservoir of bioactive natural products, many

of which, due to the vastly different environmental conditions, exhibit structural features not found in

terrestrial natural products.s Perhaps as a result of the relatively hostile marine environment, many

marine natural products exhibit a degree of cytotoxicity, a problem that can limit their usefulness and

curtail their development as therapeutic drugs. Equally, however this attribute may be potentially

valuable as an indicator of a lead structure that can be modified for eventual utilization as a

chemotherapeutic anticancer agent.

In an attempt to determine the biomedical potential of these novel marine metabolites,

bioactivity profiles are gradually proliferating as more sophisticated collaboration takes place

between natural products chemists, molecular pharmacologists, biochemists, and drug discovery

programmes set up by pharmaceutical companies, governments, and philanthropic organizations.

Isolation of a biologically active compound raises the problem of re-supply. Generally not

more than 100 mg of a natural product is isolated, seriously limiting the extent to which assays can

be performed for evaluation purposes. In order to avoid the ecological devastation caused by "strip-

mining" the marine environment, total synthesis and aquaculture are the only viable alternatives for

providing compounds of interest in the gram amounts necessary for rigorous investigation. To this

end, synthetic chemists are required for the production of the requisite quantities for evaluation,

followed inevitably by the need to devise cost efficient and practical strategies for the production of

commercial quantities for pharmaceutical use if the compound is successful. Occasionally,

compounds are isolated that are not amenable to synthesis and in these cases aquaculture is the only

method of production that can generate the compound on a sufficiently useful scale if the compound

is desirable. Halichondrin B, a polyether macrolide isolated from a sponge, Lissodendoryx sp. that

exhibited potent activity against leukaemia and melanoma cell lines was initially resistant to all
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spthetic attempts (Figure t.Z).e fnis prompted a venture to farm the sponge in New Zealandlo but

eventually a synthetic strategy was successful, rendering the aquaculture undertaking unoe""rrary.tt

Halichondrin B (l,l)

Figure 1.2. Halichondrin B (1.1).

Whatever the strategic role it is that natural products play, "all natural products," as D' H.

Williams states, "have evolved under pressure of natural selection to bind to specific receptors."r2

The often potent and toxic biological activity exhibited by many alkaloids in particular, have

historically ensured that the flora and fauna containing them were highlighted in folklore and herbal

medicine, and were of importance to humanity long before it was determined what it was that caused

the biological activity.

The largest known famity of marine alkaloids is the pyridoacridine class of metabolites,

typically exhibiting an array of biological activities (see Chapter 6). Each of these highly coloured

polycyclic aromatic alkaioids is based on a structurally conserved unit, the pyrido[4,3,2-mn)acidine

skeleton (1.2), as seen in dercitamide (1.3)'3 (Figure 1.3). Structurally very close, but still considered

pyridoacridines, are the pyridoacridones, where oxidation of the pyridoacridine unit has occurred

giving rise to alkaloids such as I l-hydroxyascididemin (1.4).ta

Although these compounds are exclusively marine-derived, examples are found in multiple

phyla with the large majority being isolated from ascidians (Urochordata) and sponges (Porifera).

However they have also been discovered in an anemone (Cnidaria)ls and a prosobranch mollusc

(Mollusca) that was sequestering kuanoniamines from its ascidian prey.l6 This cross phyletic
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I ?

I lGl-py.rido f43J-nnlacridine (1.2) Dercitamide (1.3)

I l-Ilydroxyascididemin (1.4)

Figure 1.3" Fyridoac.ridine and pyridoasridone alkaloids.

The pyridoracridine; appoar to have a wsrldwide distribution, having been isolated frs.m

diverso waters bo.th tropic.al ild f.€iinperate ih natirre" The origins and eeological role of these

extraCIrd-tna(y mo-l€oules may remain ehrourled in rnyste.ry at the present tirne, but their biological

activibr is gradufltly being d.es:oribed by natwal produats ehernists"



ChapEer Two

The Chemical Diversitv of New Zealand Ascidians

2.1. Previous Work on New Zealand Ascidians

Worldwide there are approximately 70 genera an:d 2430 species of ascidians, only about 3olo

of which fuave had their chemistry published.r8 Notwithstanding the fact that many more ascidians

have been investigated with unpublished results, the resource is still virturally untapped. From New

Zealand waters, it has been estimated that only about 60Yo of the ascidian population has been

discovered and describ ed, 70Yo of those being endemic to New Zealand. To date, few intensive

studies have been carried out on the New Zealand species, the Blunt and Munro Marine Natural

Products Group at the University of Canterbury providing the first published reports.

The first reported New Zealand metabolite was a B-carboline alkaloid of the eudistomin

family, isolated front Rittet'ella sigillinoidcs.te The known alkaloids eudistomin O (2.1) (Figure 2.1),

and eudistomin C were isolated along rvith the new eudistomin K (2.2), eudistomin K sulfoxide, and

debromoeudistornin K. All of the er,rdistomins exhibit arrtiviral and cytotoxic activity.

Eudistomin O (2.1)

fu HzN

Eudistomin K (2.2)

Figure 2.1. Eudistomins isolated frorn the New Zealand ascidian Ritterella sigillinoides.

The second report involved four cytotoxic and antifungal triene amines (2.3) isolated from

the orange compound ascidian Pseudodistomu novaezelandiue, found around the northern parts of

the North Island.20 lt is a highly successful colonizer, in some areas reaching up to 25o/o coverage in

shallow subtidal reefs, its lack of predation or fouling being attributed to the presence of these toxic

anrines.
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Figure 2.2. A long-chain triene amine isolated from the New Zealand ascidian Pseudodistoma
novuezelancliae,

A 1989 survey of 18 ascidians carried out by Copp,t' a member of the Blunt and Munro

group at the time, and a 1997 study of 23 specimens by Pearcez2 both explored cytotoxicity and

antimicrobial activity, utilising bioassay-directed fractionation as the main tool for the isolation of

the compounds of interest. From these surveys, ultimately the only new compound isolated

successfully was the unique, biologically active 1,2,3-trithiane 3.1 discovered by Copp in an

Aplidimt sp. D (see Chapter 3).

In order to more fully assess the chemical diversity of the New Zealand ascidian fauna Copp,

in collaboration with NIWA (National Institute of Water and Atrnospheric Research) has since

initiated a programme to collect, investigate, ald collate a comprehensive database. To this end the

crude ascidian extracts are not only assayed for biological activity but are also analyzed by HPLC

with photodiode array capability for comparison of absorption spectra, providing an effective

database of metabolite profiles. In this way, both active and inactive metabolites can be detected,

tracked, and isolated. Subsequently, the most comprehensive study to date was undeftaken by

Linclsay of the Copp group in a survey of 29 speci-enr.t'

COr-

ONH
t"t-Nlt--.,,--\,. *"-"\-ry,

tll )HN^-T^\ "AOil-n,)MeHMeH

lll
\.'\

I

NHr
+

Homarine (2.4) 1,3-Dimethylguanine (2.5) 1,3-Dimethylisoguanine (2.6)

Figure 2.3. Comnron metabolites detected in New Zealand ascidians.



Biological evaluation revealed that 36% of the crude extracts exhibited activity against the

P388 murine leukaemia cell line while 6lolo showed evidence of antimicrobial activity. Analy'tical

C18 reverse phase HPLC of the crude extracts indicated that all except one contained homarine (2.4),

determined from comparison of the retention tirne and UV spectrun of an authentic sample. In

addition, 52% expressed the methylated purines 1,3-dimethylguanine (2.5), or 1,3-

dirnethylisoguanine (2.6), both of which were isolated and fully characterized (Figure 2.3). An

unidenlified orange solitary ascidian collected from the Chatham Rise east of the South Island

yielded the larown rubrolides A (2.7'),B (2.8), and C (2.9)'o (Figure 2.4).

Br

OH

Rubrolide A (2,7) R1 = Br, Rz: H
B (2.8) R1 : Br, R2: Cl
C (2.9) R1 = R2: H

Figure 2.4. Rubrolides isolated from an unidentified New Zealand ascidian.

2.2. Survey of 34 Ascidians

A total of 34 ascidians have been examined in this work. The aims of the project were to:

Assess the ascidian cmde extracts for biological activity and attempt to isolate any active

rnetabolites by bioassay- gui ded fracti onation.

Assess the ascidian crude extracts by analytical Cl8 reverse phase HPLC to compile a database

of the UV metabolite profile for each species examined, and to isolate any major biologically

inacti ve metabolites vi a HPLC- suided fr actionation.



Figure 2.5. Map of New Zealand indicating the ascidian collection sites.
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Table 2.1 summarizes the results of the biological assays performed on the crude extracts.

All of the extracts were assayed against the P388 murine leukaemia cell line at 50 mg/nrL except for

96 TurOcl-l,96TutOcl-2,96TutOcl-6, 96T4l-8, and 99LH1-3 which were assayed at l0 rng/ml.

A dose of 2 rng/disc was used for the antimicrobial assays against the gram positive bacterium

Bacillus sttbtilis, the gram negative bacterium Escherichia coli, and the fungi Candida albicans and

Trichophytott mentagrophytes, except for above-mentioned extracts, which were dosed at 600

pg/disc. The antiviral assays used a DNA vints, Herpes Simplex type I (HSV-1), and an RNA virus,

potio (pVl) ilfecting an African Green monkey kidney cell line BSC-l at the same dose schedule

used for the above antimicrobial assays.

Ascidian code P388 ICso E. coli

(ng/ml) zone

(mm)u

B. sub.

zone

(mm)"

J

1
J

I

1
J

1

C. olb.
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++++

++#
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96TutOct-l

96TutOcl-2

96TutOcl-6

96TAt-8

99LHl-3

99LIil-6

99LHl-7

98Col-1

9SKaiNovl-3

MNPOOsT

MNPOOSS

MNP00103

MNPO144

MNPOT45

MNPOI50

MNPOITI

MNPO188

MNPO212

MNPO256

MNPO266

MNPO2TO

MNPO2TI

6085

>125000

7761

3305

9386

436337

27 1556

398827

200217

495436

1 0082

239563

525089

404230

137907

141914

607222

1 2003

4410s9

212465

607222

5565 I 8

l3
b -t)

?l'

?b

NT

'l

NT
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Table 2.1. Biological analysis of ascidian crude extracts.
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MNPO299

MNP03O3
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cell line no antiviral activit

Table 2.1 shows that29 of the 34 ascidians screened in the P388 assay exhibited on-scale

activity. Of these, g6TutOcl-1, g6TutOcl-6,96TA1-8, and 99LHl-3 were the most active with 7.1

pg/rnl-, 7.8 pg/ml, 3.3 pglml-, and 9.4 pg/ml respectively. All of these four except for TAI-8 were

also active in all the antimicrobial assays and showed maximum cytotoxicity to the non-malignant

BSC-l host cell line. It was subsequently discovered that the active component of 96TutOc1-1, a

Hypsistozoa.fusnteriaLra species, was 1,2,3-trithiane (3.1) as discussed in Chapter 3. 96TutOcl-6

was a specinren of Pseudodistoma cntrewnj the active components of which were shown to be long

chain fatty acid amino alcohol-type compounds similar to the triene amine 2.3 isolated from a

Pseudostistonta novaezelandiae species. 99LHl-3, a specimen of Lissoclinurn notli, contained

pyridoacridines, the source of the broad observed biological activity (see Section 2.3.2. for

discrrssion). 96T41 -8, a Botry,/irs sp., although highly active in the P388 and antiviral HSV assays

showed only mild cytotoxicity to the BSC-1 rron-malignant cell line and no other antimicrobial

activity. The activity cor.rld not be traced to any specific compound (see Section 2.3.5 for

discussion).

Antibacterial and antifungal activity was possessed by l7 of the screened crude extracts with

Bacillus suhtilis and the fungus Trichoph.vton mentagt'ophytes being the most susceptible. Only six

of tlre extracts were active against Escherichia coli, and all of these extracts exhibited activity in all

of the assays. Tlree of these were 96TutOc1-1, g6TutOcl-6, and 99LH1-3 as discussed above. Of

tlre otlrer three extracts, MNP02|2, an uniderrtified brown colonial tunicate, and MNP0356, a

Pseudoclistottta noveezelandioe specimen, exhibited long chain aminol or amitre-type UV profiles on

tlreir HPLC traces. MNP0266, a Distaplia stvlifera specimen, revealed the presence of 1,2,3'

trithiane (3.1) by HPLC. Another very generally active ascidian, MNP0088, was provisionally

Art"y.d 
"t 

600 ptg/disc. ' '/: Due to cytotoxicity of the conrpound towards the BSC-I host

y was detectable . " NT : Not tested.



t2

identifiecl as pseuclotlistoma uureltnl. However, the HPLC trace was completely dissimilar to that of

any other Pseurlodistoma aureurn extract analyzed (see Section 2.3.6- for discussion)'

One extract of a tan encnrsting colonial ascidian, MNP0275, showed maximum antiviral

activity with a minimum of host cell cytotoxicity, and a modest potency against P388' This

specimen, which also showed nrinor activity against Bacillus subtilis and Trichophlton

ntentagroplrytss, displayed an HPLC trace which bristled with a plethora of signals of medium

polarity.

Cytotoxicity to the BSC-l cell line was exhibited by 20 of the extracts, reflected generally

consistently in their activity towards P388. Of these, MNP0270 and MNP027l,both specimens of

Leptocliniles sp. possessed potent cytotoxicity against the BSC-1 cell line but curiously, no other

activity except for a very minimal amount against P388. Although these two ascidians differed in

appearance, the first bearing a resemblance to a tiger stripe and the other being a gray-brown colour

with abundant exhalant siphons, tlot only were their biological assays very similar but some

similarity was also observed in their HPLC traces.

From this biological survey, ten of tlre extracts exhibited either no activity at all or only a

very minimal value against P388. As toxicity arrd feeding deterrency have been repofied to be

completely independent functions, with no correlations between them having been observed, these

assays rnight not be detecting specific antifeedaut chemicals.

The antirnicrobial activity exhibited for the active extracts is generally very comprehensive,

affecting not only bacteria but fungi as well. Given that bacteria and fungi are antagonists of old,

and that clinically, two difTerent classes of biocides are usually necessary to deal with bacteria and

fungi, these results strongly suggest that the ascidians might biosynthesize more than one compound

in their attempts to protect themselves against rnicrobial attack. This type of chemical defense is

vital for an organism that lacks an antibody-based imnrune system. However, not all the extracts

evinced antimicrobial activity. Although the assays are necessarily limited in range, they contain the

basic classes of microbes. In awareness that parasites constantly test defenses, it is surprising to find

that sonte ascidians appear to survive without chemical protection. It is possible that the parasites

simply prefer to attack the weak and vulnerable leaving the healthy specimens aloneo economy of

effort being a factor, in that it takes less energy to successfully invade a weak organism. Similarly,

the organism rniglrt generate its defensive metabolites only in response to attack. Once again,

conservation of energy is an intrinsic characteristic of a survival strategy. However this does not

address the fact that a species such as Pseulodistomu aureurrr appears to cotrsistently biosynthestze

toxic amino alcohol-type compounds regardless of location (Tutukaka, Leigh Harbour, Hen and

Chicken Islands). In some cases nrultiple roles for the compounds may exist, a strategy both energy

efficient and adroit. lndeed, the pyridoacridine class of alkaloid not only exhibits cytotoxicity, but
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wide-ranging activity against bacteria, fungi and viruses.la The three big threats to survival:

predation, infection, and fouling, could be confronted collectively. Nevertheless, the reason why

many of these metabolites are present remains unclear.

Initial chemical evaluation of the ascidian crude extracts carried out by means of C I 8 reverse

phase analytical HPLC employs a linear solvent gradient from aqueous trifluoroacetic acid (TFA)

(0.05%) through to acetonitrile. Acetonitrile is utilized as a solvent in particular due to its low

absorbance wavelength allowing [fV scans to be made from 190-600 nm without interference. Thus

compounds containing moieties such as amides, which exhibit end absorbance only can be detected.

Trials undertaken with and without TFA indicated unequivocally that TFA was an essential addition

to the solvent in order to obtain peak resolution and reasonable retention times due to a large number

of the metabolites possessing multiple protonation states. The aqueous TFA has a pH of ca. 2.5.

- 

Peak Apex

Figure 2.6. Analyical HPLC trace of MNP0298

The chromatogram (Figure 2.6) is a software-generated "maxplot" which plots a trace of the

most intense absorbance at any wavelength at a given time. Very polar compounds elute within the

first ten minutes, followed by those of medium polarity at about mid-range. Finally ftom22 minutes

onward the more non-polar compounds elute. MNP0298 was a cream coloured, solitary, warty
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tunicate with no observed biological activity. The polar ubiquitous homarine (2.4), identified in 28

of the 34 crude extracts, appears at a retention time of 4.18 min with a simple UV spectrum and a

l.r* at 271.7 r:rrr.. A more complex extended UV chromophore eluting at 18.68 min was later

isolated from g6TutOcl-6 (Pseudodisloma oureun) as the new alkaloid distomadine A (4.1), (see

Chapter 4). From 23 min onwards are revealed end-absorbance compounds, most likely long chain

fatty acids, and some extended chromophores akin to carotenoid profiles.

A discussion on the work-up of some of the ascidian extracts follows, describing the isolation

of biologically active or otherwise interesting metabolites. Due to the pauclty of material available,

some of the samples that exhibited promising profiles were not worked upon, but are targeted for

recollection.

2.3. Work on Selected Ascidians

2.3.1. 96TutOcl-2.

The analytical HPLC trace of this biologically inactive orange ascidian of the Didemnidae

family, collected from Tutukaka, Northland, showed the presence of a major metabolite with a

retention time of 22.97 min.

0.oo
5.oo ro:oo 20. 00

Mlnula!

Figure 2.7. Analytical HPLC trace of 96TutOcl-2.

t0.00



15

The aqueous fraction rvas subjected to Cl8 reverse phase chromatography (water through to

M.OH) followed by semi-preparative Cl8 HPLC (0.05% aqueous TFA/MeOH, 50:50) to yield 4 mg

(0.08% dry wt) of a pale yellow gum, L-6-bromohypaphorine (2'10)'

The LRFAB rnass spectrum of 2.10 showed pseudomolecular ion peaks [M + H]+ al m/z 325

and 327 in a ratio of l:l indicating that 2.10 contained one bromine atom. A molecular formula of

Cr+l{rzNzOzBr for 2.10 was established from the HRFABMS of the ion at m/z 325.0549 (A -0'8

ppm). The UV spectmm exhibited absorption maxima (EIOH) at L : 225 and 285 nm with a

shoulder atZ93 nm typical of an indole species. Infrared spectroscopy showed an NH stretch at3276

cm-I, and a carbonyl stretch at 1683 cm-r.

The resonances of the lH NMR spectrum (DzO) were broad and revealed four aromatic

protons, one alkyl methine, two diastereotopic alkyl protons and a nine-proton trimethyl singlet,

accounting for l6 of the lT hydrogens in the molecular formula. ArH NMR spectntm acquired in

CD-rCN showed a broad exchangeable proton resonance at 6 9.87. A more detailed examination of

the NMR data allowed two substructures to be formulated, A and B (Figure 2.8).

AB
Figure 2.8. Substructures A and B of 2.10 showing major HMBC correlations.

The aromatic resonances consisted of a singlet H-7 (6g 7 .7l, s), a doublet, H-4 (611 7 .57 , d, J

: 8.1 Hz), a doublet, H-5 (EH 7.31, d, J : 8.3 Hz), and a singlet, H-2 (6H 7 '26, s). An HMQC

experiment assigned the protons to carbons C-7 (6u 7 .71,6r. I 17.3), C-4 (6H 7.57, 6c' 122.2), C-5 (6rr

7.31, 61. 125.0), and C-2 (6u7.26,6(. 128.1). Due to the broad signals the spectrum was repeated in

CDrOD in order to acquire better definition. This spectrum clearly revealed the broad doublet, (-/:

8.4 Hz), nalrow doublet (J: 1.8 Hz), and the doublet of doublets (./: 8.4, 1.8 Hz) of a 1,2,4-

trisubstituted benzene ring. This was confirmed by the observation that H-4 and H-5 were coupled in

the COSY spectrum, and the observation of reciprocal HMBC correlations between H-5/C-7 and H-

7lC-5. The C-2 rJc:u: 181.5 Hz indicated nitrogen substitution at this position and suggested the

presence of a disubstituted indole. This was confirmed by HMBC correlations observed from H-4 to
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quaternary olefinic carbons at Ell0.l (C-3) and 6 139.6 (C-7a) and from H-5/H-7 ro a quaternary

carbon at 5 12g.0 (C-3a) establishing an ortho relationship between C-3a and C-7a- Thus the

bromine atom was placed at position 6. Finally HMBC correlations from H-2 to C-3, C-3a, and C-7a

confinned the presence of a 3-substituted-6-bromo-indole (Substructure A)'

The alkyl region (DzO) exhibited very broad signals and showed a methine, H-9 (6H 4'00, d' J

: 9.6 Hz,6c 65.2), and two diastereotopic methylene resonances, H-8a (6u" 3.49, d, J : 10.9 Hz, 6c

25.3), and H-8b (6s6 3.39, d, J: 12.4 Hz,6(. 25.3) that were coupled in the cosY spectrum' The

nine-proton methyl singlet (Err 3.34, s, 6c. 54.7) was assigned as a trimethylammonium group'

Anot1rer 'H NMR spectrunr run in CDrOD gave better definition and revealed the methine, H-9 as a

doublet of doublets (6il 3.85, dd, ../ : 8.5, 6.0 Hz). The two diastereotopic protons, H-8a and H-8b

were highly secoud order in an ABX spin systenl (6gru 3.40) (Substructure B)'

Connection of substructures A and B (Stnrcture C, Figure 2.9) was achieved by the

observation of HMBC correlations from H-8a and H-8b to C-2 and C-3, thus establishing the

connection of C-3 to C-8. The NMer moiety lnust be attached to the chiral centre at C-9. All of the

atoms from the molecular fonnula were accounted for except for COz. The observation of a

resonance i1 the ''C NMR spectrum at 6 165.6 in combination with the carbonyl stretch exhibited in

the infrared spectrum at 1683 cm-' *ere diagnostic of a carboxyl functional group, which was

assigned as a carboxylate anion attached to C-9. Thus the compound was established as a

brominated, trimethylated ammonium derivative of tryptophan, 6-bromohypaphorine (2.10), which

exists as a zwitterion and has previously been isolated from spong.r.tt2o To our knowledge this is

the first tirne that this conpound has been isolated from an ascidian.

pot

N(CH,l)j
T

N(CH3)3
+

c 2.10

Figure 2.9. Structure C showing the connection of the alkyl chain, and the final structure for 2.10.

Considerable solvent-related shifts were experienced in the 'H I.II\4R spectrum between the

aromatic protons in DzO and CDTOD. However both the rH and ''C Nilt4R values in CDIOD were in

good agreement with those reported by Kondo acquired in DMSO-do-TFA-25
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The absolute stereochemistry of 2.10 was secured by the comparison of the sign of the optical

rotation with the two reported o and L compounds. The configuration of the L-enantiomer isolated

from a British sponge, pachymatisma johnstoni in 1977,26 was established by crystallography, and

gave a specific rntation [o]o't : -f58. The D-enantiomer was isolated from an Okinawan sponge'

Aph,sin, sp. in 19942s and exhibited a specific rotation [o]o'n : -27. Compound 2.10 gave a specific

rotation [o]ot" : *50, in good agreement with the literature value for the L-enantiomer. This secured

2. I 0 as L-6-bromohypaphorine.

Apart from a milimal amount of cytotoxicity to the non-malignant BSC-I cell line, 2.10

exhibited no biological activity in the P388 or antimicrobial assays.

Tryptophan-derived marine natural products are abundant, the eudistomins O (2.1) and K

(2.2) being examples of the B-carboline ring system, both of which also derive from 6-

bromotryptophan. Two 6-bromotryptamine based metabolites isolated from a Gulf of California

tunicate Didenmin carulidunt in l99l , are 2,2-bis(6'-bromo-3'-indolyl)ethylamine (2.11) and 2,5-

bis(6'-bromo-3'-indolyl)piperazine (2.12)27 shown in Figure 2.10. No biological activity was

reported.

Z.tr 2.12

Figure 2.10. Other brominated tryptophan-derived marine natural products.

2.3.2. 99LHl-3.

Tlris thin encrusting blue ascidian was identified as Lissoclinum notti Brewin, 195828 of the

Didemnidae family,2e The analyical HPLC trace indicated the presence of a major polar compound

(R 15.08 rnin) and a minor non-polar compound with an extended chromophore reminiscent of a

pyridoacridine at a retention time of 26.02 min. The crude extract was partitioned between water and
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CH2CI2, and the aqueous fraction was subjected to Cl8 reverse phase column chromatography (water

through to MeOH). The 30% McOH fraction yielded a new methylated purine, tfd,l'
trimethylguanine (5.1), (see Chapter 5). The 40-60% MeOH fraction contained tyramine which was

further purified by C18 flash chromatography (aqueous TFA 0.05%MeOH) eluting with 30%

MeOH to yield 5.2 mg (0.12% dry wt) of white crystalline tyramine (4-hydroxyphenethylamine) as

the TFA salt (2.13). The 60-80% MeOH fraction was separated by gel permeation (Sephadex LH-

20, MeOH/TFA 0.05%) to give 1.54 mg, (impure, 0.03% dry wt) of a purple solid cautiously

identified as styelsamine B (2.f4).
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Peak Apex

Figure 2.11. Analytical HPLC race of 99LHl-3.

2. 3. 2. I. Tyramine (4-Hydroryphenethylamine) (2. I 3).

A molecular formula of CnHrrNO was established for tyramine (2.13) from the HREIMS of

the lr,f ion at m/z 137.0842 (L-1.3 ppm). The UV spectrum showed absorption maxima at)'220

and 277 nm. The lH NMR spectrum (DzO) was simple and revealed turo methylene triplets, and

two, two-proton doublets in the aromatic region indicating a symmetrical l,4-disubstituted benzene

ring.
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OH

Tyramine (2.13) 3r-Bromotyramine (2.15)

Figure 2,12. Tyrarnine (2.13) and 3'-bromotyranrine (2.15).

The molecule was tentatively identified as tyramine and the data was compared to 3'-

bromotyramine (2.15) isolated by Lindsay.-to Conr"quently, the more shielded aromatic protons H-

3'lH-5' (6 6.84, d, J :8.0 Hz) were assigned positions ortho to a hydroxy substituent and the more

downfield protons H-2'/H-6'(6 7.15, d, J:8.0 Hz) ortho to a l,2-disubsituted ethyl fragment'

Methylene H2-2 was assigned to the triplet resonance at 6 2.88 (t, J : 7.3 Hz) and the more

deshielded amino-substituted resonance at 6 3.20 was assigned to methylene H2-l (t, J : 7.3 Hz).

Finally, good agreement was observed between the rH NMR data of 2.13 and that of an authentic

sanrple of tyramine, establishing the molecule as 2.13 (Figure 2.12).

Although tyrarnine had not been identified in our isolations previous to this, Lindsay

discovered 3'-bromotyramine in a solitary ascidian identified as Cnemicloccffpct bicornuta.23

Ty'amine is a small molecule that is present in abundance in animals in particular, in all

tissue types, due to tlre fact that it is the direct precursor to one of the major neurotransmitters,

octopamine (2.16). Octopamine, along with dopamine (2.17), and norepinephrine (2.18) (Figure

2.13) is one of the catecholamine class of neurotransmitters utilized in adrenergic syrapses of brain

and smooth muscle. Vertebrates with their complex neural systems require many types of

neruotransmitters conesponding to the many different functional types of synapses. Although

ascidians are very primitive, and are considered to be borderlir"re vertebrates, they still possess a

muscular system with its requirement for synaptic transmission of electrical impulses.
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Octopamine (2.f6) Dopamiue (2.171 Norepinephrine (2.18)

Figure 2.13. The struotures of the neurotransmitters ootop:anine (2.16), dopamine (2"17) and

norepine,Phrine (2- 18).

klany marine natural products are derived ftom tyramine; including the antirnisrobial

rubrolides A (2.n, B @.rS) and C (2.9) (Figure 2.41. A unique, mildly cytotoxie compormd featuring

a fully-substituted pyrrolidfure ring system with a hexadecanyJ aliphatic chain and a tyrarnine rnrit,

plakoridine A (2.19), was isolated frorn an Okinawan sponge of the genus Plakortis in 1994.3r The

ascidian Patyandrocarpa sp., collected in the Phillipines, yielded two halogenatod tyrosine

derivatives, the polyrmdrocarp,arnides A (2.20) and 8(2.21; 32 
lFigure 2.nq.

_ry-ffi
X

Plakoridine A (2.19) FolyandrocarpamldeA (2,20) X = Br

B (2.?1) X: I

Figure 2"14. Two tyrarnine-denived rnctabolites, plakoridineA (2,f9) and polyandrocarparnide,.{
(220) and B (2.21').
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2.3.2.2. Styelsantine B (2.14).

A molecular fomrula for this purple solid was not obtained due to the failure of all attempts to

acquire a mass spectrum (EI, FAB). The UV spectrum showed a complex, extended chronrophore

indicative of a polycyclic compound with absorption maxima aI )'" 224,281, 385, and 545 nm'

Comparison of the UV profile with that of authentic samples of the other known styelsamines A, B,

and C isolated from the ascidian Eusyrlss--s7, lutericiust3 suggested strongly that the compound was

styelsamine B. The typical pH dependence in the UV chrornophore was observed, the TFA salt of

the compound displaying a bright purple colouration, tuming to orange in the presence of base.

Analysis of the 'H NMR spectrum (DMSO-/6) suggested the presence of a pyridoacridine

stnrcture with features common to this class of polycyclic compound.lt Comparison with the

reported NMR data for styelsamine B established the presence olthe distinctive pyridoacridine fused

1,2-disubstituted benzene-2,3,4-trisubstituted pyridine ring system (N-l to NH-8). In addition a

singlet at 6 7.80 (H-10) and 6 10.0i (bs, OH-12), indicated the presence of Ihe 2,3,4,5-

tetrasubstituted phenolic ring. The alkyl region was dominated by an N-acetyl methyl singlet, H-17

(6 l.9l). Two methylene resonances H-I3 (5 2.98,2H,t,J:7'IHz), H-14 (5 3'24,2H, br dt), and

an exchangeable resonance at E 3.46 (NH- 15, I H, t, J = 5.7 Hz) were also observed, characteristic of

the l/-acetyl- 1,2-disubstituted ethylamine moiety o f styelsarnine B.

Styelsamine B (2.14) Shermilamine B (2.22)

Figure 2.15. The structures of pyridoacridines styelsamine B (2.14) and shermilamine B (2.22).

In general the lH NMR data was in good agreement with the literature,r3 the C-9 N-acetyl

alkyl side chain, in particular being in excellent accord. Some differences in chemical shifts were

observed in the aromatic domain, possibly due to the snrall sanrple size (<1.5 mg,) and the presence

of some impurities, but the comparative evaluation cautiously identified the purple solid as

styelsamine B (2.14) (Figure 2.15).
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Bioslpthetieally; the oomplex heteroc;rclic stucture of the pyridoacridine.alkaloids has been

investigated by, Stefhn and co yorkers utilizing the tr5rptophan and tyrogine rnetabolic pathways3*

(Figure 2.16). Ueing laheled trlmtophan (?,.26) antl dopannne Q.l7), they, proved that these tffo

mo:leeules were ineorporated by the aseidian Cystatlytes delkchiaiei, into the pFidoacridine

shermilamin eB (2.22),known to be already present in the organism.

OH OH

,lo" Dooa ),.oI' tl decarboxvlase I llI ll ___* | rl

\,,,/ \,','ttl
'\tcozH I

I-.[Hz NH2

Ilopamine (2,17),'

Tyrarnine
I{ydrox,ylase

€

TYramine (2.13) Dopnunine Q,l7)

Figure 2.1% The altenrative pathway from tposine to dopamine.

It is theref,ore very interesting ts note the conspiouous pr€.seltae of tyramine (2.13) in

Ltssaclinum natti. In ligtrt of the biosynthetic pattrway proposed by Steffu et. al, it would not be

unre-asondble to predicl that ty1a@iae, the decrarboxy,lated form of tyrosine, is alrnost certainly the

p €cursor to thE styelsam.ines. Give,n the fact that the alf,.yl side ehains of etyetamine B and

shermilamine B are identical, the evidence'distinctly points to tyraruine as being the precursor

mo.Iecule to shermilamine B as wetl. In support o,f this, a report'by ternberger et aI. in 1965

Tyrosine (2.2t1

I o**tooyt*"
,!f

Dop,a 4.24)

OH
I

alY
\
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established that an enzyme in the liver microsomes, tyramine hydroxylase, catalyzes the conversion

of tyramine to dopamin"" 1Figr',te 2.17)-

Althoqgh the pyridoacridine aromatic alkaloids have a worldwide distribution this is the first

instance that a pyridoacridine compound has been identified in New Zealand waters and it is always

interesting to note whether a particular environment will induce the production of a known class of

metabolite. The Didemnidae family is well represented as far as the generation of the

pyridoacridines is concerned, and from Lissoclinum vareau from Fiji, a close relative to Lissoclinunt

notti, were isolated the brilliant red, cytotoxic pigments varatnines A (2.30) and B (231)36 figure

2.lS). Another didemlid tunicate, Cystodvtes clellechiajei, produced a family of nine cytotoxic

pyridoacridines, of which cystodytin A (2.32) is an e*ample'3t'"

H3CO

H3CS

*Yo
.-R

Varamine A (2.30) R: CH3

B (2.31) R: H
Cystodytin A (2.32)

Figure 2.18. Examples of the varamine and cystodytin pyridoacridine families.

Due to the inadequate amourrt of ascidian sample available, no further investigations could be

pursued. Srnall amounts of at least two other related compottnds exhibiting minor differences in the

UV spectrum to the reported styelsamines, were detected by the analytical HPLC traces. However,

the paucity of material prevented any further action at this time.

2.3.3. 96TutOcl-6

The analyical C18 HPLC trace of the crude extract of this bioactive, gray-green, thick

encrusting ascidian, Pseudodistotnu oureltm, (15,5 g. dry wt) collected from Tutukaka, Northland,

revealed the presence of a major metabolite with a complex, extended UV chrornophore. Repeated
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Cl8 flash chromatography (aqueous NHr 0.1% through to MeOH) yielded the new bright yellow,

fluorescent alkaloids, distomadine A (4.1) and B (a.2) as discussed in Chapter 4. These compounds

were inactive in the P388 and antimicrobial biological assays.

Figure 2.19. Analytical HPLC trace of 96TutOcl-6.

2.3.3.L Amino alcohol 2.33.

The analytical HPLC hace of the oily 80% MeOH fraction (297 mg), which contained all of

the biological activity, exhibited end absorbance only, and was evaluated as consisting of a number

of long chain fatry acid amino alcohol-type compounds, similar to triene amine 2.3, Unsaturated

long chain amino alcohols had previously been isolated with success from a South African

Pseudodisto,rna species of ascidian in 1995 only after acetylation.36 Thus a portion of the mixture (40

mg) was teated with acetic anhydride and triethylamine (0.5 mt each, rt, 24 h), the solvent was

removed and the residual oil was subjected to column chromatography (SiO2, CHzClz/]vIeOH, 98:2)
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and then furlher purified by serni-preparative Cl8 HPLC (95% MeOH/water, 5 mlimin) to yield the

aminol diacetyl derivative (2.34) as a colourless oil (2.1 tttg)'

A molecular formula of Czr,HrqNO-r was established from the HREIMS of the M* ion at m/z

423.3717 (A -1.0 ppm) with three degrees of unsaturation. Clearly evident in the spectrum were

successive losses of 14 mass units from the molecular ion corresponding to cleavage of chain

nretlrylenes. The UV spectrum showed end absorbance at )',,-,o* 202 nm, and infrared spectroscopy

revealed carbonyl stretches at,1739 and 1651 cm-'. The compound was optically active with [a]p20:

-15 (c 0.2, CHCIr).

Initial inspection of the trc NMR spectrum (CDClt) revealed the two acetate carbonyl

carbons (S 169.5 and 6 170.9) and two olefinic resonarlces (6 129.8 and 6 129.9) accounting for the

three degrees of unsaturation from the molecular fonnula. Two methine signals at 6 76.5, and at 6

47.2, were assigned to t|e acetoxy and acetamido functionalities respectively. The remaining

carbons consisted of a prominent cluster of overlapping methylene resonances and two methyl

resonances at 618.5 and 614.1. The'H NMR spectrum (CDCll) displayed one exchangeable

proton, 2-NH at 6 5.51 (br d, J : 9.4 Hz), and two second order olefinic protons at 6 5.33 in an ABX

system assigned to the olefinic carbons at 6 129.8 and 6 129.9. Two methine protons, H-3 (6 4.85,

ddd, J : 6.4,6.4,4.2 Hz), and H-2 (S 4.19, rn) were assigned to the acetoxy carbon at 5 76.5, and to

the acetamido carbon at 6 47.2 respectively. In addition, an acetoxy methyl at 6 2.09, and an

acetamido methyl at 5 1.98 were present. Finally, an envelope of methylene resonances and two

methyl signals were observed.

From the lH, andl3C NMR, HSQC, HMBC, and COSY data three substnrctures, A, B, and C

cotrld be constmcted (Figure 2.20). The spin system from C-1 through to C-6 was readily assigned

as substructure A. In the COSY spectrum, the methyl doublet Hl-1 (6rr 1.09, d, J:6.8 Hz,6c 18.5)

was coupled to the multiplet at 6 4.19 (H-2), which was coupled both to the exchangeable proton (2-

NH) and to the doublet of doublets of doublets at 6 4.85 (H-3). H-3 in tum was coupled to a

nrethylene resonance at 6 I .54 (H-4, Ec' 3l.6) which then coupled to the envelope of methylene

resonances at 6 1.25.

HMBC correlations were observed from Hr-l to C-2 and C-3, from H-3 to C-1, acetoxy-C

(6c 170.9), to C-4, arrd to a methylene carbon C-5 (5c 25.3,6rr 1.25). Finally FI-5 correlated to the

cluster of methylene carbons at 6 29.3-29.5 (C-6), establishing the linear sequence of atoms C- I -C-6.
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B

c

Figure 2.20. Substructures A, B, and C for 2.34 showing key HMBC correlations.

Substructure B consisted of an isolated vinylic system. The COSY spectrum coupled the two

vinylic protons (5rr 5.33, 6c 129.8 and 129.9) to an allylic multiplet at 5 2.00 (2H, m, 6c 27.2) which

in turn coupled to the methylene envelope at 6 L25. HMBC correlations were observed from the

vinylic protons to the allylic carbons atB 27.2, and to two rnethylene carbons at 6 29.8 (5H 1.25)-

The allylic protons (S 2.00) were observed to correlate with the methylene carbons at 5 29.8 and then

with tlre cluster of methylene signals at 6 29.3-29.5 (5H 1.25). Cis stereochemistry for the olefin was

assigned based on the coupling constant (,r:9.8 Hz) observed between the olefinic protons.

Strbstmcture C consisted of the tenninal alkyl fragmeut of C-19-C-22. The temrinal methyl

triplet, iJry?Z (D1s 0.87, t, J : 6.9 Hz, 5q' 14.1) coupled to the envelope of methylene protons at 6 1 .25

in the COSY spectrum. HMBC correlations were observed flom H:-22 to C-21 (6c'22.7,511 1.25),

and to C-20 (6c 31.9,611 1.25). Thence, the envelope of protons at 6 1.25 correlated to the cluster of

carbons at629.3-29.5.

Tlre envelope of overlapping methylene protons buffered all substructures A, B, and C from

each other such that no connectivities could be secured between the three fragments. As l8 other

carbons could be accounted for from a total of 26 carbons, there must be eight methylene carbons in

the cluster. NMR techniqnes were unable to determine the number of carbons positioned to either

side of the double bond, although it must be at least eight carbons from the proximal end and six

carbons from the tenninus. [n order to endeavour to assign the olefin to a site within the molecule,
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cleavage of the double bond by ozonolysis followed by mass spectrometry of the fiagments to

determine the nurnber of carbons in each fragment was considered. However, the small sample size

(2.1 mg) precluded any valid attempt and complete structural elucidation remains undetemrined at

this tirne.

:7.7 Hz

2.3s2.34

NHrt- t

a

OH

2.33

Figure 2.21. Aminol diacetyl derivative 2.34, oxazolidinone derivative 2.35, and amino alcohol
2.33.

The relative stereochemistry of amino alcohol 2.33 was established from the oxazolidinone

derivative (2.35), (Figure 2.21). A portion of the active 80% MeOH fraction (250 mg) was treated

with carbonyl diimidazole (300 rng) and triethylamine (450 pL) in CHrClz (6 mL) at rt for 2 h. The

solvent was evaporated and the residual oil was separated (SiOz, MeOH/CHzClz l:99). The impure

product was purified by semi-preparative Cl8 HPLC (MeOH/water, 80:20) yielding 2.6 mg of 2.35.

Proton spin decoupling of the C-1 rnethyl group signal at 6 l.1l in the'H NMR spectrum collapsed

the doublet of quartets of H-2 (6 3.96) into a doublet, establishin g a3Jz,t: 7 .7 Hz cotrpling constant

between H-2 and H-3. This figure is consistent with reported values for a crs relationship (7.5 Hz)

rather tltan trans (4.7 Hz) for derivatives of other unsaturated amino alcohols.a0'ar This suggested

that the relative stereochemistry at C-2 and C-3 of amino alcohol 2.33 could be assigned as 2R*, 3,S*'



Biosyrthetically, it has been proposed

alanine,a2 with o-alanine being the precursor

alanine for those with 25 stereochemistry.a2

NHz
:

ffirrrf\
I
OH
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that amino alcohols are derived from fatty acids and

for those examples with 2R stereochetnistry,a3 and r-

NHz

ffim,f€
OH

2.36 2.38

2.37

Figure 2.22. Amino alcohols isolated from sponges and ascidians.

Amino alcohols were first reported as antimicrobial constituents of the Pacific sponge

Xestospongin sp (2.36) in 198942 and I990,ar followed in 1993 by the discovery of this same class of

compound in the Mediterranean tunicale Pseuclodistoma cruciguster (237)43, and in 1995 from

another ascidian, a South African Psendodistoma sp. (2.38)3e (Figure 2.22). Considering that the

polyurrsaturated long-chain amines such as triene amine 2.3 were found in Pseudodistoma

novaezelandiae, and this present example was isolated from Pseudodistontu aureunt, these

compounds appear to be quite characteristic of the genus Pseudodistoma. The biological activity is

considered to be derived for the most part from the detergent-like properties imparted by the

con-rbination of the polar head and hydrophilic alkyl chain.2o From the biological assays performed

on tlre fiactionated crude extract it was clear that all the biological activity for Pseudorlistoma

(tureum (96TutOcl-6) was produced by these amino alcohols, of which there were approxirnately 10

present in small amounts. As the arninol was not isolated in its native state but as the diacetyl

derivative, a final biological profile for the pure compound rvas not acquired. Previous reports

observe that acetylation diminishes the bioactivity as can be expected from the reduction in basicity

and polarity of the amino and alcohol groups.ro
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2. 3.3.2. 2'-Deoxyadenosine (2.39)

2'-Deoxyadenosine (2.39) was isolated as a 2:l mixture with distomadine B (4.2), (see

Chapter 4). A rnolecular formula of CroHr:N5O3 was established for 2.39 from the HRFABMS of

tlre [M + H]n ion at nt/z 252.1100 (A -1.3 ppm). Examination of the NMR data acquired in DMSO-

clolDzO revealed two prominent deshielded sin-elets at 6 8.32 and 6 8.12, which were assigned in the

HSQC experiment to c-g (6c 13g.7, 6rr g.32), and c-2 (6c 152.5, 5rr 8.12). HMBC correlations were

observed from H-8 to two olefinic quatemary carbons at 6 148.9 (C-4) and 6 I I9'2 (C-5). H-2 was

also observed to make HMBC correlations to C-4 as well as to another fully substituted olefinic

carbon at 6 156.0 (C-6). The five nitrogen atoms in the molecular formula in conjunction with only

five olefinic carbons and two aromatic protons suggested a 9-substituted purine structure

(Substructure A, Figure 2.23).

lH-l3c HMBC
1H-lu cosY

Figure 2.23. Substructures A and B of 2.39 showing key HMBC and COSY correlations.

The linear sequence of the 1'-5' spin system was established from the COSY spectrum

(SubstnrctureB). ThusH-1'(6rr6.32,dd,-/:7.7,6.3H2,66,84.0)coupledtoH-Z'a(6u2.68,m,66'

39.5) and H-2'b (6n2.26, ddd, J: 13.1, 6.0, 2.9 Hz), both of which coupled to H-3' (611 4.39, ddd,,r:

5.7,2.9,2.9 Hz,6c. 70.9), which coupled to H-4'(5r.r 3.88, ddd, -r: 6.9,4.2,4.2 Hz, 66' 88'0) which in

ttrrn coupled to H-5'a (5rr 3.60, dd, -/: 71.9,4.2 H2,51.61.8) and to H-5'b (611 3.45, obscured by

HOD peak). Chemical shift considerations required oxygen substitution at all these alkyl carbons

except for C-2'. The tlrree oxygen atoms from the molecular formr,rla suggested that this was a 2'-

deoxyribose ring. This was supported by the observation that H-l' was a doublet of doublets rather

than the doublet anticipated for a ribose unit.

Connection of the substructures A and B was accomplished by the observation of HMBC

correlations from H-l'to C-4 and C-8, establishing the connection between N-9 and C-1'. The NMR



This confirmed the

3l

structure of thedata was consistent with reported literature values.41

deoxyrucl eoside, 2'-deoxyadenosine (2.39) ( Fi gure 2.24)'

cH2oH

2'-DeoxYadenosine (2.39)

Figure 2.24. Tl're sttucture of 2'-deoxyadenosine (2-39).

The form that 2'-deoxyadenosine usually takes in the living organism is as the

deoxyadenosine monophosphate (dAMP) monomer which is coupled to a growing DNA

polyrucleotide chain. The purine base, adenine, is not infrequently encountered in isolation

procedures, sometimes in large amounts,2-l and the nucleoside adenosine is also not unusual.

Deoxynucleosides are not quite so cornmon, but have been identified and reported.as 2'-

Deoxyadenosine itself was isolated in 1983 from humur,"'rh"n it was reported to act as a growth

pronroter for the diatom Pltueodactylum tricornatum.

2.3.3.3. A bltte pigntent.

Separation of the crude extract of Pseuclodistonta aureunt by Cl8 flash chromatography

(aqueous NH-r 0. 104, through to MeOH) resulted in the display of a kaleidoscope of colours from the

fluorescent yellow of distomadine A (4.1) at the top cascading down through red, green, and blue, to

purple at the bottom of the colurnn. An attempt was made to separate the pigments by repeated gel

filtration Sephadex LH-20 chrornatography of the intense blue fraction. Analytical HPLC revealed

some polar compounds but none with any UV profiles indicating the compound in question. The

fraction was columned on Supelco diaion HP-20 (water through to MeOH) with no better

purification. The pigment remained an intense colour, was water soluble only, faded in air and light,

and turned orange in acid, but still did not reveal itself on the HPLC trace. It was also biologically

inactive. The possibility that a porphyrin might be present was investigated by I-IV spectroscopy but

no Soret band (ca. 400 nnr) was detected. 'H NMR revealed irnpurities such as tyramine but no

major compound. Acetylation (pyridine, acetic anhydride, 0.5 mL each overnight) was attempted.
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The suspension turned brown overnight but separation of the products (SiOz) failed to

recognizable products. It is unlikely that this is an organic compound and the possibility

an inorganic metal complex. At this time, no firrther analysis has been attempted.

2.3.4. 96TutOcl-l and 99LH3-f .

An ascidian colony of pink, mushroom-shaped clusters collected from Tutukaka, Northland,

was identified as Hypsistozoa fasmerianaze (96Tutoct-t). Biological assays of the crude extract

revealed activity against P38S (6.1 pglml), the BSC-I cell line (4+ at 600 pgldisc), and a wide range

of modest antimicrobial activity. The analytical HPLC trace (Figure 2.25) showed a major

component, which was isolated by bioassay-guided fractionation using Cl8 flash chromatography

(aqueous TFA 0.1% through to MeOH) and semi-preparative HPLC (aqueous TFA 0.05%/JvIeOH,

60:40,4 mllmin).
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Figure 2.25. Analytical HPLC trace of Hypsistozoafasmeriana (96TutOcl-l).

Analysis of the tH NMR spectrum of the biologically active pure compound ascertained that

the compound was a known metabolite, 1,2.3-trithiane 3.1 (see Chapter 3) originally isolated in 1989

from a New Zealand ascidian. Aptidium sp. D from Kaikoura, South Island.aT However, optical
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rotatory data detennined that this compound was of the opposite chirality and was the (-)-

enantiomer. Therefore further investigations were carried out and are discussed in Chapter 3.

Another specimen of Hypsistozoa fasmeriana (99LH3-l) collected at Leigh Harbour,

Norttrland, yielded (-)-1,2,3-trithiane 3.1, and a new class of compound, the biologically inactive

fasmerianamines A (3.13) and B (3.14), which were found to be derivatives of 1,2,3-trithiane 3.1.

These are also discussed in Chapter 3.

ts0

sm

as

am

Figure 2.26. An lytical HPLC tace of Hypsistozoafasmeriana (99LH3-l).

2.3.s. TAI-8.

This purple/brown Botryllus sp. colonial ascidian was collected offTe Araiawai Island in the

Marlborough Sounds (45.6 g, dry nvt). This ascidian was originally investigated by Lindsay, another

member of the Copp group, due to the biological activity exhibited by the crude extract, which was

strongly active against P388 (3.3 Fglml-), and HSV-I (4+), with only mild cytotoxicity to the non-

malignant BSC-I cell line. Lindsay subjected the active methanolic fractions to a modified Kupchan

partition,as which revealed that the activity was confined to the carbon tetrachloride, chloroform, and

n-butanol fractions, which were combined. The result of bioassay directed fractionation of a portion

of the combined mixture suggested from the [fV profile that the compound responsible for the

bioactivity might be a B-carboline derivative. However due to the presence of the compound in such

a small amount, no further purification or investigations by Lindsay were carried out. The remainder

of the active organic fraction (541 mg) was separated by Cl8 flash chromatography
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(water/Meot/CHzClz). The majority of the activity was found in the 50% water/lvleOH fraction but

was generally distributed over the other organic fractions. Hence, all the active fractions were

combined and subjected to Sephadex LH-20 gel filtration, after which the activity was taced to the

first fraction offthe column (175 mg, P388 : 1.5 pglml-). This fraction wtrs recolumned on C18

(water through to MeOH), and as observed previously, the activity was concentrated in the 50%

waterfivleOH fraction (25 mg) with a P388 activity of 0.3 pg/ml. Analytical HPLC indicated that

the sample was impure and that the major component was l,3-dimethylguanine (2'5), a biologically

inactive purine base.a6 This was confrrmed by a lH NMR (DzO) spectnrm. Two other compounds

were present in the 'H NITTIR exhibiting aromatic signals but in such small amounts that no

identification could be made. Due to the lack of material, no further investigations were undertaken.

2.3.6. MNP0088.

The extract of this gray, colonial ascidian collected from Three Kings Island, Northland,

exhibited considerable biological activity against P388 (10.1 pg/ml-), BSC-I (4+), and general

antimicrobial activity. The provisional identification as Pseudodistoma aureum was considered

unlikely after consideration of the analytical HPLC hace, which bore no resemblance to other HPLC

profiles observed for this species. The HPLC trace showed unusual jagged non-polar UV profiles for

at least seven compounds, unlike any previously encountered. Due to the limited amount of sample

this has vet to be analvzed further.
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Figure 2.27. Analytical HPLC trace of MNP0088.
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2.3.1. MNP0212.

The crude extract of this unidentifred brown colonial tunicate with white zooids from the

Three Kings lslands, Northland was biologically active against all the uuisays. The HPLC trace

revealed evidence of a large envelope of unsaturated long-chain amino alcohol type compounds.

__l.&L!-J.
-.l+ffi]+'ry__
2.00 a00 600 800 1000 12 la00 1600 1800 2000 22@ 2a00 ?6m :800 3o0o !2(E 3.00 1600 3600

Mt^utaa

Figure 2.28. Analytical FIPLC trace of MNPAZIZ.

The wide range of activity was typical of these compounds. Therefore no further

investigations were undertaken.

2.3.8. MNP0266.

Analytical I{PLC of the crude extract of the cream stalked tunicate identified as Distaplia

stylifera collected from Cape Reinga indicated that the wide range of biological activity exhibited

could be attributed to the presence of 1,2,3-trithiane 3.1, as discussed in Chapter 3. The crude

extract, which exuded an odour reminiscent of Penicillium sp. mould, was partitioned between water

and CHzCl2, and the aqueous fraction was subjected to repeated C18 column chromatography

(aqueous TFA 0.1% through to MeOH) to yield 1,2.3-trithiane 3.1. An optical rotation acquired

revealed that the compound was the (+)-enantiomer, which was the opposite sign to that obtained
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from Hyps istozoa fasmeriana (96Tutoc1-1), but the same as that obtained from Aplidian sp. D

(87K11-1). (See discussion, Chapter 3)

2.3.9. MNP0303.

The analytical HpLC trace of this unidentified cherry coloured colonial tunicate collected

from port Fitzroy, Great Barrier Island revealed that the major components were rubrolides2a

exhibiting the typical extended UV chromophores sf ca. l.m* 205, 260, and 360 nm with retention

times between 2l-23 mn.
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Figure 2.29. Analytical HPLC hace of MNP0303.

Miao isolated eight different rubrolides from the ascidian Ritterella rubra collected near

Anthony Island, British Colurnbia. Lindsay23 also discovered rubrolides A (2.7),8 (2.8), and C (2.9)

in an unidentified bright orange solitary ascidian collected from the Chatham Rise, east of the South

Island. It is possible that both of these New Zealand ascidians belong to the Ritterella genus.
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2.3.10. M1YP0356

The crude extract of this orange colonial grape-like ascidian Pseudodistoma novaezelandiae

was analyzed by HPLC due to its biological activity and known generation of the previously reported

unsanrated long-chain amines (2.S;. t z

- 

Peak APex

Figure 2.30. Analytical HPLC tace of Pseudodistoma novaezelandiae (MNP0356).

The HPLC trace revealed a cluster of signals in the 23-28 min retention time period

associated with non-polar compoundso most of which showed a maximum absorbance at

approximately 230 nm, typical of trnsaturated long-chain amines or amino alcohols. Apart from a

small amount of homarine, the remainder of the trace was devoid of any other major compounds. As

the biological activity was clearly due to these unsaturated long-chain compounds, no further action

was taken.

It is interesting to note the dominance of the compounds in the HPLC traceo knowing the

successful colonizing ability of this ascidian, which never gets fouled by other organisms, and which

will even grow in tanks. The question as to whether these compounds are generated in response to

threat, or whether they are automatically deployed as a manifestation of a successful evolutionary

strategy remains unanswered at this time.
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2.4. Summary

Biological and chenrical evaluation of 34 ascidians has been carried out by analysis of the crude

extracts in biologically relevant assays and by analytical HPLC.

The known sponge metabolite, L-6-bromohypaphorine (2.10) has been isolated from a member of

the Diclelrnidae family. To our knowledge this is the first time that this compound has been

isolated from an ascidian.

A new trimethylated purine, M,Af,7-trintethylguanine (227-TMG) (5.1), was isolated from the

ascidiarr Lissoclinum notti Brewin, 1958. Although other dimethylated and trirnethylated

guanines have commonly been detected in our anatytical HPLC traces, this is the only detection

of 227-TMG. The role that these purines play in ascidian physiology is still to be established

(see Chapter 5).

A pyridoacridine, cautiously identified as the known styelsamine B (2.14) and its putative

precrrrsor, tyramine (2.13) were also isolated from Lssoclinum norti. This is the first report of a

pyridoacridine class of compound being detected in New Zealand waters. Tyramine has since

been detected in I I of the 34 ascidians surveyed.

A new class of compound, the biologically inactive distomadines A (4.1) and B (4.2) were

discovered in the ascidian PseuclotlistonTa dureurz (see Chapter 4).

A new rnono-unsaturated long-chain amino alcohol (2.33) was isolated from Pseuclotlistoma

(rureum. This type of metabolite was detected in our HPLC traces in three of the surveyed

ascidians, accounting for the biological activity observed. These compounds are theorized to

play a large part in the competitive nature of these ascidians and their ability to resist fouling.

2'-Deoxyadenosine (2.39) was also isolated from Pseudoclistomu eureuftr. Although this was the

only identification of this deoxynucleoside, tlrey are not generally uncommon.

Brightly coloured, biologically inactive pignrents, which have resisted all attempts at isolation

and characterization, were noted in Pseudodistoma antrelurxi. They are possibly inorganic metal

complexes.
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The (-)-elantiomer of the known compound 1,2,3-tritltiane (3.1) was isolated from the ascidian

Hypsistozoa fasmeriana. The (+)- enantiomer of 3.1 was isolated from the ascidian Distaplia

stylifera, a member of the same family (Holozoidiae). It is interesting to note the appearance of

opposite enantiomers frorn the same family (see Chapter 3).

A new class of compound, the fasmerianamines A (3.13) and B (3.14), derivatives of L,2,3'

trithiane 3.1, were isolated ftom a second collection of Hypsistozoafasmeriana made at Leigh

Harbour, Northland. In contrast to 3.1, these metabolites were biologically inactive (see Chapter

3).

The known metabolites, the mbrolides, were detected in an unidentified cherry, colonial species.

Tlrese compounds were originally isolated from a Ritterella rubra species of ascidian, and they

have also been isolated from another unidentified species by our g.oup.t' It is possible that these

urridentified specimens were also of the Ritterella genus.

Some ascidians with biological activity or interesting UV profiles in the HPLC traces were

short supply precluding isolation of the compounds of interest. These are targeted

recollection.

Our screening of New Zealand ascidians using the cornbined procedures has led to the

identification and isolation of both known compounds and new classes of compounds. As few of

the species have yet been screened, the value in this project is already being seen.

ln
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Chapter Three

Enantiomeric 1,2,3-Trithiane and Two Novel 1,3-Dithiane Alkaloids

fro m Hyps istozoa fasmeriona

3.1. Bnantiomeric 1,2,3-Trithiane (3.1)

A delicate pink stalked ascidian. Hypsi.rtozou .fhsnteriaxrr. (Order Aplousobranchia. Family

I-lolozoidaeltu ,vas collected by NIWA l'ronr 'futukaka, Northlantl. The analvtical photodiode-array

Cl8 IJPLC trace ol'the crude extract indicated the presence ol'a major compound during screening

tbr rnetabolites.
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Figure 3.1. Photograph of Hypsistozou.fhsmcriunu.
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In the routine bioassay-screening programme the crude extract was found to exhibit a wide

range of biological activity (Table 3.1 ).

Table 3.1. Biological activity of the crude extract of Hypsistozoa.fasmeriano.

P388 ICso (ng/ml.) 6,085

BSC-1 , zone, type, prg 4+,600

HSV, zone, pg 1a

PV1, zone, ;.rg ?u

Escherichia coli, zone (mm), pg 13,600

Bacilltts subtilis, zone (mm), pg 12,600

Pseudomortas aeruginosa, zone (mm), prg 8,600

Candida albicans, zone (mm), pg 5, 600

Trichophyton nxentctgroplqttss,zone (mrn), pg 8,600

Cludisporium resinae. zone (mm), pg 5, 600

?: Due to inherent cytotoxicity of dre compound torvards the BSC- I host cell-line
no antiviral activitv was detectable.

Bioassay directed fractionation using reverse phase C18 flash chromatography followed by

reverse phase C18 HPLC semi-preparative chromatography afforded a sample of the active

compound. Analytical HPLC indicated that the bioactive compound was the major peak rroted in the

original HPLC trace (R1 : 19.2 min). Inspection of the rH and ''C NMR data identified the

compound as trans-5-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)- 1,2,3-trithiane

(3.1), first isolated in 1989 from the New Zealand ascidian Aplitlium sp. D.ut 'H NMR, ''C NMR,

MS, and [fV spectral data were all identical to the literature values originally reported for 3.1. The

specific rotation observed for the new compound was however quite different to the data reported in

the literature. In order to compare the optical rotatory data more accurately for isolated 3.1 versus

the original data, a sample of the original Aplidiurn sp. D was obtained from Canterbury University

and the alkaloid 3.1 was re-isolated as described in the literature. Careful determination of the

specific rotations of the pure compounds revealed that the [a]i of each compound was opposite in

sign and equal in magnitude at every wavelength measured (Table 3.3). Sarnples of the putative

enantiomers were subrnitted to The University of Sao Paulo, Brazil for circular dichroisrn analysis

but degradation of the samples occurred in transit.
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Tahle 3,3. Specifie Rotations,[ei]mr, for 3.1 (c:0.1, MeOH).
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3.1.1. Trithiane Enantiomers with Cyclodextrins.

In order to further investigate the enantiomeric nature of (+)-3.1 and (-)-3.1, cyclodextrins

rvere explored as chiral NMR shift reagentr.s0'sl Cyclodextrins (CD) are a family of cyclic

oligosaccharides sttucturally characterized by glucose units in classical chair conformation linked by

o"-l,4 bonds, the tnost comnlon of which are the o-, F-, y-, and 6-cyclodextrins comprised of six,

seven, eight, and nine glucose units respectively (Figure 3.2).

This geometry gives arl appearance of a bottomless cup, with the number of glucose units

detenrrining the dimensions of the cavity. The wider lip of the cup at the external face is bordered by

tlre secondary 2- and 3Jtydroxyl groups with the primary 6-hydroxyls forming the narrower bottom.

Prctons H-2, H-4, and H-6 lie to the outside. Lining the inside of the cavity are the glycosidic

oxygen bridges, and projecting toward the inside of the cavity are two of the hydrogen atoms: H-3 in

close proxirnity to the inlet, and H-5 neal€r the base. These two protons are pivotal to the 'H I.[tIR

detection of inclusion complexes. Due to this arrangement of functional groups, the extemal faces

are much more hydrophilic than the interior of the cavity, which is relatively hydrophobic (Figure

J.J 
'.

OH
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H3
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c.HzoH

B-Cyclodextrin

Figure 3.2. Positional structure of glucose units of p-cyclodextrin.
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Figure 3.3. Functional structure of B-cyclodextrin.

A distinctive property of the cyclodextrins is their ability to form inclusion complexes with a

wide variety of guest nrolecules as long as they are geometrically capable of fitting within the cavity,

even if only partially. The most impor-tant factor involved in the stability of an inclusion cornplex is

the van der Waals hydrophobic interactions between the hydrophobic moiety of the guest molecules

and the cyclodextrin cavity. Highly hydrophilic compounds may not complex at all or only very

weakly.

Early investigators reported that when the aromatic moiety of a guest molecule enters the

cyclodextrin cavity, the cyclodextrin protons projecting into the cavity, H-3 and H-5, are shifted

upfield due to anisotropic shielding by the aromatic moiety. In contrast, protons on the exterior (H-2,

H-4, atrd H-6) remain relatively unaffected.s2'sr Changes in NMR chemical shifts, either upfield or

downfield, are also observed on the guest molecule.

The chirality of cyclodextrins offers rich opportunities for the study of the inclusion

complexes of guest chiral compounds.sO The diastereomeric pairs formed between R and S

enantiomers and a cyclodextrin produce significant differences in NMR chemical shifts, facilitating

chiral analysis and optical purity detenninations. The solubility of cyclodextrins in aqueous

solutions offers distinct advantages in the investigation of water-soluble compounds.

i-----'-:----*,.'t - f-*
l., t - rr'Y. 'i
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'H NMR titrations of (+)-3.1 with o-, B-, and y-CD were carried out to determine whether 3.1

enters the cavity, the optimal ratio of guest to host, and the CD with the optimal host size as

indicated by the upfield shifts (Figure 3.4). For the purposes of this evaluation, the changes in

chemical shift of both guest and host needed to be assessed.

A ratio of 2:l of host to guest afforded the maximal chemical shifts with B-CD clearly

displaying the maximum upfield shift values for CD-H-3 with a shift of 0.03 ppnr as opposed to o,-

ancl y-CD with 0.01 ppm and 0.02 ppm respectively. Unfortunately, the nrethoxyl singlet of the

trithiane phenolic ring obscuring the CD-H-5 resonance of B-CD at the base of the cup impeded

detennination of the CD-H-5 chemical shifts. Interpretation of the chemical shift figures indicated

that p-CD probably fonned the most stable complex, that the rings of trithiane were too large to fit

into the cavity of cr-CD and that the dimensions of y-CD were too large for 3.1 to form any

significant bonding. The guest compound, 3.1, also underwent changes in chemical shifts involving

all detectable prototts on the spectrum, suggesting participation of all three ring systems in inclusion

cotnplexes. p-CD and y-CD induced the largest shift values, with u-CD exhibiting a more erratic

pattern, possibly due to substituent groups entering the cavity rather than the rings thernselves.

Curiously, not only is the ntagnitude of the shift sornetimes greater with y-CD, but the direction of

the shift is also different for some of the protons (Table 3.4). Greatbanks and Pickford noted this

same phenomenon and investigated ftirther with NOE experiments on both p- and y-CD.tt'

They reported that denionstrable NOE effects could be observed with B-CD, indicating that

ittclusion complexes were being formed, whereas there were no such observable NOE correlations

with y-CD. Therefore although y-CD produced some larger chernical shifts in 3.1 in the present

study, the decision was made to use B-CD due to the greater upfield shift noted for the crucial proton,

CD-H-3.

Table 3.4. Changes in rH NMR (DzO, 400 MHz) chemical shifts (pprl) for (+)-3.1 rvith cr-, p-, and

CD-H-3 H-5 H-5' H-6'H-2',

o-CD

P-CD

T-CD

-0.03

-0.02

-0.03

-0.04

-0.0

+0.01

-0.02

-0.02

-0.03

-0.02

-0.0
+0.02

-0.01

-0.02

+0.03

-0.09

+0.01

+0.02

+0.03

Confinnation that an inclusion

ROESY NMR experiment (tn.,;* 300

complexation involving all three rings.

complex was being fonned with B-CD was acquired by a

nts). Critical ROE correlations were observed indicating

A correlation involving rnethine proton H-5 on the trithiane

y-CD (1:2).

" -: upfield shift; + : downfield shift.
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ring with CD-H-3 of B-CD implied total complexation of that ring. Although H-6u showed no

correlations to B-CD, there was some evidence that H-6F had correlations to both CD-H-3 and CD-

H-5 of B-CD but these were masked by strong COSY antiphase-type correlations between CD-H-3,

CD-H-4 and CD-H-5 of B-CD. Despite the steric bulk of the nrethoxyl substituent the phenolic ring

also appeared to be totally accommodated within the cavity, an analysis supported by the observation

of ROEs generated between H-2', H-6'and CD-H-3 of B-CD. The imidazole ring of 3.1, however,

appeared to be only partially complexed, with its protons, H-4" and H-5" just dipping down into the

inlet of the cavity to interact with CD-H-3 of p-CD, leaving the nitrogen atoms outside. Due to the

size of the cyclodextrin it would be highly unlikely that all three rings of 3.1 would be complexed at

the same time, but rapid complexation and decomplexation is likely to be occurring on the NMR

timescale (Figure 3.5).

A racemic mixture of the tlvo putative enantiomers was prepared and subjected to 'H I.[tR
studies both with and without p-CD. Prior to the addition of B-CD, a single spectrum was observed

as expected for a racemic mixture of enantiomers. Addition of B-CD, however, induced doubling of

all the NMR signals of 3.1 except for methine proton H-5 on the trithiane ring itsel{ demonstrating

clear evidence of the presence of diastereomeric pairs (Figure 3.6).

with 3.1, indicating proposed position of the trithiane
rings.

Figure 3.5. Cross-section of B-CD complex
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The observation that ortly a single spectrum was evident when one enantiomer was mixed

with B-CD in tum validates the evidence of the specific rotations which indicated that each

enantiomer of 3.1 is present in its respective ascidian in ca. l00o/o optical purity. It must also be

rroted that peaks are not observed for a bound and a free form and, therefore, the whole system is in

very rapid exchange on the NMR timescale (Figure 3.4).

It was speculated that B-CD could be employed as an exploratory tool to evaluate the

enantionreric nature of 3.1 in semi-pure samples, pre-empting the requisite lengthy purification

regime necessary for accurate optical rotation determination. Examination of the validity of the

teclrnique was obtained by analysis of a sanrple which was known to contain the (-)-enantiomer.

FollowinglH NMR on the semi-pure sample to confirm the presence of 3.1, and to verify that at

least one of the required signals was relatively unobstructed, p-CD was added and the lH NMR was

repeated. No doubling of any of the essential signals in the spectrum occurred, indicating that a

racemic mixture of enantiomers was not present. Equally, however a scalemic'54 mixture could not

be rigorously excluded due to the presence of contaminant signals around the baseline. Repeat lH

NMR following the addition of a pure sample of the (+)-enantiomer resulted in clear doubling of the

relevant signals. lnitial results support the value in exploring the use of the cyclodextrins as

enantiomeric probes.

3.1.2. The Chemistrv of Trithiane 3.1.

Polysulfides such as trithiane 3.1 are an intriguing class of compound and have generated

significant interest due to their chemical properties and biological activities. Within the sanre year

two dopamine-derived benzopentathiepin rnetabolites were isolated from ascidians of the genus

Lissoclinum.

S-s S-s

s-S

CHrO

S S5

3.4

OH

NHz NHz

Varacin (3.2) Lissoclinotoxin A (3.3)
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In 1991, varacin (3.2) was isolated from lrssoclint,urt vor'"rrr,Ss and lissoclinotoxin A (3.3)

fronr lrsso clinum perforatu.s('=s8 Both alkaloids exhibit cytotoxic and antimicrobial activity.

Although the decomposition of these benzopentathiepins into the corresponding

benzotrithioles and sulfur in solution has been sunnised and experimentally confirmed,S" varacin

bearing the trithiolane ring (3.4) has also been reported as a natural product from an ascidian of the

genus Pol1,citor.so In s,",pport of this finding 3.1 has been rigorously examined by mass speclrometry

in an effort to identify Ss or a pentathiepin ring with no evidence being found for either.

The absolute stereochemical description of 3.1 remains undetenrrined. The rnost common

method of determining the absolute stereochemistry at a secondary hydroxyl is to prepare the

Mosher's ester. Typically, a solution of the chiral alcohol in pyridine is treated with the (R)- and (S)-

Mosher's acid chloride (methoxy(trifluoromethyl)phenylacetyl chloride or MTPA-CI) to form the

(R)- and (.f)-MTPA esters. Mosher's concept was that MTPA ester groups exist in a conformation in

which the carbinyl proton, the C-O carbonyl bond, and the trifluoromethyl goup are located in the

same platte, requiring that the phenyl group will be oriented to the right for the (R)-ester or to the left

for the (J)-ester. Due to the anisotropic effects of the phenyl group, rH NMR chemical shift

differences will be observed between protons to the right and the lefl of the Mosher's ester. The

chenrical shift differences are calculated (A6 - 6s - 6a) and the structure being analyzed, is ananged

in sttch a way so that the positive shift values are placed to the right of the Mosher's ester and the

negative values to the left, thus determining the configuration at the chiral centre.

However, experimental techniques such as Mosher's rnethod employ alkaline conditions that

are intrinsically unsuited to 3.1, which demonstrates poor stability in alkaline solutions.

Copp'' has previously investigated and described the instability of 3.1 to basic conditions in

sonte detail. Itt sliglitly alkaline conditions 3.1 undergoes a slow C-4 epimerisation to diastereomer

3.5 with concurrent degradation to 2-vanilloyl irnidazole (3.6) (Figure 3.7). The mechanism

proposed postulated the removal of either the phenolic or the irnidazole proton to fonn a quinone

methide or diazafulvene intermediate, which subsequently underwent rotation and ring-closure to

give the C-4 epimer. Stronger base conrpletely precludes any equilibration to 3.5 resultirrg solely in

decomposition to 3.6 via abstraction of the C-5 hydroxyl proton with subsequent rapid fragmentation

of tlre trithiane rinq.
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proton Ho

cH3o

S+
cH3o

Figure 3.7. The proposed base catalyzed mechanisms for the epimerization and degradation of
trithiane 3.1 and diastereomer 3.5.21

In addition to the sensitivity of 3.1 to basic conditions, Coppt' reported that the C-5 hydroxyl

group appeared to be unreactive to attempts at derivatization, due possibly to steric hindrance from

the adjacent bis-aromatic ring-substituted quaternary centre at C-4. The feasibility of introducing a

bulky substituent such as a Mosher's ester at the C-5 position is poor. Moreover, if steric

compression around the ester moiety is serious, the conformation of the ester may deviate

significantly from the ideal, eausing inegular anisotropic shifts of the protons and subsequent

inability to assign absolute stereochemistry.60 As a model study, an attempt was made at acylation

using p-bromo-benzoyl chloride in pyridine. This resulted in an intractable mixture of degradation

products.
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The presence of the phenolic substituent in 3.1 also increases the likelihood of producing di-

MTPA ester derivatives. In specific cases where the di-esters are p to each other with no protons in

between, both residues can exert a cooperative effect on the anisotropic shielding.('l However, the

structure of 3.1 is such that there are few protons present for interpretation and half of those would

lie between the two MTPA esters, effectively confusing 'H NtrrtR analysis. An attempt was made to

protect the phenol by methylation with a fresh ethereal solution of diazomethane but this resulted in

immediate precipitation of a brown product that failed to produce any recognizable components.

Notwithstanding the fact that Copp reported that an attempted acetylation with acetic

anhydride in DMSO hacl resulted only in the formation of acetylated 3.6,21 the reaction was repeated

with acetic anhydride and pyidine. Unexpectedly, this afforded a small (12%) yield of the diacetyl

derivative 3.7.

HREIMS gave a molecular lormula of ClTHlsNzOsS: liorn the weak (0.6%) M* ion at m/z

426.0387 (A -2.1 ppm) indicating that bis-acetylation had taken place. The spectrum showed

sequential loss ol-r2S with fiagment ions at nt/z 394 (1.8%) ,362 (2.2oA), and 330 (4. | %), with a base

peak at m/z 43 corresponding to the acetyl even-electron ion.

The IR spectrum revealed two carbonyl stretches at 1750 and, 1745 cm-r and the rH NMR

spectrum displayed two extra resonances at 6 2.30 (3H, s) and 6 2.00 (3H, s) consistent with bis-

acetylation. The chemical shift of 6 2.00, consistent with acetylation of a saturated chain alcohol,

strongly sr.rggested that the hydroxyl at C-5 on the trithiane ring had reacted successfully. This was

conlirmed by the observation of considerable deshielding of the methine proton H-5 from 6 5.26 to 6

6.33. The assignment of the position of the second acetyl group was relatively straightforward.

Acetylation occurring on the imidazole ring would have disrupted the chemical equivalence of H-4"

and H-5" usually observed as a trvo-proton singlet. However in 3.7, the irnidazole H-4"/5" singlet

was still present, indicating that acetylation had not taken place on either of the two nitrogen atoms

of the imidazole ring. Accordingly, the resonance at 5 2.30 was assigned to an acetyl functionality

on tlte phenolic site, accounting for the downfield shift observed for H-2', H-5', and H-6'.

TlrerH NMR spectrum of thebis-acetylated compound 3.Tclearly showed H-5 as adoublet

of doublets (6 6.33, J: 5.9,4.3 Hz) in contrast to the starting material 3.1 where H-5 is a triplet at 6

5.26 (J:7.2 Hz). lt is possible that due to the proxirnity of C-5 to the ring junction at C-4,

perturbation of the ring could have arisen from an acetate substituent on C-5 effecting

confomrational changes. This result supports the inference that an MTPA ester in this position,

would, if successfully reacted, be subject to steric crowding serious enough to result in distortion of
the ideal analvtical conformation.
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Table 3.5. 'EI NMR data (CDClj, 400IvIFIz) for the diaeetyl derivative of (+)-trithiane (3.4.
Proton Position II NllR(6,Mult "Iiu Hz)"

6,33, (dd,5.9., 4.3)

3.52 (dd, l1:3, 5.9)

3.33 (dd, I1.3, 4.3)

2.00 (s)

7.23 (d,z.r)

7.01 (d,8.3)

7,05 (dd, 8.5,2.1)

3.78 (s)

2.30 (s)

7.02 (s)

o 
An nnassigned broad single.t was obse.nred at 6 9.20 (lH).

3,I.3- Tthe Biogenesie of the Eriau.tiomeric Trithianec.

Enantismeric pairs of eeoilildary motabolites aciong, marine nafural products €.r€, urcotrtrtrofi

and are rep,orted infrequeutly; Enantiomorphs with two or nilore ch-ir$l c€-ntr€s sr€ rare and are

usually found arnong tho terpenoid class of eornpounds" typically isslated from sponges, These are

usually monotelpe'lresn but a few cirses of the higher terpenes have been reported, enough to fucl

speeulation regarding the stereocJrernfcal versatiliry of the biosynthetic proeesses involved,

5

6a

b

7-OAo

v
5'

6'

7'-OCH:

8'-OAc

3,7



In 1985 (+)-epipolasin A (3.8), a sesquiterpene

Epipolasis kushintotoensrs,ot and its antipodal partner was

Acanthella pulcherrinra found in Darwin, Australia.6'r
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isothiocyanate, was found in a sponge,

isolated from a different genus of sponge,

(+)-Epipolasin A (3.8) (+)-Wistarin (3.9) (+)-Furodysinin (3. I 0)

The (+)-isomer of the sesterterpene wistarin (3.9) was discovered in 1982 in a sporrge lrcinia

u,i.starii6a and its (-)-enantiomorph was reported in 1999, isolated from another sponge of the genus

Ircittio collected from the Red Sea, Egypt.t"

The ftrrano-sesquiterpene (+)-furodysinin (3.10) was first isolated in 1978 from a Dvsidea

species of sponge collected from Cronulla, NSW, Australia,"t'and its enantiomer in 1985 from a

sponge of the same genus, Dysideu tupha,lound in the East Pyrenean Mediterranean ar"a."' The (-)-

enantiomer was subsequently also discovered in a Fijian collection of Dysiclea herbacea in 1990.68

Diastereomeric acetates of the furodysinin series were also discovered fiom Dysidea herbacea

collected from the Great Barrier Reef, Australia in lgg4.s4 The diversity of related stereochemically

active terpenoids from this species of sponge prompted Searle et al. to speculate that Dysidea

herhacea may possess a dual capacity for antipodal cyclization pathways from a common achiral

terpenoid precursor. to

The recent report of the discovery of enantiomeric non-terpenoid compounds, segolines B

(3.11)6e and C (3.n)70 is singularly exceptional, not only due to the fact that they possess a benzo

1,6-diazaphenanthroline ring system with no fewer than tluee chiral centres, but because they were

found in ascidians.

Consequently the discovery of a two chiral-centred enantiomeric pair of compounds from a

New Zealand ascidian is of considerable interest.

H
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Segoline B (3.11) Segoline C (3.12)

The (+)-enantiomer of 3.1 has been identified in Aplidiwn sp. D (Order Aplousobranchia,

Family Polyclinidae) collected at Kaikoura, South Island.aT As shown in the Survey Chapter

(Chapter 2, Section 2.3.8), a specimen of Distaplia stl,l;Jpya (Order Aplousobranchia, Family

Holozoidiae) collected at Cape Reinga in 1997 was found to contain alkaloid 3.1 by analyical

HPLC. The alkaloid was isolated by reverse phase Cl8 column chromatography (aqueous TFA

0.05% tluough to MeOH) and was subsequently also shown to be the (+)-enantiomer.

To date however the stereoisomeric (-)-enantiomorph of 3.1 has only been detected in

flltpsistozoafasmeriaaa (Order Aplousobranchia, Family Holozoidae) and frorn our observations 3.1

has been found only in strictly homochiral form.

Given the close phylogeny of ascidians of the genera Hypsistozoa and Distaplia (Family

Holozoidae), it is interesting that the divergence of their enzymes can be such that they have the

ability to biosynthesize enantiomeric compounds. It is unlikely that one enz)mle would be

responsible for generating two antipodal chiral centres of this nature, and a second enz)mre could be

anticipated. It is conceivable that the second chiral centre at C-5 may originate from a precursor

chiral ketone, which could then be enzynatically subjected to imidazole-directed attack by a hydride

ion at the <r-face to produce the chiral alcohol.Tr The hydride transfer in this case is a classic

example of a coenzyme at work in its role as facilitator in an oxidation-reduction reaction associated

with an enzyme (Figure 3.8).
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Figure 3"S. Proposed b,iosynthetic route to hithiane enantiomers.

Non,e of thenounal amino aeid side chains of an enznme are wel,l suited to promote this kind

of redUction but by binding the coenzyme NADH (nicotinamide-adenine dinucleotide) rm 6nz)nue

call car-rjl sut this function. Fof eNample, UDP-glucose 4-epimerase interconverts I,IDP-gIusOse md

UDP-galractose via a ketsns internrediate faoilitated by the reduction and oxidation ofN^ADH (Figtue

3.9)'
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2_ +H

NAD+ NADH

UDP

Figure 3.9. The intErcsnversion ofUDP-glueose and UDP-galactose mediated by LIDP-gluoos€ 4-
opimerase and NADII.

Considering the ability of epimerases to alter the stereochemical orientation of a funcdonal

group as $eerl ih Figure 3.9, biosynthetic interoonver,sioa between trithiane 3.1 and diastereomEr 35
is nst outside the ealms of possibih$ and diastereomer 3,5 rnay y€t be discovered in the future. as a

natural produet in it$ own right.

3.2. Fasrnerjanamine A (3.13)b a l{ovel 1"3.-Dithiane Alkaloid

\4rhereag there have been increasing numbers of eornnnunieations regarding the oecurence of,

polysulfide alkalsids in marine natural produets, I,3-dithiane metabolites a.s yet rerrrain unreported.

The analytical Cl8 HPLC frace of the crude extract of a second collcction of Hyps.is,tozoa

fusmeriana ftom Leigt Harbour in 1999 revealed not only trithiane 3.1 but also an additianal signal

that appeared to be related to the alkaloid.

e 9_N1DH )AD' cHzorrEruDP %*-
OH
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widths of these signals they c'ould not be assigned to spec-ifie protoas in the molspule. " I"Iay be inrerchanged,
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3.r3

The methanolic extract was subjected to repeated Cl8 flash chromatography and the

compounds were separated to afford an impure sample (10.2 rng) of the compound of interest. Semi-

preparative Cl8 HPLC [water (0.05% TFA) 4S%/MeOH 55o/o,4 rnl/min] appeared to cause sample

degradation but lelded fasmerianamine A (3.13) (0.97 mg).

A molecular formula of CzsHz+N+OoSu was established for fasmerianamine A (3.13) from the

HRFAB mass spectroscopy of the weak (3.0%) [M + H]* ion at m/z 541.1224 (A -1.5 ppm).

Intmediately evident frorn the MS was the presence of only two sulfur atoms in place of the three

observed earlier for 3.1. The simple UV spectrum showed the usual absorption maximum at 7u :283

ntll, as observed for trithiane 3.1, but in addition a second extended conjugation absorption at L :
3ll nm.

Due to the lorv yield of sanrple a rH l.trlt4R spectrum was acquired (Figure 3.10), but a

satisfactory 'tC I.[r4R was unable to be obtained. Attempts to separate a second fraction consisting

of 3.I3 and a closely related compound 3.14 in a 2:l mixture (7.2 mg) by Cl8 column

chromatography and size exclusion Sephadex LH-20 failed. However the NMR spectra of the

mixture showed good dispersion enabling full NMR comparison and analysis utilizing the rH NMR

already acquired on the pure sample of 3.13.

Initial inspection of therH and'tC NMR dataobtained in CDrOD (Table 3.6) suggested a

structure closely related to trithiane 3.1. In addition was the presence of tlrree extra aromatic proton

resonances between 6 7.09-7.85 correlated to carbons in the HSQC experiment, an isolated rnethine

singlet at 6 5.85 correlating to a shielded carbon at 6 42.8, and a three-proton sirrglet at 6 4.02

correlating to a carbon at 5 54.5. A detailed analysis of the NMR spectral data led to the fonnulation

of four substructures, A, B, C, and D (Figure 3.1 I ).
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Substructure A appeared very similar to that of 3.1. Distinctly apparent was the

characteristic, prominetrt two-proton imidazole ring singlet at 6 7.69 (H-16, H-17), rvhich correlated

by HMBC to the quatemary carbon, C-I4 (b 147 .9). Clearly present as well were the narrow doublet

of H-20 (6 6.90, d, J = 2.3 Hz), the wide doublet of H-23 (S 6.71, d, -/: 8.5 Hz), the doublet of
doublets of H-24 (5 6.20, dd,-/:8.5,2.3 Hz), and thernethyl resonance Hr-25 (S 3.86) of the 2l-
rnethoxy-22-hydroxyphenyl ring. Desliielded carbon resonances of 5 149.4 (C-21) and 6 148.6 (C-

22) suggested oxygen substitution at these trvo carbons. HMBC, COSY and ROESY experiments

confimred the structural character of this 1,2,4-trisubstituted phenolic ring and the presence of the

nretlroxyl substituent at C-21. A discrete CHz-CH(OH) spin-system was observed with COSY and

ROESY effects between methine H-11 (S 5.07, dd, J:11.2,3.3 Hz) and two diastereotopic

methyleneprotonsH-l2a(62.98, dd,J:14.5,3.3H2),andH-l2p(63.16,dd,-/:14.5, ll.zHz).
The deshielded chemical shifts at C-11 (6c, 75.3, 611 5.07) suggested hydroxyl substitution at the

chiral centre. HMBC correlations from H-ll to C-10 (6 59.2), C-I4 (5 147.9) and C-19 (S 131.4)

established the connectivity belween the alkyl fragnrent and the imidazole and phenolic rings. This

was reinforced by HMBC correlations from the methylene protons H-12cr and H-I2B to C-10. Of

note was tlte substitution of the nonnal 3.1 H-5 methine triplet (6 5.26, J : 7 .2 Hz) with a doublet of
doublets at H-ll ('J,rrt,ln2 : 11.2,3.3 Hz) and the obsenation that the diastereotopic methylene

protons H-l2u and H-l2B had moved closer together in chemical shift. In addition, the carbon

chemical shift of the asymmetrical centre at C-10 (6 59.2), was observed to be markedly upfield frorn

C-4 (6 67.9) of 3.1 (Substructure A).

Figure 3.1l. Substructures A-D of fasmerianamine A (3.13) showing major 'H-'3C HMBC
correlations.

Substructure B consisted of an isolated deshielded methine singlet resonating at 5 5.85

correlated by HSQC to a carbon resonance at an upfield chemical shift of 5 42.8 (C-8).
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The presence of a discrete four proton spin-system of resonances at 6 7.85 (dd, J:7.1,1.2
Hz),67.10(ddd, J:7.2,7.2,1.1H2\,67.14(ddd,J:7.2,7.2,1.3 Hz),andd7.38(dcl,-/:7.2,1.0

Hz) in the 'H NMR spectrum suggested four adjacent protons of an ortho-disubstituted benzene ring.

HSQC assigned the protons to carbons C-4 (6rr 7.85,69 120.3), C-5 (5r{7.10,5q. l2l.l), C-6 (6H 7.14,

6c 123.3), and C-7 (6Fr 7.38,6c: 112.6). COSY and ROESY NMR experiments confinned the

relationship of the linear sequence of this spin systern. An HMBC correlation from H-5 to a

quatenrary aromatic carbon resonance at 6 126.1 (C-3a) established the connection of C-4 to C-3a.

Similarly, an HMBC correlation from H-6 to another quatemary aromatic carbon resonance at 6

134.7 (C-7a) established the connection of C-7 to C-7a. Finally HMBC correlations observed from

H-7 to C-3a (6 126.1) and from H-4 to C-7a (6 134.7) confirrmed the connection between C-3a and

C-7a and established the presence of a 1,2-disubstituted benzene ring. A further HMBC correlation

frorn H-4 to a substituted olefinic carbon resonance at 6 97 .2 (C-3) required that this carbon must be

directly connected to C-3a. An HMBC experiment repeated in DMSO-d6 expos€d an exchangeable

proton resonance at 811.56 (l-NH). Strong HMBC correlations from this resonance to the

sr.rbstituted carbons at C-3 and C-3a, and weaker ones to C-7a and another fully substituted olefinic

carbon at 6 l3 1.3 (C-2), established the presence of a 2,3-disubstituted indole (Substructure C).

A strong HMBC correlation from H.l-28, a three-proton singlet resonance at 6 4.02 (5c 54.5)

to a carbonyl carbon at 6 162,0 (C-27) strongly suggested a carboxylic acid methyl ester

functionality. This was supported by the observation of an infrared absorbance at 1730 crn-r,

appearing as a shoulder otr tlte very broad and strong imidazole C:N stretching vibration at 1680 cm-
I. A weak.roJr',, correlation was observed from Hr-28 to anotherdeshielded carbon at 0 156.0 (C-

26) which was accordingly placed in the carbonyl o position (Substructure D).

Substructttres A, B, C, and D accounted for 25 carbons, 23 protons, 3 nitrogens and five

oxygens of the molecular fomrula. Remaining to be assigned was one exchangeable proton, one

nitrogen, one oxygen, and two snlfur atoms. Provisional connection of three of the substructures. A.

B, and C was achieved with HMBC correlations in CD3OD.

The connectivity between substnrcture A and the trisubstjtuted alkyl fragment, substructure B

was determined by the observation of HMBC correlations between methine H-8 (6 5.85) in

substntcture B and C-10 (6 59.2) and C-12 (5 36,0) in substmcture A. Reciprocal HMBC

conelations were observed between methylene protons H-12u (S 2.98) and H-l2B (5 3.16) to C-8 (S

42.8) (Figure 3.12). The chernical shifts of C-8 (5 42.8), C-10 (6 59.2), and C-12 (S 36.0) implied

sulfur substitution of these three carbons. Hence the two unassigned sulfur atoms were placed at

positions 9 and 13, securing the connectivity between substructure A and B, and identifying the

stnrcture of tl-re alkyl ring as a2,4,4,S-tetrasubstituted 1,3-dithiane.
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CH,r

HN-<
/ '{\\2N H

t2

H

Figure 3.12. Establishnrerrt of the 2,4,4,5-tetrasubstituted 1,3-dithiane ring in fasmerianamine A
showing key rH-rrC HMBC correlations.

The origin of the deshielded chemical shift of methine H-8 (S 5.85) and the "anomalous"

shielded resonance of C-8 (6 42.8) could now be explored in more depth. Chemical shifts zurd Perlin

Effects, the differential exhibited in one-bond C-H coupling constants between axial and equatorial

ptotons due to stereoelectronic influences in 1,3-dithianes have been extensively discussed.T2-76

Tlre magnitude of the coupling varies inversely with the C-H bond length, and where the

heteroatoms (X) in a 1,3-X cyclic alkyl stmcture are atoms of the first row, the equatorial C-H bond

is shorter and conversely, the coupling constant is higher. However, reverse Perlin Effects are found

when both atoms are below the first row. In these cases the axial bond is the shorter. Schaefer el n/.

has demonstrated that a close approach of a C-H bond to a 3p orbital of sulfur leads to a marked

deshielding of the protort, attributed to van der Waals interactions originating from the mainly 3p

lone-pair.77'78

This deshielding effect is consistent with the chemical shift observed for H-8. The rH- and
rlC- values shown in Table 3.7 for position 2 in 1,3-dithiane and derivatives demomstrate some of the

chemical shifts that have beerr reported. The axial proton at H-2 is consistently more downfield of
the equatorial proton (64: ca. 0.53 ppm), and as expected, the identity of the substituent at the C-2

position also has an additive effect on the shift. The chemical shift of 6 5.40 as measured for H-2e of
the more electron-withdrawing substituent, 2-(4{rifluorornethylphenylseleno)-1,3-dithiane is quite

consistent with that observed for H-8 (6 5.85), especially so if H-8 occupies an axial positiorr.

Moreover, the carbon chernical shift of 6 41.9 is not dissimilar to that of C-8 (S 42.8).
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H-2a'(6) H-2e'(6) c-2 (6)

I ,3-DithianeTe'80

Cis-4,6-dimethyl- 1 .3 -dithianes l'82

2-Phenyl - 1,3 -dithianeTs'7')

2-(4-Tri fl uorornethylphenylseleno)- 1,3 -dithiane8 |

4.00 3.48

4.10 3.56

5.02

32.4

44.7

5r.3

4t.9

a 
a = axial, e : equatorial positions

The attachrnent of substructure C to C-8 of the l,3-dithiane was dependent upon the

observation of crucial HMBC correlations between H-8 and C-2 (5 131.3), C-3 (S 97.2), and C-3a (6

126.1), all of which appeared to be of equal intensity. The connection must be from C-8 to either C-

2 or C-3 which in tum indicated that the conelations were either 2-,3-, and 3-bond (a) or 2-,3-, and

4-bond (b) corelations (Figure 3.13).

/ -----\ 
lH-l3c 

HMBC

,,, \ ROESY

(z\ 2, 3,3-bond lH-13c FIMBC (b) 2, 3, 4-bond lH-l3c HMBC

Figure 3.13. The two possible connectivities between the 1,3-dithiane ring and the indole ring in
fasmerianamine A showins HMBC and ROESY correlations.

In practice, the incidence of a2-,3-, and 3-bond correlation is more plausible. In support of
this connectivity, a strong ROE enhancement was observed between H-8 and H-4 as shown in (a),

and no HMBC correlation was observed between l-NH and C-8 as would be expected in (b). Thus

the correct connectivity from the 1,3-dithiane ring to the indole moiety must be (a) with C-8 directly

attached to C-3.

Still renraining to be assigned were one nitrogen, one oxygen, and one exchangeable proton,

all of which must be affiliated with substructure D, the carboxylic acid methyl ester. A lunctionality

consisting of NOH is persuasive evidence for an oxime group, but pivotal to this analysis would be

Table 3.7 . I H- and ''C NMR data for position 2 of some 1,3-ditliianes.
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the necessity of the presence of an imino carbon. The final quaternary carbon assigned to a position

a to the methyl ester carbonyl resonated at 6 156.0, an appropriate chemical shift for an oxime.83

Although HMBC correlations from l-NH to C-26 were absent, C-26 must be directly attached to C-2

of the indole ring, indicating that the substituent was therefore an uncommon oxime methyl ester

functionality. A literature search revealed no reports of this functionality in any other natural

products. This completed the assembly of substructures A, B, C, and D (Figure 3.14).

3.13

Figure 3.14. The completed assembly of substructures A, B, C, and D to form fasmerianamine A
(3.r3).

An attempt was made to determine the probable conformation of the substituted 1,3 dithiane

ring in solution and the relative stereochemistry at the three chiral centres at positions 8, 10, and I I

with the aid of 'H NMR experiments, application of the modified Karplus equation8a and molecular

mechanics modeling. The presence of three asymmetric centres allowed the possibility of eight

stereoisomers (Figure 3.15). Given that l,3-dithianes would be expected to adopt a chair

conformationTs'81'8s a further eight conformations of 3.13 also had to be considered.

HO
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la.(8S,l0S,llS)

3a. (8S,l0S,l I R)

5a. (8S,l0R,l lS)

7a. (8S,l0R,llR)

Figure 3.15. The eight

lb. (8s,l0s,t ts)

7b. (8S,t0R,t lR)

2a. (8R,1 0S,l lS)

4a. (8R,10S,t t R)

6a. (8R,l0R,l lS)

8a. (8R,l0R,l lR)

2b. (8R,t0s,t ts)

6b. (8R,loR,l lS)

8b. (8R,t0R,t I R)

possible stereoisomers and their alternative chair conformers of
fasmerianamine A (3. l3).

The most likely dominant conformation of 3.13 was the structure that satisfied best the

dihedral angular requirements of the -CH2-CH(OH)- fragnent with the observed vicinal coupling

constants and the ROE enhancements exhibited. The vicinal coupling constants, 1.,[111.1112 were

observed to be 3.3 and I 1 .2 Hz, which corresponded to dihedral angles of approximately 64" or I 10"

for 3.3 Hz and l80o respectively. Due to the constraints imposed by a six-membered ring structlrre

an angle of ll0" may be discounted. Therefore an axial-equatorial and a trars-diaxial relationship

between H-ll and the two methylene protons of Hz-12 was required and this eliminated structures

lb, 2b, 3a, 4a,5b, 6b, 7a, and 8a.

4b (8R,l0s,l tR)
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Fasmerianamine A (3.13) exhibited ROE effects between H-l1 and the phenyl protons H-20

arrd H-24 effectively eliminating any structures with a trans-diaxial arrangement of H-l1 and the

phenolic ring. This excluded structures 3b, 4b, 5a, and 6a'

The coupling constant between H-l I and H-12cr (6 2.98,',/,,,ro.,,,t :3.3 Hz), cornbined with

strong ROE effects observed between the two protons established an equatorial orientation for H-

l2g a1d required that H-l2B (6 3.16) assumed the axial position, in good agreement with the

cor.rpling constant ('/,,,rp.",r : ll.2Hz\. Strong ROE correlations between H-8 and H-l2P argued

for a cls-diaxial arrangement of these two protons, elirninating stntctures 2a and 7b. However both

stereoisomers la (8S,l0S,l lS) and 8b (8R,10R,1lR) fulfilled all the requirements.

Applying the evidence of the reverse Perlin Effect allowed for a short bond length for axial

H-8 permitting proximity to the 3p lone pair on both sulfur atoms, accounting for the notably

deshielded chernical shift of 6 5.85. These findings also determined that although both axial and

equatorial dispositions of substituents in the 2-position in 1,3-dithianes have been reported, the

intlole substituent in 3.13 is nraintained in an equatorial orientation.

This allowed assignment of the relative stereochemistry and complete structural analysis of

fasmerianamine A (3.13) as (8cr,l0B,l lp)-methyl-2-t3-U l-hydroxy-10-(22-hydroxy-21-

methoxyphenyt)- I 0-( t 8FI-irn idazol-l4-yt)-9,1 3-dithian-8-yll-1H-indol-2-yl) -2-hydroxyimino-acetic

acid methvl ester.

3.3. Fasmerianamine B (3.14)

Fasmerianamine B (3.14) was isolated from the 60% MeOH fraction as a 2'.1 mixture of

fasnrerianamine A and B (7.2 ng). HRFABMS established a molecular formula of Cz+HzzNaOoSz

fronr tlre weak (0.5%) [M + H]* ion at m/z 527.1055 (A:0.8 ppm). The rH-, 
'3C-, HSqC, 'H-''C

HMBC, 'H-'H COSY and ROESY NMR data paralleled that of fasmerianamine A with the

exception of an absence of the methyl resonance at 6 4.02 and the appearance of a broad

exchangeable resonance at 6 13.10 in DMSO-d6 suggesting the presence of a free carboxylic acid in

place of the methyl ester. This was confirmed by the observation of a characteristic strong, broad

infrared OH stretch at 3188 cm-', a strong carbonyl stretching frequency at 1685 cm-l ,een as a

prominent shoulder on the side of the C:N stretching vibration, and the coupled C-O stretching-O-H

deformation bands at lZgT and 1256 c*-'. Comparison of the UV spectrunr of pure 3.13 with a [fV

spectrun^l of the mixture revealed a bathochromic shift from a In,u* of 206 nm for 3.13 to 22Q nn for

3.14.
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1

2

3

3a

4

5

6

v

7a

8

t0

t1

l2a
p

t4

l6

t7

t9

2A

7l

22

23

24

25

26

27

conH

133.1

94.r8

126.2

1t9,V

t21.1 b

122.7

112.5

134,3

42_3

59.3,

75.3

36.O

148.0,

121.4

121.4

13 1.3

111.7

149.4

148.5

[ 16.2

121.0't'

s6.8

1553

161.2

lZu,72p

11, lzF

11,72a

ROES'Y

5, 6,8

4,617

4t 5',7

5,6

4, lzF

12cr',2A,24

11, l2p

8, l2er

7\,23,25

2A,,24

L|,23

2A

rH (6, Multn.rin IIr) "c (o H.'"C HMBC cosY ('E-'H)

I 1.53 (s) " 2,3,3a,7:a

7.76 (dd, 6.5, 1.9)

7.08 (dd4 7,2., 7.2, 1.4',1

7.10 (m)

7,34 (d,7.2\

5.87 (s)

5.10 (dd, I1.1,, 3.1)

2.95(dd, 14.5,3.1)

3.16 (dd, 14.5, 1l.l)r

7.69 (s)

7.59 (s)

5.e4 (4 2.3)

6.69,(d,8.4)

6.16 (dd, 9,4,23)

3.8s (s)

13.1,0 fbr s)"

3,617a

3ar7

4,7a

,3ar 5

2,3,3a,lA,12

10, 12, 14, 19

g,10, ll
8,10, ll

74, rV

14,16

10. Zl, 22,24

19,21,.22

|a,2a,72;

2L

5

4,6

5,7

6

24

23

'DMSO{&. Broad singlets were also obsprvcd,af 6 10.93 { l}I)i aud 9.25 (1H). Due to excessi.ve line widths the signals
couldnot beassigued to sBesrfieprstons ih the molecule. ,r ilvlaybe intercbanggd.

Table 3.8. NMR (CDTOD) data for fasmerianunine B (3.14).
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H

3.14

The structure of fasmerianamine B (3.14) was determined to be (8ct,10p'llp)-{3-[11-

hydroxy-10-(22-hydroxy-21-methoxyphenyl)-10-( 1sf/-imidazol-14-yl)-9,13-dithian-8-yll- lH-indol-

2-yU -2-hydoxyimino-acetic acid'

3.4. The Biotogical Activity of the Trithianes and Fasmerianamines

The trithiane alkaloid (3.1) was found to be inactive at the NCI (GIso :32 ;-rM, TGI :63 p'M,

LC-so: 100 pM), did not inhibit cell cycle check point enzyme cdcLlcyclin B kinase (at 100 pM)' did

not induce thiol-generated DNA strand scissionSu'8? and was inactive (10% inhibition at l2'5 ptglmL)

against Mvcobacterittm tuberculosis. Both enantiomers of 3.1 as well as diastereomer 3.5 all exhibit

modest irt vitro activity against the P388 murine leukaemia cell line, and cytotoxicity to the BSC-I

cell line used in the HSV-l antiviral screen. No antiviral activity was observed but inhibition to the

gram-positive bacteri unt Bacillus subtilis and the fungus Candida albicans was manifested. All

biological activity in these assays is lost in the degradation product, 2-vanilloyl imidazole (3.6) and

fasmerianamine A (3.13) (Table 3.9). Parallel values were observed between the (+)- and (-)-3.1

enantiomers, and the diastereomer 3.5, biological activity appearing to be independent of the

stereochemistry of the cornpound. Previous reports linking 1,2-dithiolanes and 1,2,3-trithianes with

strong insecticidal properties strongly suggest that the presence of the intact trithiane ring may be

responsible for the biological activity.ss



7l

P388 HSV-I BSC-I B. subtilis C. albicans

pM 120 pgldisc 120 pg/disc 120 pg/disc 120 prg/disc

35. l

n ?: Due to toxicity torvard the BSC-l cell line no antiviral activity could be determined

The lack of bioactivity in fasnrerianamine A is somewhat surprising given the fact that it

retains a 1,3-dithiane ring system. Curiously enough the thsmerianamines were detected in only one

collectiorr of Hypsistozoafasnteriunu from five collections made at Leigh Harbour. which rnay imply

that they are by-products of the biological activity of the trithianes in a response to infection or

attack. If indeed, the role of the trithianes is to protect the ascidian against attack or cellular damage

by deactivatatiott of bio-toxitrs or small toxic molecules, then subsequent loss of activity would be

plausible. It must be noted here that in contrast to the unstable, reactive 1,2,3-trithianes, the

fasmerianamine 2-substituted, 1,3-dithiane structure appears to be more durable, no spectral change

being observed after one month standing at room temperature. It would be sound strategy for the

ascidiart to develop a detoxification product that, if not excreted, could at least be stored safely.

Biosynthetically, the modification is not unreasonable, although an initial controlled reduction of the

I,2,3-tritl'riane to the dithiol would be required. The subsequent step, the biosynthesis of a 2-

substituted 1,3-dithiane, is feasible, simply involving the condensation of a dithiolwith an aldehyde.

Redox-active thiols are abundant in biological systems, being especially active in enzymes

and other proteins. Coenzyme A, which possesses a free thiol functionality, and its acylated form,

the thioester acetyl CoA with its facile ability to transfer the acyl gloup to other metabolites, are

ubiquitous partners in a multitude of enzymatic cascade systems. Another coenz).me, a small protein

called thioredoxin, is involved in an extensive range of biological activities from protein folding to

ribonucleotide reduction. One of the most important thiols, the tripeptide glutathione, represents a

rnajor protective mechauism against oxidative stress, preserving the integrity of cellular systems by

reducing peroxides and free radicals, and as a mediator in enzyne cascades, rnaintaining cysteine

thiol groups in their active reduced state. Significantly, glutathione also participates ir-r cletoxification

of xenobiotics and electrophiles produced during metabolic pro.ess.r.*"

Following a biological attack on the ascidian, activation of the 1,2,3-trithiane by controlled

reduction to the dithiol rnediated by glutathione and arl appropriate enzyme, could prirne the

protective system to target and deactivate the offending compounds. hr this case, that offending

(+)-3.1

(-)-3.1

Diastereomer 3.5

2-Vanilloyl imidazole (3.6)

Fasmerianamine A (3.13)

.)J 1l

" 
J-r

.)a 1!/ 1T

,)il 1-L: LI

Inactive Inactive

lnactive Inactive

4mm

4mm

4mm

Inactive

5mm

4mm

7mm

Inactive

[nactive

Table 3.9. The biological activities of 3.1 and its derivatives.
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c Borrnd may havg b,Een a ?-o-oNirnu-oarbox.ylie acid-3-fornrylindole,, eonden$ation with which

uro.uld bsfh neutralize the target molecule ard )'jeld fasnreria,namine A o: B (FWre 3.l Z).

Reduatase____>
? GSH

1 g"',oY\o
onc-.,/*"

d3.13

ooo__tillllt_
GSH -- IllN-CIi-CH1_---C[I2-C-ltil{ pl:C-trUr-eirr-C-d-l-r

,ffiO- CH.,il'
SH

Figure 3.17 Proposed biosyrrthesis off,asmerianamine A (3-13).
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Variants of 2-a-oximo-earboxylie aeid-3-formyl-indole arc not unoommon in biotogioal

sy,st€ms" an outstattding example being caulerpin (3"15), an orange pignrent found in an invasive

specios of green a1g4 Caulerpa tmiJblta.so Biosynthetically, caulerpin is proposed to be a
comdensation produot of acylated (3-fo.rmyl-lF/-indol-2-yl)=aoelig ac,id methyl ester (Figure, 3.18].

The ftee carboxylic acid analogue wrls isolated in 1g9l.el

(m* ry (-'[ t('no\y'NHl \-ANHY'
co2cH3 concH,

/"^o*sation

eaulerpin (3.15)

Frgrre 3.18. Proposed biosyntheeis of caulerpin (3.15).ea

Although o,aulerpin itself is non-toxio it is reputed to inhibit the nnultixenobiotic resistance

(I*rIXR) purnp in the m.arine sponge Geodia,trydonium resralting in qpoptosls due,to the accurnulation

o toxius such as tributy,ltin.es Bio.logieal aotivity has not been reBoned f.or the pre-cond.errsation

indole but if it could also be linked to inhibition of the MXR pumB it would qualiff well as a selested

target for dootivation.

NH
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Chapter Four

Two New 6-Hydroxyquinoline Alkaloids from the Ascidian

Pseudodistoma aureum

4.1. The Ascidian Pseudodistoma uureunt

A routine analytical Cl8 reverse phase HPLC screen ol'tlie crude extract of a gray-green

thick encrusting ascidian identii'ied as P.rarrdoclistomu uureunr collected liom 'l'utukaka. Northland

by NIWA revealed the presence ol'a rnajor metabolite rvith an extended arornatic UV chronrophore.

irilP'i.

:r

Figure 4.1. Photograph of Pseutlodislontu ultreun,t (Pink colouration tiom flash of underwater
cameraJ..
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The crude extract was subjected to Cl8 reverse phase column chromatography (aq' TFA

0.1% through to MeOH) to yield a dull yellow gum eluting at 10-20% MeOH. Size exclusion

chromatography on Sephadex LH-20 followed by semi-preparative Cl8 reverse phase HPLC [water

(0.05% TFA) |TyolMeoH 30oh. 5 ml/minl failed to purify the compound satisfactorily, and mass

spectrometry (DEI, FAB) failed to identify the molecular ion. The very polar nature of the sample

suggested that a cationic species might be present. Consequently the impure sample was made basic

(aq. NH-r 0.1%lMeOH) resulting in the appearance of a brilliant fluorescent yellow colouration. The

sarnple was recolumned on Sephadex LH-20 (aq NH3 0.1%/MeoH) to afford distomadine A (4'1)

(4.5 mg) and a l:l mixture (4.2 mg) of distomadine B (4.2) and 2'-deoxyadenosine (2.39). Due to

the limited number of protonated carbons on distomadines A and B difficulties with structural

elucidation were experienced. A recollection of the ascidian (50.6 g dry wt) from Leigh Harbour'

Northland was obtained. The crude extract was subjected to C18 reverse phase column

cluonratography (aq. NH3 0.1% through to MeoH) with the fluorescent yellow fraction now eluting

at g0% MgOH. Follow-up column cluomatography with Sephadex LH-20 under the same basic

conditions yielded an additional 51 mg of distornadine A (4'l)'

4.2. Distomadine A (4.1)

A molecular formula of Cr.HrsN+O+ for 4.1 was established from the HRFABMS of the [M +

H]* ion at 327.1084 (A -2.8 ppm). The UV spectrum revealed an extended chromophore with

absorption maxima (MeOH/TFA) at ),": 257,303, 314,373, and 394 nm indicating a polycyclic

aromatic compound. Under basic conditions (MeOH/KOH) a significant bathochronric shift of 47

nm was observed with absorption maxima at l. :2I5,258,294,314, and 441 nm. lnfrared

spectrometry showed two N-H stretching bands at 3195 and 3348 c,n-', a strong N-H bending

vibration at 1652cltt-1, and an ester carbonyl stretch at 1746 cm-1.

Igitial examination of the NMR data obtained in CDIOD (Table 4.1) revealed four aromatic

proton resonances between 611 6.55-8.08, one deshielded methine proton at 6 5.64, one methylene

resonance at 6 3.41, and t'wo diastereotopic methylene proton resonances at 5 2.83 and 6 1-93, all

correlated to carbons in the HSQC experiment. The 'lC ltilt4R spectrum showed a total of 16

carbons.
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8.08 (d,5.2)

6,56 (d,5.2)

7.06 (d.9.4)

7.50 (d,9.4)

5.64 (dd, 9.2, 1.9)

2.,83 (m)

1.93 (m)

3.41 (m)

7.28 (L,5.7Y

148.e (4 l7e)

105.4 (dd, 167, 9)

161.5 (4 7)

t23:5 (d,6)

106.0 (d,7)

161.0 (d, 9)

BA.7 (4 r59)

t3r.2 (4 161)

143.7 (m)

13a.9 (s)

166,.4 (s)

79;7 (dd,158, 3)

743.4 (d,3)

34.1 (t, l3?)

39,8 (t" 140)

1s8.7 (s)
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4,4a,5,6
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C Pigure 4.3). The aromatic portiol of the rH N&ffi. speehuna consisted of fift/o pain of doublets

obeerued as s€,parato spin rystems, each pair in an ortho reiati-onship (Substrueture ^A.). The first pair

NH

)t*'
HrN'+

4.1

Table 4.1. rH 
@d 

lrC NndR (CDgOD) dsta fur distomadineA (4.1),
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was composed of one doubler H-2, (611 8.08, d, J : 5.2 Hz) coupled to H-3 (5rr 6.56, d, J : 5.2 Hz),

the orlho relationship being confirmed by the observation of a COSY correlation between the two

protons. The chemical shift and coupling constant of C-2 (6 148.9, r./crr : 179 Hz) combined with the

deshielded chemical shift of H-2 (6 8.08), were diagnostic of nitrogen substitution atC-2.

An HMBC correlation observed from H-2 (6n 8.08, 6c. 148.9) to a quaternary aromatic

carbon resonance at 6 143.7 (C-8a) established the connection between the ring nitrogen and C-8a

and a further HMBC correlation to a substituted carbon at 6 167.4 (C-4) established the connection

of C-3 (6 105.4) to C-4. Finally, an HMBC correlation from H-3 (5p 6.56,5c 105.4) to a substituted

carbon at 5 123.5 (C-4a) established the connection of C-4 to C-4a. The deshielded chemical shift of

C-4 (6 161.4) suggested oxygen substitution at this position and indicated that the aromatic ring was

a 4-oxy-5,6-disubstituted pyndine ring.

lH-13c HMBC

lH-l5N HMBC

Figure 4.3. Substructures A-C of distomadine A (4.1) showing selected intrafragment HMBC
correlations.

Similarly, the COSY spectrum confirmed the ortho relationship of the second pair of doublets

in a separate spin system comprised of one doublet, H-7 (6u 7.06, d, J:9.4 Hz) coupled to H-8 (6rr

7.54, J : 9.4 Hz\. An HMBC con'elation observed from H-7 (6H 7.06, 5c 130.7) to the quaternary

carbon adjacent to the pyridine nitrogen, C-8a (6 143.7), established the connection of C-8 to C-8a,

and an HMBC correlation from H-8 (6s 7.50, 5c 131.2) to C-4a (6 123.5) confirmed the ortho

relationship of the quaternary carbons C-4a and C-Sa. A further HMBC correlation frorn H-8 to a

CA

H. -N
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deshielded substituted carbon at 6 161.0 (C-6) suggestive of oxygen substitntion, secured the

connectivity of C-7 to C-6. An HMBC correlation observed from H-7 to another substituted carbon

at 6 106.0 (C-5) established the connection between C-5 and C-6. Finally the connectivity between

the two ring systems was determined by a weak o-tcr HNABC correlation, often seen in extended

aromatic chromophores, observed from H-3 to C-5, indicatirrg the presence of a 4,6-dioxy-5-

substituted quinoline fragment. This was confirmed by the acquisition of an lH-lsN HMBC

experirnent which exhibited HMBC correlations from H-3 and H-8 to a nitrogen atom at 6 272.5, a

chemical shift consistent with the presence of a quinoline ringea (Substructure A).

The presence of a methine (6n 5.64, dd, -/: 8.2, 1.8 Hz), two diastereotopic methylene

protons (6rr 2.83, rn, and 611 1.93, m), and another methylene resonance (6H 3.41, m) itt the rH NMR

spectrum suggested the presence of a 1,1,3-trisubstituted C3 propyl fragment (Substructure B).

HMBC comelations were observed from rnethine H-12 (6s 5.64, 6c 79.7) to methylene carbons C-l3

(6 34.1) and C-14 (5 39.8). HMBC correlations were observed from the diastereotopic methylene

protons H-l3a (5H 2.83,5c 34.i) to C-14, and H-13b (611 1.93,6c 34.1) to C-12 and C-14.

Reciprocal HMBC correlations were present from methylene protons Hz-14 (6rr 3.41,66-39.8) to C-

l2 and C-13. A COSY NMR experiment confirmed this spin system and established the order of

assignment, confirming that the diastereotopic protons Hz-13 were adjacent to C-12 and suggesting

the presence of a chiral center at C-12. The chemical shifts at the chiral center C-12 (6H 5.64, 5c

79.7) suggested oxygen substitution at this position of substructure B.

Two other HMBC correlations were observed from methine H-12 to two substituted olefinic

carbons at 6 143.4 (C-12a, d, J:3 Hz) and at 6 134.9 (C-9a, s). An additional HMBC corelation

fronr H-13a to C-l2a established that the connectivity was between C-12 and C-12a.

An HMBC correlation observed from Hz-14 (En 3.41,6c 39.8) to an isolated deshielded

car-bon at 6 158.7 (C-16), in conjunction with the chemical shifts suggested heteroatom substitution

at C-14. The observation of HMBC correlations in the rH-rsN HMBC experiment from the

diastereotopic protons H-13a and H-l3b to a nitrogen atom at E 80.0 established the connectivity

between C-14 and a secondary amine nitrogen atom at position l5.ea A positive Sakaguchi test0-s

indicated the presence of a guanidine moiety, which was supported by the deshielded chernical shift

of 6 158.7 for C-16,40 and the observation of the N-H stretching vibrations at 3348 and 3195 cm-l in

the infrared spectrum.

The presence of an ester carbonyl stretching frequency (I745 cm-'1 in the infrared spectrum,

supported by the observation of a deshielded quatemary carbon at 6 166.4 (s, C-10), indicated the

presence of an isolated ester group (Substructure C). This, however, accounted for five oxygens
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when the molecular formula only provided for four. Therefore one of the three proposed oxygen

substituents in substructure A and B was required to be a component of the ester functionality.

A weak HMBC correlation observed between H-12 and the carbonyl carbon C-10 established

that substructure B must be connected to substructure C through the C-12 oxy substituent, thus

securing the ester functionality at C-12. Connection of substructures .A. and B was achieved by the

observation of a weak o"r.'n fMgC correlation from H-7 of the quinoline ring to C-12a. This

constrained the manner of attachment of the two substructures resulting in two possible partial

structures, D and E (Figure 4.4).

NHz

NH

Figure 4.4. The two possible connections of substructures A, B, and C of distomadine A (4.1)
showing key HMBC correlations.

Substructures D and E accounted for all of the requirements of the molecular formula except

for one exchangeable proton. Given that there were twelve double bond equivalents (dbe) associated

with the molecular formula, and that the substructures generated only ten dbe's, it was rrecessary to

assemble the substructures in such a way that two more rings were constructed, with the ester

fonning a lactone ring.

H
OH

NHr
lt-o*",

NuArvn,

ED

HGF

o
t0

I

9a\

Figure 4.5. The three possible structures of the aromatic core of distomadine A (4.1)
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From the two partial structures D and E (Figure 4.4), and the rernaining unassigned

exchangeable proton, were assembled all possible arrangements of the fragrnents, generating three

polycyclic structures, F, G, and H, to meet the dbe requirements (Figure 4.5).

4.2.1. The Location of the Hydroryl Group of Distomadine A.

The NMR experiments were repeated in DzO/TFA allowing establishment of the same

substructures. A comparative analysis between thelH and rrC NMR data of 4.1 in neutral medium

and as the TFA salt (Table 4.2) showed significant downfield chemical shift changes for all the

aromatic protons in the TFA salt, consistent with the presence of a quinolinium ionic species.eT In

contrast to the oxy-substituted carbon at C-4, which exhibited a downfield shift from 6 161.5 to 5

168.0, the other oxy-substituted carbon at C-6 was observed to have shifted upfield from 5161.0 to 6

152.4, a chemical shift usually reported for a hydroxyl substituent.e8

Table 4.2. tH and rlc NMR data for 4.1 in neutral CDrOD and as a TFA salt in DrO.

4.1 (neutral CD3OD) 4.1 (TFA salt, D2O)

Atom 'H (a) tt (6)

2

3

4

4a

5

6

8

8a

9a

l0

12

l2a

l3a

b

8.61

7.28

7.72

7.91

5.86

2.71

2.26

3.39

t47.6

108.7

168.0

t23.8

1r0.3

152.4

13Q.2

t24.7

t37.6

I39.8

167.5

8l .8

t40.4

34.4

39.2

t59.2

t4

l6

H (5) "C (6)

148.9

105.4

161 .5

123.5

r 06.0

l6l.0

r30.7

r31.2

143.7

134.9

t66.4

79.7

143.4

34. I

39.8

158.7
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An attempt was made to try to identify the carbons adjacent to the hydroxyl group from a l3C

NMR spectrum that was run in the presence of a mixture of HzO/DzO (l:l) in DMSO-d6. Due to the

deuterium isotope effect on the chemical shift of the lrC resonance, an apparent splitting or

broadening of carbons two and three bonds away from an exchangeable proton is typically

observed.e!) Lr the case of distomadine A however. no effects were observed for anv of the carbon

resonances.

4.2.2. The 4,6-Dimethylpyrimidine Derivative (4.3).

All attempts to reduce the putative lactone ring of distomadine A failed. Sodium borohydride

in methanol alone and with cerium chloride heptahydrate or lithium chloride produced no reduction

products. Lithium aluminium hydride in dioxane caused degradation of the starting rnaterial and no

recognizable products. Attempts to acetylate 4.1 (acetic anhydride, py'idine 0.5 mL each, rt

overnight) failed, resulting in a brown mixture of inseparable products.

The first successful derivatization involved the verification of the guanidino functionality,

obtained by conversion of 4.1 into the 4,6-dimethylpyrimidine derivative (4.3) by treatment with

excess acetylacetone.

From the HRFAB mass spectrum, a molecular fonnula of C21H16N+Oq was determined from

the [M + H]" ion at m/z 39L 1405 (A 0.5 ppm). Infrared spectroscopy showed a broad absorption at

3305 cm-r and the absence of the free primary N-H stretching vibrations at 3195 and 3348 cm-I. The

ester stretch was present at 1739 cm-l and the spectrum was dominated by the enlarged C:N
stretching vibration at 1586-r as expected fbr the pyrimidine ring. Two extra aromatic carbons and a

very broad alkyl carbon were observed in the ''C NMR spectrum recorded in D2O. Except for the

addition of a prominent singlet at 6 5.93, the aromatic region of the rH NMR spectrum (Figure 4.6)

of 4.3 was identical to that of distomadine A (4.1), while the alkyl region exhibited chemical shift

separation of the H2-14 methylene protons (Table 4.3).
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A more detailed analysis of the NMR data of the 4,6-dimethylpyrimidine derivative product

(a.3) in D2O (Table 4.3) allowed substructures similar to those identified for distomadine A (4.1) to

be established (Figure 4.7).

The 4,6-dioxy-5-substituted quinoline ring was identified from two isolated pairs of doublets

with their respective HMBC correlations. Nitrogen substituted H-2 (5rr 7.81, d, J: 5.2 Hz, 6c 150.2)

was coupled to H-3 (5H 6.13, d, J: 5.2 Hz, 66' 107.0) in both the IH NMR spectrum and the COSY

spectrum and exhibited HMBC correlations to an oxy-substituted carbon, C-4 (6 160.5) and a

nitrogen substituted carbon, C-Sa (6 143.2). HMBC correlations were also observed from H-3 to a

quaternarycarbon atC-4a(5 123.1). Similarly, H-7 (6s 6.88, d,J:9.4H2,5c 131.6) was coupled to

H-8 (6n 7.28, d, J:9.4 Hz, 66. 131.5) in both the rH NMR spectrum and in the COSY spectrum.

HMBC correlations were observed from H-7 to substituted carbon, C-5 (6 108.4) and to the

quaternary nitrogen-substituted carbon, C-8a (6 143.2), and from H-8 to an oxy-substituted carbon at

C-6 (5 162.6) and the quaternary carbon atC-4a (5 123.1) establishing the 4,6-dioxy-5-substituted

quinoline ring (Substructure A).

y$

/ \ lH-l3c HMBC

Figure 4.7. Substntctures A, B, and C of ttre 4,6-dimethylpyrimidine derivative product (4.3)
showing major HMBC correlations.

Substructure B was partly composed of a 1,1,3-trisubstituted propyl chain constructed of an

oxy-substituted methine H-12 (5 5.63, dd, J: 3.9,2.9 Hz), two diastereotopic methylene protons H-

l3a (6 2.87, dd, J : 12.9, 12.9 Hz) and H-i3b (6 2.29, d, J : 15.4 Hz), and two other methylene

protons, H-l4a (5 3.63, dd, J : 13.2, 13.2 Hz) and H-l4b (6 2.99, d, J : 14.8 Hz). An HSQC

CA
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experiment assigned these protons to carbons C-12 (6r.1 5.63,6c'82.6), C-13 (6uu 2.87,61ru 2.29,61'

35.7), and C-14 (Ep, 3.63, 6lm 2.99, 6c 35.6). HMBC and COSY experiments confinned this spin

system and established the order of assignment. HMBC correlations were observed from H-12 to

two substituted olefinic carbons at 6 135.8 (C-9a) and 6 144,2 (C-lza). An HMBC correlation was

observed from H-14a at the distal end of the alkyl chain to a quatemary deshielded carbon at 6 162.4

(C-16) shifted 3.7 ppm downfield from the normal guanidino position at 5 158.7. HSQC assigned

the extra proton resonance H-19 (6 5.94, s) to a carbon at6 112.4.

HMBC correlations were observed from H-19 to two chemically equivalent deshielded,

substituted carbons resonating downfield at 6 170.0 (C-18/20) and to two chemically equivalent

methyl carbons revealed as a broad, squat singlet resonating at 6 24.7 (C-22/23). This established the

connectivity between C-18, C-19 and C-20 and positioned the methyl substituents on C-18 and C-20.

TherH spectrum displayed two low, broad resonances on the baseline at 6 1.88 and 5 1.53, each of

whiclr integrated to three protons (fu-22/23). Due to their excessive line-widths no HMBC

conelations were observed from these methyl protons. The acquisition of a variable temperature lH

NMR spectntm (DzO,200 MHz) showed that the two mounds reached coalescence and resolved into

a six-proton singlet at323 K (Figure 4.8). Chemical shift considerations required C-I6, C-l8 and C-

20 to be nitrogen substituted and established the presence of a 4,6-dimethylpyrimidine ring

(Substructure B).

As before, an isolated carbonyl carbon at 6 167.9 (C-10) comprised sr.rbstructure C. The

presence of a stretching vibration in the irrfrared at 1739 cm-' suggested that this was an ester

fragment. All atoms fiom the nrolecular formula apart from one exchangeable proton had been

assigned in the substructures A, B, and C. Due to the lack of any additional HMBC correlations, no

connections could be established betrveen any of the substructures and no further progress could be

made in structural elucidation except to confirm the presence of the guanidino moiety in distomadine

A (4.1).
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4.2.2. The Hydrolysis of Distomadine A.

It was noted that a small amount of presumed starting material recovered frorn the reaction of

4.1 with acetylacetone appeared to have increased in polarity, that the chemical shift (DzO, 400

MHz) of the alkyl methine, H-12, had moved upfield from E 5.82 to 6 5.19 and that similarly C-12

had shifted upfield from 6 81.8 to 6 68.2. The prominent upfield shifts strongly suggested that

hydrolysis of a lactone ring had occurred and that C-12 hadbeen converted to a secondary alcohol

(4.4) under the mild basic conditions (KzCO3, MeOH, HzO).

The molecular ion at m/z 345 in the HRFAB mass spectrum was overlaid by a potassium ion

causing difficulties in acquiring a stable signal. Thus the reaction was repeated without

acetylacetone using sodium carbonate in place of potassium carbonate, and subsequently using

sodium hydroxide in methanol.

The hydrolysis product (4.4) gave an [M + H]o ion in the HRFABMS at m/z 345.1197 (L 0.7

ppm) corresponding to the molecular lormula CroHlzNqO5 and confimring the addition of one mole

of water. rH and t'C NMR data acquired in DMSO-r/6 (Table 4.4) revealed the upfield chemical

shifts of C-13/H-13 as noted previously in D2O, and also the splitting of methylene protons Hz-15

into two resonances.

Very conspicuous in the infrared spectrum was the absence of the ester stretching vibration,

and the presence instead of a strong, broad OH stretching vibration at 3349 cm-l, with a strong

carbonyl stretch at l(t67 cm-1. characteristic of a carboxylic acid.

Analysis of the 'H, 'tC, HSQC, HMBC, and ROESY spectral data (DMSO-r/a) showed the

sinrilarity of 4.4 to distomadine A (4.1) and allowed the assignment of tlree substructures, A, B, and

C (Figure 4.10). The quinoline ring system was unchanged (Substructure A). From the infrared

spectral evidence (v 3349, br;1667 cm-r) and the MS evidence of the addition of one mole of water,

carbonyl C-12 (5 167.0) of substructure C must be a carboxylic acid fragment.
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H (60 Mult,.f in Hz) ttc (6) H-''C HMBC

3,4,8a

2, 4, 4ar 5

5,5, 8a

4u6

5,10,17,14,15

1 l, 13,

11,13,15

l3

13.,14,17

ROESY

l4a,l4b,15a 15b

13, l4b, 15a" 15b

13,l4u 154 15b

13, 14a, l4b, l5,b

13,144 l4b, l5a

2

3

4

4a

5

6

7

8

8a

10

l1

12

l3

L4a

b

l5-a

b

17

t45.4

100.5

157.9

122,4

107.8

1s8.6

130,3

125.3

141.8

143.4

118.5

167.0

64.3

36.3

38.1

157,8

7.86 (d,4.9)

6.15 (d,4.9)

6.78 (d,9.1)

7.16 (d,9.1)

4.96 (dd, 8.8,5.4)

1.e0 (m)

[.70 (m)

3.28 (m)

3.06 (m)

3

2

u 
Broad singlets worc also observed at 6 8.82 (lII) ad 6 '1.7g @m. Due to their excessive line wid6s they could not be

assigned to positions within the molecule.

Table 4.4. NMR data for hyd:rotysis prod-uct of distomadine A (4.4) in DIW'SO-dou.

4.4
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The alkyl chain (Substructure B) was identified fiom a spin system of a doublet of doublets

(611 4.96, lH, dd, -/:8.8, 5.4H2), a multiplet (6s 3.28, lH, m), a multiplet (66 3.06, 1H, m), a

multiplet, (6p 1.90, lH, m), and a multiplet (E11 1.70, lH, m) in thetH NMR spectrum. COSY and

ROESY (t,n;* 200 ms) experiments confirmed this spin system and established the order of

assigrment. HSQC revealed protons assigned to carbons C-I3 (6H 4.96,5c 64.3), C-I4 (buo 1.90, 6s5

1.70,6c.36.3), and C-15 (6rru 3.28,6p6 3.06,61-38.1). An HMBC correlation observed from H-l5b

to a deshielded carbon at 6 157.8 (C-17) confirmed the presence of the guanidino moiety. The

splitting of Hz-15 into two separate resonances was not observed when therH NMR spectrumwas

acquired in DzO (400 MHz) implying that this disparity was due to the influence of solvent effects.

HMBC correlations from methine H-13 to the two olefinic carbons C-10 (6 143.4) and C-ll (6

118.6) and frorn H-l4a and H-14b to C-l1 established the connection between C-ll and C-13. A

considerable upfield shift of C-11 from 6 143.4 to 6 118.6 suggested a substantial alteration in the

chemical environment. In conjunction with the lack of an HMBC correlation between H-13 and

carbonyl C-12, and the prominent upfield shift of H-13/C-13, the evidence pointed unequivocally to

the hydrolysis of a lactone ring and the presence of a hydroxyl substituent at the chiral centre C-13.

Due to their excessive line widths, neither of the exchangeable proton resonances observed at 5 8.82

(lH) and 6 7.47 (4H) exhibited any HMBC correlations.

o

#"'

I H-l3c HMBC

Figure 4.10. Substructures A-C of the base hydrolysis product(4.4\ showing major HMBC
correlations.

Connection of substructures A, B and C to assemble structures D, E, and F (Figure 4.l l) was

achieved by the analysis of HMBC data. The weak t{.'r HUSC correlation previously observed

from H-7 on the benzene ring to C-l I enabling the comectivity between substructures A and B was

absent. However, a new, strong HMBC correlation was now exhibited from H-13 to C-5 of the

benzene ring, securing a three bond relationship between H-13 and C-5, and the connectivity

CA

H' -N
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between C-5 and C-l l, thus eliminating structure F which displays aoJ61t. Structures D or E must be

the correct constructs. The inability to detect this pivotal l-/c'u while the lactone ring was closed

suggested that due to inherent structural rigidity, the results of the HMBC experiment were

circurnscribed by significant angular deperrdence. Opening of the lactone ring allowed

conformational flexibility and thus a strong -i../611 to become apparent. [n support of this analysis,

molecular mechanics modeling indicated that the dihedral angle between H-13 and C-5 of an energy

minimised structure with the lactone ring closed was estimated to be 58o as opposed to 166o on a

ring-opened model.

E

ttc HMBC

otr HMBC

Figure 4.11. Structures D, E, and F of hydrolysis product (4.4) showing key HMBC correlations
used in connection of substructures A, B, and C.

Essentially the final requirement was to determine whether the structure was comprised of a

6-hydroxyquinoline (Structure D), or a 4-hydroxyquinoline (Structure E).

An atternpt was made to acetylate the hydrolysis product 4.4 (acetic anhydride, triethylamine,

0.5 mL each, dimethylaminopyridine, 2 crystals, rt overnight). The mixture turned dark brown but

failed to yield any recognizable products.

4.2.4. The N-Methylation of Distomadine A.

In addressing the issue of determining whether the compound was a 6-hydroxyquinoline

(Structure D) or a 4-hydroxyquinoline (Structure E), methylation of distomadine A (4.1) using

methyl iodide and potassium carbonate in acetone at reflux was attempted but failed to generate any

recognizable products. The methylation was repeated with methyl iodide and potassium hydroxide

in methanol at roorn temperature yielding an N-methyl derivative 4.5.

FD

\

H
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Figure 4J2. tH NMR $pecrnirr-r (CD3OD, 400 MHz) of the TFA salt of.lf-rnethylated distornadine
A (4.s).
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Table 4.5. hlNiIR data (CDTOD) for the TFid selt of the.l/-methylated derivative of distomadine A

Atom E (E, BIuIt,lin IIz) ttc (6) ELBC ('H- N.OE$Y

2

3

4

4a

5

6

v

I
8a

9a

l0

t2

12a

1,3a

b

14

l5

N-CHj

1s1.1

107.0

\66.7

r23.4

110.5

tsl.8

r'28.6

t21.5

r37.2

139.s

163.7

'19.6

137.8

34.7

8.85 (d 6.7)

7,36 (d,6,7)

7.8e (4 e.s)

8.rs (4 9.s)

5.89 (dd,8.2,2.0)

2.7s (m)

2.15 (rn)

3,47 (m)

a.30 (s)

3,4, 8a, N.CHr

2,4,4a"5

5,84 6, [2a

4a,5,

9a,l?Ult,l4

12,12414

12. L4

t2,73,16

3, N-CH:

2

l3a, 13b,14

72,13b,14

l2r13a, 14

12,13a l3b

CF3C02

4.5
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The N-methylated product (4.5) showed an [M + H]. ion at m/z 341.1225 (L 7.4 pprn) in the

HRFABMS corresponding to a molecular formula of CrzHrzNqO+. Analysis of the 'H, ''C, HSQC,

and HMBC spectral data in CD3OD of the TFA salt of 4.5 (Table 4.5) revealed the similarity of 4.5

to distomadine A (4.1) and allowed the assignment and connection of three similar substructures to

establish two possible constructs, A and B (Figure 4.13).

The rH NMR spectrum of 4.5 contained an N-methyl resonance at 6u 4.30 (6c 44.7) which

displayed HMBC correlations to C-2 (S l5l.l ) and C-8a (5 137.2), and strong NOE correlations to

H-2 (6 8.85) and H-8 (6 8.15). A reciprocal HMBC correlation was also observed from H-2 to the

N-methyl resonance at6c 44.7, clearly establishing the attachment of the methyl group to N-I of the

quinoline.

'"1^
t0/

oAo rtn,

NH NH,

,t----a/\Y\

lH-13c HMBC

NOESY

Figure 4.13 Key HMBC and NOESY correlations used to establish the constructs A and B as
possible structures of the N-methylated product 4.5.

As expected for a TFA salt, the chemical shift of the l/-methyl group (6H 4.30, 6q 44.7) and

cousiderable deshielding evidenced by all four proton resonances on the quinoline system (0.65-0.83

pprn, Table 4.5) was consistent with the presence of an N-methylpyridinium cation.l00'l0l The

occuffence of N-metlrylation over O-methylation is not unusual in 4-hydroxypyridinesl02 or 4-

hydroxyquinolinesl0l in protic solvents which favour the 4-oxo tautomer over the 4-hydroxy

tautomeric form,'or This could indicate that the 4-hydroxy construct, structure C (Figure 4.14), is

more likely to be correct, tautomerisrn of this type being impossible for E, the 6-hydroxy construct,
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where deprotonation with alkylation could be expected to occur at the 6-position. However, several

observations were inconsistent with this assignment.

+
-H

-

-------
+H'

cF3cot

C (TFA salt) D (Basic)

+
N

I

C

\

H3

H

OH
+-H'

;tt-
CF-rCOz

E (TFA salt) F (Basic)

Figure 4.14. The two possible structures of the N-methylated compound 4.5 as the TFA salt and in
basic conditions.

Firstly, a comparison of the lH and rlC NMR data of the TFA salt with those exhibited in the

basic crude mixture were contradictory $able 4.6). HRI'ABMS identified the [M + H]* ion at m/z

341.1246 (A 1.2) in the basic crude mixture, corresponding to a molecular formula of CrzHrzN+O+,

and rH, 
'tC, HSqC and HMBC dara (D2O) confirmed that the major product was the N-methylated

compound 4.5.

ln a basic environment, deprotonation of the 4-hydroxy-l-methylpyridinium ion would be

ensured (pK" - 3.0),'un yielding the neutral l-methyl-4-pyridone species, D (Figure 4.14). The

chemical shifts of the 'H *d l3C NMR resonances of the basic mixture were consistent with a
neutral species. However, the N-methyl chemical shifts of 6p 3.92 and 5q 46.1 were significantly

N
I

C

\

H3

N
I
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deshielded from the values expected for a neutral species (5H 3.83, 6g40.2,r0r) (Tabte 4.6) indicating

that a persistent quaternary nitrogen was still present. This apparent dichotomy was incompatible

rvith structure D. It was, however, compatible with structure F, which is unable to tautomerize and

exists in zwitterionic form.l00

Table 4.6. rH and r3C NMR comparison data of the aromatic region for the N-methyl derivative 4.5
in acid and base with literature values for N-methyl-4-quinolone.

4.5 (TFA)" 4.5 (Basic)o N-Methyl-4-Quinolone'r or

Atom 's (a) "c (6) 'H (6) ttc (5) 'H (a) ttc (6)

2

J

4

4a

5

6

7

8

8a

N-CHr

8.85

7.36

l5l .l

r07.0

t66.7

t23.4

110.5

lsl.8

r28.6

12t.6

137.2

44.7

7.89

8.l5

4.30

8.04

6.54

148.7

107.0

166.3

125.8

109.2

165.9

136.9

t22.6

133.9

46.1

7.18

7.49

3.92

7.56

6.32

143.8

109.5

1 78.1

126.7

123.5

126.3

r32.0

I 15.3

140.4

40.2

8.47

7.41

7.71

7.43

3.83

CD3OD; " DrO; "CDCL

Secondly, a comparison of the carbon chemical shifts observed for C-4 of 4.5 in acid (6

166.7) and base (6 166.3) were inconsistent with those expected for structures C and D. In quinoline

and pyidine systems large differences in carbon chemical shifts have been experimentally

determined between a C-4 hydroxy- (6 156.2),105 methoxy- (6 165.3),10("107 and an oxo-substituent (6

178.1).r0r'r0t Tllus the negligible 5 A:0.4 ppm observed for C-4 of 4.5 must be due to the presence

ofan ether species.

Thirdly, the 5 A : 74.9 ppm observed at C-6 could not be explained.

Conversely, however, structures E and F were entirely compatible with the carbon chemical

shifts observed. A cyclic ether substituent at C-4 would exhibit no carbon chemical shift changes.

On the other hand, acidic C-6 (5 151.S) was consistent with structure E,e8 and basic C-6 (5 165.9)

was cottsistent with F when compared to the values for N-methyl-3-pyridone, a similar zwitterionic

species. 
lo'
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These results also clarified the previous comparative lH and l'C l.[\4R data obtained for 4.1

in neutral CDrOD and as the TFA salt in D2O especially in reference to the chemical shift changes

observed for C-4 arrd C-6 which were congruous with the above structural elucidation. This also

explained why no deuterium isotope effects were observed on the chemical shift of the r3C

resolrances. The ''C NMR spectrum was run using the basic fonn of 4.1 (Structure F, Figure 4.14).

As the 6-one structure, (C-6,6c 163.6) there was no exchangeable hydrogen present for an effect to

be observed.

4.2.5. The O-Methylation of Distomadine A.

Further efforts to secure the O-methylated product were unsuccessful. Diazomethane in

methanol generated an unidentifiable mixture of products. Similarly, methyl iodide with potassium

hydroxide in DMSO resulted in degradation of the sample. Experiments were performed on both the

natural product and the 4,6-dimethylpyrimidine derivative.

A procedure using methyl iodide and silver(I)oxide in DMF yielded 46% of the proposed O-

methylated fragment 4.6. Mass spectrometry failed to identify a molecular ion. Infrared

spectroscopy exhibited a strong broad OH absorbance at 3346 cm-l typical of a carboxylic acid, with

a supporling strong carbonyl stretch at 1668 cm-|, and an absence of the nonnal lactone carbonyl

stretching vibration. tnitial examination of the 'H ]r[r4R data obtained in CD:OD revealed the

characteristic aromatic region of the quinoline system with its two pairs of ortho-coupled doublets.

Missing, however, was all evidence of the alkyl guanidinium chain including the methine at the

cliiral centre. In place of the alkyl chain was a three-proton singlet at 6 3.79.

A more detailed analysis of the NMR data of the methylated product (4.6) in CDrOD (Table

4.7) allowed one substructure (Figure 4.15) to be proposed.

The basis of substructure A was established as the 4,6-dioxy-5-trisubstituted quinoline ring

systenr previously detennined. In addition to this, an HSQC experiment assigned the three-proton

alkyl singlet (611 3.79) to a carbon at 6 57.9, and HMBC correlations were observed from methyl 6

3'79 to C-(r (6(' I49.4) indicating connection of the rnethyl substituent with the oxygen of C-6. An

ROE correlation observed between the methyl protons and H-7 (S 7.54) confimred the placement.

The carbon chemical shifts of C-4 (5 160.7) and C-6 (6 149.4)'0e validated the interpretation of the

N-methyl derivative (4.5).
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Atoru tH (6, n{u'tt,Jin Hz) IilMBC ('H- ROESY

3,4,&d1

4,4a

5,6;84

4a,6

6

z

3

4

4a

5

6

7

I
8a

OCHr

t522

104.8

164,7

121.0

I14,5

r49.4

r21.9

128.3

r46.4

57.9

8.41 (d,5.2)

6.84 (d, 5.2)

7.54 (4 e.4)

v.7l (d,,9.4)

3.79 (s)

" rt NMR signals urere also observed at O t observed but
c,ould not be.assigned to positious in h-e mo-leeulc"

o
ocH3

Two earbq4yl carbons that could not be as,signed werf obs-erved at 6 165.5 and I 164.9,

cot'lsiEtent with a dicarb.ox,ylio asid. Other oilefinic carbons were alss otserved but due to the

prcsenoQ of impuritiers and the paucity of pr,otons, eould not be uuequivoenlly identified as boing a

part of the compound. Tlre dioarboxylic aoid fragrnent (4.Q w.as suggested as a tentativs structure

but sould! not be confiqned,

4.6

Table 4.7. NIvIR data forthe O-nr.ethyla0ed fralpnent of distomadine 
"-4. 

(4.6) in CDsOff.
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lH-l3c HMBC

ROESY

A

Figure 4.15. Substructure A of O-methylated distomadine A (a.Q showing key HMBC and ROESY
correlations.

The problem encountered with securing a methylation product may have its origins in the

concomitant methylation of the guanidino functionality, resulting in a Hoffman-t1pe elimination with

subsequent fragrnentation and rearrangement of the molecule. Due to the facile opening of the

lactone ring in basic conditions and its position at the proximal end of the alkyl chain, a number of
mechanisms could be in operation at any one time generating a plethora of products. The inherent

risk associated with assuning that a rnechanistic pathway results in a given product requires that a

cautious approach be taken when speculating on the origin of a fragment such as 4.6. Nonetheless,

tlte evideuce acquired up to this point indicated strongly that the starting material was in fact a 6-

hydroxyquinol ine species.

4.2.6. The plfu2 of Distomadine A.

Given that the reported pKn values of 4-hydroxyquinoline (pK.r : 2.27, pKu2 : ll?'s) and 6-

lrydroxyquinoline (pKo' = 5.17,pKr2:8.88) are noticeably dissimilar,ll0 a pK. estimation of 4.1 was

carried out.

It had previously been observed that 4.1 converted from a dull yellow to a brilliant
fluorescent yellow at approximately pH 6 upon addition of base, and a pronounced difference in the

UVA/is spectrum between the basic and acidic species of distomadine A (4.1) was exhibited at a

wavelength of 440 mn (Figure 4.16). Hence the pK" was determined by the spectrophotometric

method.Ilo

tv
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200.0 450. O
navelength (ad,)

700.

Figrlre 4.16 Overlaid UV/Vis speotua of 4.1 in MeOF{ sh,own (a) with KOH, (b) at neutal F[I, and
(c) with TFA. The absorbancq at 440 nql deerea-ses as the p-Ftr decreases.

The method depends upon the dirEct estimation of the ratio of the neufral ts ionized species.

nt is assumed ttrat Beerb Law is oheyed for bo,th specico, and that the o-bserved absqbance (d) at the

asalydcal wavelength is thE sum sf the absorbance of the ionized specios (Ai) aud the molgaul-ar

speei'es (A-), Thus A = Ai # Arn, The aocurate FK. w,as oaleulated from the s€ven pH values 6at

wefe numerically equal to the approxirnate pff, t 0-0, (0.2, 0.4, rnd 0.6) as observed from the

sigmo.idal titration ourre (Fig,ure 4.17), Frsm the equatiorq ptr-G = p_[I + loet(Ar : AXA - Ar)J a

straight line ga.Bh of [og[(Ai - A]/(A - Ar)l vs pH gave a slope ftorn which the pK" could be

de-temirred: X variable (Fih): -intersept/slo,pe (Figrrre 4.,1S).
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Figure 4.17. The sigrnoidal curve of the pKo determination of distomadine A (4.1) titrated with
NaOH 0.2 M.
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Figure 4.18. A straight line graph of log[(A;- Ay(A - Ar)] vs pH from the titration curve in Figure
4.17.
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From the equation the accurate pK, was determined to be 7.37 t 0.03. This value is far

removed from either pKur : 2.27, or pKoT :11.25, the values reported for 4Jrydroxyquinoline, but

relatively close to either pKul : 5.17 , or pKu2 :8.88, the values for 6-hydroxyquinoline. Taking into

account consideration of the negative induction effects of an extended conjugation systern and eight

resonance-stabilizing forms (Figure 4.19) available to the phenolate anion, a significant increase in

acid strength from apKuz : 8.88 to a pKo2 : 7.37 would not be implausible.

.e .e

Figure 4.19. Three of the eight resonance stabilized forms available to the phenolate anion of
distomadine A.

The extended conjugation and resonance forms available to the phenolate anion of this rigid,

tetracyclic, aromatic structure also give a valid reason for the intense change in colour and the

considerable bathochromic shift of 47 nm (393.5-440.5 nm) observed in the UV/Vis spectrum of
distomadine A upon the addition of base.

Simultaneously, the fluorescence of the compound abruptly changes, and becomes

exceptionally strong in the visible wavelengths, with the relative intensity of the fluorescence

emission spectrum rising from 67 in acid to 887 in base (Figure 4.20). Of interest is that the

wavelength of maximum fluorescence in acidic media is 450 nm, exactly that of another quinoline-

based compound, quinitre sulphate, the cationic form of 4.16 (Figure 4.28), a fluorophor used as a

reference for standardizing fluorometers. Although a pH-dependency is frequently observed in the

fluorescent rvavelength as well as in the intensity of emission in aromatic compounds with acidic or

basic ring substituents, the maximum wavelength of fluorescence in distomadine A moved only from

450 nm to 458 nm upon the addition of base.
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F,'igure 4,20. Fluole8c€nee ernission spcctrudlof distomadine.4, (4.D iraaliarcd ar 250 unr. A:
MeO,IIfi(OH (0.02 me/mt)i Be MeOFVTFA (0.02 ngmt)
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In acidic media 4.1 exists as a dication, protonated at both the quinoline ring nitrogen and the

guanidino moiety, accounting for the difficulty experienced in the initial attempts at purifrcation and

nrass spectrometry. At pH 6,4.1 is a monocation, at pH 8 a zwitterion, and at pH 14 it is an anion

(Figure 4.21).

The pK"r associated with the quinoline nitrogen was not detected in the pH range utilized for

this study, which is somewhat surprising given that the expected value was approximately pH 5.2.

There is a distinct possibility that tlie two pK values overlap due to simultaneous ionization, thus

causing mutual interference. Nonetheless, the data is not consistent with the 4-hydroxyquinoline

species, which is effectively eliminated in favour of the 6-hydroxyquinoline system. This final

evidence, when combined with all the previous observations allowed us to conclude the structure of
distomadine A as 4.1.

NH
\!NH2
tl

HrN-+

4.1

4.2.7. The Stereochemistry of Distomadine A.

The absolute stereochemical description of 4.1 remains undetermined. The application of
Mosher's rnethod would require the protection of the guanidino functionality as the 4,6-

dimethylpyrimidine derivative, followed by hydrolysis of the lactone ring before a Mosher's ester

could be made. Due to the lack of starting material this has not been attempted at this time.

4.3. Distomadine B (4.2)

Distornadine B (4.2) was isolated as a l:2 mixture of 4.2 and 2'-deoxyadenosine (2.39) (See

Chapter 2, Section 2.3.3.2.). HRFAB mass spectroscopy established a molecular formula of
CrzHrsNqOt for 4.2 from the [M + H]+ ion at m/2371.0962.
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trr (o, Ftult, ,IinFrz) ttc (6) H.''C HMBC

2

3,,

4

4,a

5

6

-l

I
8a

9a

10

T2

12a

13a

b

74

16

C,Oz.H

6.eB (s)

6.74 (d,9.4)

7.57 (d,9.4)

5.,47 (dd,V.g,2.,A)

2.62 (m)

1.91 (m)

3.2E (m)

158.5

ra3.i

168.1

122,8

iLaz.2

164.1

l3 1.1

131.:l

l319'9

1l13.9

Lr$ot observed

7't,.4

'3A"9
32'6

3r8'5

r57.1

Not observed

2,4 4a

5,8a

Aar6

9a,12473,14

12, L6

13a, 13,b

12,l3b

12*134, 14

I3a l3D-

NH
\.LNII'
tl

H2l[
?

,4.2

TherIINndR" spixfrurn of distqtroadine B (z[.2) aoquired in DMSO-d6ID?O, was s,imilarto that

of diEtonradine A (4,1) eltcept fur the prosence of an aromatic singlet at I 698 in pllace of the uornral

Tahle 4.8, NI\{B d4t4 (DMSO-dr/DeO) for disromadine B (4,2).
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ortho-coupled pyridine ring doublets. The r3C NMR spectrum was weak and the carbons were

identified from the HSQC and rH-rrc HMBC spectral data.

A detailed examination of the NMR data assigned the singlet at H-3 (6 6.98) to a carbon at 6

103.7, and showed HMBC correlations from H-3 to a substituted carbon at 6 158.5 (C-2), a

quaternary carbon at 6 122.8 (C-4a), and to the oxy-substituted carbon C-4 (6 I 68. I ) (Figure 4.23).

NHz

Figure 4.23. Substructures A and B of distomadine B (4.2) showing major HMBC correlations.

The ortho-coupled doublets, H-7 (6H 6.74,d,J:9.4 Hz,5g 131.1) and H-8 (6u 7.57, doJ:
9.4 Hz,6c' l3 I .7) appeared to retain the same positions in the benzene ring as seen in distomadine A

(4.1). An HMBC correlation observed from H-7 to a nitrogen substituted carbon at 6 139.9 (C-8a)

established the connectivity of C-8 to C-8a. Similarly an HMBC correlation observed from H-8 to

the substituted carbon C-4a (5 122.8) secured the ortho relationship of C-4a and C-8a, and the

connectivity between the two ring systems. A further HMBC correlation was also observed from H-8

to oxy-substituted C-6 (6 164.1) establishing the connectivity between C-6 and C-7, and finally a

comelation frorn H-7 to a substituted carbon at 6 102.2 (C-5) established the connection of C-5 to C-

4a and C-6. The evaluation concluded that C-2 must be ortho to a quinoline nitrogen atom and

substiftrted by a carboxylic acid or hydroxyl functionality, either of which would be consistent with

the observed deshielded chemical shift of 6 158.2. in contrast to the C-2 value of 5 148.9 seen in 4.1.

The molecular formula allowed for one extra carbon and two extra oxygen atoms. Thus, the

substituent at C-2 was determined to be a carboxylic acid. No further spectral changes were

observed between 4.2 and distomadine A (4.1), and thus the compound was identified as 4.2, the 2-

carboxylic acid substituted derivative of distomadine A (4.1).

BA

+
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4.4. The Biotogical Aetivif of the Distomadines

The &hydox-yqtrinolines, w,hioh exist meinly as tle 4quinolone tautsmeric speoieu, are

fr,equently f,ound to exhibirt autimicrobial aetivit.y.r 
tt Leiokinine A (4"7) 'and B (4.8;, isn1"1ed frsm the

leaves sf EsenbeeWa leiocarp'a not only inhibjt the growth of mioroorganismre but also, o-f mimale

and plants.!'2 Froln fhe mariue qyanobaot€riu Lyngbya majtucala,a 6-hydtox quinoliner,eompo.und

(4;9) 'alld its gly-coside derivativE (410)" neither of which exhibited any bio,hgreal aetivity. were

isolared in 199?s (Fieure 4.2+1.

Leiolrinine A (4.?) Leiokinine B (4.8)

N-
tt

4,9

Figure 4.24. Some 4-quinolone and 6-hydroxy-quinoline alkaloids-
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Distomadine A was inactive against the P388 murine leukaemia cell line at a concentration of
2 ng/mL, and exhibited no antiviral activity against HSV-l or PVI at a loading of 40 pg/disc. It

also exhibited no antimicrobial activity against the gram positive bacterium Bacillus suhtilis, the

gram negative bacterium Esclr erichitt coli, or the fungi Candida albicans and Trichophyton

mentugrophytes at a loading of 40 prg/disc. It was also inactive in the National Cancer tnstitute

(NCf) 60-cell line primary screen against human tumour cell lines.

The inactivity exhibited by the distomadines in these assays is more consistent with the

presence of a 6-hydroxyquinoline structure than with a 4-hydroxyquinoline structure.

4,5. The Proposed Biogenesis of the Distomadines

A number of quinolines such as xanthurenic acid (4.11) and xanthomattin (4.12) (Figure

4.25), responsible for the eye pigment in Drosophila, and known to exist in many other species from

mamnrals to microorganisms, follow a biosynthetic pathway from tryptophan (2.26)"' lFigure 4.26).

CO2H

Xanthurenic acid (4.1 l) Xanthommatin (4.12)

Figure 4.25. Quinoline-based eye pigments.

The kyturenine (2.28) pathway is the major metabolic pathway from tryptophan catabolism.

Oxidative cleavage of the 2,3-double bond of tryptophan (2.26) to yield ALformylkynurenine (2.27)

is catalyzed by the extra-hepatic enzyne indoleamine 2,3-dioxygenase. Reduction to kynurenine

(2.28) followed by hydroxylation leads to 3-hydroxykyrurenine (4.13). By means of transaminases,

kyrurenine (2.28) and 3-hydroxykynurenine (4.13) undergo cyclization, giving rise to kynurenic acid

(4.14) and xanthurenic acid (4.11) respectively. Oxidative condensation of two molecules of 3-

hydroxykynureni ne (4. I 3) yields x anthomattin (4. I 2).

NHz
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Trnrtophan ,Q26t)

A \IHz

rndoleem,ine #eo*I2"3-dioxygeuase l- ll----+ \A*HCH.

N-Formylklmurenine Q.Zn

I

I
OH

I,4\,A.till
\--'\*Zlr

Kynurenie ac'd

CO2H

(4.t4)

Transaminase
<F-

Transarninase

-

I(ynurenine (2.18)

I

3 -Hydroxy:kynurenine (a.1 3)

I

I

t

Xanthurenic aeid (4.f D

Xqnthommafin (a.12)

F'lguro 4.26. Tho Uryptophan c.atabolic pathway,

NH2
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The similarities betwee;n these alkaloids and the distomadines are quiie sniking., suggesting

the possibility that the distomadines might be derived via a similar bios'ynthetic pathway (Figur,e

427)'. Utilizing the ky,rnrenine (2.28) pathway to lcSrnuredc acid (4,14); condcnsation of 4,14 with

tiomoarginiRe (4.15) could yield the distorlradines.

,cazHqNHzoNHz

n.{*, - 4'AA.u," 4}A co2H

\/"J € (A*""o --'- >- l=jL*r,

Tryptophan (2:.26) N-Fo rmylkynur-enine (2 J 7) Ky-.nurenirne (2,28)

Iilornoarginine (4.f5)

NrL Tlt,lt loH
HzN 

Al,tH ^\.A\, co2H 

^"A-- 

- 

| ll I

Condensation V-f...rACOzH

Dietomadlne A (4.I) Ky.nurenic acid (4.f4)

. Eomoarginine
s[releton

Figu:re 427. Proposed b'iogeruesis of distomadine A (4.1).

4'6. Quholine and Guanidino-oontaining Alkaloids

Although quinoline and guanidino-containing alkaloids are not uncointuon there are no

reports of naf,ural products whic.h co.mbine fhe tlro different msieties. Quinoline alkaloid-B are well

documented, quinine (4.16) in partieular being one of the most clinically well known dnrgp of our

tfune in use against the rnalarial parasite (Figure 4.25).

urN-r,/H
tl
NHz
+
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Quinine (4.[6)
Trididemnic acid

A (4.1D R=H
B (4.18) R=OH

Figure 4.28" Quihoilfue alkaloids..

The majority of the qufnoline alkalsids, how€ver, are of terrestrial origin. The incidence of

qlinoline alkaLoids is uucsmmon in marine organisms with qponges generating more than

ascidians.e* A" asoidian of ttre gcnus Trididern:aum yielded trididemnic ac,,ids A. (4.17) and B (4,18)

and xanthurenic acid (4J1).t06

H
li

luA,,\,-N-n'NHetll

N =,Al,zN\'NHz-t'll
ENH

o QOaH T
Nryt-*.a'NH,I ll 'i 

ll

HOIV H NH

4.19

4.20

Figure 4"29. fuginiae-derived alkaloirds.
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Amsng the guanidino-oontaining alkaloids, derivEd from the amino acid arginine,is 4.19, a

pher,rolic derivative i,solated fiom the aecldian Leptaelinides d.ubius,?6 and .an inactive modified

tryrptophan-arginine dipeptide dimer 4.20 from the asoidiatr Etts'ynsgela misakiens,is"o 6Figute 4,?l9).

,{lthough the dimer 4.20 and the digtonradin€s may both be derivatives of the amino acids

'fyptophan and arginine, their bioqnrthetie pathwap have diverged at an early stage. The putative

csndensation of tn-e trlptophan-derived metabolite kynurenic acid (4.14) and homoarginine (4.15J,

has yi,elded a unique, new class of al,kaloid, the distomadines.
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Chapter Five

Nf,l-Trimethylguanine, a New Trimethylated Guanine from the

Ascidian, Lissoclinum notti

5.1. Iissoclinum notti

Analytical Cl8 reverse phase HPLC of the crude extract of a thin encrusting blue ascidian

identified as Lissoclinum notti Brewin, 195828 collected from Leigh Harbour, Northland, revealed the

presence of a major metabolite. The aqueous fraction was subjected to C18 flash chromatography

yielding 13.0 mg of 2-(dimethylamino)-1,7-dihydro-7-methyl-6.I/-purin-6-one, or tf ,tf ,l-
trimethylguanine (5.1) as a white solid.

Figure 5.1. Photograph of Lissoclinum notti.



ll6

r?l

q
s

I
N

t
F

I

F

-'l@
r

ESIS l-

rdd

stE't-\
5562'€'-'r\

rEEV
?€,M'E.J/

'EE'EJ

Figure 5.2. rH NMR spectrum (CD3OD, 400 MHz) of N2,N2,7-rrimethylguanine (5.r).



Table 5.f . NMR data for N,Irt,7-n-rmethylguanine (5.1) in CDrOD'

1,t7

Atom

I

2

4

5

6

8

N2-Mez

N7-Me

7.82 (s)

3.10 (s)

3.92 (s)

154.4 (s)

160.8 (s)

109.6 (s)

157.7 (s)

145.2 (d,208)

38.3 (q, 133)

24.0 (q,145)

4,5,6,tit-Ue

2, N2-Mez

5,8

tH (6, Mult) t'c (8, Mult, J innz) 'H-

10.

" DMSO-do; Carbons to which the proton correlated'

5.1

5.2. I\P N,7 -Trimethylguanine (5.1)

A molecular formula of CsHrrNsO for If ,If ,7-timethylguanne (227-TMG) (5.f) was

established from the HREIMS of the [M]* ion at m/z 193.0963 (A 0.3 ppm). The UV spectrum of 5.1

was simple showing absorption maxima at l. : 252 and 294 nm, and the IR spectrum exhibited an

NH stretch at 3191 cm-I, superimposed on a broad OH absorption at the same frequency, and an

amide carbonyl absorption at 1684 cm-t.

Initial inspection of the NMR data obtained in CDrOD (Table 5.1) revealed the deceptively

simple 'H NMR spectrum (Figure 5.2) containing only three singlets: a methine, a methyl and a

dimethyl resonance, while the r3C spectrum exhibited five aromatic carbons between 6c 109.6-160.8'

"-T/
tut"ztttAti
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and two alkyl carbons. tn addition, an lH NMR spectrum acquired in DMSO-d6 revealed a broad

one-proton singlet at 6 10.56.

A detailed analysis of the spectral data led to the formulation of two substructures, A and B

(Figure 5.3). The six-proton singlet resonating at 6 3.10 (Nt-M"r) was assigned by the HSQC

experiment to an alkyl carbon atE 3.9L,the chemical shifts suggesting nitrogen substitution. HMBC

correlations observed between the methyl protons (6H 3.10) and their own carbon (6c 3.92) indicated

the presence of a dimethylamino functional group. Further HMBC conelations exhibited from the

chemically equivalent methyl protons to a substituted olefinic carbon at 6 154.4 (C-2), established

the connectivity between the dimethylamino group and C-2 (Substructure A)'

Figure 5.3. Substructures A and B of 227-TMG (5.1) showing key HMBC correlations.

Chemical shift considerations required the more downfield methyl resonance (6H 3.92, 5c

34.0) also to be nitrogen substituted, placing the methyl group on N-7. N7-Me exhibited HMBC

correlations to a quaternary carbon at C-5 (S 109.5) and to a tertiary carbon, C-8 (6c 145.2,6H7.82).

A reciprocal HMBC correlation was observed from H-S (6 7.82),the aromatic methine, to N7-Me (66

34.0), establishing the connection between C-8 and N-7. A further HMBC correlation was observed

from H-8 to C-5 (6c 109.6), which secured the connectivity between N-7 and C-5. Finally H-8

exhibited an HMBC conelation to another quaternary olefinic carbon C-4 (6c 160.8), which must be

sited three bonds away. A gated decoupled carbon experiment (CD3OD) gave a r-lgn value for C-8

of 208 Hz, consistent with di-nitrogen substitution, thus establishing the connectivity between C-8

and N-9, and N-9 and C-4 (Substructure B).

Substrucfures A and B accounted for 7 carbons, 10 protons, and 3 nitrogens of the molecular

formula. The atoms remaining to be assigned were I quaternary deshielded carbon (6c 157.7), 1

exchangeable proton,2 nitrogens, and 1 oxygen.

B
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Connection of the two substructures and assignment of the remaining atoms was established

from a weak four-bond HMBC conelation observed from H-8 to the last quatemary carbon C-6 (6

157.7),1'' from comparison of the data with NMR literature values for purines, and by mass

spectromeffy.

Attachment of the final carbon, C-6 (S 157.7) could only be at C-4 or C-5, and from the

molecular formula, one of these three carbons must be oxy-substituted. The chemical shift of C-5 (6

109.5) required a position cr to the oxy-substituted carbon. Thus the oxy-substituent must be on C-6,

establishing the connection of C-5 and C-6, (Substructure C, Figure 5.4). The two remaining

nitrogens had to be positioned between C-2 of substructure A and C-4lC'6, and required an ortho

relationship between C-4 and C-5. The exchangeable proton, which was identified from a broad

resonance at 610.56 observed in a lH NMR spectrum acquired in DMSO-d6, could be placed either

on N-1, N-3, or 0-6. This indicated that 5.1 was a new methylated purin",If ,If ,7-trimethylguanine.

5.1c

otc^ HMBC

Figure 5.4. Substructure C showing the essential connections to form 5.1.

The simple 'H hIItIR spectrum was suggestive of other methylated guanines that had

previously been isolated,4e'tt0'117 and comparison with the tH and t'C NNG. literature values

confirmed the atom assignments. LRMS offered further substantiation with an observed peak at M'

-70 corresponding to the expulsion of N-1, C-2 and its NMe2 substituent, with the rearangement of

a hydrogen radical onto the remaining imidazole fragment, a characteristic mode of decomposition of

the guanine molecular ion.l18

Notwithstanding the fact that the major tautomeric fonn of gUanine is normally the keto

tautomer D or E (Figure 5.5), the appearance of a strong OH absorption in the infrared spectrum

indicated that enol F also made a considerable contribution.
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Figure 5.5. The three tautomeric forms of 227-TMG (5'1)'

S.Z.l. The physiological Role of N2,AP,7-Trimethylguanosine (5.2).

Although S.1 was synthesized by Bredereck et al. as part of a series of purine sytrtheses,lle

this is the first isolation of 5.1 as a natural product. The physiological roles of methylated guanines

are largely unexplained at the present time. However a^s their nucleosides, the guanosines, they are

intimately involved with DNA processes such as the regulation of initiation and hanslation, with

RNA nuclear migration, and RNA stability.t2o N.tP,l-ntrnethylguanosine (TMG) (5.2) (Figure 5.6)

itself was first observed during nucleotide sequencing studies inI974.rzt

Me

5.2 5.3

Figure 5.6. II2,N,7-Trimethylguanosine (5.2) and 7-methylguanosine (5.3)

N+

;)
NMe2N
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In eukaryotic cells, all known messenger RNAs (mRNA) characterized thus far contain a

blocked 5' end known as the cap structure, which in the majority of cases is 7-methylguanosine

(MtG) (5.3), but which in some cases is TMG (5.2) as shown in Figure 5.7.

Me
5'end of mRNAN+

;)
NMe2N

o

TMG
5'-to-5' triphosphate

bridge

ocH3

Figure 5.?. The TMG (5.2) 5'cap region of mRNA.

In eukaryotes, the mRNA is transcribed in the nucleus from DNA with an M'G cap on the 5'

end and is exported into the cytosol for translation into proteins. The M7G cap structure serves to

protect the mRNA from degradation and positions the mRNA on the ribosome for translation.

However, the initial product of transcription from the DNA (known as pre-mRNA), includes all of

the introns, which are regions of the DNA sequence that are never expressed in the polypeptide

chain, and which must be removed before the mRNA can be used as a protein template. Therefore,

before being exported out of the nucleus for translation, the pre-mRNA must be cut and spliced. The

intron to be removed is looped around and the two ends to be cut and spliced are stabilized and

aligned by the spliceosome, a cluster of proteins and low molecular weight RNAs called small

nuclear RNAs (snRNA) consisting of only about 100-300 nucleotides. The major snRNAs, known

as the U-series, are rich in widylic acid, are almost all capped with a TMG cap and exist in the

nucleus associated with proteins in ribonucleoprotein particles (snRM1.t2' Th" Ul and U2 snRMs

in particular are essential cofactors in the mRNA splicing machinery.t23'r24

The snRNAs are transcribed in the nucleus with a M7G cap structure and are exported into

the cytoplasm where they bind to the Sm-proteinrt" lFig.re 5.8). After binding, the M?G cap

structure is converted into the TMG cap, whereupon the new snRM enters the nucleus. ln the

o
-{*

t-
2' 3'

OH OI1
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absence of interaction with a snRNA, the sm-proteins remain in the cytoplasm. Similarly, snRNAs

unable to bind the sm-proteins are unable to re-enter the nucleus and remain in the cytoplasm. In

addition the major snRNp particles require the TMG cap structure for nuclear targeting and re-

entry.126 If the TMG cap is not acquired, the snRNP is unable to be transported into the nucleus'

GpppA----AUWWG---- (Ul snRNA)

I

I uettryttransferase
Y

.,
M' GpppA-----AWUWG----

., f @
M' GpppA-----AUUWUG----

I

I Sm-denendent methyltransferase

v -c-\\__Jrn,
TMGpppA-----AULIUUUG---- (Ul snRNP)

Nucleus

Cytoplasm

Figure 5.8. Schematic representation of the cellular events leading to snRNA cap formation. G:
guanosine; A: adenosine; U: uridine; ppp: triphosphate bridge; AUUUIruG: binding site for

Sm-protein.

The nuclear targeting functional specificity of the TMG cap is quite unique to the snRNPs,

although it also functions to increase the stability of the molecule similarly to the M7G cap. The few

mRNAs found to contain the TMG cap are confined to the cytoplasm,l'o and in these cases, the TMG

cap, rather than being converted from the M7G stnrcture has been trans-spliced onto the mRNA,

possibly serving as a primer for viral mRNA synthesis.l2T

The origin of 227-TMG (5.1) is unknown at the present time. It might be a metabolite in its

own right or perhaps a degradation fragment from the TMG cap structure. This in tum could be a

normal cellular degradation process or could be an artifact generated during the isolation process.

The fact that it appeared as a major metabolite in the analytical HPLC trace would suggest that TMG
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cap degradation is not a factor even if major cellular growth was occurring, as the snRNAs account

for only about l% of the total RNA. The probability is that it is a metabolite with a functional role as

vet undiscovered.

5.2.2. The Biotogical Activity of 227-TMG (5.1)'

Irf ,N,7-Tnmethylguanine (5.1) was inactive against the P-388 murine leukaemia cell line

(ICso > 100 pM), and in the NCI 3-cell line prescreen (NCI-H460 lung, MCFT breast, SF-268 CNS -
no detectable cytotoxicity at 100 pM). It also failed to inhibit the cell cycle regulating enzyme

cdc2lcyclin B kinase (no activity at l0 pM), and there was no detectable activity toward Bacillus

subtilis, Escherichia coli, Tricophyton mentagrophytes, or Candida albicans (each at 120 pgldisc)'

5.3. Guanine metabolites

Sponges and ascidians are notably prolific in their generation of modified purine

metabolites.30,4e,r 
r6,l 17.128-130

;)

Figure 5.9. Methylated guanine metabolites.

Known dimethylated guanines such as l,3-dimethylguanineae (5.4) and 1,3-

dimethylisoguanine3o'l2e'r30 (5.5) are identified by our analytical IIPLC routine screen of all our

ascidian extracts in approximately 15% (N : 130) of cases. The trimethylated guanines, 1,3,7-

trimethylguunirrell6't3l (5.O, and 1,3,7-trimethylisoguaninelli (5.7) are more uncommonly
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encountered and it is interesting to note that the dimethylated guanines have always been detected in

the same extracts. However to date, If,^P,7-tnmethylguanine (5.1) has only been detected in

Lissoclinum notti.
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ChaPt,et Six

Synthetic Analogues of Ascididemin

6.1. Background

The significant biological properties of the pyridoacridines have generated interest from

diverse groups of chemists investigating the medicinal roles, and modes of action that this class of

alkaloid displays. Characteristically, the pyridoacridines exhibit cytotoxicity,'t *d various of the

members also exhibit anti-HIV activity,l32 antifungal,zz'23 antlbacteial,2z'z3 Ca2* releasing activity,3T

and metal chelating properties.r3

The predominant mechanism of action for their antitumoural properties has been linked with

their ability to target DNA, predominantly by intercalation,l3't33'134 thereby, by default, disrupting the

action of the nuclear enzyme human topoisomerase II, although direct interference with

topoisomerase II has also been shown to occur.l33'l3s'136

Due to the usual supercoiled nature of DNA in the nucleus of the cell, relaxation and

unwinding of the supercoils is necessary to afford access to the polymerases and other enzymes

involved during replication and transcription. Topoisomerase II regulates DNA tertiary structure

during these activities, functioning to relieve torsional stress and resolve such problems as

overwinding and underwinding, catenation and decatenation and knotting and unknotting. Were

there not some mechanism for relieving this torsional stress, the DNA ahead of the replication fork

would become ovsrwound as the DNA at the fork became unwound, and replication could not be

sustained. Therefore topoisomerase II provides not only a swivel mechanism but can also facilitate

relaxation by catalyzing a double-strand break after becoming covalently attached to the DNA

phosphodiester bond via a tyrosine residue. The enzyme reversibly binds a strand of DNA forming a

protein-DNA complex, which exists in equilibrium between a cleavable (the tyrosine covalent

intermediate), and a non-cleavable form with the equilibrium lying towards the side of the non-

cleavable complex. Holding the ends immobitized and apart, topoisomerase II allows another DNA

duplex to pass through before the strand is religated (Figure 6.1).

There are two known ways in which topoisomerase II poisons work: by intercalation into the

DNA helix and by stabilization of the cleavable complex.r3t
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Figure 6.1. The topoisomerase II mechanism of action.

Most of the stabilization energy of the DNA helix is derived from base stacking by means of

dipole-induced dipole, charge transfer forces, and electrostatic interactions. A large planar aromatic

chromophore is able to bind to DNA by way of van der Waals forces after insertion or intercalation

between the basepairs. Intercalators alter the topology of the DNA, distorting the chain torsion

angles thereby interfering with the binding of topoisomerase II, and inhibiting DNA and RNA

synthesis. However, other compounds such as etoposide (6.1;tlt (Figure 6.2) arc able to trap the

cleavable complex by the formation of a temary drug-enzyme-DNA complex, thereby inhibiting the

religation step, resulting in apoptosis due to the formation of lethal double stranded DNA breaks.

Amsacrine (6.2), a type of drug which has the ability to both intercalate and to stabilize the

topoisomerase II cleavable complex, can be considered as having a DNA-binding domain and an

enzyme-binding domain. Intercalation, however, appears to be a major factor in the activity of drugs

in that the higher the binding constant of the drug with DNA, and the longer the residence time, the

higher the potency.l3s The shongest intercalators perform best as topoisomerase II inhibitors and

cytotoxins.
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HrC

H3CO-.a1-,NHSO2CH3

ill

Etoposide (6.1) Amsacrine (6.2)

Figure 6.2. Etoposide (6.1) and amsacrine (6.2).

Although the cytotoxicity of the planar pentacyclic chromophore of the pyridoacridines is

generally attributed to the inhibition of the enzyme by intercalation alone, ascididemin (6.3)37 (Figure

6.3) is reported to not only inhibit topoisomerase II by intercalation, but to also stabilize the high

energy transient cleavable complex.l3u Si-ilarly to amsacrine, it can therefore be considered to have

both a DNA-binding domain and an enzyme-binding domain.

Ascididemin (6.3) was submitted to the National Cancer Institute (NCI) for evaluation in

their in vitro developmental therapeutics programme, where it was found to be selectively active for

multiple non-small cell lung, colon and breast cancer cell lines and broadly active towards the

melanoma and central nervous system cell lines. The least activity was observed against the

leukaemia cell line. Ascididemin went on to display promising results in the hollow frber in vivo

assays but was disappointingly inactive in xenograft evaluation.

Due to the promise shown by ascididemin, Lindsay undertook structure-activity relationship

investigations into the ascididemin pharmacophore in an effort to optimize the activity, and to define

the mechanism of action of this class of alkaloid. This work determined that the 1,10-

phenanthroline-like "bay region" formed by rings A and E in combination with the size of the planar

fused heterocyclic system are essential requirements for selective cytotoxicity against solid human

tumours. In particular, the absence of N-8 resulted in greatly reduced antitumoural activity, but

interestingly, exhibited enhanced antiviral activity.l3u Thus the modification of ring A by the

utilization of other heteroatoms in the place of N-8, and altering the size of ring A, while maintaining

the integrity of the remaining four rings of the heterocyclic skeleton, became the focus for attention.
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Ascididemin (6.3)

(Showing basic PharmacoPhore)

Kuanoniamine A (6.4)

Figure 6.3. Ascididemin (6.3), showing the basic pharmacophore, and kuanoniamine A (6'4)'

A structurally related natural product, kuanoniamine A (6.a) (Figure 6.3), was initially

targeted for synthesis and evaluation in comparison with ascididemin (6.3)." Kuanoniamine A was

isolated both from an unidentified purple colonial hrnicate and a lamellarid mollusc, Chelynotus

semperi,a predator found grazing on the tunicate, and an excellent example of a predator which may

sequester bioactive secondary metabolites from dietary sources for its o*t us".tu Kuanoniamine A

differs from ascididemin only in the structure of ring A while retaining intact a completed E ring. In

place of a pyridine A ring, kuanoniamine A possesses a five-membered thiazole ring, oriented in

such a way that the nitrogen atom remains in the correct position as assessed by Lindsay to be

necessary for antitumoural activity. The main analyical shategy focussed on the influence that a

reduction in size of ring A from a six-membered ring to a five-membered ring would have on

activity. Secondary to this was an interest in the effect that an increase in electron density confened

on ring A by the sulfiu heteroatom would have.

Preliminary results from the in vitro assays of synthetic kuanoniamine A suggested some

divergence in cell line selectivity and potency between kuanoniamine A and ascididemin which

could only be attributed to the influence of the A ring modification.22 Striking similarities were

observed between the two compounds in their selectivity for solid tumours versus human

leukaemias, always a desirable trait, in that solid tumours are generally more difficult to treat'

However, kuanoniamine A evidenced less cytotoxicity to the leukaemia cell lines than ascididemin,

suggesting that the latter was more broadly cytotoxic. This decrease in potency could possibly have

been attributed to the presence of the more electron-rich thiazole A ring. For an increased binding

constant for intercalation into DNA, the more electron-deficient heterocyclic system such as the

ascididemin pyridine A ring should provide better interaction with the DNA bases resulting in a

higher cell mortality rate through disruption of enzyme activity.l3T

ll
N

ll
N
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Both compounds markedly diverged in their activity against the different cell lines, with

kuanoniamine A performing better against the ovarian, renal and prostate cancer cell lines in contrast

to ascididemin which was more potent against the melanoma cell lines. Ascididemin was more

potent generally but kuanoniamine A showed more selectivity against specific cell lines. For

example, in the assays with the eight non-small cell lung cancer cell lines, six displayed sensitivity

towards ascididemin but only one towards kuanoniamine A. This divergence may suggest that the

mechanism of action between the two compounds is also divergent. The ability of ascididemin to

both intercalate DNA and to stabilize the topoisomerase II cleavable complex has been

established.l34,l35 For some reason, kuanoniamine A does not intercalate DNA despite its polycyclic

planar structuren possibly because of the increase in electron density in ring A.22 However, it does

stabilize the cleavable complex. In the assay using the mutant double-strand break repair-deficient

Chinese hamster ovary cell line xrs-6, which is sensitive to double-stranded DNA breaks as a result

of stabilization of the cleavable complex, kuanoniamine A exhibited a hlpersensitivity factor (tIF) of

4.zz AnHF greater than 2 is considered significant. Ascididemin exhibited an FIF of 10, a reflection

of its greater potency.23 Ascididemin also inhibited topoisomerase II in the decatenation assay at 30

pM, which kuanoniamine A failed to do at five times the concentration, difficulties with solubility, a

characteristic of all these analogues, constraining any further attempts at higher concentrations. Both

compounds appear to fall outside the loose pyridoacridine parameters defined by McDonald but as

he also notes "it is likely that the pyridoacridines as a class do not act by a single mechanism in

causing cell death."l33

Due to the promising results obtained in the primary in vitro trials, kuanoniamine A was

selected by the NCI for preliminary in vivo hollow fibre evaluation, for which they required extra

material. Some optimization of the slmthesis had been achieved in the first attempt at synthesizing

kuanoniamine A,22 but further procedural modifications to maximize the efficiency of the synthetic

strategy seemed essential if larger amounts of material were going to be supplied.

6.2. Synthesis of Kuanoniamine A (6.4)

In 1993 Kubo et al.t38 reported a total synthesis of kuanoniamine A based on a combination of

synthetic routes published by Folkers et al.t3e and Brache.too ls.heme 6.1). Kubo's reaction

sequence involved nine steps from 2-amino-6-methoxybenzothiazole, a readily available,

inexpensive chemical, utilized as starting material for the first step.
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Folkers' reported yield of 29o/o for the diazotization/hydro-dediazotization reaction of step

one (Scheme 6.1) was surprising considering that it is a smooth, reliable reaction that usually goes to

completion. However, utilizing the same methodology, w€ achieved only an 18% yield of the

desired product.

H3CO

€[F.',
6.66.5

S c h eme 6. 2. Fo lkers' method for diazotizati on/hydro - de diazotization.

Generally, the yields of diazonium ions of heteroaromatic amines are recognized as being

significantly lower than those of carboaromatic artines like aniline, which give satisfuingly

quantitative yields. The problem is due in part to the fact that reactions do not go to completion but

lead to an equilibrium between the amine starting material and the respective diazonium ion and the

nitrosating agent.lal In support of this report, the nitrosoamine intermediates of quite a number of

five-membered heteroaromatic amines have been observed as relatively long-lived transient species

in appreciable concentration. Conversely, in carboaromatic amines, this intermediate is not

amenable to isolation, the subsequent steps being fast and not accessible for study.lol

H3CO

NOHSOa +

1l

"'"o€[''*" ,*-^il)-ocH3

Diazoamino coupling product

Scheme 6.3. The equilibrium between the heterocyclic amine and products in the diazotization
reaction showing coupling of the reactant with the product.
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The equilibrium generated with heteroaromatic amines can in turn lead to the diazonium ions

reacting with the parent amine starting material to form diazoamino (triazene) compounds'ot

(Scheme 6.3). Thus, the persistent presence of a significant amount of a red dye contaminating the

white, crystalline deamination product was not surprising.

Hydro-dediazotization in acidic methanol under an oxygen atmosphere affords products of

methoxy-d ediazotization as well as hydrogen reduction.la3 Kornblum's method of hydrogen

reduction using hypophosphorous acid in the presence of a copper salt catalyst such as CuSO+laa

increased the yields of the desired product significantly. Various methods were trialled in an attempt

to shift the diazotization equilibrium further to the right hand side. These included:

l. prompt removal of the diazotized product by immediate reduction. This, the most reasonable

strategy, should move the equilibrium to the right and prevent coupling of the diazotized product

with the amine starting material. Bayliss and Wattslas reported that the highest concentration of

the reactive form of the diazatizing agent, the nihosyl ion (NO*) occurred in 65-70%;o wlw

sulfuric acid. Hence, for optimum stability and reactivity of the nitrosyl ion, sulfuric acid is

normally utilized for the diazotization of the amine starting material, followed by

hypophosphorous acid for the reduction. However, the utililization of hypophosphorous acid for

the whole reaction was performed by Kornblum on carboaromatic amines as a successful

alternative.la6 This methodology was especially attractive and should have been an ideal and

convenient solution but we observed no improvement in yield.

Z. The use of a small excess of sodium nitrite. Optimum yields were obtained with 1.5 equivalents

of sodium nitrite.

3. The use of an aprotic solvent system. Previous work by Doyle and later by Ciufolini on a variety

of carboaromatic amines indicated that isoamyl nitrite in dimethylformamide (DMF) was

successful and rapid as a reductive deamination procedure.toT''08 This resulted in a modest

improvement with a48Yo yield.

4. Substitutionof 70o/o ilw sulfuric acid for the mixture of concentrated sulfuric acid and glacial

acetic acid for the diazoti zation in an attempt to attain the optimum concentration of the reactive

nitrosyl ion. No improvement in yield was observed due to poor solubility of the amine starting

material in this system.

5. The propensity for tiazene formation can be used to advantage if formamide is used as a

coupling reagent. Trifluoroacetic acid (TFA) serves as the acid catalyst required for the

diazotization with sodium nitrite. Formamide doubles both as solvent and coupling reagent to

form the formyl tiazene, which is then reduced with triethylamine to gwe the

protodediazotization product.rae This method afforded aTlVo yield (Scheme 6.4).
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Scheme 6.4. The triazene route for protodediazotization using formamide.lae

Finally, a modest yield of 55%o for the deamination product (6.6) was achieved involving the

use of 1.5 equivalents of sodium nitrite, and the standard hypophosphorous acid/CuSO+ reduction

methodology (Scheme 6.5).

H3CO

Scheme 6.5. The modified deamination procedure yielding 6-methoxybenzothiazole (6.Q

The rH NMR spectrum of 6.6 exhibited a deshielded singlet at 6 8.73, a methoxyl singlet at 6

3.76, and a wide doublet H-4, (6 7.93, d, J : 8.9 Hz), a narrow doublet H-7, (6 7.27, d, J : 2.5 Hz),

and a doublet of doublets H-5, (6 7.03, dd, J: 8.9,2.5 Hz) characteristic of a I,2,4-tisubstituted

benzene ring. A l./cn : 2lI Hzobserved in a lH coupled t'C Nlffi. spectrum was diagnostic of C-2

due its position a to both the nitrogen and sulfur ring atoms. The regiochemistry of the thiazole ring

was established by means of the differential ]JcH coupling constants observed between C-3U C-7a

and H-2 in a l3C NMR gated decoupling experiment. Faure et al.tso investigated the 3-Icu coupling
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constants for a number of thiazole derivatives concluding that in all cases the 3-Icn coupling constant

via the nitrogen atom was -15 Hz, significantly larger than that of -5 Hz for the 3-Icn via the sulfur

atom. Faure's conclusions were supported by the fact that the more electronegative atom in a C-X-C-

H system exhibits more electron delocalization and conjugation across the bond resulting in shorter

bond lengths and higher coupling constants. Hence, the more electronegative nitrogen atom was

placed adjacent to C-3a, the quatemary carbon that exhibited a 
3Jcu : 16Hz, and the sulfur atom was

positioned adjacent to C-7a, which displayed a 3Jcu = 7 Hz (Figure 6.4). The rH NMR data was

consistent with that reported by Folkers et al.13e

tror:rt
H3CO

Figure 6.4. 6-Methoxybenzothiazole showing key long-range tH-"C couplings observed.

Nitration of 6-methoxybenzothiazole to 7-nitro-6-methoxybenzothiazole (6.7) proceeded

smoothly with a 95% yield after reducing the activity of HNO3 by decreasing the ratio of sulfuric

acid to nitric acid from 1:l to 0.75:1 in order prevent the formation of the 5,7-dinitro product.

(Scheme 6.6). lH NMR con{irmed the mono-nitration product and the purity, in good agreement

with the literature values.l3e

H3CO

6.6

6.6 6.7 6.8

Scheme 6.6. The nitration and reduction of 6-methoxybenzothiazole.
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Reduction of the nitro moiety to 7-amino-6-methoxyb etuothiazole (6.8) was accomplished by

Folkers using stannous chloride in concd hydrochloric acid at 60 "C, a procedure that afforded only

starting material for us. However, the white crystalline product could be obtained in 98% yield

utilizing instead the stronger reducing power of iron powder in concd hydrochloric acid (Scheme

6.6).

Conversion of 7-amino-6-methoxybenzothiazole into the desired quinone required coupling

of the 7-amino starting material with diazotized sulfanilic acid followed by sodium dithionite

reduction of the resultant ulzo compound to the unstable diamine (6.9), which was immediately

oxidized by chromic acid to 6-methoxybenzothiazole-4,7-dione (6.10) (Scheme 6.7). The reported

yield of 63%io was far in excess of the macimum of 39% we were able to achieve using this

procedure.

TH,

v^r)
)*

*t'*

Ir-
-(

SO3H

Scheme 6.7. Folkers' strategy for the oxidation of 7-amino-6-methoxybenzothiazole (6.8) to quinone
6.10.

More recent advances in oxidative chemistry employ the use of hypervalent iodine

derivatives such as phenyliodine(Ill)bis(trifluoroacetate), (PIFA), to oxidize phenols and aromatic
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amines to p-quinones in good yield.rsr Tlpically, acetonitrile-water (2:1) is used as the solvent

system. ln practice, when 7-amino-6-methoxybenzothiazole was reacted with PIFA in this solvent,

or in methanol, the sole product was 7-nitroso-6-methoxybenzothiazole (6.13), as established from

the HREMS and analysis of the tH and '3C NMR data. The persistent oxidation of the amino goup

to the nitroso moiety could only be attributed to the interaction of the substrate with free

trifluoroacetic acid mediated by the aqueous nature of the solvent mixture.

Repeating the procedure in trifluoroethanol, a solvent usually utilized with PIFA for

oxidative cyclization, afforded a 650/o yield of the p-quinone product, 6-methoxyberuothiazole-4,7-

dione (6.10) (Scheme 6.8).

H3CO

CAN
nEe \ EtorI/H2o

crtcHzoH\ "#"
650/o 

O

H3CO
n3co-,,\-r

tr rl)
o

6.106.13

Scheme 6.8. Oxidation of 7-amino-6-methoxybenzothi azole to quinone 6.1 0.

Alternatively, direct oxidation of the 7-amino compound to thep-quinone was achieved with

ceric ammonium nitrate (CAN) in a 50% yield. Either of these two methods secured modest, but

better yields than the maximum yield of 39% afforded us by the original procedure.

The rH NMR spectrum of 6.10 exhibited three singlets at 6 3.91 (OCH:), 6 6.05 (H-5), and 6

9.11 (H-2). Apart from an error that reported the chemical shift of H-5 as 6 3.51, the data was

consistent with the literature values.l3e
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Having generated the quinone, Kubo and cowokers proceeded with the next steps of the

synthesis, which involved the establishment of the pentacyclic ring system, using Bracher's

methotls.lao

Three published syntheses of ascididemin had been produced at the time of the initiation of

our group's project on the pyridoacridine analogues. Bracher had developed the first and highest

yielding synthesis, the key step of which was the pyridine ring-forming annulation carried out last in

the reaction sequence, which converted the tetracyclic quinone to the pentacyclic final product

(Scheme 6.9).

Scheme 6.9. Retrosynthetic analysis of Bracher's synthetic scheme.laO

Bracher's approach was attractive to us in that it allowed flexibility for us to be able to

functionalize rings A, D, and E, using modified quinolinequinones and acetophenones, crucial to our

structure-activity investigations. Following Bracher's synthesis enabled Kubo to modify ring A from

a pyridine to a thiazole ring in order to synthesize kuanoniamine A.

Oxidative amination of 6-methoxybenzothiazole-4,7-dione (6.10) with o-aminoacetophenone

is directed by the Lewis acid, CeCl *7HzO to the position para to the ring nitrogen. The reliably

consistent regioselectivity is due to the complexation of the cerium ions with the ring nitrogen and

the carbonyl oxygen. 
ttt'tt'

6.3
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,+Vo.T H,Nyz-.,

'\Y +

o

CeCl3.7H2O_--->
02, MeOH
Reflux, 18 h

73%

6.10 6.14

DMF-DEA, DMF

I lo 
oc, 

30 min

NH4CI, HOAc
<-

llooc,30min
47%

Kuanoniamine A (6.4) 6.12 N(CH3)2

Scheme 6.10. The final steps in Kubo's synthesis of kuanoniamine A (6.4).

Kubo refluxed the mixture in methanol for 18 hours, achieving a 73o/o yield of the

spontaneously cyclized tetracyclic dione 6.ll (Scheme 6.10). kritial attempts to duplicate Kubo's

method failed, resulting in an inseparable mixture of products, a problem previously encountered by

Hansen with sulfur-containing analogues which appear to have an adverse reaction to heat.lsa

Reverting to Bracher's methodology of stirring in ethanol at room temperature for an extended period

of time, in our case, ten days, resulted in a 45o/a yield of the cyclized product, 5-methyl-thiazolol4,5-

blacridine-4, 1 I -dione (6.1 1).

The rH NMR spectrum of 6.11 exhibited the methyl resonance at 6 3.33 fypical of the

tetracyclic diones. In addition, the thiazolo A ring proton, H-2, was present as a deshielded singlet

at69.22 as well as the characteristic doublets of H-6 and H-9, and the doublet of doublets of H-7

and H-8.

The final step in the sequence is a one:pot reaction which is dependent on the latent acidity of

ap-methylpyridine which allows reaction with suitable electrophiles (Scheme 6.11).

S
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Enamine 6.12 is formed from a condensation reaction of dimethylformarnide diethyl acetal

with the tetracyclic dione with the subsequent loss of two molecules of ethanol. Enamine 6.12,

which is a masked 1,5-dicarbonyl, a typical synthetic pyridine ring precursor, is then reacted with

ammonium chloride in refluxing glacial acetic acid to form the final product, kuanoniamine A (6.4)'

Although Kubo utilized Bracher's final dimethylformamide diethyl acetal step with success,

once again we failed to generate any recognizable products. Similarly, Hansen also reported

difficulties with sulfur analogues, the dione precursors being unstable in DMF solvent systems.

Finally, a new simplified, one-pot Mannich-type arurulation developed by Lindsayl55 using

paraformaldehyde, ammonium chloride, and glacial acetic acid and heated at 80 oC for 30 minutes

generated the final ring E formation effortlessly to afford kuanoniamine A in 80% yield (Scheme

6.r2\.

(CH2o)1
NH4CI
HOAc+

80 
oc, 

30 min
80%

6.11 Kuanonamine A (6.4)

Scheme 6.12. Lindsay's one-pot annulation for the final step of the synthesis of ring E of
kuanoniamine A (6.4).

The reaction had several advantages over Bracher's acetal route in that it used inexpensive

reagents, was simple, was moisture insensitive and overall gave consistently good yields.lss The

synthetic route overall required only six steps affording an overall yield of l2o/o in contrast to the

nine steps and overall yield of 5% originally reported by Kubo.

Mass spectrometry of kuanoniamine A was consistent with the expected structure. The lH

NMR data acquired in DMSO-d6 (Table 6.1) differed by 0.46 ppm across the entire range to

Scheuer's reported data of the natural compound, possibly due to an NMR referencing error in the

original isolation pup"t.tu A total of seven protons were evident in the aromatic region of the

spectrum between 9.72-8.04 ppm. The deshielded singlet of H-l I (6 9.72) on the thiazolo A ring

was assigned to a carbon resonating at 6 162.7 (d, ./: 217 Hz). The two ortho-coupled protons on

the pyridine ring E exhibited doublets at 6 9.15 (d, /: 5.7 IJz, H-2), and 6 8.92 (d, J:5.8 Hz, H-3).

The remaining four protons of ring D were displayed as a doublet at 6 9.04 (d, "f 
: 7.9 Hz, H-4), a
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doublet of doublets of doublets at 6 8.06 (ddd, "/:7.9,7.9,1.4 Hz, H-5), a doublet of doublets of

doubletsat68.1l(ddd,J:8.5,8.5, 1.4Hz,H-6),andadoubletat68.47(d,J:8'5Hz,H-7)' The

regiochemistry of ring A was established from the 3./cn : 14.4 Hz observed from C-I2a to H-11

through the ring nitrogen in comparison to the 3.I : 2.4 Hz observed from C-9a to H-l1 via the ring

sultur (Figure 6.5).

Kuanonamine A (6.4)

Figure 6.5. Selected long-range 'H-t3C bond coupling observed for kuanoniamine A (6.4).

Atom II (6, Mult, J inHz) ttc (6, Mult, JinIJ,z)

2

3

3a

3b

4

5

6

7a

8a

9

9a

ll
l2a

t2b

I2c

9.15 (d, 5.7)

8.92 (d,5.8)

9.04 (d,7.9)

8.06 (ddd, 7.9,7.9,

8.11 (ddd, 8.5, 8.5,

8.47 (d, 8.7)

149.0 (dd, 181,4)

117.2 (dd, 167, 9)

r37.2 (m)

123.0 (m)

124.0 (ddd,163,7,2)

131,0 (dd, 163, 8)

131.9 (dd, 163,6)

132.0 (dd, 163,8)

144.8 (8,8,2)

r47.2 (s)

176.1 (s)

136.0 (d,2.4)

162J (d,217)

1s7.8 (d, 14.4)

147.1 (d, 11.2)

116.5 (d, obscured by C-3)

1.4)

r.4)

I

'ra": z-4Hz

w3tg1-_ 14.4H,

Table 6.1. 'H and r3C NMR data (DMSg-dO forkuanoniamine A (6.4).

9.72 (s)
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6.3. A Thiophene Ring A Modified Analogue (6.22)

Functionalization of the A ring by means of a substituent was an avenue that needed to be

explored in order to investigate the effect that could have on the biological activity. Henceo a

thiophene analogue was prepared which contained a carboxylic acid methyl ester moiety pendent

from the thiophene ring.

The methodology for formation of the essential quinone precursor for the final reaction

sequence was based on a scheme by Ruiz et al.1s6 The first step in the sequence involved a one-pot

reaction in order to procure the oxidation of the starting material to a quinone, followed immediately

by conjugate addition of a nucleophile (Scheme 6.13). The starting material, 2,5-

dihydroxybenzaldehyde (6.15) was oxidized to the quinone, 2-formyl-1,4-benzoquinone with

silver(I) oxide in dry dichloromethane solution in a procedure described by Bruce and Creed-ls? In

contrast to Bruce and Creed who isolated the quinone in preparation for the following step, Ruiz

reported that better results were obtained with this reaction if the quinone is not isolated but is

allowed to react immediately with the nucleophile in the same solution in which it was generated-

Thus, after stirring at room temperafure for two hours, the dichloromethane mixture containing the

newly formed quinone, was simply filtered and treated with the nucleophile, methyl mercaptoacetate,

to form the adduct, methyl (3,6-dihydroxy-2-formyl-phenyl)thioacetate (6.16) as a yellow oil in an

86% leld based on the starting material (lit. 85%'51 (Scheme 6.13).

Infrared spectroscopy of 6.16 exhibited two carbonyl stretches at 1736 and 1645 cm-I,

identifying the ester and the formyl moieties respectively. The 'H NMR spectrum revealed two alkyl

singlets at 5 3.53 (2H) and 6 3.71 (3H) confirming the presence of the thioacetate substituent. The

spectra were consistent with the reported values.is6

CHO l. Ag2O, MgSO4

HSCH2COOMe

86y
SCH"COOMe

OH

6.r6

Scheme 6.13. The formation of the methyl mercaptoacetate adduct of 2,5-dihydroxybenzaldehyde
(6.16).

6.15
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Formation of the thiophene ring was generated by the oxidative cyclization of methyl (3,6-

dihydroxy-2-formyl-phenyl)thioacetate (6.16) in refluxing acetic anhydride containing sodium

acetate to afford methyl 4,7-bis(acetyloxy)benzo[D]thiophene-2-carboxylate, (6.17) in 83% yield

(lit.rs6 g7%) (Scheme 6.14).

The infrared spectrum of 6.17 revealed that the formyl absorption had been replaced by a

strong broad absorbance at 1758 crnl with a narrow stretching vibration at L728 crn-r indicating the

three ester groups.

In the lH NMR spectrum, two acetate methyl singlets were present (6 2.40, 6 2.39), and the

methylene singlet had disappeared, to be replaced by a deshielded singlet resonating at 6 7.96

assigned to the thiophene ring proton H-3. All of the data were consistent with the reported values.

CHO
Ac2O, AcONa

SCH2CO2M" Reflux t h
83%

6.17

Scheme 6.14. The cyclization of methyl(3,6-dihydroxy-2-formylphenyl)thioacetate (6.16) to form
the thiophene ring.

The cyclized diacetate (6.17) was then subjected to alcoholysis with acidic methanol under

reflux for 2 hours affording 39% (lit. gTyots\ of methyl 4,7-dihydroxybenzo[6]thiophene-2-

carboxylate (6.18), which was oxidized smoothly with ferric chloride hexatrydrate to produce the

desired quinone, methyl 4,7-dihydro-4,7-dioxobenzo[b]thiophene-2-carboxylate (6.19) in 99% yield

(lit. 93%'s1 (Scheme 6.15).

The analytical spectra of 6.19 were consistent with the literature. Two carbonyl stretches at

1706 and 1655 cm-t corresponding to the ester and quinoid functionalites were present in the infrared

spectrum. The simple tH NN,n spectrum showed a deshielded singlet at 6 8.11 (H-3), two quinoid

doublets (6 6.91,d, J: 70.3 Hz; 6 6.85, d, J: 10.2 Hz), and a methyl ester singlet (6 3.95).

OH
I

/--.-/lllY
I

OH

6.16



OAc

IM

+
CH3OH,H+
Reflux 2 h

89%

6.17 6.18

COzMe

6.19

Scheme 6.15. Formation of the quinone, methyl4,7-dihydro-4,7-dioxobenzo[6]thiophene-2-
carboxylate (6.19).

Using Bracher's procedure to form the o-aminoacetophenone adduct, methyl 4,7-drhydto-4,7-

dioxobenzo[b]thiophene-2-carboxylate (6.19) was stirred for 2 weeks with o-aminoacetophenone and

cerium trichloride heptahydrate in ethanol. Ethanol was replaced by methanol as solvent after mass

spectrometry revealed a small molecular ion at 14 mass units higher than the expected molecular ion

at m/z 355, an indication that some hansesterification wits occulring over the prolonged reaction

period (Scheme 6.16).

I

I FeCl3

| 99o/o

Y

o
JI HtN-rz}; 

cecr3.7H2olr.eo2cJ ll ll + | 'r +" \s-\r,) o2, Me5n

ll I l4daYs

O | 92o/o

H
I

N

6.r9

Scheme 6.16. Formation of the adduct, 5-(2'-acetyl-phenylarnino)-4,7-dioxo4,7-dihydro-
benzo[b]thiophene-2-carboxylic acid methyl ester (6.20).

6.14
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The purple solid that was subsequently obtained (92% yreld) was recrystallized from

methanol to yield 5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzo[b]thiophene-2-carboxylic

acid methyl ester (6.20) as fine purple-red needles, mp 286-290 oC (decomp.).

Elemental analysis and mass spectral data of 6.20 were consistent with the expected structure

of the diaryl amine. Four carbonyl absorbances (1712, 1685, 1653, and 1620 cm-t) were observed in

the infrared spectrum, the additional absorbance being due to the presence of the aryl ketone. Total

assignment of all the carbons was achieved by interpretation of HSQC and HMBC experiments

(Table 6.2).

The rH NMR spectrum displayed the expected methyl ester singlet resonating at 6 3.94 and

the new methyl singlet of the aryl ketone at 6 2.67 . In addition to the usual deshielded H-3 thiophene

singlet at 6 8.16, were the characteristic quinoid singlet, H-6, resonating at 6 6.59, and the aromatic

resonances of the aryl ketone adduct. The HSQC experiment assigned the protons to their respective

carbons. Critical HMBC correlations were observed from H-3 (6 8.16), and H-6 (6 6'59) to the

quinoid oxo-substituted carbon C-4 (S 176.6), and to the quatemary carbon C-7a (5 150'4),

establishing the structure of the major regioisomer.

This confirmed that the cerium trichloride heptahydrate directed o-aminoacetophenone had

mainly attacked as expected at position 5, para to the sulfur atom of the thiophene ring (Figure 6.6).

However, the NMR data revealed that there was also approximately 10% of the regioisomer present,

indicated by doubling of the signals at H-3 and H-6, the minor isomer being the more shielded in

each case.

€

Ce"'

Figure 6.6. Proposed mechanism of action of CeCli.THzO for directing nucleophilic addition to
quinone 6.19.

Notwithstanding the surprisingly weak 3-lcH correlation exhibited between H-3 and carbon C-

4, the evidence from the H-6 correlations determined beyond doubt the orientation of the thiophene

ring (Figure 6.7).



r46

6.20

Figure 6.7. Critical HMBC correlations observed establishing the regiochemistry of 6-20.

Tabte 6.2. tHand r3C NMR data (CDCI3) for 5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-
benzo[b]thiophene-2-carboxylic acid methyl ester (6.20).

Atom tH (0, MulL Jin Hz)

2

3

3a

4

5

6

7

7a

8

9

I'

2'

3'

4',

5'

6'

7'

8'

NH

I 38.1

130.8

137.4

r76.6

144.4

104.7

t79.s

150.4

161.6

52.9

139.9

t25.9

132,4

t23.5

134.2

120.8

201.4

28.5

8.16 (s)

6.59 (s)

3.94 (s)

7.95 (dd,8.5, 1.1)

7.20 (ddd, 8.1,6.0, 1.5)

7.57 (m)

7.60 (d, 5.9)

2.67 (s)

11.26 (br s)

2, 4 (weak),7a,8

4,5,7 (weak), 7a

I', 5',7'

2"6',

l', 3'

2"4',

2'r3'r7'

6,6'.



r47

Acid cyclization of diaryl amine (6.20) in 10:1 glacial acetic acid/concd sulfuric acid stirring

at 80 oC for 35 minutes afforded 10-methyl-4,11-dioxo-4,1l-dihydro-l-thia-5-aza-

cyclopentafb]anthracene-2-carboxylic acid methyl ester (6.21) as a yellow solid in 94% yreld

(Scheme 6.17). An analytical sample was prepared by recrystallization from chloroform, yielding

small yellow needles congregating in round velvet balls (mp 332-340 "C, decomp.). Subsequently,

the quinone was found to be so insoluble that simply washing with dichloromethane was adequate

for puri fication purposes.

MeO2C
HOA.,H2rSOa MeO2C

80 
oc,35 

min
94%

ox--

d
H

I

N

6.20

Scheme 6.17. The acid cyclization reaction forming 6.21.

Elemental analysis and mass spechometry data of were consistent with the expected

molecular formula of the tetracyclic dione 6.21. Three carbonyl stretching vibrations were displayed

in tlre infrared spectrum at L721,1686, and 1655 cm-r. In addition to the expected H-3 thiophene

singlet at 6 8.37 and the methyl ester singlet at 6 4.00, therH NMR spectrum revealed the presence

of the C-10 methyl singlet at 6 3.30, and the doublet (6 8.44, d, J:8.3 Hz, H-6 or H-9), doublet of

doublets (6 7 .92, ddd, -I: 8.2,8.2, l.l Hz, H-7 or H-8), doublet of doublets (6 7.78, ddd, J: 8.2,8.2,

l.l Hz, H-7 or H-8), and doublet (6 8.36, d, J : 8.2 Hz, H-6 or H-9) of ortho-disubstituted ring D

(Figure 6.8).

6.21

Figure 6.8. The structure of 10-methyl-4,11-dioxo-4,1l-dihydro-l-thia-S-aza-
cyc lop enta[b] anthracene-2 -carboxylic acid methyl ester (6.2 1 ).

6.21
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Lindsay's one-pot annulation was utilized for the assembly of the final ring E (Scheme 6'18)'

Tetracyclic quinone 6.21 was refluxed in acetic acid with paraformaldehyde and ammonium chloride

for 45 minutes during which time the mixture turned from green to a deep navy blue. A basic work-

up followed by purification by silica gel column chromatography (l% MeOIVCHzCIz) provided a

good yield (g5%) of the final thiophene analogue, 7-oxo-7H-4-thia-3,8-diaza-

benzofde)cyclopenta[b]anthracene-5-carboxylic acid methyl ester (6.22). Recrystallization from

acetone afforded an analytical sample of fine yellow needles of mp 340-343'C (decomp')'

MeO2C

NH4CI
(CH20)n
--4HOAc

Reflux 45 min
83%

6.21 6.22

Scheme 6.18. One-pot formation of thiophene analogrc6.22.

The elemental analysi s of 6.22 consistently reported erroneous figures that only yielded

accurate measurements when 1.25 of a molecule of water was included in the calculations. This

finding is consistent with Lindsay's experience with pyridone alkaloids, and his discovery of a

coordinated solvent molecule located in the 1,10-phenanthroline-like bay region in the crystal

structure of another pyridoacridine analogue, 2-bromoleptoclinidinone. A well-dried sample of 6.22

subjected to rH NMR invariably contained an unduly large water peak at 6 1.55 (CDCI3), an

idiosyncrasy not encountered in any of the precursor compounds. The corrected elemental analysis

and high resolution mass spectrometry concurred with the structural requirements.

Analytical evaluation of the 'H and '3C NMR spectra in conjunction with data from the

HSQC and HMBC experiments allowed structural assignment of the compound (Table 6.3). Due to

the intractable insolubility of 6.22 acomplete satisfactory '3C NMR spectrum was not obtained and

some assignments were necessarily evaluated from the HMBC data. Long-range HMBC correlations

were observed from the singlet of H-6 of ring A (5H 8.46, 6c 132.5) to a quatemary olefinic carbon at

6 154.0 (C-3b) adjacent to the sulfur atom of the thiophene ring, and to the methyl ester carbonyl

carbon at 6 162.0. In addition, correlations observed from H-l (6 8.44) of ring E and H-12 (6 8.66)

of ring D to C-12a (S 123.0) and C-t2b (S 137.6) respectively, established the connectivity between

rings C, D, and E (Figure 6.9). Curiously no 3.fcs correlation at all was observed from H-6 to

quinoid oxo carbon C-7 (S 178.0), an anomaly reminiscent of the very weak correlation observed in
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the diaryl amine compound 6.20, and a manifestation that can only be athibuted to an angular

dependence exacerbated by the rigid planar structure'

6.22

Figure 6.9. The stmcture of 7-oxo-7F-4-thia-3,8-diaza-benzo[de]cyclopenta[b]anthracene-5-
carboxylic acid methyl ester (6.22).

Tabfe 63. rH and r3C NMR data (CDClr) for 7-oxo-7H4-thia-3,8-diaza-

beruoldefcyclopenta[b]anthracene-5-carboxylic acid methyl ester (6.22).

Atom tH (6, MulL J in rrz) ttc (6) H.'"C TIMBC

2,l2a" l?c

1,3a, l2b

8.46 (s) 3b,5, 6a,13

1

2

3a

3b

5

6

6a

7

7a

8a

9

10

1l

t2

72a

12b

l2c

13

I4

8.44 (d,6.0)

8.98 (d,6.0)

8.63 (d,7.1)

9.02 (ddd, 8.2, 8.2, 1.2)

7.94 (ddd, 8.2, 8.2, 1.2)

8.66 (d,7.1)

rt6.6

149.2

147.8

154.0

139.2

132.5

136.5

178.0

Not seen

145.8

133.3

132.0

130.9

122.9

t23.0

137.6

rt6.7

162.0

52.9

84 11, 12a

8u 12

9, l2a

8a,10, l2b

3.98 (s) 13
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6.4. A Furan Ring A Modified Analogue (6.29)

Extension of the ring A thiophene analogue theme was explored by replacement of the sulfur

atom in ring A with oxygen to form a furan ring, while retaining the carboxylic acid methyl ester

substituent at position two. This structural modification would retain the heteroatom in the required

position for biological activity as described by Lindsayr36 but would be valuable as a direct

comparison between the effects of sulfur and oxygen.

7-Methoxy-2-benzofiuan-carboxylic acid (6.23) was used as a convenient starting material.

The synthetic strategy was straightfonvard, commencing with methylation of the carboxylic acid

followed by oxidation of the methoxyl substituent on the benzene ring to form the precursor quinone

in preparation for reaction with o-aminoacetophenone in the final sequence.

Methylation of the carboxylic acid was achieved by stirring the starting material in

dichloromethane and methanol (5:l) with a catalytic amount of concentrated sulfuric acid at reflux

for 24 h. A quantitative yield of chunky, white, crystalline 7-methoxy-benzofuran-2-carboxylic acid

methyl ester (6.24) was obtained, mp 102-104 "C (Scheme 6.19).

CHrCb/T\4eOH 5:l
2t7 '- - t>

Reflux,24 h
lOOo/o

CO2Me

6.23 6.24

Scheme 6.19. The formation of 7-methoxy-benzofuran-2-carboxylic acid methyl ester (6.24).

lnfrared spectroscopy confirmed the presence of an ester carbonyl stretching vibration at

!732 cmt and two methoxyl resonances (6 4.00 and 6 3.96) were exhibited in the lH NIrrR. spectrum

of 6.24, in addition to the deshielded H-3 singlet of the furan ring at 6 7.51 and the three protons of

the benzene ring.

Oxidation of 7-methoxy-benzofuran-2-carboxylic acid methyl ester (6.24) directly to the p-

quinone was attempted using a variety of methods. Although the general methodology in use

converts the methoxyl to a phenol, which is more conveniently oxidized to thep-quinone, in practice

the first step in the reaction sequence is often inconsistent and low yielding. Hence generating thep-

quinone directly would be an efficient and attractive strategy if an effective reagent could be found.
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phenyliodine(Ill)bis(trifluoroacetate) (PIFA), ceric ammonium nitrate (CAN), and oxonerss were all

trialed without success. Eventually, a method based on a brief report by Periasamy et al-rse on the

use of ceric ammonium sulfate (CAS) in acidified acetonitrile as a useful alternative to CAN was

applied to the problem, resulting in a clean quantitative yield of a pale yellow microcrystalline

product. The evidence from a cursory evaluation of the tH Nlrrfi. spectrum did not indicate that the

reaction had afforded the desired product. The spectrum was very simple and was composed of three

singlets at 6 7.46,5 6.80, and 6 3.95 ppm, with relative integrals of 1,2, and 3 protons respectively'

Although the quinone had been synthesized previously, no NMR data had been reported, the most

recent syrthesis having been carried out in 1961.160 Moderately second-order doublets (6 6.85' 6

6.91) of the corresponding ortho coupled protons in an AB spin system had been observed for the

very structurally similar thiophene quinone (6.19) and could reasonably be expected with this

compound, but total chemical shift equivalence was not anticipated for this asymmetrical quinone.

Hence we initially inferred that the product was not the desired quinone. Unlike ceric ammonium

nitrate, ceric ammonium sulfate is not a well-known reagent, we were unfamiliar with its use and

unsure of its efficacy, and moreover, direct oxidation of a single methoxyl substituent on a benzene

ring to ap-quinone is not a common procedure.

6.24

y BBr3
\ CHrCb

\-zo 
oc, 

w2
' 860h

CAS
MeCN/H2SO4 7

60 
oc,9o min /to}% /

o cAN /
MeCN/HrO -/

SZy, -y' PIFA
MeCN/H2O

45%O2Me
6.25

o
6.26

Scheme 6.20. The formation of 4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester
(6.26).

Therefore while waiting for mass spectromehy results we utilized the more conventional

route to the quinone by demethylation with boron tribromide followed by oxidation of the phenolic
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substrate (6.25). Both CAN and pIFA were trialed for the oxidation step. Both gave the same

product, 4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester (6.26), identical by tH

NMR to that obtained previously in one step with ceric ammonium sulfate (Scheme 6.20).

High resolution mass spectrometry of 6.26 was consistent with the expected molecular

formula. The infrared spectrum revealed two carbonyl absorbances at 1734 and 1679 cm'l

corresponding to the ester and quinone stretching vibrations respectively'

Structural characterization was accomplished by the analysis of the lH and t'C NMR spectra

and a heteronuclear gated decoupling experiment. The chemically equivalent quinoid protons, H-5

and H-6, observed in the lH NIrrfR spectrum as a singlet at 6 6.80, were assigned to two non-

equivalent carbons in the l3C NMR spectrum resonating at 6 136.3 (d, J: l7l Hz) and 6 137 '4 (d', J

-- I7I Hz). The other two singlets observed in the tH NN4R spectrum resonating at6 7.46 (lH, s, H-

3) and 6 3.95 (3FI, s, OMe) were assigned to carbons at 6 113.5 (d, J: 187 Hz), and 6 52.9 (q, J:

148 Hz) respectively. The quinoid oxo-substituted quaternary carbon C-4, exhibiting long-range

coupling to H-3, H-5, and H-6 was assigned to a carbon resonating at 6 181.6 (ddd, J: 8,8, I Hz),

consigning the other downfield carbon resonating at 6 174.7 (dd, J:7,5 Hz) to the other oxo-

substituted quinoid carbon, H-7.

Cerium ion-directed amination of quinone 6.26 with o-aminoacetophenone in methanol at

room temperature for five days generated a mixture of the red diaryl amine, 5-(2'-acetyl-

phenylamino)-4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester (6.27) (22% yield)

and the spontaneously cyclized, yellow tetracyclic dione, l0-methyl-4,11-dioxo-4,11-dihydro-l-oxa-

5-aza-cyclopenta[b]anthracene-2-carboxylic acid methyl ester (6.23) (61% yield). Given the

evidence from the thiophene adduct 6.20 of transesterification occurring using ethanol as solvent,

this reaction was similarly performed in methanol.

It was noted that the reaction proceeded relatively quickly, the typical bright carmine

colouration of the adduct appearing within minutes. Thus in an effort to secure the correct

regiochemistry of addition of the amine to the quinone, a precautionary one molar equivalent of

cerium chloride heptahydrate was used in place of the usual l0o/o to ensure total coordination of the

starting material prior to addition of the amine.

As the stirring continued, the tan precipitate of the tetracyclic dione 6.28 was filtered off and

waslred with a mixture of dichloromethane/methanol 1:l to yeld6l% of the bright yellow solid.

The rest of the solution was extracted into dichloromethane and purified by silica gel column

chromatography, the dark red diaryl amine 6.27 eluting with dichloromethane (22% yeld) (Scheme

6.21). An analytical sample of 6,27 was prepared by recrystallization from methanol affording a

flrne, dark red, hair-like mat of needles of mp 278-280'C.
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MeO2C o

6.14

CeCl3.7H2O\
02, MeOH \

5 days 1
6Lo/a

MeO2C
MeO2C

6.27 6.28

Scheme 6.21. The formation of diaryl amine 6.27 andtetacyclic dione 6.28.

Elemental analysis and higb resolution mass spectrometry of adduct 6.27 were consistent

with the expected molecular formula. Infrared spectroscopy displayed the ester carbonyl absorbance

at 1722 cm-r, and two keto carbonyl stretching absorbances at 1692 and 1642 cm-I.

Comparison of the 'H NMR spectrum of the benzofuran adduct 6.27 wirh that of the

thiophene adduct 6.20 revealed identical specha with the exception of the A ring singlet, H-3, which

was significantly shielded in the benzofiiran analogue (6 7.53) in confrast to the thiophene analogue

(6 8.16). A A5 :0.83 ppm for the B-hydrogen between these two heterocycles is consistent with the

literature values of A6:0.80 ppm.t6l

No doubling of the signals was observed indicating the presence of only one regioisomer, a

favourable outcome that could cautiously be attributed to the increased amount of cerium ions

present.
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HrC

6.27

Figure 6.10. Key HMBC correlations used to establish the structure of the diaryl anrne 6.27.

Full assignment of the structure of 6,27 was established from the lH and r3C NMR spectr4

and the two-dimensional gCOSY, gHSQC, and gHMBC experiments (Table 6'4)' HSQC assigned

the aryl ketone methyl singlet at 6 2.68 and the ester methoxyl singlet at 6 3.95 to methyl carbons

resonating at 6 28.5 and 6 52.7 rcspectively. The regiochemical orientation of the amine adduct was

established by the observation of long-range correlations in the HMBC experiment from H-3 (6 7.53'

s), H-6 (6 6.48, s) and N-H (S 11.23, br s) to the quinoid oxo C-4 carbon (6 177'9). In addition,

HMBC correlations were observed from H-3 and H-6 to a quaternary carbon, C-7a, resonating at 6

154.0, which chemical shift considerations required positioning adjacent to the furan ring oxygen.

These observations were supported by the exhibition of a weaker two-bond correlation observed

from H-6 to the other quinoid oxo C-7 carbon (6 175.5), confirming that the o-aminoacetophenone

had attacked in the position para to the oxygen atom of the furan ring. As previously noted in the

thiophene analogue, the 3.IcH conelation observed from H-3 to C-4 was surprisingly weak (Figure

6.10).

6.27

Figure 6.11. The structure of 5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzofuran-2-
carboxylic acid methyl ester (6.27).
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Table 6.4, rH and r3C NMR (CDCI3) data for 5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-

Atom tH (b, lvlult. "I in Hz) t'c (a) H-'"C HMBC H. H COSY

2

aJ

3a

4

5

6

7a

8

9

I'

z',

J

4',

5'

6'

7',

8'

NH

147.4

113,8

124.8

r77.9

r44.3

102.8

175.5

154.0

1 58.1

52.7

139.7

126.0

t32.4

t23.7

t34.2

tzt.0

201.4

28.5

4'.

3" 5'

4" 6',

5'

7.53 (s)

6.48 (s)

3.95 (s)

7.95 (dd,7.6,1.2)

7.21 (ddd,8.l, 8.1, 2.8)

7.s8 (m)

7.61 (d, 5.6)

2.68 (s)

11.23 (br s)

2,3a,4,7a

4,5,7,7a

l'r2'r 5'r7'

2tr6'

l', 3'

2tr 4'

2'r 3'r 7'

During preparation of adduct 6.27, a large portion of the product spontaneously cyclized in

the reaction vessel to yield 61% of the tetracyclic dione 6.28. The remainder of the diaryl anine 6.27

was treated by acid cyclization in the usual manner with glacial acetic acid/concd sulfuric acid (10:l)

affording an 8l% yield of the yellow solid, l0-methyl-4,11-dioxo-4,11-dihydro-l-oxa-5-aza-

cyclopenta[b]anthracene-2-carboxylic acid methyl ester (6.28). Similarly to the thiophene tetracyclic

dione 6.21, the product was predictably quite insoluble, and was most easily purified by washing

with a dichloromethane/methanol mixture (3:1), affording a bright yellow solid. An analytical

sample was prepared by recrystallization from chloroform/methanol to give fine yellow needles, mp

275-280 "C (decomp.).

Exposure of a solution of the dione to light for ten minutes resulted in a change of colour of

the mixture from yellow to dark blue with concomitant decomposition to a grey solid. A tH NIrdR
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spectrum of the decomposition product revealed a proliferation of unrecognizable signals in addition

to a small amount of the original product. This demonstration of facile photochemical-induced

radical decomposition gives credence to one of the proposed mechanisms of action for the biological

activity of these compounds, involving the reactive oxygen species-mediated degradation of DNA.162

Elemental analysis and high resolution mass spectrometry concurred with the molecular

formula for 6.2g. Infrared spectrometry exhibited the expected ester carbonyl stretching vibration at

1735 cm-r in addition to the two keto absorbances at 1697 and 1669 cm-I.

Examination of the lH NMR spectrum revealed once again the identical pattem of resonances

to the thiophene analogue 6.21, with the exception once again of the H-3 ring A singlet, which

resonated at 6 7.71in the furan ring in contrast to the more downfield 6 8.37 for the thiophene ring

(Figure 6.12)'

6.28

Figure 6.12. The structure of 10-methyl-4,11-dioxo-4,1l-dihydro-l-oxa-S-aza'
cyclopenta[D]anthracene-2-carboxylic acid methyl ester (6.28).

Lindsay's one-pot annulation method was utilized to form ring E of the completed compound.

Tetracyclic dione 6.28 was stirred in glacial acetic acid with ammonium chloride and

paraformaldehyde at 80 "C for 35 minutes under nitrogen followed by a basic work-up to afford a

green solid, 7-oxo-7H-4-oxa-3,8-diaza-benzoldefcyclopenta[b]anthracene-5-carboxylic acid methyl

ester (6.29'1in76% yield. Once again, intractable insolubility of the product enabled purification to

be achieved by washing with a mixture of dichloromethane and methanol (3:1). An analytical

sample was prepared by recrystallization from chloroform/methanol to afford a green

microcrystalline solid of mp 340-345 oC (decomp.).

Similarly to the thiophene analogue 6.22, elemental analysis of 6.29 required the addition of

0.75 of a molecule of water for accuracy. High resolution mass spectrometry concurred with the

expected molecular formula, and the infrared spectrum revealed the two oarbonyl absorptions

corresponding to the ester (I72A cm-r1 and the quinoid ketone (1675 cm-t).
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Structural elucidation was determined by the inspection of the lH and 
r3C NMR spectra, and

by analysis of gCOSY, gHSQC and gHMBC acquisitions (Table 6.5). Long range HMBC

correlations were observed from H-6 (6 7.82, s) on the furan ring to the quinoid oxo carbon C-7 (5

177.6) and to the fully substituted carbon C-3b (S 158.5) adjacent to the oxygen atom of the furan

ring. In addition 2./cn conelations were observed from H-6 to the fully substituted carbons C-5 (6

147.5) and C-6a (6126.2).

ln contrast to the thiophene analogue 6.22, the 3"/cu correlation between H-6 and C-7 was

observed in this compound, albeit significantly weaker than expected, and in fact, appreciably

weaker than the 2../cH correlations exhibited by H-6. The two ring E doublets, H-l (6H 8.45, d, ../: 5'8

Hz, bs 117.0), and the more deshielded H-2 (6H 9.08, d, J:5.8 Hz,6c 1'49.3) adjacent to the ring

nitrogen, exhibited HMBC correlations to all the carbons of ring E. h particular, correlations

observed from H-l to the quatemary carbon C-IZa (S 123.0) at the junction of rings C and D, and

reciprocal correlations from H-12 (6H 8.64) of ring D to quaternary carbon C'12b (5 137.7) at the

junction of rings C and E established the connectivity of rings C, D, and E (Figure 6.13).

6.29

Figure 6.13. The structure of 7-oxo-7H-4-oxa-3,8-diaza-benzoldefcyclopenta[b]anthracene-5-
carboxylic acid methyl ester (6.29).
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Table 6.5. rH andr3C NMR (CDCli) data for 7-oxo-7g-4-oxa-3,8-diaza-

beruolde)cyclopenta[b] anthracene-S -carboxylic acid methyl ester (6.29).

Atom II (6, Mult..Iin Hz) ttc (6) H.',C IIMBC H-.H COSY

1

2

3a

3b

5

6

6a

7a

8a

9

l0

1l

t2

I2a

rzb

I2c

13

l4

r 17.0

r49.3

143.2

158.5

147.5

115.4

t26.2

177.6

r47.l

r45.7

t33.4

t32.1

131.1

t22.8

r23.0

t37.7

116.6

158.3

52.6

10

9, ll
10, 12

1l

8.45 (d,5.8)

9.08 (d, 5.8)

7.82 (s)

8.61 (dd, 8.3, 1.3)

8.01 (ddd, 8.3, 8.3, 1.5)

7.94 (ddd,8.2,8.2, L3)

8.64 (dd,8.2, 1.3)

2,l2a,l2c 2

l,3a,lZb I

3b,5,6a,7

4.01 (s)

ll, lZa

8a, 12

9,lZa

8a, 10, l2b

5, l3

6.5. An Isoxazole Analogue (6.34)

In our exploration of the biological possibilities for other interesting heterocyclic five-

membered A ring analogues, we were athacted to the isoxazole structure. Not only could it contain a

nitrogen atom in the crucial position in the "bay region", but it also contained oxygen, another very

electronegative atom, thereby creating an analogue that was similar to but less electron rich in ring A

than kuanoniamine A. Hence the more electronegative character may provide more favourable

interactions with the DNA bases with improved intercalative ability.
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A convenient route to the preparation of the desired precursor quinone, 2,1-benzisoxazole-

4,7-quinone, had been reported by Valderrama et al. in 1987163 by the oxidation of acylazido

hydroquinones, prepared from reaction of acylbenzoquinones with hydrazoic acid (Scheme 6'22)'

The initial step involved the oxidation of the starting material, 2,S-dihydroxybenzaldehyde

(6.15) with silver(I) oxide in dry dichloromethane to form 2-formyl-l,4-benzoquinone. As described

for the commencement of the thiophene analogue (6.22) the unstable quinone was not isolated but

was simply filtered in preparation for the succeeding nucleophilic addition.

Hydrazoic acid was generated by the addition of concentrated sulfuric acid dropwise to a

paste of sodium azide in a water/dichloromethane mixture. The organic phase, which now contained

hydrazoic acid, was decanted, dried and cooled and added slowly to the prepared quinone affording a

72% yield of an unstable, orange solid, 2-azido-3-formylhydroquinone (6.30) which decomposed

overnight to a black powder, exhibiting a proliferation of signals in the rH NI\IR spectnrm.

The rH NMR spectrum of 6.30 displayed three deshielded singlets at 6 10.93 (OH)' 6 10'21

(CHO), and 5 10.11 (OH), and two ortho-coupled aromatic ring doublets at 6 7.71 (d, J : 9.0 Hz),

and 6.G2 (d, J:9.0 Hz). The values were consistent with the literature data.r63

CHO

OH
I(Y

=a
OH

6.15

NaN3 + Concd H2SO4
Agzo

6.30

Scheme 6.22. The preparation of Z-azido-3 -formylhydroquinone (6.30).
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Z-Azido-3-formylhydroquinone (6.30) was subjected to oxidative cyclization with manganese

dioxide for 15 minutes, yielding the unstable2,l-betuiosoxazole-4,7-quinone (6.31) as a red solid

(76%), which was stable in solution but decomposed to a black powder within a day when dry

(Scheme 6.23).

MnO2
CH'rCb

15 min
76%

6.316.30

Scheme 6.23. Preparation 2,1-benzisoxazole-4,7-quinone (6.31) by oxidative cyclization'

The infrared spectrum of 6.31 displayed two carbonyl absorbances at 1695 and 1680 cm-r.

The rH NMR spectrum was simple, exhibiting the isoxazole ring deshielded singlet, H-3 at 6 9.13,

and an AB spin system of highly second-order quinoid doublets at 6 7.01 (d, J : 10.6 Hz), and 6 6.93

(d,J:10.6 Hz).

lnterestingly, Valderrama reported the ortho-coupled quinoid protons as a singlet at 6 7.06

with a relative integral of two, an idiosyncrasy described previously by us for the furan analogue

6.26. tn addition H-3 was reported at a chemical shift of 6 9.24.163 Both of these chemical shifts

were downfield by 0.09-0.11 ppm of those observed by us, caused possibly by a small differential in

the IH NMR referencing.

Cerium ion directed amination of quinone 6.31 with o-aminoacetophenone in ethanol

afforded 72o/o of the red solid 5-(2'-acetyl-phenylamino)-benzo[c]isoxazole-4,7-dione (6.32). An

analytical sample was prepared by recrystallization from ethanoVwater yielding small dark red

needles, displaying black decomposition spots, mp 238-243 "C (decomp.).

Due to the unavoidable presence of decomposition products, elemental analysis of 6.32 could

not be carried out. However, high resolution mass spectrometry confirmed the expected molecular

formula. Two carbonyl stretching vibrations were observed in the infrared spectrum at 1695 and

1680 cm-|. Total assignment of the atomic structure was achieved by the analysis of the rH and r3C

NMR spectra and of the two-dimensional HSQC and HMBC data (Table 6.6).
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Table 6.6. rH and r3C NMR data (CDClil for S-(2'-acetyl-phenylamino)-benzo[clisoxazote'4,7-

Atom H (6, Mult. J in Hz) ttc (b)

J

3a

4

5

6

7

7a

l'
z',

3'

4

5'

6'

7',

8'

NH

3a,7a

6.76 (s) 4, 5,7,7a

9.14 (s)

7.97 (d,7.9)

7.24-7.28 (m)

7.6r (d,3.7)

7.61 (d,3.7)

2.6:8

11.24 (br s)

160.3

116.1

175.0

r46.6

t07.4

t76.7

154.8

139.0

t26.4

132.3

124.3

134.2

tzt.4

201.5

28.5

l'r 5',7'

3'r6t

l',3'
2"4'.

2"3"7'

Regiochemistry of the addition product was established from the HMBC experimental data

(Figure 6.14).

6.32

Figure 6.14. Key HMBC correlations used in establishing the regiochemistry and structure of 5-(2'-
acetyl-phenylamino)-benzo[c] isox azole-4,7 -dione (6.32).
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Crucial HMBC correlations were obserrred from the isoxazole ring proton, H-3 (6s 9.14, s, 6s

160.3), and from quinoid carbon H-6 (6H 6.76, s,6c 107.4) to a fully substituted carbon, C-7a (6

154.g), which chemical shift considerations required a position adjacont to the nitrogen atom of the

isoxazole ring. An additional correlation observod from H-6 to the oxo-substituted quinoid carbon,

C-4 at6 175.0 established the regiochemistry of the diaryl amine 6.32. However, no 3,fcH HMBC

correlation was observed from H-3 to C-4, an anomaly consistent with the thiophene and furan

analogues.

6.32

Figure 6.15. The structure of 5-(2'-acetyl-phenylamino)-benzo[c]isoxazole-4,7-dione (6.32).

5-(2'-Acetyl-phenylamino)-benzo[c]isoxazole-4,7-dione (6.32) was subjected to acid

cyclization with glacial acetic acid/concd sulfiric acid (10:1) at 70 "C for 25 minutes affording an

86% yield of an unstable yellow solid, l0-methyl-2-oxa-1,5-diaza-cyclopenta[6]anthracene-4,11-

dione (6.33) (Figure 6.16).

6.33

Figure 6.16. The structure of l0-methyl-2-oxa-1,5-diaza-cyclopenta[b]anthracene-401l-dione
(6.33).
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A sample of 6.33 for elemental analysis was unable to be obtained due to the instability of the

compound. However, high resolution mass spectrometry confirmed the expected molecular formula,

and lH NMR revealed the characteristic arrangement of resonances associated with the tetracyclic

dione product. present were the methyl singlet at 6 3.32, the oxazole ring singlet, H-3 at 6 9'40 and

the tlpical pattern of trvo doublets and two doublet of doublets consistent with formation of the 1,2-

disubstituted benzene D ring.

The final step, the construction of ring E using Lindsay's one-pot annulation method was

accomplished with a poor yield of 30% of the orange solid, 5-oxa-3,4,8-tiaza-

b enzold elcyclopenta[b] anthracen- 7 -one (6.34) (Figure 6.17 ).

6.34

Figure 6.17. The structure of 5-oxa-3,4,8-fraza-beruofde)cyclopenta[D]anthracen-7-one (6.34).

All attempts at purification of 6.34 failed, due to the intrinsically unstable nature of the

compound. Although relatively more stable as a solid, in solution it decomposed quickly to an

insoluble black powder. Hence again, no elemental analysis could be performed on this product.

However, high resolution mass spectrometry was consistent with the expected molecular formula and

the infrared spectrum revealed the one carbonyl absorbance at 1690 cm-I. In addition to the

resonances associated with the typical pyridoacridone structure as exhibited by the previous

analogues, the lH NMR spectrum invariably contained a plethora of signals due to sample

decomposition.

Notwithstanding the tendency of all the compounds in the reaction sequence to degrade, it

had been cautiously anticipated that the extended conjugation of the final pentacyclic ring system

might have endowed the final product with suffrcient stability for biological assay purposes.

Unfortunately, it appeared that that very stability only enhanced the propensity of the reactive 1,2-

bond of the isoxazole ring to undergo facile homollic cleavage, generating a biradical species with

subsequent disintegration of the compoundruo lFigure 6.18).
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frv or heat
+

6.34

Decomposition Products

Figure 6.18. Homolytic cleavage of the isoxazole 1,2-bond to.produce a biradical species leading to

decomposition of 6.34.164

Given that in addition to light, heat also initiates this free radical process, the reason for the

poor yield (30%) obtained for the final product, which requires heating to 70 oC in the final step of

the reaction sequence, may be explained.

6.6. Biological Activity

Initial biological evaluation was performed at the University of Canterbury involving analysis

of cytotoxicity and antimicrobial activity.

6.6.1. Evaluation of Antitumoural Activity.

Initial biological screening in assays run at the University of Canterbury against the P388

murine leukaemia cell line showed that kuanoniamine A (6.4) exhibited il IDso of 0.3 pM, very

close to the 0.4 pM observed for ascididemin (6.3), results indicating moderately potent activity. An

IDso is the concentration of a sample that is required to reduce the growth of the malignant cell line

in vitroby 50%. Although the mouse leukaemia P388 cell line is widely used for primary screening

it is frequently observed that active compounds are not effective against in vivo assays with P388-

/
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infected mice. This is due to the fact that the active compounds may simply be generally toxic to all

cells. Hence for comparative purposes, general cytotoxicity can also be measured by an assay that

utilizes the non-malignant BSC-I continuous cell line of the African Green monkey kidney cells,

which are usually also infected with a virus as an additional assay.

ln this assa% wells containing a cellular monolayer are overlaid with paper discs impregnated

with the test solution. After 24 hours the wells are inspected for the size of the antiviral and/or

cytotoxic inhibition zones measured in a radius from the edge of the paper disc.

Encouragingly, both kuanoniamine A and ascididemin exhibited minimal cytotoxicity with a

zone of cytotoxicity of only l-2 mm (+) to the normal cells in this assay. However, at an

impregnated dose of 20 pg kuanoniamine A was somewhat less toxic than ascididemin, which was

assayed at l0 pg. This kind of differential between cytotoxicity to malignant cells versus non-

malignant cells is always a favourable sign, indicating that the active compound is selectively

targeting the malignant cells and is not going to be deleterious to the patient while it is killing the

tumour.

Of the new ascididemin synthetic analogues, only the thiophene (6.22) and furan (6.29)

analogues were submitted for any biological testing owing to the unfortunate instability of the

isoxazole ring A-modified compound 6.34. Against the P388 cell line, the thiophene and the furan

analogues exhibited activities of 8.5 pM and 3.0 pM respectively, decreases of about an order of

magnitude in potency in comparison to the lead compounds kuanoniamine A and ascididemin.

General clotoxicity to the BSC-I cell line was minimal for both at l-2 mm (+).

The fact that both thiophene 6,22 and furan 6.29 performed poorly in the P388 assay in

comparison to kuanoniamine A (6.4) and ascididemin (6.3) was particularly interesting given that

they both owned the same ring A substituent. Therefore, regardless of the identity of the

heterocyclic ring atom, it was the substituent that had the significant impact on the biological

activity, and that could be regarded as the determining factor in the cytotoxicity differential.

These initial results indicated that regardless of the identity of the heterocyclic atom in ring

A, a carboxylic acid methyl ester substituent on that ring had a significant impact on the biological

activity of these pyridoacridone analogues,

All compounds except for isoxazole 6.34. were submitted to the National Cancer Institute

(NCI), Bethesda, Maryland, USA for evaluation in the developmental therapeutics program. The

initial screening is against 60 human tumour cell lines in vitro. A bar chart is generated which shows

mean graphs for all of the cell lines by plotting the three principal response parameters:

1. GI50, which is the concentration of the compound at which a50o/o groWh inhibition is observed.

2. TGI, which is the concentration of the compound at which aI00Yo growth inhibition is observed.
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3. LC50, which is the concentration of the compound at which a50%o kill is observed.

These parameters are plotted against the average, which is represented by flre vertical line;

consequently a bar extending to the right of the vertical line represents sensitivity of this cell line to

the agent in excess of the average sensitivity. The horizontal line is the response concentration dose

and is logarithmic, representing 6 orders of magnitude and allowing easy visualization of selectivity

for a particular cell line (Figures 6.19-6.22).

The p3gg cell line is of mouse leukaemia origin. As such, although giving a good indication

of cytotoxicity, it is not necessarily a reliable indication of specific activity against solid human

fumours, or even human leukaemias.

As a clear demonstration, although both of the lead compounds 6.3 and 6.4 gave similar GI50

(IDso) results to p388 in the assay of seven NCI human leukaemia cell lines, neither of them

achieved a 50Vo kill rate (LC50) on any of these cell lines even at the maximum dose of 100 pM.

Conversely, both of them evinced more potency against solid tumours in comparison to leukaemia in

all three of the dose response parirmeters, and in the LC50 assay 3l of the 43 solid tumour cell lines

showed more than the average sensitivity to ascididemin (6.3), with l1 showing sensitivity to

kuanoniamine A (6.4).

Given these results, it is obviously imperative to test compounds against solid human tumours

in addition to P388 even if they appear to be non-active. Hence, to draw any conclusions solely on

the basis of the P388 results on 6.22 and 6.29 would be premature'

Nevertheless, the results from the NCI on the thiophene analogue (6.22) (Figure 6.21) were

somewhat surprising. Whereas the mean GI50 values for the human leukaemia cell lines for 6.3 and

6.4 reflected some consistency with those observed for P388, the mean GI50 for the same assays for

6.22 was 59 pM, significantly less potent than the 8.5 tM observed against P388. In fact, three of

the four leukaemia cell lines did not reach the GI50 threshold even at 100 pM concentration, and

only one gave a comparative GI50 of 12 pM. Hence 6.22 was considerably less toxic to leukaemias

than originally indicated.

The furan analogue (6.29) (Figure 6.22), on the other hand, with a mean GI50 of 2 pM for the

leukaemia cell lines gave results similar to the 3 pM observed for P388.
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Figure 6.21. NCI mean graphs for 7-oxo-7f1-4-thia-3,8-diaza-benzo[de]cyclopenta[6]anthracene-5-
carboxylic acid methyl ester (6.22).
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Figure 6,22. NCI mean graphs for 7-oxo-7 H-4-oxa-3,8-diaza-benzo[deJcyclopenta[b]anthracene-5-
carboxylic acid methyl ester (6,29).
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Assay

BSC-1, zone, (pg)

P388 (pM)

GI50 (pM)

rGI (pM)

LC50 (pM)

Ascididemin KuanoniamineA

(6.3) (6.4)

0.2, (2.0)^

+, (10)

0.4

t.o,(3.2)

7.9, (2.5)

+, (20)

0.3

0.7, (2.6)

I1.0, (2.4)

53.7, (1.3)

Thiophene

(6.22)

+, (20)

8.5

63.1, (0.9)

95.5, (0.5)

100.0, (0.2)

Furan

(6.2e)

+, (20)

3.0

3.6, (1.6)

14.8, (1.5)

56.2, (1.4)

' ogls units between the most and least sensitive

cell lines in the panel.

ln Table 6.7 can be seen a swnmary of the mean micromolar values over all cell lines for

each dose response parameter. The GI50 mean values for ascididemin and kuanoniamine A were, as

expected, a potent 0.2 pM and 0.7 pM respectively. However, the mean GI50 for thiophene 6.22 is

very large at 63.L pM. Furan 6.29 performs quite creditably with 3.6 FM.

The value in parenthesis is a selectivity index, representing the number of logro units between

the most and least sensitive cell lines. Whereas ascididemin and kuanoniamine A exhibit good

selectivity indices, and even furan 6.29 displays some modest selectivity, the thiophene analogue's

response is very weak generally.

Continuing down Table 6.7, it is obvious that ascididemin exhibits good potency and

selectivity in all parameters. It is also obvious that the thiophene analogue is inactive. Meanwhile,

kuanoniamine A and the furan analogue display incongruent, almost identical, modest figures.

Upon referring back to the actual Mean Graphs themselves however, one can see that the

mean values as seen in Table 6.7 can be misleading. Although ascididemin and thiophene 6.22

reflect their mean values fairly, a great difference can be noted between kuanoniamine A and furan

6.29. They are not at all similar. The only activity that furan 6.22 exhibits in the LC50 parameter

involves only one leukaemia, and two breast cancer cell lines. It is inactive against everything else.

This engenders some scepticism about the validity of the three active results, which skew the mean

values.

Kuanoniamine A, on the other hand exhibits much more robust and consistent activity against

1l cell lines in the LC50 assay, with a colon cancer cell line (HCC-2998) displaying most sensitivity

with a dose of 5.5 pM. This is much weaker than ascididemin, which gave a result of 0.4 pM against

a melanoma cell line (SK-MEL-5), but is still of significance.

It was clearly evident that the thiophene and furan analogues would have minimal cytotoxic

effect on normal cells but equally clear that they would also have minimal effect on malignant cells.

Tabte 6.7. Invirro antitumour activities of 6.3, 6.4,6'22, and 6'29'
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The only reasonable interpretation for this striking loss of antitumoural activity lies with the

carboxylic acid methyl ester substituent, which might perturb the planarity of the compounds enough

to prevent intercalation. No further action was undertaken with regard to investigating their

antitumoural properties.

Neither kuanoniamine A nor ascididemin displayed any activity against the leukaemia cell

lines in the LC50 response paramerer, yet exhibited good activity against a range of solid tumours, a

promising sign for new chemotherapeutic agents. Kuanoniamine A showed a marked selectivity for

one or two cell lines in each panel with the majority of cell lines not breaching the LC50 threshold

even at the maximum dose of 100 pM, in comparison to ascididemin which displayed stronger and

more broad activity over the range of cell lines, a function of its more pronounced general

cytotoxicity.

Combined with the minor amount of cytotoxicity displayed towards both the non-malignant

BSC-I cell line and the rapidly-dividing leukaemias, the selectivity that these two alkaloids exhibit

towards the slow-growing solid human tumours is very interesting. They do not appear to be reliant

on cytokinetic differences between cancer and normal cells for their therapeutic effects. It is well

understood that owing to their genetic instability, malignant cells contain metabolites, especially

proteins, which have mutant alterations or are simply overexpressed, or both. These abnormal

cellular constituents, which are often involved in signal transduction pathways, may be being

targeted by ascididemin and kuanoniamine A in addition to the effect that these two alkaloids have

on DNA.

The level of potency in the pM range for both compounds, combined with the selectivity

gave rise to encouraging mean graphs over the 60 human tumour cell lines screened. In light of this

evidence, the NCI Biological Evaluation Committee decided to proceed with in vivo evaluation in the

Hollow Fibre Assay in nude athymic mice.

In this assay, twelve selected human tumour cell lines are encased in hollow fibres, which are

then implanted into the mice, either inhaperitoneally or subcutaneously, following which the

compound is administered at two test doses intraperitoneally. Control mice reeeive the compound

diluent only. Fibres are collected one day after the last day of treatment and the cell mass is

determined by spectrometric methods. From comparison of the cell mass between the test (T) and

control (C) mice ao/oTlC parameter is determined for each level of dosage. Further invivo testing is

selected on the basis ofseveral hollow fibre assay criteria:

l. %TlC of 50 or less, representing significant activity in l0 of the 48 possible test combinations

(12 cell lines x 2 sites x 2 doses).

2. activity at a distance demonshated from the result at the subcutaneous implant in 4 of the 24

possible test combinations.
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3. a net cell kill of one or more cell lines in either implant site.

Kuanoniamine A was assessed as being inactive in the Hollow Fibre Assays and no further

investigations on its antitumoural activity were undertaken.

Ascididemin demonstrated a clear dosage dependency in the intraperitoneal site parameter,

where five of the cell lines gave aTlC of <50 at 12 mglkg/dose only to be relatively inactive at the

lower dose of 8 mglkg/dose. Encouragingly, one breast cell line (MDA-MB-435), showed consistent

sensitivity at both dosage levels and three of the cell lines, U251 (CNS), LOX IMVI (melanoma),

and NCI-H23 (non-small cell lung), exhibited significant T/C figures at the distant subcutaneous

sites. Based on the potential indicated by this data the NCI began xenograft trials.

The NCI's Early Stage Subcutaneous Tumour Model uses six human tumours implanted

subcutaneously into athymic nude mice followed by intraperitoneal freatment with the therapeutic

agent at various doses over a dose schedule. The results are evaluat ed as o/oT/C as for the Hollow

Fibre Assay. Despite the promising results from the Hollow Fibre Assay, ascididemin was judged to

be inactive in the xenograft evaluation, exhibiting its inability to exert action at a distance where the

drug delivery site is remote from the tumour location. Moreover, two drug-related deaths ensued,

implicating ascididemin's general toxicity to normal tissues, a problem that would require attention in

the design of other analogues.

Obviously, from the evidence acquired on the thiophene (6.22) and furan (6.29) ring A

analogues with their carboxylic acid methyl ester substituents, a lead on the cytotoxicity problem had

been serendipitously procured. However, the ability to secure the requisite antitumour activity in

addition to the non-toxic nature was a more perverse enigma.
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6.6.2. Antimicrobial ActivitY.

Al1 of the ascididemin analogues displayed promising antimicrobial activity to some degree

against a variety of organisms (Table 6.8).

Table 6.8. Antimicrobial activities for 6.3, 6.4,6.22, and 6'29'

Ascididemin KuanoniamineA Thiophene Furan

(6.2e)(6.3) (6.4) (6.22)

BSC-1, zone, (pg)

HSV-I, zone, (pg)

PVl, zone, (pg)

Bacillus subtilis, mm, (Pg)

Escherichia coli,mm, (Pg)

Candida albicans, mm, (Pg)

Trichophyton ment.,mm, (Pg)

+, (10)

?", (10)

?, (10)

10, (20)

10, (20)

o, (20)

0, (20)

+, (20)

?, (20)

?, (20)

4, (20)

0, (20)

0, (20)

2,(20)

+, (20)

?, (20)

?, (20)

l, (20)

0, (20)

0, (20)

0, (20)

+, (20)

?, (20)

?, (20)

3, (20)

0, (20)

0, (20)

7, (20)

. BSC-I host cell line no antiviral activity was detectable.

All analogues exhibited minimal cytotoxicity to the BSC-I host cell line. However any

antiviral activity was obscured. Ascididemin, which was assayed at half the dose, displayed the

same level of toxicity, consistent with the analysis in the previous section evaluating it as being a

stronger general poison than kuanoniamine A which in turn was more toxic than thiophene 6.22 and

furan 6.29. In light of structure-activity studies suggesting that sulfur appeared to be valuable for

antiviral activity,r32 kuanoniamine A was submitted to the NCI for testing in their anti-HIV screening

program. It was confirmed inactive, consistent with the observation that pyridoacridines generally

are not strong antiviral agents. All compounds tested showed zones of growth inhibition for the

gram positive bacteriwn Bacillus subtilis, albeit very weak for all except ascididemin, which gave a

moderately strong response in this assay in addition to the assay against Escherichia coli, the gram

negative bacterium. E. coli displayed no sensitivity to any of the other compounds. Apart from

some modest amount of antifungal activity noted for kuanoniamine A and firan 6.29 against

Trichophyton mentagrophytes, no other antifungal activity was displayed.

It is interesting to note that despite the minimal cytotoxicity exhibited in previous assays by

thiophene 6.22 and furan 6.29, the latter in particular retains its antimicrobial activity, especially

against T. ment, a trend that may be worth investigating in more depth'
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As an additional antimicrobial assay, kuanoniamine A and ascididemin were submitted to the

Tuberculosis Antimicrobial Acquisition Coordinating Facility (TAACF), Maryland, USA for

screening against Mycobacterium tuberculosis. Globally, Tuberculosis (TB) is one of the most

common infectious diseases, with the World Health Organization estimating that approximately 32o/o

of the world,s population is infected.l65 The disease is afflicting third world countries such as in the

sub-Saharan African countries and parts of Asia in epidemic proportions' of concem also is that

cases are soaring in the former Soviet Union, and New York City reported alarming increases in the

numbers of case notifications of TB in the 1990's, following a 3O-year period of decline in the

incidence of the disease.l66 The reasons for this reversal include the role of HIV-I (AIDS) associated

infection and the emergence of widespread multidrug-resistant (MDR) strains of the aetiological

agent. As the magnitude of the problem continues to grow, the dream of eradication of TB fades and

although the Bacillus of Calmette and Guerin (BCG) vaccine prevents the development of severe

forms of TB in young children, it has not been effective in reducing the incidence of infectious cases

in adults.l6t A, th" airlines facilitate the movement of people so too do they facilitate the spread of

the disease.

TAACF conducts tn vitro primary screening at a standard 12.5 PgmL against

Mycobacterium tuberculosr's H37Rv. Compounds effecting less than 90% inhibition in the primary

screen are not evaluated further.

In the primary screen kuanoniamine A was reported to have exhibited 100% inhibition and

ascididemin ggo/o inhibition. As an interesting comparison between the activity of the

pyridoacridones and pyridoacridines, shermilamine B (2.22) and kuanoniamine D (6.34) gave only

73o/o and78% inhibition respectively in the primary scre"n.tut

Shermilamine B (2.22) Kuanoniamine D (6.34)

Figure 6.23. Shermilamine B (2.22) and kuanoniamine D (6.34).
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Kuanoniamine A and ascididemin were both selected for confimratory and advanced

screening to determine the actual minimum inhibitory concentration (MIC), defined as the lowest

concentration inhibiti ng 99% of the inoculum. The MIC demonstrated by kuanoniamine A was an

impressive 3.I3 pg6nL, and by ascididemin an even more impressive 0.1 pg/ml, comparing well

with the MIC of 0.2 pelnL exhibited by rifampicin, one of the most active drugs in clinical use.

Hence kuanoniamine A and ascididemin progressed to the next stage to detemrine the minimum

bactericidal concentration (MBC) and the general cytotoxicity (ICso). Disappointingly, but not

surprisingly, at this stage they were evaluated as being too insoluble for further evaluation'

However, as lead compounds in the urgent search for new dnrgs to confiol this re-emerging plague'

the pyridoacridone class of alkaloid looks to be very promising indeed.
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Chapter Seven

Experimental

7.1. General Experimental Methods

Low resolution mass spectra were recorded on a VG-7070 mass spectrometer at a nominal

accelerating voltage of 70 eV. High resolution mass spectra were recorded at a nominal resolution of

5000 or 10000 as appropriate. Al1 spectra were obtained by either DEI or FAB ionization techniques

using perfluorokerosene as the intemal standard.

Melting points were recorded on a Reichart-Kofler block and are uncorrected'

Ultraviolet-visible spectra were run as methanol solutions on a UV-2102 PC Shimadzu UV-

Vis scanning spectrophotometer.

Infrared spectra were recorded as dry films on a Spectrum One Fourier Transform infrared

spectrometer, with the 1603 cm-l absorption band of polystyrene being used as reference.

NMR spectra were recorded on either a Bruker AC200 spectrophotometer operating at 200

MHz and 50 MHz for rH and l3C nuclei respectively or on a Bruker DRX400 spectrophotometer

operating at 400 MHz and 100 MHz for rH and r3C nuclei respectively. Chemical shifts are

expressed in parts per million (ppm) relative to TMS or to the residual non-deuterated solvent in rH

NMR' to deuterated solvent in l3C NMR, to DSS in water, and to liquid ammonia in l5N NMR.

Shifts are quoted at position (6), relative integral, multiplicity (s, singlet; d, doublet; t, triplet; q,

quartet; m, multiplet), coupling constant (J, Hz), and assignment. t'C NNm. multiplicities were

determined by DEPT g0/I35, and rH-r3C coupling constants by gated decoupling experiments.

Variable temperature rH NNm. was recorded on a Bruker AC200. HMBC, HSQC, COSY, ROESY,

TOCSY, gradient HMBC (gHMBC), gHSQC, and gCOSY experiments were recorded on a Bruker

DRX400. Assignments are based on l- and 2-dimensional experiments and analogue comparisons.

Preparative scale chromatography was achieved by: 1) pressurised, flash column

chromatography with either Kieselgel 60 0.063-0.200 mesh (Merck), or C18 reverse phase material

prepared by the method of Evans et al.;t6e 2) gel permeation column chromatography using

Sephadex LH2O; 3) semipreparative Cl8 reverse phase TIPLC using a Waters 600 HPLC

photodiode array system with aqueous TFA (0.05%)/IvIeOH solvent mixtures on an Alltech 10

micron econosil column (10 x 250 mm).
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Analytical reverse phase HPLC was mn on a Waters 600 HPLC photodiode array system

using a Cl8 column (Alltech 5 micron econosphere 4.6 x 150 mm) and eluting with aqueous TFA

(0.05%) through to MeCN. Aqueous TFA (0.05%) has a pH of -2.5.

Reactions were heated immersed in oil, the temperature being taken from a thermometer

touching the bottom of the pyrex bath.

All solvents used were analytical grade (AR) and/or were purified according to standard

procedures. Chemical reagents used were either purchased from standard chemical supplies and

used as purchased or purified by standard techniques.

7.2. Work from Chapter Two

Animal Material

Ascidian material was collected either by hand from intertidal shallows or by SCUBA from

various sites around New Zealand and was kept frozen until used. Voucher specimens are held at the

University of Auckland, Chemistry Department and at the NIWA Museum, Wellington. Specific

identifications were made by C.N. Battershill orby G. Lambert.

General Procedure for Crude Extracts

The material to be extracted was freeze-dried and extracted with methanol (3 x 100 mL)

followed by CHzClz (2 x 100 mL). The combined extracts were filtered and the solvent removed

under reduced pressure at temperatures less than 40 oC to produce a crude extract.

7.2.r. WORr( ON 96TUTOC1-2 (DTDEMNTDAE)

The frozen orange undescribed ascidian bodies (Didemnidae) were freeze-dried (5.12 g) and

extracted with MeOH (4 x 100 mL) followed by CHzClz (2 x 100 mL). The combined extracts were

filtered and dried to produce 0.68 g of crude extract, which was partitioned between CHzClz (200

mL) and water (300 mL). The aqueous fraction was subjected to Cl8 reverse phase flash

chromatography (water through to MeOH). Examination of the fractions by analytical Cl8 TIPLC

with diode array lfV detection revealed the presence of a major component in the 30% MoOH

fraction. This was further purified by semi-preparative C18 HPLC (0.05% aqueous TFA/I4eOH,

50:50) to yield 4 mg (0.08% dry wt) of a pale yellow gum, r.-6-bromohypaphorine (2.10).
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r,-6-Bromohypaphorine (2.1 0)

lol'oo: *50 (c:0.012, MeOH) 1tit26 +S41.

MS: FAB m/z (%) 327 ([M+H]* + 2,11), 325 (M+Hl*, l1). Anal. (exact mass, HRFABMS) calcd

for Cr+HrsNzOzsrBr m/z 327.0531, found 327.0535. Anal. (exact mass, HRFABMS) calcd for

C r d{r aNzO 27eBr m/z 325.0552, found 325.0549.

IR: v-u*(dryfilm) 3260,1683, 1651,1644,1632,1485,1434,1417'1397, 1338,1206,1134cm-r.

IIV: (EtOH) l.u* 225 nrn (1og e 4.16),285 (3.53), 293 (3.43).

f H NMR: (400 MHz, cD:oD), 6 7.54 (lH, d, J:8.4H2,H-4),7.49 (lH, d, J: l.8Hz,H-7),7.r9

(lH, s, H-2),7.14 (1H, dd, J:8.4,1.8 Hz, H-5),3.85 (1H, dd,./:8.5, 6.0H2, H-9),3.40 (2H, H-8a,

H-Sb), NMe3 obscured.

t3C NMR: (l00MHz, CD3OD),6 138.9, 127.3,126.3,123.3,120.7,116.2,115.4,108.8, 53.0,24.6.

rH r.JTr{R: (400 MHz, Dzo), E7.lr (1H, s, H-7),7.57 (1H, d,J:8.1 Hz,H-4),7-31 (lH' d,-/:8.3,

H-5),7 .26 (lH, s, H-2), 4.00 (1H, d, J: 9.6 Hz,H-9),3.49 (1H, d, J: 10.9 Hz, H-8a), 3.39 (lH, d, J
:12.4 Hz, H-8b),3.34 (9H, s, NMe3).

ttc NMR: (100 MHz, rH-coupled, DzO),6 166.3 (s, C-I0), 139.6 (t, J:8Hz,C-7a),128-1 (dd, -I:
181, 5 Hz, C-2),128.0 (d, J:5, C-3a), 125.0 (dd, .r : 165,4H2, C-5), 122.2 (d, J: 16l Hz, C-4),

117.5 (d, J:5Hz,C-6), 117.3 (dd, J:167,5H2,C-7),110.1 (d" J:6Hz,C-3),65.2 (d,./:4H2,

C-9), 54.7 (q,, J: 145 Hz, NMe3), 25.3 (t, J : 137 Hz, C-8).

7.2.2. WORK ON I/SSOCLINUM NOTZBREWTN, 19s8 (DIDEMMDAE)

The frozen thin blue encrusting ascidians collected from Leigh Harbour, Northland, identified

as Lissoclinum notti Brewin, 1958, (99LHl-3) were freeze-dried (dry wt a.49 g) and extracted with

MeOH (4 x 100 mL) followed by CHzClz (2 x 100 mL). The combined extracts were filtered and the

solvent removed under reduced pressure to yield 0.64 g of crude extract, which was partitioned

between water and CHzClz. The aqueous fraction was then subjected to Cl8 reverse phase flash
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column chromatography (water through to MeOH) with the 25-40o/o MeOH fraction containing the

compound of interest as determined by analytical Cl8 IIPLC. Further Cl8 flash chromatography of

rhis fraction eluting with 30% MeOH yielded 13.0 mg (0.29% dry ovt) ot N$,1-frimethylguanine

(5.1) as a white solid. The 40-60% MeOH fraction contained tyramine which was further purified by

clg flash chromatography (water/TFA 0.05%o/lvleoH) eluting with 30% MeoH to yield 5.2 mg

(O.IZ%dry wt) of white crystalline tyramine as the trifluoroacetate salt (2.13)- The 60-80% MeOH

fraction was subjected to gel permeation (Sephadex LH-20, MeowTFA 0.05%) to give l'54 mg

(impure, 0.03% dry wt) of a purple solid, identified as styelsamine B (2.14).

Tyramine (4-Hydroryphenethylamine) (2-f 3)

MS: EI m/z (%) t37 (M*, 16), 108 (80). Anal. (exact mass, HREMS) calcd for CsHrrNO z/z

137.0841, found 137 .0842.

IR: v,n.* (dry film) 3078,1597,1517,1497,746!,1256,1140, 1 lll,g45 823 cnr,r.

tH NMR: (400 MHz, DzO), 6 7.15 (2H, d,-I: 8.0 Hz,H-2'lH-6'), 6.84 (2H, d,.I: 8.0 Hz,H-3'lH-

5'), 3.20 (2H, t, J: 7 .3 Hz,H2-l),2.88 (2H, t, J:7 .3 Hz,H2-2).

Styelsamine B (2.14)

OH

A,
(/

L

)'
NlI2
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lH N[{R: (400 MHz, DMSO-d6),5 13.50 (br s, H-1), 11.75 (1H, br s, H-8), 10.01 (br s, H-i2), 8'46

(1H, t, J: 5.6 Hz, H-l5), 8.29 (1H, d, J:8.3 Hz, H-4), 8.21 (1H, d, J: 6.7 Hz,H-2),8.00 (1H, m'

H-6), 7.80 (1H, s, H-l0), 7.7g (l[,m, H-7), 7.47 (lH, d, J -- 6.8, H-3), 7.34 (lH, m, H-5), 3.24 (2H,

m, H-14), 2S8 (2h,t, J:7.1H2, H-13), 1.91 (3H, s, H-17)'

7.2.3. WORI( ON PSEUDODISTOMA AUREUM

The dark gray-green thick encrusting ascidian was collected by NTWA at Tutukaka,

Northland and freeze-dried (15.5 g dry wt). A voucher specimen was retained at the NTWA

Museum, Wellington (96TutOc1-6). The lyophilized specimen was extracted with MeOH (4 x 100

mL) followed by cHzclz (3 x 100 mL). The crude extract was separated by clS flash column

chromatography (water/0.|% aq. NH3 through to MoOH), with the l}Vo, 20o/o, and 80o/o MeOH

fractions containing the compounds of interest as indicated by analytical C18 IIPLC, The 10% and

Z0o/o fractions were subjected separately to gel permeation (Sephadex LH'20, MeOtV0.lo/o aq. NH:).

The21%MeOH fraction yielded 4.5 mg (0.03% dry wt) of a fluorescent yellow solid, distomadine A

(4.1). The 10% fraction yielded 4.2mgof a fluorescent yellow solid containing a l:2 mixture of

distomadineB (4.2) (O.Ol% dry wt) and 2'-deoxyadenosine (2.39) (0.01% dry wt). A portion of the

bioactive 80% fraction (40 mg) was treated with acetic anhydride and triethylamine (0.5 mL each, rt,

24h). The solvent was removed and the residual oil was subjected to column chromatography (SiO2,

CHzClz/lVIeOH, 98:2) and then further purified by semi-preparative Cl8 HPLC (95% MeOlVwater, 5

mlimin) to yield the long-chain amino alcohol diacetyl derivative (2.34) as a colourless oil (2.1 mg,

0.01% dry wt).

Amino Alcohol Diacetyl Derivative (2.34)

OAc

Ioltoo: -15 (c :0'2, CHCI3).

MS: EI m/z (%) 423 (M*, 6), 395 (6), 363 (12),335 (10), 129 (ls),86 (100), 70 (r7),

(82). Anal. (exact mass, HREIMS) calcd for CzoFIqqNOr m/z 423.3700, found 423.3712.

NIIAc

ss (28), 44
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lR: vn.u" (dry film) 3404,2925,2854,2694,1739,1651, 1555 ,1464,1373,1239'1132,1034 crn-r'

UV: (MeOH) I.,* 202 nn (log e 3.65), 229 (2-98).

tH NMR: (400 MHz, CDCI3), 6 5.51 (1H, br d, J : g.4H.,NH), 5.33 (2II), 4.85 (1H, ddd, J: 6.4,

6.4,4.2H2, H-3),4.19 (1H, m, H-2),2.09 (3H, s, OAc), 1.98-2.04 (4H, m), 1.98 (3H, s, NHAc)' 1.54

(2H, m, H-4), 1 .25 (26[,br s), 1.09 (3H, d, J: 6.8 Hz, H3-1), 0'87 (3H, t, J : 6'9 Hz,H3-22)'

tt C MVIR: (100 MHz, CDCI3), 6 170.9 (OAc), 169.5 (NHAc),129.9 (CH), 129.8 (CH), 76.5 (C-3)'

47.21g-21,31.9 (C-20), 31.6 (C-4), 29.8 (2 x CH2), 29.3-29.5 (8 x CH2), 27.2 (2 x CHz)' 25.3 (C-5)'

23.5 OIHAI),22.7 (C-21),21.0 (OAc), 18.5 (C-l)' l4.l (C-22)'

Amino Alcohol Oxazolidinone I)erivative (2.35)

A portion of the active 80% fraction (250 mg) was treated with carbonyl diimidazole (300

mg) and triethylamine (0.45 mL) in CHzClz (6 mL) at rt for 2 h. The solvent was removed under

reduced pressure and the residual oil was separated (SiOz, MeOH/CHzClz l:99). The impure product

was purified by semi-preparative C18 TIPLC (MeOFVwater, 80:20) yielding 2.6 mg of the

oxazolidinone derivative of the amino alcohol (2.35).

MS: EI m/z (%) 365 (M*, 5),337 (3), 304 (10),276 (7), 260 (8).

UV: (MeOH) I-* 239 nrn.

tH NMR: (400 MHz, CDCI3), 6 5.22 (1H, br s, H-N), 4.60 (1H, m, H-3), 3.96 (1H, dq,./: 7.7' 6'6

Hz,H-2),1.97-2.05 (m), 1.25-1.54 (brm), 1.11 (3H, d,J:6.6H2,H3-1)' 0.87 (3H' t,H3-22).

2'-Deoryadenosine (2.39)

N
')
N
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MS: FAB m/z (%) (M + Hl+, 26). Anal. (exact mass, HRFABMS) calcd for CroII+NsOt m/z

252.1097, found 252.1100.

,H NMR: (400 MHz, DMSO-d/DzO), 6 8.32 (lH, s, H-8), 8.12 (lH, s, H-2), 6.32 (1H, dd, J : 7 ;7,

6.3 Hz, H-l'), 4.39 (lH, ddd, ,r : 5.7, 2.g, 2.9 Hz, H-3',), 3.88 (lH, ddd, ./ = 6.9, 4.2, 4.2 Hz, H-4',),

3.60 (1H, dd,J:11,9, 4.2Hz,H-5'a),3.45 (H-5'b, obscuredbyHOD peak),2'68 (1H, m,H-2'a),

2.26 (lH, ddd,,/: 13.1, 6.0, 2.9H2, H-2b).

t3c NI\,IR.: (100 MHz, DMSO-d6/D20), 6 156.0 (C-6), 152.5 (C-2)' 148,9 (C-4)' 139.7 (C-8)' 119.2

(c-5),88.0 (c-4), 84.0 (C-1'),70.9 (c-3),61.8 (c-5'),39.5 (C-2').

rH NMR: (400 MHz, CftOD), 6 8.30 (1H, s, H-8), 8.17 (lH, s, H-2), 6.42(1H, dd, J : 7 -9, 6.1 Hz,

H-l'), 4.57 (LH,ddd, J: 5.5,2.g,2.5H2,H-3'),4.06 (lH, dd, J: 5.7,2.9H2,H-4',),3.83 (lH, dd' -/

: 12.3, 2.9 H2,H-5'a), 3 .7 3 (lH, dd, / : l2 -3, 2.9 Hz, H-5'b), 2'7 9 (2H, m, H2-2')'

7.3. Work From Chapter Three

7.3.I. WORK ON APLIDIAM SPECIES D

The freeze-dried sample of the undescribed Aplidium sp. D. (17.79 g) was collected from

shallow waters off the Kaikoura Coast in 1987 and kept frozen at the Chemistry Department of the

University of Canterbury under the code of 87K11-1 until use. The ascidian was extracted with

MeOH (3 x 100 mL) then with CHzCl2 (2 x 100 mL) to give 6.43 g of a yellow solid, which was

treated by solvent-solvent partitioning between water (200 mL) and CHzCl2 (150 mL)' The aqueous

fraction was subjected to gel permeation (Sephadex LH-20, MeOII/0.05% TFA). The fraction

containing the compound of interest as determined by analytical reverse phase C18 IIPLC was then

treated by C18 flash chromatography (waterl}.lYo TFA through to MeOH). T\e 25o/o MeOH

fraction generated was further purified by semi-preparative C18 HPLC at 4 mLlmin (aqueous TFA

0.05%/lvIeOH, 60:40) yielding 45.3 mg (0.25% dry wt) of the TFA salt of (+)arans-5-hydroxy-4-(4'-

hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane (3.1) as a yellow gum.
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(+')-Trans-5-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-1,293-trithiane (3.1)

lofto (l) : +260 (365 nm), +34 (546),+28 (578), +26 (Na-D line) (c = 0.1, MeoH).

MS: DEMS m/z l%l342 (M+,1), 310 (4),277 (2),246 (8),234 (37),218 (13), 203 (8), 191 (7),

111 (8), 69 (77),45 (100). Anal. (exact mass, HREIMS) calcd for Cr:HrNzOtSt m/z 342.0167,

found 342.0146).

IR: vn."* (dryfilm) 3400, 1673,I5g7,1,522,1426,1201,1134, 10310 800, 722cm-L.

UV: (MeOH) I,u* 203 nm (log e 4.42),285 (3.34).

tH NMR: (400 MHz, cD:oD), 67.54 (2H, s, H-4", H-5u), 6.97 (lH,d,J:2-3Hz,Hz'),6.79 (lH,

do J = 8.4 Hz, H-5'), 6.62 (lH, dd, .-/: 8.4,2.3 Hz,H-6'), 5.26 (lH, t, J :7.2 Hz, H-5)' 3.83 (3H, s'

OCH3),3.70(lH, dd,J:11.0,7.2H2,H-6p),2.94(lH,dd,,./:11.0,7.2H2,H-64)-
r3C fAnR: (100 MHz, CD3OD), 6 149.6 (C-3'), 149.1 (C-4'), 147.8 (C-2"), 127.4 (C-1'), 121.7 (C-

6'.),tz}.g (C-4",C-5"), 116.8 (C-5',), lll .7 (C-2',),84.2(C-5),67.9 (C-4),56.6 (C-7'),39.8 (C-6).

7.3.2. WORr( ON ATPSTSTOZOA FASMERTAffi (A)

The sample of Hypsistozaa fasmeriana was collected by SCUBA at Tutukaka, by NTWA

(National Institute for Water and Atmospheric Research) and kept frozen until used. Identification

was by Gretchen Lambert (University of Fullerton, USA).2e A voucher specimen was retained at the

NfWA Museum, Wellington (96TutOcl-l). The frozen ascidian was freeze-dried (4.55 g), thett

extracted with MeOH (4 x 100 mL) followed by CHzClz (2 x 100 mL) to give 1.03 g of a dark

yellow tar, which was treated by solvent-solvent partitioning between water (200 mL) and CHzClz

(150 mL). The aqueous fraction was subjected to Cl8 flash chromatography (water/0.I% TFA

through to MeOH) with the compound of interest as determined by analytical Cl8 IIPLC, eluting at
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25% MeOH. This compound was further purified by semi-preparative Cl8 TIPLC at 4 ml/min

(aqueous TFA 0.05%/IvIeOH, 60:40) yielding the TFA salt of (-)-trans-5-hydroxy-4-(4'-hydroxy-3'-

methoxlphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane (3.1) as a yellow gum (8 mg, 0'18%o dry wt)'

(-\-Trans-5-hydroxy-4-(4'-hydroxy-3'-methoryphenyl)-4-(2"-imidazolyt)-1,2,3-trithiane (3.1)

lof 
to (l) = -250 (365 nm), -33 (546), -26 (578),-26 (Na-D line), (c : 0.1, MoOH).

MS, FTIR, W, rH NMR and r3C NMR data identical to those exhibited by the (+)-enantiomer

isolated from Aplidium sp.D.

Diacetyl derivative of (+)-trans-5-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-

102,3-trithiane (3.7)

To 13 mg (0.04 mmol) of (+)+rans-5-hydroxy-4-(4'-hydroxy-3'-methoxlphenyl)-4-(2"'

imidazolyl)-1,2,3-trithiane (3.1) was added premixed pyridine (1 mL) and acetic anhydride (1 mL).

The mixture was stirred at ambient temperature overnight, the solvent removed under reduced

pressure, and the product was purified by C18 flash column chromatography to yield 2 mg (12%) of

the diacetyl derivativ e of (+)+rans-5-hydroxy-4-(4'-hydroxy-3'-methoxlphenyl)-4-(2"-imidazolyl)-

1,2,3-trithiane (3.7).

7



186

MS: EIMS m/z (%) 4261M*, l;, 394 (2),362 (3),330 (4), 318 (5), 302 (6),288 (13), 277 (43),270

(24),258(10),246(20),235(16),228(35),218(11),203 (17\,111(6),80(18),60(26),4s(460,43

(100). Anal. (exact mass, HREMS) calcd for CrzHrsNzOsSs m/z 426.0378, found 426.0387.

IR: v,nu*(dryfilm)3300,2924,1750,1745, 1603, 1510, 1370,1267,1201,1126,1032,754cm't.

UV: (MeOH) I** 202nrn (log e 3.76),277 (2.92).

tH NMR: (400 MHz, CDCI3), 6 9.20 (1H, br s),7.23 (lH, d, J : 2.1 Hz, H-Z',), 7.05 (1H, dd' J :

8.5, 2.1 Hz, H-6'), 7.02 (2H, s, H-4", H-5"), 7.01 (lH, d, J:8.3 Hz, H-5'), 6.33 (1H' dd, -/: 5.9,4'3

Hz, H-5), 3.78 (3H, s, OCH3), 3.52 (lH, dd, J: 11.3, 5.9 Hz, H-6a), 3.33 (lH, dd, -I: 11.3,4'3 Hz,

H-6b), 2.30 (3H, s, OAc),2.00 (3H, s, OAc).

7.3.3. WORK ON 
'/,Sru 

PLIA STYLIFERA

The sample of Distaplia stylifera was collected at Cape Reinga, Northland by NIWA and

kept frozen until used. A voucher specimen is held by NIWA (MNP0266). The cream stalked

tunicate was freeze-dried (3.82 g drywt), then extracted with MeOH (3 x 100 mL) followed by

CHzClz (2 x 100 mL) to give 1.56 g of crude yellow extract. The crude extract was subjected to

repeated C18 flash chromatography (waterl}.IYo TFA through to MeOH) with the compound of

interest eluting at25o/oMeOH yielding 6.7 mg(0.1S% drywt) of (+)arans-5-hydroxy-4-(4'-hydroxy-

3'-methoxlphenyl)-4-(2"-imidazolyl)-1,2,3-tithiane (3.1) as a yellow gum.

(+)-Trans-S-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-1n2,3-trithiane (3.1)

lolto (1,): t60 (546 nm), +51 (578), +48 (Na-D line), (c:0.1, MeoH).

MS, FTIR, UV, rH NMR and r3C NMR data identical to those exhibited by the (+)-enantiomer

isolated from Aplidium sp.D.
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7.3.4. WORr( ON HYP,S/,STOZOA FASMERTANI (B)

The sampl e of Hypsistozoa fasmeriana was collected by SCUBA at Leigh Harbour, and kept

frozen until used. A voucher specimen was retained at the Chemistry Department, The University of

Auckland (99LH3-l). The frozen ascidian was freeze-dried (3.50 g), then extracted with MeoH (3 x

100 mL) followed by cHzch (2 x 100 mL) to give 1.37 g of a dark yellow tar, which was treated by

solvent-solvent partitioning between water (200 mL) and cHzclz (150 mL). The aqueous fraction

was subjected to cl8 flash chromatography (water/0.l% TFA through to MeOH) with the

compounds of interest as determined by analyical C18 I{PLC, eluting at 670/o MeOH' Repeat Cl8

chromatography of this fraction (water/0.l% TFAA{eOH) yielded 0.97 mg (0'03% dry wt) of a

brown gum, (8a,10p,1 1B)-methyl -2-{3-u1-hydroxy-10-(22-hydroxy-21-methoxyphenyl)-10-(18H-

imidazol-14-yl)-g,13-dithian-g-yll-1t1-indol-z-yl\-2-hydroxyimino-acetic acid methyl ester

(fasmarianamine A, 3.13), as the TFA salt eluting at60o/oMeoH. The TFA salt of (8cr,10p,118)-{3-

I I 1 -hydrox y-10-(22-hydroxy-2 I -methoxyphenyl)- I 0-( 1 8^F/-imidazol- 1 4-yl)-9, 1 3-dithian-8-yl] - lH-

indol-2-yl)-2-hydroxyimino-acetic acid (fasmerianamine B, 3.14), was also isolated from the 60%

MeOH fraction as a2:l mixture of fasmerianamine A and fasmerianamineB (2.4mg,0.07Yo dry wt)'

Fasmerianamine A (3.13)

Ial'oo : -17.5 (c:0.4, MeoH)

MS: FAB m/z (%) 541 ([M+H]*, 3). Anal. (exact mass, HRFABMS) calcd for CzsHzsNqOsSz m/z

541.1216, found 541.1224.

IR: v-o* (dry film) 3305, 2923,1745 (sh), 1680, 1594 ,1517,1432, 1202, 1136, 838, 800,722 cm-t .

UV: IMeOH) X,"* 206 nm (log e 4.13), 283 (3.35), 311 (3.1S); (MeOH/I(OH) 208 nm (4.42),253

(3.65), 3a2 Q.zs); (MeOIVTF A) 207 nm (4.20), 285 (3'36), 31 I (3.18).

tH NMR: (400 MHz, CDrOD),6 7.85 (1H, dd, J:7.2,1.2H2,H-4),7.69 (2H, s, H-16, H-17), 7.38

(tH, dd, J:7.2,1.0H2,H-7),7.14 (lH, ddd, J:7.2,7.2,1.3H2,H-6),7'10 (lH, ddd,-/:7'2,7'2,
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l.l Hz,H-s), 6.90 (tH, d, J:2.3 Hz,H-20), 6.71 (1H, d, J:8.5 Hz, H-23),6.20 (lH, dd, .I: 8.5,

2.3 Hz,H-24',),5.85 (lH, s, H-8), 5.07 (1H, dd, ./ : 11.2,3.3 Hz, H-I1), 4.02 (3H, s, C(O)OCH3)'

3.86 (3H, s, OCHr), 3.16 (1H, dd,./: 14.5, 1 l.2Hz,H-128), 2.98 (lH, dd,./: 14.5, 3.3 Hz,H-l}a)'

13 c NMR: (100 MHz, CD30D), 6 162.0 (C-27),156.0 (C-26)' 149,4 (C-21)' 148.6 (C-22), 147.9

(c-14), 134.7 (C-la), 131.4 (C-19)" 131.3 (C-2)^, 126.1(C-3a), 123.3 (C-6), 121.4 (C-16, C-17),

121.1 (C-5),721.0(C-24),120.3 (C-4), 116.4 (C-23),112.6(C-7),111.7 (C-20),97.2(C-3),75'3 (C-

tD,59.2 (C-10), 56.6 (C-25), 54.5 (C-28), 42.8 (C-8)' 36.0 (c-12)-

o May be interchanged.

tH NMR: (400 MHz, DMSO-d6), 6 12.19 (lH, br s), 11.56 (1H, s, N-l-H), 10.93 (1H, br s), 9'25

(1H, br s), 7.95 (lH, d, J :7.3 Hz,H-4),7.54 (2H, s, H-16, H-17), 7.41 (lH, d, J -- 7.7 Hz,H'7),

7.08 (lH, ddd, -I : 7.0, I.3 Hz,H-6), 7.04 (lH, ddd, .r : 7.2, 1.3 Hz, H-5), 6.68-6-75 (2H, m, H-20,

H-23),6.26 (1H, dd, J: 8.3, 2.2Hz,H-24),5.90 (1H, s, H-8), 4.93 (1H, br d, '/: 11.0 Hz,H-ll),

3.94 (3H, s, C(O)OCH),3.72(3H, s, OCHr),3'05 (1H, m, H-12p),2'95 (1H, m, H-12c[)'

t3C NMR: (100 MHz, DMSO-d6), 6 160.2 (C-27),155.3 (C-26),147.4 (C-21),146.7 (C-22),145.6

(c-14), 133.1 (C-7a), 130.4 (C-19), 129.2 (C-2), 124.5 (C-3a), I2L3 (C-6), l2l'1 (C-16, C-17),

tlg.7 (c-24, C-4), I lg.2 (C-5), 115.2 (C-23), 111.7 (C-7), 1l 1.0 (c-20), 96.7 (C-3), 73'0 (c-11)'

57.0 (C-10), 55.7 (C-zs) 53.4 (C-28),4r.4 (C-8), 34.3 (C-12).

Fasmerianamine B (3.14)

MS: FAIB m/z (%) 527 ([M + H]*, 0.5). Anal. (exact mass, HRFABMS) calcd for Cz+HzrNaO6S2

m/z 527.1055, fourd 527.1059.

IR: vn,u* (&y film) 3188 (br), 1685 cm-'.

rH NMR: (400 MHz, cD3oD), a 7.76 (lH, dd, J: 6.5,1.9 Hz,H-4),7.69 (2H, s, H-I6, H-17),7.34

(lH, d, J:7.2H2,H-7),7.08 (lH, ddd,-/:7.2,7.2,1.4H2,H-5),7.10 (lH, m, H-6),6.94 (tH, d,-/

:2.3H2,H-20),6.69 (1H, d,J:8.4H2,H-23),6.16 (lH, dd,,/:8.4,2.3H2,H-24),5.87 (1H, s, H-
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g), 5.10 (1H, dd, J : ll.l, 3.1 Hz, H-l l), 3.85 (3H, s, OCH3), 3.16 (1H, dd, J: 14.5, 11.1 Hz, H-

lzp),2.95 (1H, dd, J: l4.5,3.lHz,H-124).
t3c NMR: (100 MHz, CD30D), 6 149.4 (C-21), 148.5 (C-22)' 148.0 (c-14), 134.3 (C-7a), 133-l

(c-2),131.3 (C-19), 126.2 (C-3a), 122j (C-6),12L4 (C-16, C-I7), 121.1 (C-5) ' 121.0 (c-24),ll9'7

(c-4), 116.2(C-23), rrz.s (c-7), 111.7 (C-20),94.S (c-3),75.3 (C-11),59.3 (C-10),56'8 (C-25)'

42.3 (C-8),36.0 (C-12),C-26 andC-27 not observed'

rH NIr{R: (400 MHz, DMSO-d6),6 13.10 (lH, br s, C(O)OH), 11.53 (lH, s, N-l-H), 10'93 (1H, br

s), 9.25 (1H, br s), 7.88 (lH, d, J : 7.3 Hz,H-4),7.54 (2H, s, H-16, H-17), 7.41 (lH, d, J : 7.7 Hz,

H-7),7.04-7.70 (zH,m, H-5, H-6), 6.68-6.75 (2H,m, H-20, H-23),6.25 (IH, dd, J: 9.2,2.0 Hz' H-

24),5.g1(1H, s, H-8), 4.93 (lH, br d, J = 11.0 Hz, H-l1), 3.73 (3H, s, OCHr), 3.05 (1H, m, H-l2p)'

2.95 (1H, m, H-l2a).
13c NMR: (100 MHz, DMSO-d6), 6 l6l .2 (C-27),155.3 (C-26)' 147.4 (C-21)' 146.7 (C-22),145-6

(c-14), 132.9 (c-7a),130.1 (c-19), 12s.2 (C-2), 124.5 (C-3a), 12r.3 (C-6), 121.1 (C-16, C-17),

trs.7 (c-24), 119.4 (C-4), 11g.2 (c-5), 115.2 (C-23),llI.7 (C-7), I11.0 (c-20), 95.7 (C-3), 73.1 (c-

11),57.0 (C-10), 5s.7 (C-2s),47.2 (C-8), 34.3 (C-12).

7.4. Work From Chapter Four

7.4.I. WORK ON PSEUDODISTOMA AUREUM

See Work on Chapter Two (7.2.3.) for isolation procedures.

Distomadine A (4.1)

N\jl"*r
tl

HrN-+

[altoo : ] 47 (c : 0.3, MeOH).

MS: FAB m/z (%) 327 (F\f + Hln, 15).

327 .1093, found 327 .1084.

Anal. (exact mass, HRFABMS) calcd for CroHrsN+Oq, m/z
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IR: v'oo* (dry filrn) 3348, 3195, 1745,1675,1640,1587, 1558, 1493,1452,1423, 1376,1329, 1258,

l2l7 , ll 17, 835 cm-r.

UV: (MeOH) ),"^u*242 nm (log e 4.31), 293 (3.61),313 (3.65), 379 (3.58), 399 (3.59)' 438 (3.45);

(MeOFVKOH) 214 nm (4.99), 2s7 (4.36),294 (3.78),314 (3.72), MI Q.7$; (MeOIVTFA) 257 nm

(4.36),302 (3.68), 314 (3.70), 373 (3.76),393 (3.75).

f H NMR: (400 MHz, cD3oD),6 8.08 (lH, d, J:5.2H4H-2),7.50 (1H, d,J:9.4H2, H-8)' 7.06

(lH, d, J:9.4H2,H-7),6.56 (1H, d,J:5.2H2, H-3),5.64 (lH, dd, J:8.2,1.8 Hz, H-12)'3.41

(2H,m,Hz-14),2.83 (1H, m, H-l3a), 1.93 (lH, m, H-l3b).
t'C NMR: (100 MHz, rH-coupled, CD3oD), 6 166.4 (s, C-10), 161.5 (d, J:7 Hz, C-4), 161.0 (d, J

:9 Hz, C-6), 158.7 (s, C-16), 148.9 (d, J: 179 Hz, C-2),143.7 (m, C-8a), 143'4 (d, J:3 Hz, C-

l}a),134.9 (s, C-9a), 131.2(d,J:16l Hz, C-8), 130.7 (d, J: l59Hz,C-7),123'5 (d, J:6Hz,C-

4a), 106.0 (d, J : 7 Hz, C-5), 105.4 (dd, J = 167 ,9 Hz, C-3),79..7 (dd,,./: 158, 3 Hz, C-12),39.8 (t, -I

:740H2,C-14),34.1 (t, J:132 Hz, C-13).

tH Ni\fi.: (400 MHz, Hzo/Dzo 9:l),6 8.58 (lH, d,J:6.4H2,H-2),7.87 (lH, d,J:9-4Hz,H-8),

7.67 (lH, d, J:9.4H2,H-7),7.28 (1H, t, J:5.7 Hz, NH-15),7.23 (lH, d, J:6'4Hz,H-3),6.64

(3H, br s), 5.82 (1H, dd, J:7.4,2.5 Hz,H-12),3.40 (2H, m, H2-14), 2J0 (lH, m, H-l3a), 2.24 (lH,

m, H-l3b).
r3C NMR: (100 MHz, rH-coupled, HzO/DzO 9:1), 6 167.5 (d, J : 2 Hz, C-10), 167.4 (m, C-4),

159.4 (m, C- 16), 152.4 (dd, J : 10, I Hz, C-6), 147 .9 (dd, J : 190, 2 Hz, C-2), 140-3 (m, C-lZa),

139.6 (d,J:4Hz,, C-9a), 138.1 (t, J:9Hz,C-8a),129.9 (dd,-f :165, 4Hz,C-7),125-2 (dd,-/:

172,3 Hz, C-8), 123.6(t,J:6H2, C-4a), 110.0 (d,/: 5Hz, C-5), 108.5 (dd,-I: l77,4Hz,C-3),

81.8 (td, J: 16l,3,Hz,C-12),39.3 (td, J:41,4H2,C-14),34.3 (td, J:33,2H2, C-l3)'

4'6-Dimethylpyrimidine Derivative of Distomadine A (4.3)

To a solution of distomadine A (4.1) (7.5 mg, 0.02 mmol) in a mixture of MeOH (1.5 mL)

and water (0.75 mL) was added sodium carbonate (35 mg) and an excess of acetylacetone (485 mg,

4.85 mmol). The solution was refluxed for 4 h, then cooled and dried under reduced pressure. The

residue was dissolved in water and subjected to reverse phase C18 column chromatography (water
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through to MeOH). The 40% MeOH fraction contained the brigbt yellow 4,6-dimethylpyrimidine

derivative of distomadine A (4.3) (7.9 mg, 88%).

[crltoo: *1.4 (c:0.14, MeOH).

MS: FAB m/z (%) 391 ([M + H]*, 2),254 (4),232 (17),157 (22). AnaL (exact mass' HRFABMS)

calcd for Cz r H I sNaO d, m/z 391' 1406, found 39 I ' I 404'

fR: v.u* (dry film) 3305, 1743,1645, 1586 ,1566,1493,1,454,1429,1372,1331, 1255,1226,1713,

837 cm-l.

LIV: (MeOH) 1,",* 239 m(log e 4.08), 301 (3.43), 377 (3.43),396 (3.30); (MeOH/I(OH) 207 nm

(4.6s),238 (4.00), 2sg (3.g7), 2g2 (3.51),308 (3.48), a36 Q.aD; (MeOIVTF A) 202 nrn (4'19)' 226

(4.08), 258 (4.04),303 (3.59), 314 (3.61), 37r (3.43),394 (3.42).

rH NMR: (400 MHz, DzO), 6 7.81 (lH, d, J: 5.2Hz,H-2),7.28 (1H, d, J:9'4H2, H-8), 6'88 (1H,

d, J: 9.4Hz,H-7), 6.13 (lH, d, J : 5.2 Hz, H-3), 5.94 (lH, s, H-19), 5.63 (1H, dd, J : 3'9,2'9 Hz,

H-12),3.63 (1H, dd,.I: 13.2,13.2H2,H-l4a),2.99 (1H, d, J: !4.8 Hz, H-l4b),2.87 (1H, dd, "I:
12.g, l2.g Hz, H-l3a) ,2.2g (lH, d, J = 15.4 Hz, H-l3b), 1.88 (3H, br s,Hr22 or H3-23), 1'53 (3H'

br s,Hz-22 or H3-23).

r3C NII{R: (100 MHz, DzO), 6 170.0 (C-18 and C-20), 167.9 (C-10), 162.6 (C-6), 162'4 (C-16),

160.5 (C-4), 150.2 (C-2), 144.2 (C-l}a), 143.2 (C-8a), 135.8 (C-9a), 131.6 (C-7^), 131.5 (C-8"),

123.1 (C-4a), 112.4 (C-19), 108.4 (C-5), 107.0 (c-3) ,82.6 (C-12),35.7 (C-13), 35.6 (C-14), 24'7 (C-

22 andC-23).
u May be interchanged.

tlydrolysis of Distomadine A (4.4)

A: With sodium carbonate

Distomadine A (a.l) (5.02 mg, 0.015 mmol), and sodium carbonate (20 mg), in EIOH (lml-)

and water (0.5 mL) were refluxed for 2 h. The solution was dried under reduced pressure and

subjected to Cl8 reverse phase column chromatography (water/0.|% aq. NH3 through to MeOH).

The25o/o MeOH fraction yielded 4.5 mg (85%) of the lactone ring-opened distomadine A (4.4) as a

vellow solid.
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B: With sodium hydroxide.

Sodium hydroxide (2M, 0.1 mL) was added to a solution of distomadine A (4.1) (11 mg, 0.03

mmol) in MeOH (1 mL) and stirred overnight at room temperature. The solution was dried under

reduced pressure to yield 11.5 mg (99%) of the lactone ring-opened distomadine A (4.4) as a yellow

solid.

[altoo : -20 (c:0.3, MeOH).

MS: FAB m/z (%) 345 (tM + Hl*, 2). Anal. (exact mass, HRFABMS) calcd for CroHrzNqOs m/z

345.1 199, found 345.1197 .

IR: v-"* (dry film) 3306 (br),1667,1588, 1552, 1488, 1415, 1370, 13A7,1259,1224,1161, 1073,

1025,836 cm'r.

UV: (MeOH) I.u* 248 nm (log e 4.12),306 (3.39), 364 (3.47),3S0 (3.a4); (MeOH/I(OH) 202 nm

(4.49),26r (4.13),311 (3.48), a}a Q.4S); (MeOIVTF A) 202 nm (4.22),259 (4.15),302 (3.37),371

(3.49),389 (3.46).

tH NNdRt (400 MHz, DMSO-d6), 5 8.82 (1H, br s), 7.86 (lH, d, J : 4.9 Hz,H-z),7.47 (4H,br s),

7.16 (1H, d, J: g.I Hz, H-8), 6.78 (lH, d, J: 9.1Hz,H-7),6.15 (1H, d, J: 4.9 Hz, H-3), 4'96 (lH'

dd, J: 8.8, 5.4H2, H-13), 3.28 (lH, m, H-l5a), 3.06 (1H, m, H-15b), 1.90 (1H, m, H-l4a), 1.70

(lH, m, H-l4b).
ttcNMR: (100MHz,DMSo-d6),6167.0(C-12), 158.6(C-6), 157.9(C-4),157.8 (C-17), 145.4(C-

2), r43.4 (C-10), 141.8 (C-Sa), 130.3 (C-7), 125.3 (C-8), 122.4 (C-4a), 118.6 (C-11), 107.8 (C-5),

100.5 (c-3), 64.3 (C-13), 38.1 (C-1s), 36.3 (C-14).

rH NMR: (400 MHz, Dzo), 5 s.06 (lH, d, J: 4.9 Hz,H-2),7 .43 (lH, d, J:9.0H2, H-8), 7.10 (1H'

d, J:9.0 Hz,H-7\,6.49 (lH, d, J: 4.91H2, H-3), 5.19 (lH, dd, J:8.2,6.7 Hz, H-13), 3-27 (2H, m,

H2-15),2.10 (1H, m, H-14a), 1.95 (lH, m, H-l4b).
t3c NMR: (100 MHz, Dzo), a l7z.r,l6l.5, 159.4,158.2, 150.2, 145.3,144.1,133.0, 128.1',124.3,

122.5, I 1 1.6, r05.2, 68.2, 41.4, 37.2.

N-Methylation of Distomadine A (4.5)
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To a mixture of distomadine A (4.1) (20 mg, 0.06 mmol) and potassium hydroxide (14 mg'

0.2g mmol) stirred under nitrogen in MeoH (1.5 mL) was added methyl iodide in excess (400 pL'

6.1 mmol). The solution was stirred for 17 h. Water (10 mL) was added to quench the reaction

mixture and the solvent was removed under reduced pressure. The yellow residue was dissolved in

M.OH and subjected to separation by gel permeation (Sephadex LH-20, MeOIV0'I% aq' NHr)

yielding 6 mg(29%) of the bright yellow N-methylated derivative of distomadine A (4.5)'

MS: FAB m/z (%)341 ([M + H]*, 5),324 (2),l7l (6), 120 (12). Anal' (exact mass, HRFABMS)

calcd for CrrHrzN+O tm/2341.1250, found 341'1246'

IR: v*u, (dry film) 3353, 1770,1673, 1611, 1542,1422,1382,1288, 1200, 1130,834,800 cm-r'

uv: (MeoH) I,u" 262nm(log e 3.45),286 (3.06), 316 (2.90), 332 (2.69)' 401 (2-95)'

THNMR: (400MH2, CDrOD),6 8.85 (1H, d, J:6.7H2,H-2),8.15 (lH, d,J:9'5Hz,H-8),7'89

(lH, d, J : 9.5 Hz, H-7), 7.36 (lH' d, J : 6.7 Hz, H-3), 5'89 (1H, dd, J : 8'2' 2'0 Hz' H-12)' 4'30

(3H, s, N-CH3), 3.47 (2H,m, H2-14), 2.79 (llH.,m, H-13a), 2'16 (lH, m' H-13b)'

trc NMR: (100 MHz, CD30D), 6 t66.7 (C-4), 163.7 (C-10)' 158,7 (C-16)' 151.8 (C-6), 151.1 (c-

2),13g.5 (C-9a),137.8 (C-l2a), 137.2 (C-Sa),128.6 (C-7), 123.4 (C-4a), 121.6 (c-8)' ll0'5 (c-5)'

107.0 (c-3), 79.6 (C-tz),44.7 (N-CHr), 33.6 (C-14),34.2 (C-13).

O-Methylation of distomadine A (4.6)

Distomadine A (4.1) (10.5 mg, 0.03 mmol), methyl iodide (6 pL, 0.09 mmol), and silver(I)

oxide (14 mg, 0.06 mmol) were all stirred together in DMF (0.3 mL) for 7 h at room temperature.

The reaction mixture was quenched with water (5 mL) and filtered. The filftate was collected and

dried under reduced pressure. The yellow residue was dissolved in MeOH and subjected to gel

permeation (Sephadex LH-20, MeOIU0.l% aq NH3) yielding 4.2 mg (46%) of an O-methylated

fragment of distomadine A (4.6).

IR: v,nu*(dryfilm)3346(br), 1668, 1618, 1571 ,1507,1468,1420, 1360, 1311, 1263,1177,1078,

1040, 901, 834 cm-r.
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tH NII{R: (400 MHz, CD3OD),6 8.41 (1H, d, J:5.2H2,H-2),7-71 (LH,d,J:9.4H2, H-8)' 7'54

(1H, d, J:9.4H2,H-7),6.84 (lH, d,J:5.2H2,H-3), 3'79 (3H, s, OCHj'

t3 c NMR: (100 MHz, CD30D), 6 160.7 (C-4), 152.2 (C-2)' 149.4 (C-6)' 146.4 (C-8a), 128.3 (C-8)'

tzt.g (c-7), 121.0 (c-4a), 114.5 (c-5), 104.8 (C-3), 57.9 (OCH3). Unassigned carbons were

observed at 165.5 and 164.g. other olefinic carbons were also present which could not be assignod'

p.K"2 of Distomadine A (4.1)

The pKo2 of distomadine A (4.1) was determined by UVA/is spectroscopy, which depends

upon the direct detection of the ratio of the neutral to ionized species.lto Th" analytical wavelength

to be used had previously been identified from the UV spectrum as 440 nm, the wavelength at which

the molecular and ionized species show the greatest difference. From direct observation of the pH at

which the compound changed colour from dull yellow to fluorescent yellow the approximate pK.2

had been assessed as being close to pH 6. A buffer solution of succinic acid (pK": 5.6) was utilized'

Succinic acid (0.l2 g),NaCl (10 mL, I M) to maintain constant ionic shength, and MilliQ water to

make up to a total volume of 100 mL was prepared. The buffer solution contained a final

concentration of l0 mM of succinate and 0.1 M NaCl. The pH was adjusted by addition of HCI or

NaOH(0.2M). DistomadineA(0.82 mg,2.5 x l0-3mmol)wasdissolvedin50mLof bufferto

make a concentration of 50 pM. The absorbance was measured at 440 nm, and the pH was

determined immediately before and after each measurement. All measurements were made in

triplicate. It was assumed from Beer's Law that the observed absorbance (A) at the analytical

wavelength is the sum of the absorbance of the ionized species (Ai) and the molecular species (A"').

Thus A: Air A''. The accurate pK" was calculated from the seven pH values that were numerically

equal to the approximate pK" + 0.0, (0.2, 0.4, and 0.6). When the group under investigation is an

acid, and when At > A*, the average of these seven values gives the exact pK" from the equation:

pKu : pH + log[(Ai - AXA - A')]

A plot of logl(Ar - Ay(A - A-)] versus pH gives a slope from which the p& can be determined: X

variable (pK.) : -intercepVslope.

From the equation: y : -0.9806x + 7.2223, the pK^z of distomadine A (4.1) was determined to be

7.37 + 0.03.
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Distomadine B (4.2)

"1r**
Hrry

MS: FAB m/z (%) 371 ([M + H]*, 3.4). Anal. (exact mass, HRFABMS) calcd for CrzHrsN+Oomlz

37 1.0992, found 37 1.0962.

lH NMR: (400MH2, DMSO-d/D2O),6 7.57 (1H,d,J:g.4tlz,H-8),6.98 (1H, s, H-3), 6'74(lH'

d,J:9.4H2,H-7), 5.47 (L*,dd,,I: 7.g,2.0H2,H-12),3.28 (2H,m,Hz'14),2'62(lll,nq H-13a),

1.91 (1H, m, H-l3b).
t3c NIVIR, (100 MHz, DMSO-d6/DzO),6 168.1 (C-4),164.1(C-6), 15S.5 (C-2), 157.1 (c-16), 143.8

(c-9a), 139.9 (C-8a), 1313 (C-8), 131.1 (C-7), 130.9 (C-12a), 122.8 (C-4a), 103-7 (C-3), 102'2 (C-

5),77.4 (C-12), 38.5 (C-14),32.6 (C-13), COOH not observed, c-10 not observed.

rH N11l1p.: (400 MHz, CD3OD), 6 7.64 (1H, d, J :9.4 Hz, C-8), 7.12 (lH, s, H-3), 7.01 (1H, d, J:

9,4 Hz, H-7),5.65 (1H, dd, J : 7 .8, 2.0 Hz, H-12), 3.41 (2H, m, H2-14), 2.41 (lH, m, H-13a), 2.04

(1H, m, H-l3b).

7.5. Work F'rom Chapter Five

7.5.1. WORI( ON I^r^S,SOCLINUM NOZT BREWIN, 1958 (DIDEMNIDAB)

See Work on Chapter Two (2.3.2.) for isolation details.

.nP/YtrZ-f rimethylguanine (5. I )
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MS: EI m/z (%) 193 (M+, 100), 178 (24),164 (33),149 (61), 136 (9),123 (30), 122 (21),95, (5), 68

(11),67 (11),44 (33),42 (25). Anal. (exact mass, HREIMS) calcd for CsHrrNsO m/z 793.0963,

found 193.0964.

IR: v,nu* (dry film) 3191, 2921,2852,1684, 1605, 1540, 1455, l40l , 1371, 1197, t122,799,773,

774 cm-t.

UV: (MeOH) L^u*252 nm (log t 3.8), 29a Q.6); (MeOFVKOH) 295 nm (3.5); (MeOII/TFA) 261

nm (3.9).

rH NMR: (400 MHz, DMSO-do), 6 10.56 (1H, br s, N-l-H), 7.87 (1H, s, H-8), 3.84 (3H, s, N-7-

Me), 3.01 (6H, s, N2-vte2;.

tH NMR: (400 MHz, cD3oD), 6 7.82 (lH, s, H-8, HMBC c-4, c-5, c-6, N-7-Me), 3.92 (3H, s, N-

7-Me, HMBC C-5, C-8), 3.10 (6H, s, N2-Me2, HMBC N2-Me2, C-21.

t3C NMR: ( 100 MHz, CD3OD), b 160.8 (C-4), 157 .7 (C-6), 154.4 (C-2), 145.2 (d, J : 208 Hz, C-8),

109.6 (C-5), 38.3 (q, J:133 Hz, N2-Me2),34.0 (q,J: l45Hz,N-7-Me)'

7.6. Work From Chapter Six

7.6.r. KUAr\ONTAMINE A (6.4)

6-Methoxy-benzothiazole (6.6)

A;\-N.tll )'cH.o-\hs

Sodium nitrite (1.80 g, 0.03 mol) was dissolved in concd HzSOa (10 mL) at room temperature

and cooled to 0 oC in an ice-bath. To this solution was added 2-amino-6-methoxybenzothiazole (6.5)

(3.6 g, 0.02 mol) dissolved in glacial acetic acid (30 mL). Ice (10 g) was added and the red solution

was stirred for 30 min while maintaining the temperature below 10 "C. H:POz (50yo,10.4 mL, 0.10

mol) was cooled to 0 oC and added followed immediately by solid copper sulfate (0.2 9,0.001 mol),

which afforded vigorous gas evolution. The deep red solution was stirred for another 30 min in the

ice-bath before being diluted with water (100 mL). The solution was extracted with CHzClz, dried

(MgSOa), and diluted with hexanes 1:1. This red mixture was evaporated under reduced pressure

until a colourless hexanes fraction was obtained. The hexanes fraction was decanted off and dried
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separately under reduced pressure to yield 1.80 g (55%) of white crystalline 6-methoxy-

benzothiazole (6.6).

MS: EI m/z (%) 165 (M*, 100), 150 $q,I22 (40), 95 (15). Anal. (exact mass, HREIMS) calcd for

CgHzNOS m/z 165.0248, found 165.0251.

IR: v,nu* (dry film) 3010 ,2964,2935,2833,1598, 1478, 1408, 1269' 1243, 1053, 1021,903,842'

830 crn-r.

tH NMR: (400 MHz, CDCIr),6 8.73 (1H, s, H-2),7.93 (1H, d, J:8.9H2,H-4),7.27 (lH,d,J:

2.5Hz,H-7),7.03 (lH, dd, J: 8.9,2.5 Hz, H-5), 3'76 (3H, s, OCH3)'

t3C NMR: (100 MHz, rH-coupled, CDCI3), 6 157.7 (m, C-6), 151.2 (d, 'r: 2lI Hz, C-2), I47 '6

(ddd,./:16, l0,6Hz,C-3a), I34.g (ddd,-r:7,5,2H2,C-7a),123.7(d,J:163Hz, C-4)' 115'5

(dd,-/:161,5 Hz,C-7),103.7 (ddd,J:163,6,lHz,C-s),55'4 (q,J=I44Hz,OCH3)'

6-Methoxy-7-nitro-benzothiazole (6.7)

.",".qi'
N02

To a stirred solution of 6-methoxy-benzothi azole (6.Q ( I .0 g, 6 mmol) in concd sulfuric acid

(3 mL) in an ice-bath at 5 oC was added nitric acid (a mL) dropwise. The solution was stirred for 5

min, then poured onto ice and filtered to produce 1.2 g (95%) of a buff coloured solid, 6-methoxy-7-

nitro-benzothiazole (6.7).

MS: EI, m/z(%)210 (M*, 100), 163 (87),134(83), 107 (14),94 (15). Anal. (exactmass, HREMS)

calcd for CrHoNzOrS m/z 2|A.OO99, found 210.0095.

IR: v*u*(dryfilm) 1612, 1556, 1512, 1480, 1450, 1353,1329,1312,1269,1150, 1041,848,836,

812,770 cm-t.

tH NMR: (400 MHz, cDcl3), 6 8.98 (lH, s, H-2),8.32 (lH, d, J : 9-L Hz),7.35 (1H, d, J : 9.1

Hz),4.12 (3H, s, OCH:).

7-Amino-6-methoxy-benzothiazole (6.8)
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A solution of concd hydrochloric acid (2 nL) and water (0.5 mL) was added dropwise to a

stirred mixture of 6-methoxy-7-nitro-benzothiazole (6.7) (100 mg, 0.48 mmol) and iron powder (250

mg,4.48 mmol). The thick yellow reaction mixture was stirred for 30 min or until TLC confirmed

that all the starting material had disappeared. The mixture was poured into water, neuffalized with

solid sodium bicarbonate, and extracted into CHzCl2. After being washed with brine, then water, the

extract was dried (MgSOa) and the solvent was removed under reduced pressure affording 84 mg

(98%) of a white crystalline solid, 7-amino-6-methoxy-benzothiazole (6.8).

MS: EI, m/z (yo) 190 (M+, g6), 165 (100), 137 (40),110 (9). Anal. (exact mass, HREIMS) calcd for

CsHsNzOS m/z 180.0357, found 180.0359.

IR: v,nu* (dry film) 3390, 3328,3206, 1642, 1611, 1572, 1496, 1461, 1450, 1402, 1273, 1241, 1219,

1051, 831, 857, 788 cm-r.

rH NIr{R: (200 MHz, cDCl3), 6 8.78 (lH, s, H-2), 7.56 (lH, d, J : 8.7 Hz), 7 '08 (lH, d, J : 8-7

Hz),3.92 (s, OCH3), superimposed on br s. at 3'90 (NH2).

6-Methoxy-benzothiazole-4n7-dione (6. 1 0)

o
tl

/"h-'-N
It.tl

cH,o/)i,^s'
o

A: Using phenyliodineflIl)bis(trifluoroacetate) (PIFA) as reagenf

To a stirred solution of 7-amino-6-methoxy-benzothiazole (6.8) (80 mg, 0.44 mmol) in

trifluoroethanol (7 mL) at room temperature was added 1.1 equivalents of PIFA (198 mg, 0.48

mmol). The solution was stirred for 30 min and then poured into water and extracted with CHzClz.

The organic extract was washed with brine, then water, dried (MgSOa), and the solvent was removed

under reduced pressure. Purification by silica gel column chromatography (CHzClz/lvIeOH 99:l)

yielded a yellow solid, 6-methoxy-benzothiazole-4,7-dione (6.10) (56 mg,65% yield).

MS: EIm/z(%)197(M++2H,36), 195(M+,48), 182(28), 180(79), 167(50), 165(100), 137(32),

ll2 (22), 109 (23). Anal. (exact mass, HREMS) calcd for C3HNOTS m/z 194.9990, found

194.9992.

fR: v,,."* (dry filrn) 3072, 1679,1658, 1596, 1500, 1413, 1354, 1275,1239,1188, 1150, 1t29, 1040,

1016,933 cm-r.

tH NMR: (400 MHz, cDCl3),6 9.11 (lH, s, H-2),6.05 (1H, s, H-5),3.91 (3H, s, ocH3).
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B: Using ceric ammonium nitrate (CAN) as reagent.

7-Amino-6-methoxy-benzothiazole (6.3) (100 mg, 0.56 mmol) was stirred in ethanol (7'5

mL) in an ice-bath at 5 "C. CAN (1.22 g, z.z2 mmol) in water (7.5 mL) was added slowly and then

the mixture was allowed to warm to room temperature. After stining for a fuither 30 min, water (20

mL) was added and the solution was poured into brine (20 mL) and extracted into CHzClz. The

extract was dried over anhydrous MgSO+ and the solvent was removed under reduced pressure'

purification by silica gel column chromatography (CHzClz/MeoH 99:1) afforded 54 mg (50% yield)

of a yellow solid, 6-methoxy-benzothiazole-4,7-dione (6'1 0)'

All spectra identical to A.

5-Methyl-thiazolo [4,5-D] acridine-4,l l -dione (6.f f )

o

To a stirred suspension of 6-methoxy-betuothiazole-4,7-dione (6.f 0) (310 mg, l'59 mmol)'

and cerium trichloride heptahydrate (296 mg, 0.80 mmol) in absolute ethanol (50 mL), was added o-

aminoacetophenone (1.08 g, 8.00 mmol). Air was bubbled through the mixture for t0 days during

which time the solution turned from yellow to red to brown. The solvent was removed under

reduced pressure and the residue was taken up into CHzClz and purified by silica gel chromatography

(CHzClz/lMeOH 99:l), to afford 5-methyl-thiazolof4,5-blacridine-4,11-dione (6.11) as a yellow-

brown solid (200 mg,45Vo yield).

MS: EI m/z (o/o) 290 (M+, rco),252 (24),224 (15), 196 (10). Anal. (exact mass, HREIMS) calcd for

CrsHrNzOzS m/z 280.0306, found 280'0302.

THI.IMR: (400MHz,CDCI3)ag.zz(lH,s,H-2),8.44(lH,d,,r:8.5H2),8.38(1H,d,J:8.6H2),

7.93 (1H, dd,-I:7.6,7.6H2),7.79 (1H, dd, J:7;7,7.7H2),3.33 (3H' s, CH3)'

9Il-Pyridol4r3o2-mnlthiazolo[4r5-6lacridine-9-one (kuanoniamine A) (6.4)

o
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A mixture of 5-methyl-thiazolo[4,5-b]acridine-4,11-dione (6.1f) (40 mg, 0.14 mmol),

paraformaldehyde (11.6 mg,0.72 mmol), and ammonium chloride (232mg,4.32 mmol) in glacial

acetic acid (40 mL) was heated at 80 oC for 30 min, during which time it turned dark purple. After

cooling it was poured into water, made basic with concd liquid ammonia and extracted into CHzClz.

The organic extract was washed with brine, then water, dried (MgSOa), and the solvent removed

under reduced pressure. Recrystalli zationfrom chloroform yielded 32 mg(80%) of kuanoniamine A

(6.4) as small yellow needles, mp 258-260 oC (decomp.) (litt6 255-258 oC decomp')'

MS: EI m/z (%)289 (M*, 92),261(100), 234 (23),190 (20), 163 (10), 117 (20). Anal. (exact mass'

HREIMS) calcd for CroHzNtOS m/z 289'0310, found 289'0311'

IR: vr"* (dry film) 2988,1665,1596, 1530, 1448, 1368,1254,920,912,829,773,764,745,727'

707 cm-t.

uv: (MeoH), I."* (log e) 223 (4.29),250 (4.20),259 (4.19),298 (3.77),356 nm (3.78).

tH NMR: (400 MHz, DMSO-do with TMS) 69.72 (1H, s, H-I1),9.15 (1H, d,J:5.7 Hz,H-2)'

g.04 (lH, d, J:7.9 Hz,H-4), 8.92 (1H, d, .,I: 5.8 Hz,H-3),8.47 (lH, d, J: 8.5 Hz,H-7),8.1I (1H'

ddd, J: 8.5, 8.5, 1.4 Hz, H-6), 8.06 (1H, ddd, J:7.9,7 .9, 1.4 Hz, H-5)'

r3C NMR: (100 MHz, rH-coupled, DMSO-do) 6 176.1 (s, C-9), 162.7 (d, J :217 Hz, C-l1)' 157'8

(d, J : 14 Hz, c-l2a), 14g.0 (dd, -/ : l8l, 4 Hz, C-2), 147 .2 (s, C-8a), 147 .l (d, J : ll Hz, C-Izb),

144.3 (ddd,J--8,8,2H,C-7a),137.2(m,C-3a), 136.0 (d,J:2Hz,C-9a), 132.0 (dd,-I:163,8H2,

c-7), 131.9(dd, J:163,6H2,C-6), 131.0(dd, J:163,8H2, C-5),124.0 (ddd,-I:163,7,2H2,C-

4),123.0 (m, C-3b), 717.2(dd,J: L67,9Hz,C-3),116.5 (C-12c, obscuredbyC-3)'

7 .6.2. 7 -OXo -7 H-4-THIA-3,8-DIAZA-BENZO [del CYCLOPENTA IDI ANTHRACENE-5-

CARBOXYLIC ACID METTTYL ESTER (6.22)

Methyl (3,6-dihydroxy-2-formylphenyt)thioacetate (6.1 6)

Into dry CHzClz (100 mL) was added 2,S-dihydroxybenzaldehyde (6.15) (1.0 g, 7.25 mmol),

silver(I) oxide (3.0 g, 12.9 mmol), and anhydrous MgSOe (2.0 g). The mixture was stirred at room

temperature for 3 h and then filtered. To the filtrate was added methyl mercaptoacetate (0.85 g, 8'02

mmol) in CHzClz (10 mL). The solution was stined for 25 h after which the solvent was removed
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under reduced pressure to give a yellow oil, methyl (3,6-dihydroxy-2-formylphenyl)thioacetate

(6.16), (1.5 9,86%).

MS: EI m/z(%)242(M*,72),224(12),210 (41), 182 (44), 168 (100), 154(46), 140(24),r37 (33),

107 (20), 79 (16), 45 (21). Anal. (exact mass, HREIMS) calcd for CroHroOsS m/z 242.0249, found

242.0242.

IR: v,nu* (dry film) 3398 (broad, oH), 1736,1645,1584,1452, 1438, 1380, 1283,1174,983, 876,

835,788, 708 cm-r.

tH NNm.: (200 MHz, CDCI3), 6 11.70 (1H, s), 10.62 (1H, s), 7.31 (lH, s), 7.25 (lH, d, J:9.2H2;

6.98 (1H, d,J:9.2H2),3'71 (3H, s),3.53 (2H' s).

Methyl 4 o7 -bis(acetyloxy)benzo[Dl thiophene-2-carboxylate (6.17)

A solution of methyl(3,6-dihydroxy-2-formylphenyl)thioacetate (6.16) (1.5 g, 6.2 mmol) and

anhydrous sodium acetate (1.5 g, 18.3 mmol) in acetic anhydride (22mL) was refluxed for I h. The

mixture was cooled and diluted with cold water. The white solid precipitate was filtered and washed

witlr water giving 1.6 g(53%) of methyl 4,7-bis(acetyloxy)benzo[b]thiophene-2-carboxylate (6.17)-

MS: EI m/z (%) 308 (Mn, 8), 266 (10),224 (100), 193 (9), 165 (4), 43 (24). Anal. (exact mass,

HREIMS) calcd for Cr+IIrzOoS m/2308.0355, found 308.0355.

fR: v*"* (dry film) 3121,2958,1758,1728,1612,1570, 1535,1476,1436,1374,1296,1260,1223,

1 l3g, 1075, 1044,1014, g6L, 926,881, 866, 821, 784, 760, 740 cm-t .

ttr NMR: (200 MHz, cDCl3), 6 7.96 (lH, s, H-3\,7.29 (1H, d, J : 8.4 Hz),7.r8 (1H, d, J: 8.4

Hz),3.94 (3H, s, OCH3), 2.40 (3H, s, OAc), 2.39 (3H, s, OAc).

Methyt 4r7-dihydrorybenzo[Dlthiophene-2-carboxylate (6.1 8)
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One drop of concd HzSOa was added to MeOH (25 mL). Into 4 mL of this solution was

added methyl 4,7-bis(acetyloxy)benzo[b]thiophene-2-carboxylate (6.17) (100 mg, 0.32 mmol)' The

reaction mixture was refluxed for 2 h, then was diluted with water while still hot to form methyl4,7-

dihydroxybenzo[b]thiophene-2-carboxylate (6.18) as buff-coloured needles (65 mg, 89%)'

MS: Et m/z (%) 224 (M+, 100), 193 (M+, -OCH3, 47,),165 (23),137 (5), 109 (8), 81 (6),43 (7)'

Anal. (exact mass, HREIMS) calcd for CroHsOeS m/z 224.0143, found 224'0141'

IR: vn,u* (dry frlm) 3249 (btoad, OH), 1682,1617, 1581, 1493,1434,1261 1193, 1010,809 cm-r'

tH NMR: (200 MHz, DMSO-d6), 6 9.80 (1H, br s), 9.63, (lH, br s), 8'll (1H, s, H-3), 6'75 (lH, d'

J:8.2H2),6.63 (1H, d, J:8.2 Hz),3.87 (3H, s, OCH3)'

Methyl 4,7-dihydro-4,7-dioxobenzo[D]thiophene-2-carborylate (6.19)

o

FeClr.6HzO (2.25 g,12.04 mmol), in water Q4 mL) was slowly dropped into a stirred slurry

of methyl4,7-dihydroxybewo[b]thiophene-2-carboxylate (6,18) (655 mg, 2.92 mmol) in MeOH (10

mL). Within 5 min a blue-green precipitate appeared. The mixture was stirred for 30 min, filtered,

and washed with water affording methyl 4,7-dihydro-4,7-dioxobenzo[b]thiophene-2-carboxylate

(6.19) as a blue-green solid (640 mg, 99%).

MS: EI m/z (%) 222 (M*, 64), 1% (M*, -OCH3, 100), 163 (12),135 (8), 109 (72),81 (13), 63 (8),

40 (17). Anal. (exact mass, HREMS) calcd for CroHoOaS m/z 221.9987, found 221-9986-

IR: v-u* (dry fitm) 3086, 1706,1666, 1655 ,1528,1430, L2g4,1150, 1078, 848,757,456 cm-r.

rH NMR: (400 MHz, CDCI3), 6 8.ll (lH, s, H-3), 6.91 (1H, d,./: 10.3 Hz), 6.85 (lH, d, J = 10.2

Hz), 3.95 (3H, s, OCH3).

5-(2'-Acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzo[Dlthiophene-2-carborylic acid methyl

ester (6.20)

CHO
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To a stined suspension of methyl 4,7-dihydro-4,7-dioxobenzo[b]thiophene-2-carboxylate

(6.19) (0.58 g, 2.59 mmol) and cerium trichloride heptahydrate (0.48 g, 1.30 mmol) in MeOH (100

mL) was added o-aminoacetophenone (6.14) (0.70 g, 5.21 mmol). Air was continuously bubbled

through the mixture, which was stirred for two weeks during which time it turned purple. The

solvent was removed under reduced pressure, and the residue was taken up into CHzClz. The organic

extract was washed with brine followed by water and dried over anhydrous MgSOa. The solvent was

removed under reduced pressure and the purple solid was purified by silica gel column

chromatography eluting with CHzClz to yield 5-(2'-acelyl-phenylamino)-4,7-dioxo-4,7-dihydro-

benzo[b]thiophene-2-carboxylic acid methyl ester (6.20) (0.85 g, 92%). An analytical sample was

prepared by recrystallization from MeOH affording dark red hair-like needles, mp 286-290 'C

(decomp.).

Elemental: Anal. calcd for CrsHgNOsS: C, 60.84; H, 3.69; N, 3.94%. Found: C, 61.07; H,3.67;

N,3.88%.

MS: Er m/z (%) 3s5 (N,f, 27),337 (63), 31 3 (26),306 (21),278 (37),206 (45), 164 (52), 149 (35)'

120 (l t),77 (11), 70 (11), 57 (29),41(29). Anal. (exact mass, HREMS) calcd for CrsHr:NOsS m/z

355.05 I 5, found 355.05 10.

IR: v*u* (dry film) 3422,1712,1685, L653,1620, 1582, 1536, 1452,1302. 1288, 126I,1181, 1078,

749 cm-l.
tH NIr,fR: (400 MHz, cDCl3), 6 11.26 (lH, br s, NH), 8.16 (lH, s, H-3), 7.95 (LH, dd, J:8.5, l.l
Hz, H-3'), 7.60 (1H, d, J: 5.9 Hz, H-6'), 7.57 (lH, m, H-5'), 7.20 (lH, ddd, .,/: 8.1, 6.0, 1.5 Hz, H-

4'),6.59 (1H, s, H-5),3.94 (3H, s, OCH3), 2.67 (3H, s, CHg).

t3c NMR: (100 MHz, CDCI3),6 201.4 (C(O)CH3). r79.s (C-7), 176.6 (C-4), 161.6 (C(O)OCHr),

150.4 (C-7a),144.4 (C-5), 139.9 (C-l'), 13S.1 (C-2),137.4 (C-3a), 134.2 (C-5'),732.4 (C-3'), 130.8

(C-3), 125.9 (C-2'), 123.5 (C-4'), 120.8 (C-6'), 104.7 (C-6), 52.9 (OCH3),28.5 (CHt'

10-Methyl-4rll-dioxo-4,11-dihydro-l-thia-5-aza-cyclopenta[Dlanthracene-2-carboxylic

methyl ester (6.21)

To a premixed solution of glacial acetic acid (14 mL) and concd HzSOa (l.a mL) was added

5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzo[b]thiophene-2-carboxylic acid methyl ester
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(6.20) (0.5 g, 1.42 mmol). The mixtwe was stirred at 80 oC for 35 min then cooled and poured onto

ice before being neutralized with solid NaHCO:. The product was extracted into CHeClz, and dried

over anhydrous MgSO+. The solvent was removed under reduced pressure giving a yellow solid,

which was washed with cHzclz/IvleoH (1:l) to yield 10-methyl-4,11-dioxo-4,11-dihydro-1-thia-5-

aza-cyclopentafb]anthracene-2-carboxylic acid methyl ester (6.21) (0.45 g, 94%), mp 332-340 'C

(decomp.).

Elemental: Anal. calcd for CrsHrrNO+S: C,64.09;H,3.29;N,4.15%' Found: C,63'87;H,3'20i'

N,4.20%.

MS: EI m/z (%) 337 (M*, 56), 322 (M+, -CHr, 8), 306 (M*, -OCH z, 37),250 (8), 222 (9), 206 (8),

196 (10), 178 (12),147 (100), 120 (12),71 (21),58 (43),43 (18), 4l (22). Anal. (exact mass'

HREIMS) calcd for CrsHrrNOaS m/z 337.0409, found 337 '0405'

fR: v-u* (dry film) 2954,1721,1686, 1655, 1538, 1435,1375, 1285, 1245,1078, 880, 752 cm-r'

,H NMR: (400 MHz, CDCI3), 6 8.44 (lH, d, J:8.3H2,H-6 or H-9), 8.37 (1H, s, H-3), 8.36 (lH, d'

J :8.2H2, H-6 or H-9), 7.g2 (l[,ddd, J: 8.2,8.2, l.l Hz, H-7 or H-8), 7.78 (lH, ddd, -/: 8'2,8'2,

1.1 Hz, H-7 or H-8), 4.00 (3H, s, OCH3), 3.30 (3H' s, CHr).

t3C NMR: (100 MHz, CDCI3), 6 I7g.g, 176.9, 161.4, 152.5, 152.1, 148.5, 148.3, 141-7, 140.9,

732.8, 732.5, 1 3 1.5, 129.9, 129.3, 125.5, 124 -7, 53. I (OCH3), I 6'4 (CH:)'

7-Oxo-7p-4-thia-3,8- diaza-benzo[delcyctopenta[6]anthracene-5-carborylic acid methyl ester

(6.22\

CH:OzC

To a stirred solution of 10-methyl-4,11-dioxo-4,1 1-dihydro-1-thia-5-aza-

cyclopentafb]anthracene-2-carboxylic acid methyl ester (6.21) (100 mg, 0.30 mmol) and ammonium

chloride (472 mg,8.9 mmol) in glacial acetic acid (50 mL) was added paraformaldehyde (45 mg,

1.48 mmol). The mixture was refluxed for 45 min, then cooled, poured onto ice and made basic with

concd liquid ammonia. It was extracted with CHzClz, washed with brine, then with water, and dried

over anhydrous MgSOa. The solvent was removed under reduced pressure. Purification by column

chromatography (silica gel, CHzClz/IVIeOH 95:5) yielded a yellow solid, 7-axo-7H-4-thia-3,8-diaza-

beruolde)cyclopenta[b]anthracene-5-carboxylic acid methyl ester (6.22) (77 mg, 83%). An
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analytical sample was prepared by recrystallization from acetone affording fine yellow needles, mp

340-343'C (decomp.).

Elemental: Anal. calcd for CrqHroNzO:S.l.25HzO: C,61.87;H,3.42;N, 7'59%. Found: C, 61'98;

H,2.98;N,7 .27Yo.

MS: EI m/z (%) 346 (M+, 30), 315 M, -OCHr, 28),259 (6),243 (7),215 (6), 83 (9), 69 (7), 55

(11). Anal. (exact mass, HREIMS) calcd for CrqHroN2O3S m/z 346.0412, found 346.0403.

IR: v.r* (dry film) 301 0, 17 10, 1665, I 589, 141 8, I 281, 126I, g37, 87g, 845, 7 63, 7 43 cm-t .

THNMR: (400MHz,CDC6),68.98(lH,d, J=6.AHz,H-2),8.66(lH, d,J:7.7H2,H-12)'8.63

(1H, d, J:7.\Hz, H-9), 8.46 (lH, s, H-6), 8.44 (1H, d, J: 6.0 Hz,H-l), 8.02 (1H, ddd, -/: 8.2,8.2,

l.2Hz,H-10), 7.94 (1H, ddd,.I: 8.2,8.2,7.2H2,H-11), 3.98 (3H' s, OCH3)'

t3C NMR: (100 MHz, CDCI3), 6 178.0 (C-7), 162.0 (g(O)OCHr), 154.0 (C-3b), 149.2 (C-2),147 '8

(c-3a), 145.8 (C-8a), 139.2 (C-5), 137.6 (C-12b), 136.5 (C-6a), 133.3 (C-9), 132.5 (C-6)' 132.0 (c-

10), 130.9 (C-11), 123.0 (C-l2a), 122.9 (C-12), I16.7 (C-12c), 116.6 (C-l), 52.9 (OCH3), C-7anot

seen.

7.6,3. 7-OXO-zH-4-OXA-3,8-DIAZA-BENZOI&eICYCLOPENTAITIANTIIRACENE-5-

CARBOXYLIC ACID METHYL ESTER (6.29)

7-Methoxy-benzofuran-2-carboxylic acid methyl ester (6.24)

A stirred solution of 7-methoxy-benzofuran-2-carboxylic acid (6.23) (0.5 g, 2.6 mmol) in

C1f'2clz (8 mL), MeOH (1.5 mL), and concd HzSOa (150 pL) was refluxed for 17 h. The solution

was cooled, poured into water, neutralized with solid NatICOg, and extracted into CHzClz. The

organic fraction was dried (MgSO+), and the solvent was removed under reduced pressure to yield

0.57 g (100%) of a white crystalline solid, 7-methoxy-benzofuran-2-carboxylic acid methyl ester

(6.24), mp 102-104 "C.

MS: EI m/z(o/o) 206 (M*, 100), 191 (10), 175 (M*, -OCHr,45), 163 (12), tl9 (9), 117 (5),89 (6),

76 (g),65 (6), 50 (7). Anal. (exact mass, HREMS) calcd for CrrHroOc m/z 206.0579, found

206.0s80.
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IR: v*,,, (dry filrn) 3006, 2953,1732, 1622, 1585, 1579, 1493,1433,1428,1363, 1329, 1307, 1272,

1231,1201, 1094,974,915, 851, 800, 732 cm-r.

tH NMR: (400 MHz, CDCI3), 6 7.51 (1H, s, H-3), 7.23 (1H, dd, J : 7.9, 1.5 Hz,H-4 or H-6), 7.19

(1H, dd, J: 7.5,7.5 Hz, H-5), 6.90 (1H, dd, J :'7.5, 1.3 Hz, H-4 or H-6), 4-00 (3H, s, OCH3)' 3'96

(3H, s, OCHI).
t3C NMR: (100 MHz, CDCI3),6 159.6, 145.8, 145.4,145.2,128.4,724.3,114.4,114-1, 108.8,55'8,

52.1.

7-Ilydroxy-benzofuran-2-carborylic acid methyl ester (6.25)

A solution of 7-methoxy-benzofiran-2-carboxylic acid methyl ester (6.24) (100 mg, 0'49

mmol) in dry cHzclz (20 mL) was stirred at -20 "c in an ethylene glycovdry ice bath under

nitrogen. Boron tribromide (0.7 mL, 7.28 mmol) was added slowly and the mixture was stirred for 1

h after which it was allowed to warm to room temperature. After stining for a further 2 h, aqueous

sodium hydroxide (l}oh,l mL) was added to quench the reaction. The mixture was made acidic

with aqueous hydrochloric acid (10%), extracted into CHzC12, dried over MgSO4, ard the solvent

was removed under reduced pressure to yield a white solid, 7-hydroxy-benzofuran-2-carboxylic acid

methyl ester (6.25) (80 mg, 86%).

MS: EI m/z(o/o) 19211lf, 100), t6t (M*,-oCHy99),134(14), 105 (48),77 (21),57 (14),51 (33)'

Anal. (exact mass HREMS) calcd for CroHgO + m/z 192.0420, found 192'0423'

IR: v,,'u* (dryfilm) 3375,1717,1597, 1566, 1490,1437,1346,1315, l2g0,l2lg,l196 cm'r'

lH NMR: (400 MHz, CDCI3), 6 7.51 (tH, s, H-3), 7.22(lH, dd, J : 7.7, 1.3 Hz,H-4 or H-6), 7'I7

(1H, dd, J:7.7,7.7 Hz,H-s),6.99 (lH, dd, J=7.7,1.3H2,H-4 or H-6),5.4 (1H, br s, oH),3.97

(3H, s, OCH3).

t3CNMR: (100MHz,CDC13),6160.1, 145.3,144.5,141.5, 128-4,124.9,114J,114.6,113'6,52'5

(ocH3).
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407-Dioxo-407-dihydro-benzofuran-2-carboxylic acid methyl ester (6.26)

A: From 7-hydroxy-benzofuran-2-carborylic acid methyl ester (6.25)

To a stirred solution of 7-hydroxy-benzofiran-2-carboxylic acid methyl ester (6.25) (60 mg,

0.31 mmol) in MeCN/water (1 mL/0.5 mL) was added CAN (0.69 g, L.25 mmol). The mixture was

stined for 30 min. Water (20 mL) was added and it was extracted with CHzClz. The organic extract

was dried over MgSO4 and the solvent removed under reduced pressure to yield a yellow solid, 4,7-

dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester (6.26) (52 mg, 83%)'

MS: Er m/z (%) 206 (M+, 64), 175 (58), 149 (36), 127 (10),113 (14), 99 (18), 85 (47)' 7l (69)' 57

(100), 43 (63). Anal. (exact mass, HREIMS) calcd for CroHoOs m/z 206.0215, found 206.0210'

fR: v,nu* (dry film), 2956, 1734, 1679, 1572, 1437, 1285, 1225' 1,202' 1094, 1048, 1022,974' 921'

840, 806, 762,668 cm-t .

tH NMR: (400 MHz, CDCI3), 67.46 (1H, s, H-3), 6.80 (2H, s, H-5, H-6), 3.95 (3H, s, OCHr).

r3C NMR: (100 MHz, rH-coupled, CDCI3)), 5 181.6 (ddd, "/= 8, 8, I Hz, C-4), 174.7 (dd, -I :7,5

Hz,C-7),157.g (dd,J:8,4H2, C-8), 151.5 (m, C-7a),148.2 (d,,I:9Hz,C-2),137-4(d,J:l7l

Hz, C5 or C-6), 136.3 (d, J: l7l Hz, C-5 or C-6), 128.3 (dd, J: 5,2H2, C-3a), 113.5 (d, J : 187

Hz, C-3), 52.9 (q, J : 148 Hz, OCH3).

B: From 7-methoxy-benzofuran-2-carboxylic acid methyl ester (6.24)

To a stirred solution of 7-methoxy-benzofuran-2-carboxylic acid methyl ester (6.24) (100 mg'

0.4g mmol) in MecN/4 N HzSO a (20 mLl' mL) at room temperature was added ceric ammonium

sulfate (1.g4 g, 2.9 mmol) in 4 N HzSO+ (25 mL) in one portion. The orange mixture was heated to

60 "C for 90 min during which time it tumed to yellow with a precipitate of cerous ions. The

solution was cooled, decanted from the precipitated cerous ions into water (25 mL) and extracted

with CHzCl2. The organic fraction was washed with brine, then water, and dried over MgSO+' The

solvent was removed under reduced pressure to yield 102 mg (100%) of a yellow crystalline solid,

4, 7-dioxo-4, 7-dihydro-benzo furan-2 -carboxylic acid methyl ester (6.26)'

All spectra identical to A.



208

5-(2'-Acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester

(6.27)

To a stirred suspension of 4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester

(6.2G) (0.44 9,2.14 mmol) and cerium trichloride heptahydrate (0.80 g,2.14 mmol) in MeOH (100

mL) was added o-aminoacetophenone (6.14) (0.32 9,2.39 mmol). Air was continuously bubbled

through the mixture for 5 days during which time the solution turned bright red. The mixture was

evaporated dry under reduced pressure. The residue was taken up in CHzClz and the solution was

washed with brine, and then with water. After drying over MgSOa, the solvent was removed under

reduced pressure to yietd a purple solid, which was purified by silica gel column chromatography

eluting with CHzClz. The red adduct, 5-(2'-acetyl-phenylamino)-4,7-dioxo-4,7-dihydro-benzofuran-

2-carboxylic acid methyl ester (6.27) (0.59 g, 22%) and the spontaneously cyclized yellow solid, 10-

methyl-4,1 l-dioxo-4,I 1-dihydro-l -oxa-5-aza-cyclopenta[b]anthracene-2-carboxylic acid methyl

ester (6.2g) (0.41 g,610/o) were obtained. An analytical sample of the adduct 6.27 was prepared by

recrystallization from methanol to yield dark red, fine hair-like needles, mp 278-280 "C'

Elemental: Anal. calcd for crsHr:Noe: C, 63.72;H, 3.86;N, 4.13%. Found: c,63.69; H, 3'77; N,

4.06%.

MS: Et m/z (%) 33g 1M*, 131, 321 (100), 310 (3), 306 (13), 297 (7),293 (20),262 (37),235 (14),

206 (5), 178 (14), 151 (7), 140 (5), 89 (7),77 (4), 43 (7). Anal. (exact mass, HREIMS) calcd for

CrsHr:NOe m/z 339.0743, found 339.0748.

IR: v,n"* (dry film), 3579,3130, 1722, L6g2, L642,1568, 1528,1453,1434,1370,1292,1260,1196'

1169,979,753 cmt.
rHNMR: (400MHz,CDCI3),611.23(1H,brs,NH),7.95(1H,dd,J:7.6,1.2H2,H-3'),7.61 (lH'

d,J:5.6H2,H-6'), 7.58 (lH, m, H-5'), 7.53 (1H, s, H-3), 7.21 (IH, ddd, -I: 8.1, 8.1, 2.8H2, C-4'),

6.48 (tH, s, H-6),3.95 (3H, s, OCH3),2.68 (3H, s, CH3)'

t'C NMR: (100 MHz, CDCLr), 6 201.4 (C(O)CH3),177.9 (C-4), 175.5 (C-7), 158.1 (q(O)OCH3)'

154.0 (C-7a), 147.4 (C-2),144.3 (C-5), 139.7 (C-l'), 134.2 (C-5'), 132.4 (C-3'), 126.0 (C-2'), 124'8

(c-3a), 123.7 (C-4'), 121.0 (C-6'), 113.8 (C-3), 102.8 (C-5) ,52.7 (OCHr)' 28.5 (CH3).



10-Methyt-4,11-dioxo-4,11-dihydro-1-oxa-S-aza-cyclopenta[]lanthracene-2-carboxylic

methyl ester (6.28)

To premixed glacial acetic acid (4.5 mL) and concd HzSOe (0.45 mL) was added 5-(2'-acetyl-

phenylamino)-4,7-dioxo-4,7-dihydro-benzofuran-2-carboxylic acid methyl ester (6-27), (0.16 g,0.47

mmol). The solution was stirred at 80 "C for 35 min, then cooled and poured into ice water (30 mL).

It was then neutralized with solid NaHCO:, extracted into CHzClz and dried (MgSOa). Removal of

the solvent under reduced pressure yielded 0.12 g (81%) of a yellow solid, l0-methyl-4,1l-dioxo-

4,11-dihydro-l-oxa-5-aza-cyclopenta[b]anthracene-2-carboxylic acid methyl ester (6.28). An

analytical sample was prepared by recrystallization from CHCI/IVIeOH giving fine yellow needles

mp 27 5-280'C (decomP.).

Elemental: Anal. calcd for CrsHrlNO5: C,67.29; H, 3.45; N,4.360A. Found: C,67 '11; H, 3'66; N'

4.56%.

MS: EI m/z (Y")321 (M+, 100),306, (17),293 (22),262 (39),235 (27),206 (7),178 (17), 151 (10)'

140 (7),89 (9), 75 (7),55 (10), 41 (12). Anal. (exact mass, HREMS) calcd for creHrlNOs m/z

321.0637, found 321.0641.

IR: v.u* (dry film),3609, 3449,3123,1735,1697,1669,1591,1546,1437,1380, 1289,1273,1229'

1187, 1007, 952,770 cmt.
tH NMR: (400 MHz, CDCIr), 6 8.42 (1H, d, J:8.3 Hz), 8.35 (lH, d, -I: 8-1 Hz),7.92 (lH, ddd' "/

:8.3, 8.3, 1 .2Hz),7.78 (llF^,ddd, -r= 8.3, 8.3, l.t Hz),7.71(lH, s, H-3),4.00 (3H, s, OCH:), 3'29

(3H,l,CHr).
f3CNMR: (l00MHz,CDClr),8177.5, 175.0, 157.9, 154.8, 152.8, 148.8, 148.4, 147.9, 132'9,

132.5, 1 30.0, 129.7, 129.3, 125 -5, 123 -8, Ll4-3, 52.9 (OCH:), 1 6'3 (CH:)'
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7-Oxo-|H-4-oxa-3n8-diaza-benzo[delcyclopenta[D]anthracene-S-carboxylic acid methyl ester

(6.2e)

paraformaldehyde (42mg,1.4 mmol) was added to a stirred solution of l0-methyl-4,11-

dioxo-4,1l-dihydro-l -oxa-5-aza-cyclopenta[D]anthracene-2-carboxylic acid methyl ester (6.28) (90

rng, 0.28 mmol) and ammonium chloride (446 mg, 8.4 mmol) in glacial acetic acid (50 mL)' The

solution was stirred under nitrogen at 80 oC for 35 min. After cooling, the dark blue solution was

poured into water, made basic with concd liquid ammonia and extracted with CHzClz' The organic

extract was washed with brine, then water and dried over anhydrous MgSOa' The solvent was

removed under reduced pressure yielding 70 mg (76%) of a green solid, 7-oxo-7H-4-oxa-3,8-diaza-

benzofdelcyclopenta[b]anthracene-5-carboxylic acid methyl ester (6.29). An analytical sample was

prepared by recrystallization from CHCI/IVIeOH to give a green microcrystalline solid of mp 340-

345 'C (decomp.)

Elemental: Anal. calcd for CrqHroN2O+.0.75H2O: C,66.38; H,3.37; N, 8'15%' Found: C' 66'll;

H,2.94;N,8.38%.

MS: EIm/z(%) 330 (M*, 100), 2g9 (M+,-OCH3, 67),272(ll),243 (8),215 (45), 199 (23)' 188

(t2),l2g (10), 97 (14), 83 (20),69 (28), 55 (43), 4l (48). Anal. (exact mass' HREMS) calcd for

CrqHroN2Oq m/z 330.0641, found 330.0643.

IR: v,nu* (dry film) 3433,1720,1675,1605, 1570, 1415, 1306, 1226,1199, 1 127,1051,763 cm-t '

f H NMR: (400 MHz, CDCIr), 6 9.08 (1H, d, -I: 5.8 Hz,H-2),8.64 (lH, dd, J: 8.2,I.3 Hz,H-12)'

8.61 (1H, dd,./:8.3, 1.3 Hz, H-9),8.45 (lH, d,J:5.8 Hz, H-1),8.01 (1H, ddd, J:8-3,8.3, 1.5 Hz'

H-10),7.g4(lH,ddd,J:8.2,8.2,1.3H2,H-11),7.82(1H,s,H-6),4'01 (3H,s,OCHr)'

r3c I.IMR: (100 MHz, CDCI3), 6 t77.6 (C-7),158.5 (C-3b), 158.3 G(O)OCH3), 149.3 (C-2),147.5

(c-5), 147.r (c-7a), 145.7 (C-8a), 143.2 (C-3a), 137.7 (C-l2b), 133-4 (C-9), 132.1 (C-10), 131'1 (C-

rt), 126.2 (C-6a), 123.0 (c-12a), 122.8 (C-12), 117.0 (c-1), 116.6 (C-12c), 115.4 (C-6), 52'6

(ocH3).
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7.6.4. 5-OXA-3,4,8-TRIAZA-BENZO[deICYCLOPENTAITIANTHRACEN-7-ONE (6.34)

2- Lzido-3-formylhydroquinone (6.30)

A mixture of 2,S-dihydroxybenzaldehyde (6.15) (0.5 g,3.6 mmol), silver(t) oxide (l'5 g' 6'5

mmol), and anhydrous MgSOa (1.0 g) were stirred in dry CHzClz (25 mL) for 2 h forming an orange

solution of the unstable 2-formyl-1,4-benzoquinone which was filtered. A solution of hydrozoic acid

was prepared by adding concd sulfuric acid (0.6 mL) dropwise to a paste of sodium azide (1.45 g,

0.02 mol) in a water/CHzClz mixture (1.5:22.0 mL) with stirring and cooling in an ice bath' After 15

min the organic phase was decanted, dried over anhydrous MgSOa, and filtered. The hydrozoic acid

filtrate was then cooled to 0-5 "C and stirred while the orange filtrate containing 2-formyl-1,4-

benzoquinone was added slowly. The stirring was continued for 45 min at room temperature, after

which the solvent was removed under reduced pressure to yield 2'azido-3-formylhydroquinone

(6.30) as an orange solid (0.47 g,7zYo),which decomposes ovemight to a black powder'

rH NMR: (200 MHz, DMSO-d6),5 10.93 (1H, s, OH), 10.21 (1H, s, CHO), 10.11 (1H, s, OH), 7'11

(1H, d, J:9.0H2),6.62 (1H, d, J:9.AHz).

2,1 -Benzis oxazole-4r7-quinone (6.3 1)

A mixture of Z-azido-3-formylhydroquinone (6.30) (300 mg, 1,68 mmol), manganese dioxide

(1.5 g, 17.Z4mmol), and anhydrous MgSOa (0.5 g) in CHzClr (30 mL) was stirred vigorously for 15

min. The solid was filtered off and the orange filtrate was evaporated under reduced pressure to

afford 2,1-benzisoxazole-4,7-quinone (6.31) as a red solid (190 mg,76o/o).

IR: vn,u* (dry fihn) 3115, 1695, 1680, 1584, 1474,1424, 1242, 1103, 1070, 1043, 850 cm-r.
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tH NMR: (200 MHz, cDCl3), 6 9.13 (lH, s, H-3), 7.01 (lH, d, J : 10.6 Hz),6.93 (1H, d, J : 10-6

Hz).

5-(2t-Acetyl-phenylamino)-benzo[cl isoxazole-4,7-dione (6.32)

To a stirred mixture of 2,1-benzisoxazole-4,7-quinone (6.31) (268 mg, 1.8 mmol) and cerium

trichloride heptahydrate (356 mg, 0.96 mmol) in absolute ethanol (50 mL) was added o-

aminoacetophenone (6.14) (290 mg,2.17 mmol). Air was bubbled continuously through the mixture

as it was stirred for 3 days. The solvent was removed under reduced pressure and the dark red

residue was dissolved in CHzClz. The organic extract was washed with brine, then with water, and

dried over anhydrous MgSoa. The solvent was removed under reduced pressure and the red solid

was purified by silica gel column chromatography (CHzClz/lvIeOH,99:l) to afford 365 mg (72o/o) of

5-(2,-acetyl-phenylamino)-benzo[c]isoxazole-4,7-dione (6.32). An analytical sample was prepared

by recrystallization from ethanoVwater to yield small dark red needles mp 238-243 "C (decomp')'

Elemental analysis could not be canied out due to the unavoidable presence of decomposition

products.

MS: DEI m/z(%)282(M*, 100),239 (9',),212(20), 186(99) 159 (22),144 (35), 130(18)' l16(18)'

91 (34), 77 (32),43 (77). Anal. (exact mass' HREIMS) calcd for CrsHroNzOa, m/z 282'0641, found

282.0638.

IR: vn.u* (dry frlm) 3102,1695, 1651, 1565, 1520, 1481 ,1452,1255,1133,758 cm-r.

tH NMR: (400 MHz, CDCI3), 6 L1.24 (lH, br s, NH), 9.14, (1H, s, H-3), 7.97 (IH, d, J : 7.9 Hz,

H-3'), 7.61 (2H, d, J : 3.7 Hz,H-s" H-6') ,7.24-7.28 (1H, m, H-4'), 6.76 (lH, s, H-6), 2.68 (3H, s,

CH:).
t3C NMR: (100 MHz, CDCI3), 6 201.5 G(O)CH3),176.7 (C-7), 175.0 (C-4), 160.3 (C-3), 154.8 (C-

7a), 146.6 (C-5), 139.0 (c-1'), 134.2 (C-5',), 132.3 (C-3'), 126.4 (C-2'), 1243 (C-4'), 121.4 (C-6'),

116.1 (C-3a),107.4 (C-6), 28.s (CH3).
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I 0-Methyl-2-oxa-1 oS-diaza-cyclopenta[6] anthracene-4,l 1 -dione (6.33)

5-(2'-Acetyl-phenylamino)-benzo[c]isoxazole-4,7-dione (6.32) (100 mg, 0.35 mmol) was

added to a pre-mixed solution of glacial acetic acid (3.0 mL) and concd HzSOr (0.3 mL) and stirred

at 70 "C for 25 min. The mixture was cooled, poured into water, neutralized with sodium

bicarbonate, and extracted into CHzClz. After washing with water, the organic extract was dried over

anhydrous MgSO+ and the solvent was removed under reduced presswe to yield a brown solid, that

was washed with CHzClz/hexanes (l:l) affording 80 mg (s6%) of 10-methyl-2-oxa-1,5-diaza-

cyclopenta[b]anthracene-4, 1 1 -dione (6.33) as an unstable yellow solid.

MS: DEIm/z(%)2641M*, 1001, 236(20),208 (19), l7g Q4),168 (23), 153 (12), 140 (36), 114

(20),75 (8). Anal. (exact mass, HREMS) calcd for crsHsNzOr m/2264.0535, found 264'0535'

rR: v-o* (dry film) 3080, 2926,1696, 1655, 1583, 1561, 1467, !373,1213,1107, 1023,763 cmt '

rH NMR: (400 MHz, CDCI3), 6 9.40 (1H, s, H-3), 8.45 (1H, d, J:8.4 Hz, H-6 or H-9), 8'41 (lH, d'

J:8.4H2,H-6orH-9), 7.g7 (l1,ddd,-/:8.4,8.4, l.3Hz,H-7 orH-8),7'82 (1H, ddd, J:8'4'l'3

Hz,H-7 or H-8), 3.32 (3H, s, CH3).

trc ND,m,: (100 MHz, CDCI3), 6 178.0, 175.6, 162.2,156.5, 154-5,149.0, 148.4, 133'5, 132'4,

I 30.3, 729.3, 126.0, 125.7, I 1 8.6, 17.0.

5-Oxa-3,4,8-triaza-be nzoldelcy clopenta[Dl anthracen-7-one (6.34)

paraformaldehyde (96 mg, 3.2 mmol) was added to a stirred solution of 10-methyl-2-oxa-1,5-

diaza-cyclopenta[b]anthracene-4,1l-dione (6.33) (150 mg, 0.57 mmol) and ammonium chloride (915

mg, !1.1mmol) in glacial acetic acid (60 mL). The mixture was stirred at 70 oC for 20 min, then

cooled, poured onto ice, and neutralized with ooncd liquid ammonia. Following extraction into

CHzClz, it was washed with brine, then with water, and dried over anhydrous MgSOq' The solvent
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$vasr remov€d under reduced Bres 
-ure to yield 46 mg $A:Yo\ of an orange solid, 5.oxa-3,4,8'triaza'

be,rrzo[aaJoyoloperrta[bJanftraoen-7-one (6.34). All attompts at prrification resulted in degradation

to ablackpovder.

IVilS: FAtrl mh (Vd 27a ffM+IIl+, 4). Anal. (exact mass, HRFABIvIS) calcd for CrrHcN3Qz n/8,

27 4.:05\7, fomd 274.06 n 9.

IR: v*r,. (&yfilm) 3366,3225,3096, 1690, 1580, 1478,1361, 1296,1255,1220,I1A:2,1079 om-r'

tH Mtm,: (400 MIIz, CDCI3), 6 gA4 (1H, s, H-6), 9.20 (1H, dn J = 5.7 Ha,IL2), 8.70 (2H" m, H-9,

H-1:2), 8.62 (1H, d, J= 5.7, \12,,H-1), 8,04 (1H, ddd, J- 8.3, 8.3, 1.3 Hz' II-10 or H-I1), 7'96 (1I'{,

ddd, J: 8.3, 8,3, 1,3 IIz, I{-10 or H-l1).
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