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Abstract

Previous studies indicated the marine pyridoacridone alkaloid ascididemin possessed a unique

biological profile. Investigation of synthetic routes to ascididemin led to the discovery that

ascididemin precursors possessed a wide range of biological activities. One precursor possessed

hollow fiber in vivo antitumoral activity and continuing rn vivo studies at the NCl, using subcutaneous

xenograft assays, are in progress. A crystal structure of a precursor indicates that these tetracyclic

heterocycles are planar, suggesting intercalation as a mechanism of antitumoral action. Ascididemin

was synthesized by two novel ring E forming reactions. The superior methodology was also useful in

the preparation of analogues, such as kuanoniamine A. Ascididemin possessed promising hollow

fiber in vivo antitumoral activity but was poorly active in a subcutaneous xenograft study.

Ascididemin was incapable of exerting antitumoral activity at a distance and further analogues were

prepared to address this problem. Ten analogues were prepared, with all the non-bromine containing

analogues selected for in vivo evaluation at the NCl. Two ring A analogues were prepared by a then-

new synthetic route, including the antiviral natural product 11-hydroxyascididemin. 11-

Methoxyascididemin was selected for hollow fiber evaluation. Two bromine containing ring D

analogues were prepared, including the antifungal natural product 2-bromoleptoclinidinone. A crystal

structure on 2-bromoleptoclinidinone was the first determined on a pyridoacridone alkaloid and the

molecule was planar, further supporting an intercalative mechanism of action. Due to non-selective

antitumoral cytotoxicity, ring D analogues are not useful antitumoral agents. Six carbon-based ring E

analogues were prepared by novel methodology. All O-substituted analogues assessed were

selected for in vivo antitumoral evaluation. Hollow fiber antitumoral activity decreased with bulk of the

substituent. G-Methylascididemin has been selected for subcutaneous xenograft studies. The 5-

substituted analogue prepared gave the best in vlfro antitumoral profile of all alkaloids in this study

and has been selected for in vivo evaluation. Ring E substituted N-8-deaza-ascididemin analogues

possessed no antitumoral activity, highlighting the importance of the 1,1O-phenanthroline-like bay

region of ascididemin in antitumoral activity. Another four structurally novel, quinoid containing

alkaloids have been selected tor in yiyo evaluation. While ascididemin was the only compound

capable of topoisomerase llc cleavable complex stabilization, related alkaloids possessed a similar

level of inhibitory action against this enzyme. This further supports intercalation as the dominant

mechanism of action for pyridoacridone alkaloids.

Ecological roles of four natural pyridoacridone alkaloids were assessed. Alkaloids were species

specific antifeedant agents against important consumers. These alkaloids may have a long term

detrimental effect on predator physiology, due to the well established ability of these alkaloids to

interfere with cell proliferation. Ascididemin elicited avoidance responses in numerous marine

species. Ascididemin has no antifouling activity against macrofoulers. Microbiological assessment of



ascididemin, 11-hydroxyascididemin and 2-bromoleptoclinidinone indicated that modification of the

ascididemin chromophore leads to the directing of antimicrobial activity towards a different phyla of

parasites. Pyridoacridone alkaloids may be part of a non-antibody based immune system. All

studies point to pyridoacridone alkaloids enhancing the eventual reproductive success of the

organism.

Biological and chemical evaluation of 29 New Zealand ascidians has been performed. Significant

biological activity was detected in ten ascidians. Novel metabolites isolated were 2-(3'-bromo-4'-

hydroxyphenol)ethanamine (Cnemidocarpa bicornuta) and 1,3-dimethylguanine (unidentified

ascidian). Known metabolites isolated were 1,3-dimethylisoguanine (Cnemidocarpa bicornufa) and

rubrolides A, B and C (unidentifled ascidian). The survey highlighted the importance of

overexpressed purine bases in ascidian metabolism. No physiological roles for these overexpressed

purines are as yet apparent. Our study of NZ ascidians has led to the isolation of many compounds

previously isolated from sponges. The widespread distribution of such metabolites gives credence to

the theory that common metabolite-generating genes are present in both phyla, due to the

evolutionary success of these genes.

Two optically active 9-(5-S-methyl-5-sulfinyl-lyxofuranosyl)-9H-purin-6-amine (lyxosyl-MTAS)

nucleosides were isolated from the nudibranch Doriopsis flabellifera. This is the first report of any

lyxosyl-MTAS nucleoside as either a natural or synthetic product.
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Ghapter 1

General Introduction

1.1 Marine Natural Product Chemistry and Biology

Natural products chemistry is an ancient human endeavor. Indigenous hominid knowledge on useful

medicinal organisms from terrestrial sources is well documented. Much knowledge has undoubtedty

disappeared due to the lack of written language, however sources of compounds used or abused

frequenly manages to pass orally through generations. This knowledge is perhaps the most widely

shared because it involved essentially the easiest bioassay known to human beings; eat something-

pleasurable response. Conversely fifty year olds with melanoma tended to be rare (and had done

well to last that long) and they did not live long enough to be fortuitously cured. Even if they knew

they had an illness and a successful result was obtained, realization of this was near impossible'

Thus the lack of sophisticated assays or any chemical knowledge limited early work in the field.

Modern society through medicine and communication/education has lead to humans gaining

temporary respite over the parasites (microbes) which plagued them historically. This has led to

longer life spans and death has become more likely due to the breakdown or failure of their own

cellular machinery (cancer/old age) rather than the result of invading pathogens (in non third world

countries at least). Natural product chemistry has made valued contributions to the field of medicine,

be it protection from parasitic infection (e.g. penicillin) or cancer (e.9. taxol)'

The infancy of structural elucidation limited early scientific work in the field and indeed years were

often required for this process. Today with the imminently routine coupling of High Performance

Liquid Chromatography and high field NMR spectroscopy, the process of structural elucidation will

take a matter of minutes. Historically ease of collection governed species studied and thus much

work was on terrestrial flora. Today high throughput screening is the normal procedure with

thousands of species being examined for potential in a selected (usually commercially profitable)

bioassay. No attempt to purify individual components are made, unless there is bioactivity and then

bioassay guided fractionation takes place. Major attention to dereplication of previous research is

required as known compounds are less profitable/patentable/publishable.

Eventual work on the harder to collect marine-based organisms, on which no or very little indigenous

hominid knowledge existed, lead to the isolation of a diverse array of compounds, many of which

possess structural classes never seen before. Often novel biology was observed for these

compounds and thus they have great potential as novel drug leads or receptor probes. Particularly

2



fruitful for novel structural classes with antitumoral activity have been the investigations on the

sponges and ascidians. lt is the ascidians on which much of our efforts have been centered.

Much of the biology investigated for marine secondary metabolites is medicinally based. Novel

structural types have potential in many areas; be it fighting opportunistic infections in people suffering

from AIDS or aiding understanding of cellular processes by the disruption of these processes or in the

treatment of cancers. lt is becoming apparent, however, that inherent cytoxicity of most marine

natural products is a developmental problem if the compound is to be used as a drug in humans.

Despite all the promise shown by many compounds, as of 1996 there is only one drug (ara-A) on the

market of marine origin.l The true potential of the field may lie in providing molecular biologists

effective probes for discerning cellular information.

Medicinal assays tell us very little about the role, if any, played by a marine natural product in nature.

This, the field of marine chemical ecology is mainly of academic interest rather than industrial, due to

a perceived lack of money earning potential. Some industrial interest is present due to potential

results such as the development of non-toxic antifouling agents for boat hulls. Collaborative efforts

between marine biologists and chemists have seen chemical ecology grow in sophistication. Most

studies to date have concentrated on antifeedant and antifouling properties. Little attention has been

given to potential internal roles of marine metabolites which, bearing in mind a lack of an antibody

based immune system and the importance of parasites in evolutionary biology, is odd.

One problem in marine natural products chemistry has been the subject of re-supply. This is

because only small quantities (0.1-100 mg) are isolated and only so many assays can be done on

such amounts and the assays performed (if any) depend on the research interests of collaborating

pharmacologists. The array of sophisticated assays available is continually growing necessitating

gram quantities of compounds for comprehensive evaluation. Total synthesis or

fermentation/synthesis combinations, rather than laborious and inexcusable raping of the

environment, is the answer to re-supply of compounds of interest. However there are compounds

that just cannot be generated on a sufficient scale in either of the two ways mentioned. Another

option is aquaculture which involves cloning of the organism followed by extraction and purification of

the active compound. Aquaculture is being utilized in an attempt to answer supply problems currently

associated with structurally complex macrolides such as bryostatin 1 and halichondrin B. Eventually

genetic engineering may provide the best answer to re-supply.

Traditionally synthetic organic chemists have not worried about the quantities of compounds they

generate. The quantity is usually the minimum amount required for characterization. Total syntheses

are therefore on small scales and cost inefficient reactions are routinely used. Many reactions are



unable to be increased in sufficient scale due to cost and problems such as reaction exothermicity or

ease of reaction processing. Synthesis of useable quantities of compounds of sufficient purity in a

cost efficient and practical manner is a problem often ignored by academics.

1 .2 Pyridoacridine Alkaloids

One growing family of marine alkaloids, the largest known, are the pyridoacridine alkaloids.' These

alkaloids structurally conserve a polycyclic aromatic framework as shown in Figure 1. The basic

aromatic unit is the pyrido[4 ,3,2-mnlacridine moiety, 1, for example contained in dercitamide, 4.3 Also

considered pyridoacridines are the pyridoacridones where oxidation of the pyridoacridine unit occurs

giving pyrido[4,3,2-mn]acridone in the two possible resulting iminoquinone isomers 2 and 3.

Examples of the two pyridoacridone isomers are cystodytin J (5)a and ascididemin (6).s These

alkaloids are found in multiple phyla and although most isolations occur from ascidians (Urochordata)

and sponges (Porifera), pyridoacridones have also been found in an anemone (Cnidaria)6'7 and a

prosobranch mollusc (Mollusca) that was sequestering kuanoniamines from its ascidian prey.8

Mofinski in his review on pyridoacridines stated: "The fact pyridoacridines have been isolated from

different species in more than one major phyla is ertraordinary, as cross phyletic distribution of

marine secondary metabolites is rare."2

6

1 OH-pyrid o14,3,2- m nlacrid one
3

2

3

1 1 H-pyridol4,3,2- m nlacrid i ne
1

Dercitamide
4

8H-pyrido[4,3,2- m nlacridone
2

o

HNA

Cystodytin J
5

Ascididemin
6

/
7Nx

Figure 1. Pyridoacridine and pyridoacridone alkaloids.



This widespread phyletic distribution led to speculation that these alkaloids are the products of

symbiotic microorganisms or that the biosynthetic pathways responsible have evolved independently

in several phyla.2'e Another "selfish-gene"10 type hypothesis is simply that the genes responsible for

the generation of these alkaloids are very successful in an evolutionary context.ll This later

hypothesis implies no need for independent concurrent evolution of biosynthetic pathways, rather

(some) genetic conservation in multiple phyla,12 Although ascidians, sponges and anemones are far

removed from each other on the phylogenetic tree, they did of course share common ancestors at

some stage of their evolutionary history. The common genetic material may also be due to later

assimilation of "parasitic DNA"13 by incorporation from a plasmid. The fact that pyridoacridines are so

widespread, and are often present in energetically demanding quantities, suggests that these

alkaloids advance the eventual reproductive success of the producing organisms. That is, they give

the organism a competitive edge.

The advent of bioassay guided fractionation of marine organism extracts has resulted in isolation of

an ever increasing number of these cytotoxic metabolites. This general cytotoxicity is due to a high

affinity for DNA through the ability of the multicyclic aromatic chromophore to intercalate the base

pairs of the helix. Most pyridoacridines possess brilliant coloration and are thus highly visible on the

typical solid supports used for column chromatography. These characteristics, general cytotoxicty

and bright coloration may be partially responsible for why so many of these compounds have been

discovered. Conversely it may be that pyridoacridines are just so common due to the increased

evolutionary success of organisms which contain the necessary genetic material for their generation.

This in turn makes the ability to produce these or similar molecules a necessity to be competitive,

thus creating a molecular "arms race".14

Once intercalation occurs DNA topology can be sufficiently disrupted to alter subsequent cellular

events. Other cytotoxic mechanisms (apart from intercalation) for pyridoacridines exist, but are

generally cumulative to intercalation, which seems to be the predominant mechanism of action.

Alkaloids such as ascididemin (6) and cystodytin J (5) have been shown to interfere with human

topoisomerase llcx.a'tu'tu This enzyme regulates DNA tertiary structure and is required to decatenate

or "untie" DNA to allow cellular processes such as mitosis to occur. A key step in this process is the

strand passing reaction, where topoisomerase llcr catalytically mediates the passing of one DNA

strand through another DNA strand (Figure 2). The enzyme reversibly binds a strand of DNA,

forming a protein-DNA complex, which exists as two forms in equilibrium; a cleavable and a non-

cleavable complex, with the equilibrium favoring the latter, When a second strand of DNA interacts

with the cleavable form of the complex, it triggers a strand passing reaction, passing through the

complexed DNA strand, which has been temporarily cleaved by the enzyme. Religation follows, and

the overall effect is a relaxation of the DNA. Cleavable complex stabilizers increase k1 relative to k-1



in Figure 2.

yr, \$*1"n"

fe-shand passage
non-cleavable complex Post-shand passage

non-cleavable complex

Figure 2. The mechanism of the strand passing reaction.

While both ascididemin and cystodytin J inhibit this enzyme by intercalation, ascididemin has a

second mechanism whereby it stabilizes the high energy transient "cleavable complex" of the

enzyme-DNA complex resulting in a multitude of double stranded DNA breaks resulting in apotosis.l6

Some anticancer agents such as the adriamycins and the etoposides exert their activity by

topoisomerase llcr inhibition. The levels of topoisomerase llo present in the cell are dependent on

the stage of the cell cycle. In cancerous cells the levels of topoisomerase lla are regulated in a

different fashion to that found in normal cells, with the levels being raised relative to non-cancerous

cells.17 There is speculation that the topoisomerase llcr found in cancerous cells is in an altered state

to that normally found, and that it plays an important role in maintaining the malignant nature of

cancerous cells.17 Thus the rationale behind topoisomerase llcr poisons, as anticancer drugs, is that

any drug which targets topoisomerase llcr will have little effect on quiescent cells and should have a

marked effect on proliferating cells, especially those in a cancerous state.

Pyridoacridines show (selective) antitumoral activity and this may be partly due to inhibition of

topoisomerase llcr, although Bonnard and coworkers concluded that it is unlikely topoisomerases

represent the primary cellular target for ascididemin.lE McDonald and coworkers stated: "By

inhibiting TOPO // (topoisomerase lla), the pyridoacridines can impair DNA synfhesis, gene

Transient cleavable complex

SupercoiledDNA DecatenatedDNA



expression, ch romosom e seg reg ation a nd u ttim ately ce I t p rol ife ration."4

Two accepted models for topoisomerase lla inhibition exist: (1) nonintercalative poisons like the

etoposides that do not intercalate but merely stabilize the enzyme-DNA cleavable complex, (2)

intercalative poisons such as the adriamycins intercalate as well as stabilizing the cleavable complex.

Thus, although ascididemin fits into this later context (to some degree), the pyridoacridines generally,

like cystodytin J, show no stabilization of the cleavable complex buf show inhibition of topoisomerase

llo catalytic activity.a McDonald and coworkers thus concluded intercalation was disrupting DNA-

enzyme interactions and consequently the enzyme cannot carry out its normal strand passing

reactions during replication.a Pyridoacridines thus have well defined mechanisms of topoisomerase

llcr inhibition and are therefore proving useful tools for probing topoisomerase lla enzyme DNA

interactions.

lf pyridoacridines are the overexpressed product of essentially "parasitic DNA", this may explain why

these compounds interact with DNA so well, as it may be their primary function: to control gene

expression (to express these very metabolites!?) and to ensure the "parasitic DNA" is always

transferred (to the gamete) in chromosome segregation's so as to ensure enhanced distribution of

this DNA.1e Other more likely functions, such as feeding deterrence or antibacterial activity,'o 
^uy

enhance the survival ability of the organisms host genome (making pyridoacridine genes desirable).
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Chapter 2

Synthetic Studies on the Ascididemin

Pharmacophore
10

I

2.1 Synthesis and Biology of Ascididemin

2.1.1 Background

Pyridoacridine alkaloids are known to exhibit a variety of biological activities in medicinal assays.l As

only small quantities of pyridoacridine alkaloids are typically isolated, the biological results generated

are limited to selected assays. These assays reflect the research interests of collaborating

pharmacologists, who may be generating results incomparable to other pharmacologists working in

an identical area of research. Furthermore, potentially useful/profitable results may not be released

to the scientific community as the body funding the research is frequently a private company. Such

factors result in there being little directly comparable data for structure-activity analysis.

In 1994, interested by the reported antileukemic2 and topoisomerase llcr inhibitive ability3 of

ascididemin (6), we initiated a structure-activity study of this alkaloid to define structural

requirements for these and other activities. The aim of this project was to enable us to design better

topoisomerase llcr inhibitors with antitumoral potential. Ascididemin and several analogues were

synthesized and evaluated in a number of medicinally pertinent assays. The study allowed attribution

of certain structural features required for various activities.a's Namely the importance of N-8 in ring A

and a completed ring E in: (1) antitumoral, bacterial and fungal activity and (2) topoisomerase llcr

inhibition by cleavable complex stabilization. The absence of N-8 in the prepared alkaloid

benzo[4,5]sampangine (8-deaza-ascididemin, 7, Scheme 3, pg. 23) resulted in greatly reduced

antitumoral activity and cytotoxicity to normal cells but enhanced antiviral activity.a'5 This study

supported there being multiple mechanisms of action for ascididemin and analogues against

mammalian cell systems.

Additional preliminary work had shown several classes of compounds, that we had used in the

synthesis of the highly structurally related alkaloid benzo[4,5]sampangine (8-deaza-ascididemin), to

exhibit broad spectrum activity against a wide range of target organisms (virii, bacteria and fungi).s

Concurrent work on related polycyclic compounds by Hansen and Hawkins, accentuated useful

biological activities (especially antileukemic) could be obtained on more distant analogues.6'7
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These results led us to further investigate the chemistry and biology of ascididemin, the initial goals

being: (1) investigation into the published8' s' 10 and alternate potential synthesess of ascididemin to

facilitate yield optimization for further antitumoral studies at the National Cancer lnstitute (NCl,

Maryland, USA), (2) examination of the biological activities of synthetic intermediates generated in

this process (1), (3) synthesis of naturally occurring alkaloids 2-bromoleptoclinidinone (2-

bromoascididemin, 8;tt' tz and 11-hydroxyascididemin (9)13 to assess the effect of ring A and ring D

modification on biological activity. These two ascididemin analogues, unlike ascididemin, were

reported to not inhibit topoisomerase llcr, although both showed similar levels of activity to

ascididemin against the murine leukemia cell line P388.3 As we had found 8-deaza-ascididemin also

followed this trend,a an obvious aim was to define the mechanism(s) of action of these structurally

related alkaloids which might in turn glean light on ascididemin's mechanisms of action. As

ascididemin, unlike most pyridoacridine alkaloids, is able to stabilize the topoisomerase llo, cleavable

complex, studies of the interactions of ascididemin and related compounds with this enzyme may

yield valuable information on mechanistics/function of this important enzyme. That is, these alkaloids

may serve as molecular probes of the topoisomerase llcr enzyme.

Further to this research, ecologically relevant marine-based assays were conducted using the three

natural pyridoacridones synthesized in this study. The aim of this sub-study was to define the

potential roles played by these compounds in nature. This research is described in Chapter 3.

2.1.2 Synthesis of Ascididemin

At the initiation of the project, there had been three published syntheses of ascididemin (Figure 3).

The first and highest yielding synthesis was developed by Bracher (Figure 3, route B), who had

developed a pyridine ring forming annulation for the formation of dng E, which converted the easily

formed tetracyclic quinone 10 to the pentacyclic product.s Moody and coworkers had reported an

elegant synthesis (Figure 3, route C) which used a photocyclization of the quinoneimine 11, formed in

3 steps from 1,1O-phenanthroline.s A biomimetic approach (incidentally very close to Bracher's route;

Figure 3, route A) utilizing the known marine natural product kynuramine (12)to by Kashman and

coworkers, whilst interesting academically, was cumbersome and hence low yielding.l0

Of the three approaches, Bracher's had proved the more robust and had

been used to prepare several other analogous natural products e.g. 2-

bromoleptoclinidinonels and sampangine (14, Scheme 1),16 as well as

the natural product derivative neocalliactine acetate (13).tt Alkaloid 13 is

the hydrolysis/acetylation product of the anemone pigment calliactine

originally isolated by Leder and coworkers in 1940.18 The synthesis of

11



neocalliactine acetate confirmed the structure Schmitz and coworkers had favored,l3 on re-evaluation

of Cimino and coworkers NMR data,ls based on their structural elucidations of related alkaloids 11-

hydroxyascididemin and meridine.

A distinct advantage of Bracher's approach was that it allowed scope for functionalization of rings A

and D using presubstituted quinolinequinones and acetophenones respectively. The functionalization

of the ascididemin rings A, D and E was perceived to be crucial in attempting to optimize both the

observed antitumoral activity and the topoisomerase llcr inhibitive activity of ascididemin (as

modification of the parent chromophore would influence the way the molecule interacts with DNA and

hence affect observed activities). Bracher demonstrated by preparing 2-bromoleptoclinidinone by the

same route he used in his synthesis of ascididemin (here starting with o.amino-p-

bromoacetophenone rather than o-aminoacetophenone (15, Figure 3) that functionalization of ring D

was possible (see Section 2.2.33)}5 Kubo and coworkers then utilized Bracher's methods to form

11-hydroxyascididemin, a ring A substituted analogue, using substituted quinolinedione (see Section

2.2.2.1.20
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Like rings A and D, ring E was able to be functionalized, in position 5, within Bracher's methodology.

This had been demonstrated by Peterson and coworkers (see Section2.2.4,2), who were able to
perform Bracher's pyridine ring annulation, in low yield, on substituted methyl groups on the tricyclic
quinone cleistopholine (17, Scheme 1, below).21

Although Bracher's synthetic techniques were the best available, our Group had found the key step

(being ring E formation) to be unsuitable on certain heterocyclic systems.6' 22 Nevertheless,

Bracher's methodology was more robust, higher yielding and more amenable to analogue preparation

than the alternate syntheses of ascididemin, therefore an investigation into Bracher's methodology

was the logical place to start an optimized synthesis of ascididemin and its analogues.

2.1.3 Bracher's Methodology

The key step in the synthesis is the pyridine ring-forming reaction carried out last in the reaction

sequence. The first use of this reaction was in the synthesis of the plant alkaloid sampangine (14)23

Scheme 1. Bracher's Synthesis of Sampangine

(EtO)zCHNMe2

DMF, IaOOC

NHaCl, HOAc
___>
Reflux

formed from another plant alkaloid cleistopholine2a 117, Scheme 1).16 The one pot reaction is

dependent on the latent acidity of a p-methylpyridine (See Mechanism 1) which allows reaction with

suitable electrophiles. Enamine 18 is formed from a condensation reaction (initially developed by

Bredereck and coworkers)2s of dimethylformamide diethyl acetal with cleistopholine involving formal

loss of two ethanol molecules (Mechanism 1). Enamine 18 is a masked 1,5-dicarbonyl which are

typical pyridine ring precursors in synthesis. Further reaction of enamine 18 with ammonium chloride

in refluxing glacial acetic acid gave sampangine in good yield (84%).16

Ascididemin was efficiently prepared by Bracher again using this one pot annulation reaction last in

his reaction sequence (Scheme 2).8 From a synthetic viewpoint it was thus highly illogical to isolate

the intermediate enamine as this would merely add another step to the reaction sequence. Previous

preliminary studies carried out in this Group had shown that the N-1 deaza analogue of enamine 20

(i.e. 19 in Scheme 3, pg. 23) to possess antifungaland antitumoralactivities (Table 3, pg. 19).5
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Mechanism 1. Bracher's Acetal Gondensation-Gyclization Annulation
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Therefore we were also interested in isolating the aza-enamine analogue (20, Scheme 2) and

evaluating its biological properties. Bracher reported his ascididemin synthesis as a communication

without experimental details. Fortunately, he did give experimental details for his related papers on

the alkaloids 2-bromoascididemin and neocalliactine acetate. Combining these procedures with

those commonly used in this laboratory for related compoundss allowed easy preparation of

ascididemin.
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Scheme 2. Bracher's Synthesis of Ascididemin
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(i) CeGl3.7H 20, Q2, EIOH, 16 h, 78o/o

(ii) H2SOa, HOAc, reflux, 10 min, 94%

(iii) DMFDEA, DMF, 120 oC, t h

(iv) NHaCl, HOAc, reflux, t h,59%

Quinoline-5,8-dione (21, Scheme 2) was prepared in 3 steps from 8-hydroryquinoline in 45% yield

overall, following the procedures outlined by Pratt and Drake.26 The IH-NMR spectrum of the tan

powder was in good agreement with a recent literature report,27 and l3C-NMR further confirmed the

product's integrity. Oxidative amination of quinoline-5,8-dione with eaminoacetophenone, directed

by cerium trichloride heptahydrate, gave 6-(2'-acetylanilino)quinoline-5,8-dione (22). Three carbonyl

absorbances (1673, 1653 and t618 cm-t) were observed in the infrared spectrum, with the additional

absorbance from the pquinone precursor due to the aryl ketone. IH-NMR of the diaryl amine was

consistent with that reported by Brachers and ttC-NMR was consistent with structure 22 (with the

ketone resonating at 201.49 ppm). Acid cyclization to 11-methylpyrido[2,3-b]acridine-5,12- dione (10)

Figure 4. Crystal structure of 11-methylpyridof2,3-b]acridine-5,12-dione (10).

NMe2
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proceeded smoothly. 1H-NMR of 11-methylpyrido[2,3-b]acridine-5,12-dione was consistent with that

observed by Brachers and total NMR assignment was achieved by heteronuclear gated decoupling

(1H-coupled with full NOE) ttC-NMR, gCOSY, gHSQC and gHMBC experiments (see Table 1). Slow

evaporation of a DCM/methanol solution of 10 yielded crystals of sufficient quality for X-ray analysis

and a crystal structure was determined (see Figure 4). The C(11)-CH3 bond of 1.51 A was of

average length for p-methylpyridines when the Cambridge Crystal Structure Database was searched.

Other bond lengths and angles were as expected (Appendix 1), with two separate aromatic systems

(ring A and rings CD), giving a planar molecule idealfor DNA intercalation.

Table 1. NMR data for 1 1-methylpyrido[2,3-b]acridine-5,12-dione (10).

Atom no. 6 13c (mult, J(Hz)) 51H (mult, J(Hz)) HMBC correlations

2

3

4

4a

5

5a

6a

7

I
9

10

10a

11

11a

12

12a

1',

155.64

127.87

135.75

130.02

181.78

147.50

148.58

132.30

132.75

129.85

125.53

129.80

152.72

125.49

183.33

1 50.1 6

16.67

(ddd, 193, 8,4)
(dd, 167, 9)

(dd, 170,6)

(d,7)

(d,4)

(s)

(t,8)

(dd, 165,7)

(dd, 163,9)

(dd, 163,9)

(dd, 161, 8)

(m)

(dd,6,3)
(m)

(s)

(t,5)
(q, 130)

9.16

7.77

8.73

8.45

7.93

7.79

8.38

3.32 (s)

(dd, 4.6, 1.8)

(dd, 7.9, 4.6)

(dd, 8.0, 1.8)

(dd,8.5,0.9)

(ddd, 8.3, 6.9, 1.4)

(ddd, 8.3, 6.9, 1.4)

(dd, 8.5,0.9)

3,4,12a
2,4a

2,5,12a

9,10a

6a,10

7, 10a

6a,8,11

1Oa, 11, 11a, 12, 5a

Finally, ring E was formed, using Bracher's annulation to give ascididemin identical in all respects

with the natural product isolated by Kobayashi and coworkers2 and in yields close to those reported

by Bracher.s
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The blood red enamine intermediate, 11-[2-(dimethylamino)vinyl]pyrido[2,3-b]acridine-S,12-dione

(20), could be isolated in g5% yield by reacting tetracyclic quinone 10 with dimethylformamide diethyl

acetal and removing the DMF, ethanol and unreacted acetal under reduced pressure. An alternative

procedure utilizing aqueous work up could also be used. The 1H-NMR of the blood red solid

exhibited a pair of doublets {6 7.50 (d, J = 12.9 Hz) and 7.15 (d, J = 12.9 Hz) ppm}, indicative of the

frans-alkene and a single resonance of relative integral 6H at 3.08 ppm, due to the -NMe2

functionality. The relative chemical shifts and splitting patterns of the aromatic protons were

consistent with the precursor 10 (see Tables 1 and 2). ln the 13C-NMR spectrum the carbon alpha

Table 2 NMR data for 11-[2'-(dimethylamino)vinyl]pyrido[2,3-b]acridine-S,12-dione (20).

'6 -H

o H,'\il

Atom no. 6 13C (mult, J(Hz)) 6lH (mult, J(Hz)) HMBC correlations

2

3

4

4a

5

5a

6a

7

8

o

10

10a

11

11a

12

12a

1',

z',

4',

155.06

126.86

135.05

129.O2

182.72

148.15

148.73

130.88

131.61

127.20

128.82

127.20

153.71

118.34

181.70

150.37

94.36

155.22

41.10

(ddd, 182,7,3)
(dd, 167, 9)

(dd, 169,6))

(d,7)

(d, 3)

(s)

(t,8)
(dd, 165,8)

(dd, 162, 9)

(dd, 163, 8)

(dd, 163, 8)

(m)

(s)

(s)

(s)

(dd, 11, 5)

(d, 159)

(d, 163)

(br)

(dd, 4.6, 1.7)

(dd, 7.9, 4.6)

(dd, 7.9, 1.7)

(d,8.7)

(t,7.6)

(t,7.6)

(d,8.7)

(d, 12.9)

(d, 12.9)

(s)

3,4,12a
2,4a
2,5,12a

9,10a

6a,10

7,lQa
6a,8, 11

10a, 11a ,2'

11, 1',

2',

9.00

7.59

8.53

8.11

7.62

7.38

8.13

7.50

7.15

3.08
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to the -NMe2 functionality resonated at 152.22 ppm (d, J = 163 Hz) with the shielded beta carbon

resonating at 94.36 ppm (d, J = 159 Hz). The -NMe2 group appearing as an extremely broad signal

at 41.10 ppm due to restricted rotation about the C(2')-N(3') bond (as the relaxation delay (D1)

between consecutive acquisition pulses was increased from 2 sec to 5 to 9 the signal was more

clearly visible although still quite broad). Two quinoid signals (182.72, d, J = 3; 181.70, s) were

assignable to carbons 5 and 12 respectively, due to the fact carbon 5 was split into a doublet in the

gated decoupled '3C-NMR by H4. Total assignment of the other carbons was achieved by

interpretation of XHCORR and HMBC experiments (See Table 2). No correlation's to the methyl

carbons were observed in the HMBC probably due to the extreme broadness of the carbon signal.

High resolution mass spectrometry confirmed the molecular mass and in the low resolution

fragmentation spectrum, the molecular ion appeared as the base peak, with the loss of the NMe2

group being the preferred fragmentation.

Earlier work had found enamines of this type to hydrolyze to an aldehyde (24, see Scheme 3, pg. 23)

upon silica gel chromatography and the resulting aldehyde showed interesting biological activity in

numerous assays.s Unfortunately column chromatography of enamine 20 resulted in a mixture of

aldehyde and enamine, although in a later study Christiansen was able to achieve total hydrolysis in

solution.2s

2.1.3.1Biology of the Enamine

Initial screening in assays run at the University of Canterbury (Appendix 2) indicated a range of

biological activity for enamine 20 (Table 3). The enamine showed an increase, of two orders of

magnitude, in mouse antileukemic activity (P388) in vitro over the synthetic precursor 11-

methylpyrido[2,3-b]acridine-5,12-dione (10), and the enamine was just as active as the lead

compound ascididemin against this cell line (0.4 pM). N-1-Deaza-enamine (19)5 and the size

reduced deaza analogue cleistopholine enamine (18)2e were about an order of magnitude less active

against P388 than the aza analogue. Enamine 20 also possessed promising biology against a variety

of microorganisms in zone inhibition assays. At an impregnated dose of 120 pg per paper disk,

enamine 20 showed zones of growth inhibition of 10 mm or above for the gram positive bacterium

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

Trichophyton mentagrophytes and Cladisporium resinae. This was an improvement on precursor 10

which had little antifungal activity and no activity against E. coli. In antiviral assays, at an

impregnated dose of 80 pg per paper disk, enamine 20 showed whole well inhibition (6-8 mm) of the

Herpes Simplex (HSV) and Polio virii (PVl) and was also toxic to the infected host African Green

monkey kidney BSC-1 cell line (2-4 mm). At a lower dose of 10 pg per paper disk, whole well

inhibition of HSV and PV1 was still observed, with a reduction of cytotoxicity towards the host BSC-1
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(1-2 mm). However all activity was lost at a dosage of 1 pg per paper disk. Due to the observed

antiviral activity, enamine 20 was submitted to the NCI for evaluation against the Human

lmmunodeficiency Virus (HlV-1). No protection, however, was given to the host cells and the

enamine was cytotoxic to the host cell line (CEM-SS)with a 50% inhibitory concentration of 3.2 pM.

Table 3. Bioactivity screen for enamine 20 and comparative values for 11-methylpyrido[2,3-

blacridine-S,12-dione (10)o, cleistopholine enamine (18)2e and N-1-deaza-enamine (19)5.

u ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: not tested. See Appendix 2 for assay descriptions.

The enamine (NSC 680733)was submitted to the National Cancer Institute (NCl), Maryland, USA for

evaluation in their developmental therapeutics program. The initial screening is against 60 human

tumor cell lines in vitro. In this trial the enamine showed interesting selectivity towards multiple

melanoma, colon, lung, breast and central nervous system cancer cell lines at a reasonable level of

potency (pM). This selectivity is displayed in Bar Chart 1, which shows mean graphs for the enamine

over the 60 human tumor cell-lines screened. The chart is generated by plotting the three principal

response parameters:

(1) Gl50 which is the concentration of compound at which a 50% growth inhibition is observed.

(2) TGf which is the concentration of compound at which a 100% growth inhibition is observed.

(3) LC50 which is the concentration of compound at which a 50% kill is observed.

These parameters are plotted against the average which is represented by the vertical line;

consequently a bar extending to the right of the vertical line represents sensitivity of this cell line to

the agent. As the horizontal scale is logarithmic, 6 orders of magnitude are represented allowing

easy visualization of selectivily tor a particular cell line.

20 10 18 19

P388 lD"n (uM) 0.4 56 22 14

BSC-1, pg 1+, 10 (2+, 80) 3+,80 4+,80 0, 10 (2+, 80)

HSV, pg 4+, 10 (4+,80) ?", 80 ?, go 2+, 10 (2+, 80)

PV1, pg 4+, 10 (4+, 80) ?,80 ?,80 2+, 10 (2+, 80)

Bacillus subfilis, pg 12,120 10, 120 n.t.b 4,120

Escherichia coli, pg 12,120 0,120 n.t. 0,120

P se u dom on as ae rug inosa, pcl 0,120 0,120 n.t. 0,120
Candida albicans, pg 10,120 1, 120 n.t. 10,120

Tri c h o p hyto n m e ntag rop hyte s, pg 15,120 0,120 n.t. 16,120

Cladisporium resinae, pg 10,120 6,120 n.t. 1, 120
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Bar Chart 1. NCI Mean Graphs for 11-[2'-(Dimethylamino)vinyl]pyrido[2,3-b]acridine-5,12-dione, 20.
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Due to the observed selectivity (reflected in the large log range for the three principle response

parameters) and the fact enamine 20 lies outside the category of adequately studied classes of

antitumor agents, the NCI Biological Evaluation Committee decided to proceed with an in vivo

evaluation in a (then) new Hollow Fiber Assay in nude athymic mice. Twelve selected human tumor

cell lines are encased in hollow fibers which are then implanted in the mice, either intraperitoneally or

subcutaneously and the compound administered at two test doses intraperitoneally. Control mice

receive the compound diluent only. Fibers are collected one day after the last day of treatment and

the cell mass determined by spectrometric methods. From comparison of the cell mass between test

(T) and control (C) mice a % TIC parameter is determined for each level of dosage. Further in vivo

testing is selected on the basis of several hollow fiber assay criteria: (1) Vo T/C of S0 or less,

representing significant activi$, in 10 of the 48 possible test combinations (12 cell lines x 2 sites x 2

doses); (2) activity at a distance (i.e. in the subcutaneous implant) in 4 of the 24 possible test

combinations; (3) a net cell kill of one or more cell lines in either implant site. The hollow fiber data

for enamine 20 is summarized in Table 4.

Table 4. Hollow fiber in yiyo results for enamine 20.

Cell line

(Tumor type)

Dosage

(mg/kg/dose)

lc (%)

Intraperitoneal Subcutaneous

MDA-M8.435

lbreast)

18

12

98

98

100

g3

sF-295

(cNS)

v251

(CNS)

18

't2

18

12

96

86

94
q1

98

92

97

95

uAcc-62
(melanoma)

LOX IMVI

(melanoma)

18

12

18

12

100

100

89

100

83

94

88

>100

colo 205 1B >100

Lcolon) 12 >100 100

NC|-H522 18

(non-smallcell lunq) '12

88
g8

98

94

OVCAR-5

(ovarian)

OVCAR-3

18

12

18

>100

>100

75

>100

>100

85
(ovarian) 12 80_ 96
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The OVCAR-3 ovarian cancer cell line was the most sensitive to the enamine in vivo but it was quite

cfear enamine 20 had little in vivo activity despite its promising profile in the in vitro panel. Thus,

further xenograft assays were not carried out on this compound.

The increased P388 activity of enamine 20 over 1-deaza enamine analogue 19 is interesting given

that deaza-enamine precursor, benzo[2,3]cleistopholine (16) is as antileukemic as aza-enamine

precursor 10. Thus it would appear that the increase is not just due to pyrido[2,3-b]acridine-5,12-

dione being a more appropriate chromophore for DNA intercalation, However the increase of P388

activity of enamine 20 over precursor 10 may be explained by the incorporation of a reactive side

chain. The enamine functionality may either; (a) hydrolyze to the corresponding aldehyde or (b)

protonate to give a reactive species; more readily under cellular conditions than the other analogues.

Both of these processes generate a species receptive to nucleophilic attack (e.9. Nucleophile = DNA

in Mechanism 2).

Mechanism 2. Reactivity of Enamine 20

------------>

Nucleophile
(Nu)

rnH"
Nucleophilic

and electrophilic
activation

ELECTROPHILIC
MECHANISMS

(enamine attacks
electrophile, E,
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22



The former hypothesis is supported by Christiansen's observations on the rates of hydrolysis of the

various enamines where enamine 20 was the fastest to hydrolyze.2s Furthermore all the synthetic

work utilizing enamines has shown enamine 20 to be the least stable enamine. Due to this instability

it is unlikely that enamine 20 is acting as a nucleophile at the p-carbon in typical enamine fashion.

Due to the interesting biology outlined above, Christiansen conducted a structure-activity study on

related aromatic alkaloidal enamines but was unable to find another enamine that could match the

antileukemic (P388) or broad spectrum antimicrobial activity of enamine 20.28

2.1.4 Preparation of 1 1 -Substituted Pyridoacridiones

Previous work carried out on the synthesis of

benzo[4,5]sampangine (7, see Scheme 3) had produced an

improved alternative to the dimethylformamide dialkyl acetal

procedure for forming ring E.s This new route involved preparation of a saturated analogue of the

enamine 11-[2'-(dimethylamino)vinyl]benz[b]acridine-S,12-dione (19, Scheme 3), 11-12'-

(dimethylamino)ethyllbenz[b]acridine-S,12-dione (25), by reaction of benzo[2,3]cleistopholine with the

preformed iminium salt, Eschenmoser's salt (H2C=NMe2l) in a Mannich reaction.s The Mannich base

25 formed from this reaction cyclized in identical conditions used for the cyclization of enamine 19,21

to give benzo[4,5]sampangine in improved yield for ring E formation {96% vs. 77o/o5 (lit.21 56%)}.

Scheme 3. Syntheses of Benzo[4,5]sampangine

(EtO)zCHNMez

DMF, 120 0C

96%

SiO2/CHCl3
_________>

85o/o

I Hrc=?rvrrrrSr

Jour, 12ooc
' 980/"

NMe2

NH4C|l
HOAc l91y"
reflux I

oNH4CI
HOAc
reflux

__________>

98o/o

More important however was the discovery that the

activity as well as moderate antitumoral activity and

Candida albicans (Table 6, pg. 28).5

87"/" ,/
/ Ntoct

,/ HOAc
/ reflux

Mannich base possessed promising antiviral

was a potent inhibitor of the fungal pathogen

I

NMe2



Aza.analogue 10 reacted. in a similar fashion to the deaza-analogue, with 1.5 equivalents of

Eschenmoser's salt in DMF al 120 oC for 30 min to give the Mannich base (26, Scheme 4) in

excellent yield (g5%) after the reaction products had been subjected to basic aqueous extraction to

remove excess Eschenmoser's salt and ensure the product was the free base. Reaction temperature

Scheme 4. Preparation of Mannich Base 26

oo
HzC=NMezl-

DMF, ZnCl2, SqoC
orDMF, 120 "C

95o/o

NMe2

could be lowered to 5b oC if an equivalent of the Lewis acid zinc chloride was added to the reaction

mixture. There are two binding sites on aromatic heterocycle 10 for the zinc ion to remove electron

density enhancing acidity of the methyl protons, as well as the potential to further activate the

preformed iminium salt by stripping the quaternized nitrogen of its prefened counter iodide ion.

Unlike the deaza-analogue, 26 degraded on silica gel column chromatography, but like the deaza-

analogue, the product would revert to starting material 10 if left in solution for extended periods. 11'

[2'-(Dimethylamino)ethyl]pyrido[2,3-b]acridine-5,12-dione (26) was isolated as an orange-brown solid

exhibiting two p-quinone absorbances (1690 and 1643 cm-t1 in the observed infrared spectrum. The

molecular mass was confirmed by electron impact mass spectrometry, with the observed base peak

corresponding to loss of HNMe2, presumably by Hoffman-type elimination across C1'and C2' (see

Mechanism 3, p9.32).

In the 1H-NMR high field region three signals were present; the -NMe2 group as a single resonance at

2.T2ppm (relative integral 6H) and two quite distorted triplets (relative integral 2H, at 3.06 and 4.09

ppm) in s fu\'gg' system (See Figure 5). Coupling pattems and chemical shift of the "triplets" were

dependent on protonation state, and sometimes appeared as a pseudo pentet because of restricted

bond rotation. Similar observations were made by Ciminiello and coworkers on an analogous system

and they suggested an anti conformation along the C1'-C2' bond after determining coupling constants

and modeling their system.30 tH-NOE experiments indicated magnetization transfer between the side

chain and H-10 (see Table 5 numbering). NOE enhancements of the H-10 resonance of 1 and 2o/o

were observed on irradiation of the -NMe2 and -CH2NMe2 resonan@s respectively. NOE

enhancements of the -CHzCH2NMe2 resonance of 1Yo were observed on irradiation of both the -NMe2

and -CH2NMe2 resonances. NOE enhancement of the -Cfl2NMe2 resonance of 1"/o was also

observed on irradiation of the -NMe2 resonance. The ttC-NMR showed three resonances

2610
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corresponding to the side chain, two {6 s6.76 (t, J = 1gg, c-2') and 26.03 (t, J = 131, c-1')} inverted in

a DEPT-135 experiment, unlike the third {6 43.44 (qd, J = 139, 4)} due to the -NMe2 functionality' A

1H-,.c heteronuclear correlation experiment (HMQC) linked proton resonanc€s at 3'06 and 4'09 ppm

to the carbon resonances 56.76 and 26.03 ppm respectively and long range correlations observed in

an HMBC experiment allowed total assignment of the 1H-NMR and 1IC-NMR spectra (Table 5)'

Figure 5. ebserued 200 MHzI H-NMR specfra for methylene protons of 26'

Encouraged by the action of the Lewis acid, zinc chloride, on the reaction temperature of the reaction

of quinone 10 with Eschenmoser's salt, an investigation into employing the conventional Mannich

reaction on this system was initiated. Earlier work invorving conventional Mannich reactions on the

benzo[2,3]creistophorine chromophore had generated severar tertiary amine derivatives exhibiting

interesting antifungar activity.3l These tertiary amines were formed by reaction of aqueous

formardehyde and a secondary amine (e.g. morphorine) with benzo[2,3]cleistopholine in ethanolic

DMF. This reaction methodology resulted in ress than 30% conversion of starting material to the

desired tertiary amine products. This was not cruciar, as the tertiary amines formed were stable to

sirica ger chromatography, therefore the amines courd be separated from the starting material by

column chromatography. Unfortunately the analogous aza tertiary amine 11'12'-

(dimethytamino)ethy|]pyrido[2,3-b]acridine.5,12-dione(26),WaSnotstab|etocolumn

chromatography. whilst solvent partition methods (aqueous acid/chloroform) could be utilized to

fractionate the starting material from the product, due to increased basicity of the Mannich base's

tertiary amine (pK, - 10) relative to the starting material's aromatic pyridine nitrogen atoms (pG - 5)'

experience had shown this to be of litfle practical value,32 although it did work for an isolated example

in an extremery row yierding process.2n consequenily methodorogy giving totar conversion of the

starting material to the tertiary amine product was required'
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Table 5. NMR data for 11-[2'-(dimethylamino)ethyl]pyrido[2,3-b]acridine-S,12-dione, 26.

Atom no. 6 13c (mult, J(Hz)) 61H (mult, J(Hz)) HMBC correlations

2

3

4

4a

5

5a

6a

7

I
I
10

10a

11

11a

12

12a

1',

z',

4'

155.70

128.19

135.87

130.07

181.23

147.31

148.95

132.26

133.30

130.88

125.66

129.25

151.96

124.87

183.16

149.69

26.03

56.76

43.44

(ddd, 182,7,3)
(dd, 167,9)

(dd, 169, 6)

(obsc)

(d,4)

(s)

(dd,9,7)

(dd, 165, 8)

(dd, 162,9)

(dd, 163, 8)

(dd, 163,7)

(m)

(m)

(obsc)

(s)

(dd, 11, 5)

(t, 131)

(t, 139)

(qd, 139,4)

(dd, 4.6, 1.8)

(dd, 7.8, 4.6)

(dd, 8.0, 1.8)

(dd,8.4,0.9)

(ddd,8.3,6.8, 1.4)

(ddd, 8.3, 6.8, 1.4)

(dd, 8.4, 0.9)

(bt,7.5)

(bt,8.4)

(s)

3,4,12a
2,4a
2,5,12a

9,10a

6a,10

7, 10a

6a,8, 11

10a, 11,11a,2'

1" 4',

2" 4',

9.12

7.75

8.68

8.38

7.91

7.83

8.57

4.09

3.06

2.72

Initial methodology involved heating zinc chloride and tetracyclic quinone 10 in DMF at 50 oC and

adding to this a solution of diethylamine hydrochloride (optimal reaction requires 2.8 equivalents) and

paraformaldehyde (optimal reaction requires 4.8 equivalents), previously mixed with heating to 65 oC,

in glacial acetic acid (overall solvent ratio DMF:HOAc, 1:1). After continued heating at 70-75 oC for

15 min an orange color indicative of product formation was observed. The reaction mixture was

subjected to basic aqueous extraclion yielding the desired product 11-12'-

(diethylamino)ethyllpyrido[2,3-b]acridine-5,12-dione (27) in excellent purity (as judged by NMR),

making purification by column chromatography unnecessary, and good in yield (80%). lf the reaction
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was carried out entirely

observed.

in glacial acetic acid at an identical temperature only starting material was

Scheme 5. Preparation of Mannich Base 27

Diethylamine Hydrochloride
P"r"f"rr"!ry"

ZnCl2lDMF IHOAc 1 :1, 70 oC

or HOAc. 110 "C

27 NEt2

However at elevated temperature (>90 oC; the reaction would proceed in only glacial acetic acid with

or without zinc chloride present in excellent purity and quantitative yield. A reaction temperature of

110 oC allowed a convenient reaction time of 20 min. lt appears zinc chloride lowers the activation

energy for the reaction in DMF or DMF based systems only and if acetic acid is the only solvent, acid

catalyzation of the Mannich reaction is the governing factor.33 lf acetic acid is present, protonation of

the heterocycle will compete with zinc ion coordination and if the zinc ion is unable to bind, due to

nitrogen protonation/quaternization, activation energy is not lowered. The reaction was also

attempted in dilute hydrochloric acid but due to poor solubility of the tetracyclic quinone in this media

no reaction was observed. Thus, diethylamine 27 was typically prepared in glacial acetic acid and,

after basic aqueous extraction, was of sufficient purity that chromatography was not necessary. The

molecular formula of the orange-brown 11-[2'-(diethylamino)ethyl]pyrido[2,3-b]acridine-S,12-dione

(27) was confirmed by mass spectrometry and like 11-[2'-(dimethylamino)ethyl]pyrido[2,3-b]acridine-

5,12-dione exhibited a base peak corresponding to a Hoffmantype elimination. NMR spectra were

similar to the dimethyl analogue for the aromatic and C2 sidechain, which facilitated total assignment

of the molecule. Like 26, methylene proton signals of the 1,2-disubstituted ethyl fragment appeared

as a AA'BB'spin system. In the 1H-NMR spectrum the diethylamine portion appeared as a quartet (J

= 7.2) at 2.76 ppm (relative integral 4H) and a triplet (J = 7.2) at 1.09 ppm (relative integral 6H).

Corresponding signals were observed in the 13C-NMR spectrum; a triplet of quartets (J = 132, 4),

which inverted in a DEPT-135 experiment, at 46.71ppm and a quartet (J = 125) at 12.40 ppm.

Aqueous formaldehyde and aqueous diethylamine (or dimethylamine) could alternatively be used in

the above methodology without yield reductions. The Mannich reaction would not proceed if any

aldehyde or ketone was substituted for paraformaldehyde in the above methodology. However

substitution of a variety of other secondary amines for diethylamine (or dimethylamine) by

Christiansen was successfully used to make a variety of analogues.2s

10
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2.1.4.1 Biology of 11-[2'-(Dialkylamlno)ethyllpyrldo[2,3-blacridine-5,12diones 26 and2T

Amines 26 and 27, like enamine 20, showed a marked increase in antileukemic in vrlro activity (P388)

over the synthetic precursor 11-methylpyrido[2,3-b]acridine-5,12-dione (10), but were an order of

magnitude less active than enamine 20 or ascididemin. Interestingly the corresponding N-ldeaza

amines 25 and 11-[2'-(diethylamino)ethyllbenzo[2,3]cleistopholine (deazadiethylamine) were

equipotent.

Table 6. Bioactivi$ screen for 11-[2'-(dialkylamino)ethyllpyrido[2,3-b]acridine-5,12{iones 26 and27

with comparative values for 11-methylpyrido[2,3-D]acridine-5,12{ione (10),4 11-12'-

(dimethylamino)ethyllbenz[b]acridine-5,12dione (25)5 and

benzo[2, 3]cleistopholine, (deazadiethylamine).3r

26 27 10 25 Deazadiethvlamine

P388 lDso (uM) 3.9 7.6 56 2.9 3.5

BSC-1, pg 0, 10 (4+,80) (4+,80) 3+,80 1+, 10 (4+,80) 1+, 10 (4+,80)

HSV, pg 2+, 10 (?, 80) (?4, g0) ?, 80 4+, 10 (?,80) 4+, 10 (?, 80)

PV1, pg 0, 10 (?,80) (?, 80) ?, g0 2+, 10 (?, 80) ?, 10 (?, 80)

B. subfi/is, pg 9,120 10,120 10,120 11, 120 6, 120

E. coli, pg 5,120 8,120 0. 120 6, 120 0,120

P. aeruginosa, pg 0, 120 n.t.b o,120 0,120 0, 120

C. albicans, pg 2.120 1,120 1, 120 18, 120 18,120

T. mentagrophyfes, pg 7,120 15,120 0, 120 0. 120 22,120

C. resinae, pg 0, 120 n.t. 6, 120 1, 120 1, 120

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activig

was detectable.
o n.t.: Not tested.

The reduction in P38B activity from enamine 20 to amine 26 may be explained by the loss of planarity

of the side chain present in the saturated system. However as the N-1-deaza analogue 25 is more

active than its corresponding deaza-enamine 19 against P388, this is probably incorrect. Therefore it

seems more likely the P388 activity trends observed for this molecular series are due to side chain

reactivity, in which the parent chromophore contributes. Unfortunately the potentially synergistic

effects of structural features reduce most attempts of rationalization, based on degree of activity, to

speculation without actual mechanism of action data. Amines 26 and 27 possessed moderate

activity, in comparison to enamine 20, against several microorganisms in zone inhibition assays. At

1 1 -[2'-(diethylamino)ethyl]-
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Bar Chart 2. NCI Mean Graphs for 11-[2:-(Dimethylamino)ethyllpyrido[2,3-b]acridine-b,12{ione,26.
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an impregnated dose of 120 pg per paper disk, both amines showed growth inhibition of the gram

positive bacterium Bacillus subfilrs (9 and 10 mm for dimethyl and diethyl amines respectively), the

gram negative bacterium Esche richia coli (5 and I mm), and fungi Candida albicans (2 and 1 mm)

and Trichophyton mentagrophytes (7 and 15 mm). The increase in activity against T'

mentagrophytes, seen when the diethyl functionality is substituted for dimethyl functionality, was also

observed for the deaza series.62 In antiviral assays, at an impregnated dose of 80 pg per paper disk,

any activity against HSV and PV1 was obscured due to the toxicity of amines 26 and 27 to the host

cell line BSC-1. However for amine 26, at a lowered loading of 10 pg per paper disk, moderate

activity vs. the DNA based HSV was observed while there was no activity vs. the RNA based PV1 or

the host BSC-1 cell line. All activity for amine 26 was removed at a dosage of 1 pg per paper disk.

Amine 26 was submitted to the NCI for evaluation against HIV-1, and, like enamine 20, no protection

was given to the host cells and amine 26 was cytotoxic to the host cell line (CEM-SS) with a Soo/a

inhibitory concentration of 2.9 pM.

The amines 26 (NSC 6g0734) and 27 (NSC 683790) were submitted to the NCI for evaluation in their

in vitro developmental therapeutics program against the 60 human tumor cell line panel. While 27

was confirmed inactive, amine 26 exhibited interesting selectivity, mainly towards multiple melanoma

cancer cell lines, but also against a wide range of other carcinomas at a reasonable level of potency

(pM, slightly more active overall than enamine 20), while exhibiting poor antileukemic activity. This

selectivity is displayed in Bar Chart 2 (previous page), which shows mean graphs for 26 over the 60

human tumor cell-lines screened. Although the displayed data proved to be poorly reproducible,

either due to the instability of 26 in solution (perhaps undergoing Hoffman elimination to form an

activated alkene, susceptible to nucleophilic attack; see Mechanism 3, pg. 32) or the commonly

observed large variations between individual screens for the same compound at the NCl. Amine 26

was eventually selected for evaluation in the in yiyo Hollow Fiber Assay in nude athymic mice. The rn

vivo data generated is displayed in Table 7.

Amine 26 exhibited some interesting in vivo antitumoral activity, namely: (1) A % T/C approaching

the, considered active, mark of 50 for the central nervous system cancer SF-295 and to a lesser

extent against the non-small cell lung cancer NCI-H522. lmportantly against SF-295 activity at a

distance (i.e. in the subcutaneous implant) was observed. (2) Some activity against a variety of

tumors with activity at a distance is some cases, most markedly against the breast cancer MDA-MB-

231. The in vivo data correlated poorly with any of the 3 sets of in vitro data. lt is difficult to draw any

conclusions when comparing the rn vivo data for enamine 20, except that maybe the dosage used for

the enamine was too low (4 times lower than that used for 26). Although not achieving a o/o FIC of 50

for any cell lines, 26 almost satisfied the criteria for further in vivo xenograft trials because of its

activity at a distance. Despite not satisfying any of the NCI's published selection criteria, 26 was



selected for further in vivo studies in the NCI's conventional subcutaneous xenograft assays and this
testing is currently in progress.

Table 7' Hollow fiber in vivo results for 11-12'-(dimethylamino)ethyllpyrido[2,3-b]acridine-5,12-dione

(26).

Cell line Dosage lc (%)

(Tumor type) (mgikgldose) Intraperitoneal subcutaneous

MDA-M8.435

(breast)

MDA-MB-231

sF-295

(cNS)

u251

75

50

75

98

>100

99

>1 00

87

>1 00
(breast) 50 >100 52

(cNS) 50

75

50

75

56

56

100

>1 00

75

54

82

7n

uAcc-62
(melanoma)

LOX IMVI

75

50

75

100

>100

85

>1 00

83

>1 00

>100

80

86

>1 00

100

98

(melanoma) 50 g7 g4

coLo 205

(colon)

sw-620

75

50

75

NCt-H23

(non-smallcell lung)

NCr-H522

96

93

91

75

50

75

>100

>100

66

OVCAR-5

(ovarian)

OVCAR-3

(ovarian)

75

50

75

50

>1 00

>1 00

81

95

89

95

>1 00

>100

As 26 exhibits activity at a distance it seems unlikely that the molecule is rapidly decaying to another

species in cellular fluids (as was earlier speculated with regard to poor reproducibility of in vitro

activity), or if it is, the resulting species has long term stability and therefore is probably not the
alkene that is generated by elimination.
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2.1.5 Alternate Ascididemin Ring E Formations

Like deaza Mannich base 25, 26 could be cyclized

cycf ization conditions in a yield of 7O% (see Scheme 6).

E using the typical enamine

Scheme 6. Mannich Base Gyclization to Ascididemin

Ammonium
chloride

-

HOAc, reflux
70Vo

This presumably proceeds via a Hoffman{ype elimination outlined in Mechanism 3 and supporting

this mechanism for ring E formation, the related Mannich base of cleistopholine undergoes facile

Hoffman-type elimination in the presence of base to yield an unstable alkene.32 However carrying out

the two reactions, that is formation of the Mannich base followed by cyclization, in one pot gave a

slightly better yield overall; two pot670/o, one pot 69% vs. Bracher's acetal route 59%.8

Mechanism 3. Ascididemin Ring E Formation from Amine 26

r.rr-r nQ

to form ring

NH4CI
-___t-
HOAc

N-y1 -HNMez ('Y^ti'*>
t-ru-\r,\Z\Z --rutWV
o *+4':,T#H:iYl" 'v) \ NH
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t z-)*,N-r,\., oxidation 
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ring closure {'ft''fr(-V\A/
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Although better yield-wise, cost-wise there is little between using Eschenmoser's salt or

dimethylformamide diethyl acetal. Use of the conventional Mannich reaction, developed earlier for

the preparation of tertiary amine 27, is a cheaper way of preparing tertiary amines like 26. Since the

diethylamine 27, like the dimethylamine analogue 26, undergoes cyclization to give ascididemin, a

cheaper method existed to form ascididemin ring E via this reaction. The conversion conceivably

Scheme 7. Ascididemin Ring E Formation Via Amine 27

(i) Diethylamine
hydrochloride
Paraformaldehyde

-----+
HOAC,110 oC

lOOo/o

(ii)Ammonium

:1_"_1q";
HOAc, reflux

-Hzo
-------------->

rn+H"

<-

10

could be done in either a one pot-two step reaction, namely reaction of 10 with paraformaldehyde and

diethylamine in glacial acetic acid in a conventional Mannich followed by the addition of ammonium

chloride (Scheme 7), or a one step compression of the above with all the reagents added together at

once.

Mechanism 4. Dimer and Trimer Formation

( l-)
-H"

€

@gN

Where o = O

CH2O
<-

10
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However the question was now asked as to whether the secondary amine was necessary i.e. why not

use only ammonium chloride and no secondary amine. Unlike a secondary amine, ammonia can

participate in multiple condensations with formaldehyde and undergo multiple Mannich reactions due

to the fact ammonia has 3 Mannich-active hydrogen atoms. (see Mechanism 4). This is possibly

irrelevant as the dimers or trimers formed from multiple Mannich reactions are probably not stable

under the reaction conditions and undergo Hoffman-type elimination (see Mechanism 3) and form

ascididemin on reaction with ammonia. In addition, as we are using the typical large excess of

ammonium chloride used in these annulations, the condensation of ammonia (or other Mannich-

active amines) with more than one formaldehyde molecule would be unlikely. Furthermore, if the

reaction is carried out in super dilute conditions, intermolecular reactions would be discouraged and

hence the formation of dimers and trimers would be unlikely over the favorable ascididemin

formation.

Scheme 8. One Pot Formation of Ascididemin

Ammonium chloride
Paraformaldehyde
.---------------

HOAc, reflux

11-Methylpyrido[2,3-b]acridine-5,12-dione (10) and 30 equivalents of ammonium chloride, which is

the same amount used in all ring E annulations via any intermediate, were stirred at 70 oC in glacial

acetic acid (optimal reaction requires 60 mL per 100 mg of 10) while paraformaldehyde (optimal

reaction requires 5 equivalents) in glacial acetic acid was added slowly followed by reflux for 30 min.

As the reaction progressed a purple coloration developed. After basic aqueous extraction and

chromatography ascididemin was obtained in 80% yield.3a This procedure was later simplified, to

adding the paraformaldehyde with the other reagents at the start of the procedure, with no

appreciable yield reduction. However reduction of the dilute conditions used would result in yield loss

as would the substitution of hexamine {(CH2)6N4)} for paraformaldehyde and ammonium chloride as

the relative ratios of paraformaldehyde and ammonium chloride are no longer correct. The reaction

had several advantages over both Bracher's acetal route and the secondary or primary amine route;

it was cheap, convenient, gave improved yields {80% vs. 59% (acetal)s and 69% (secondary amine)}

and was moisture insensitive. The reaction was successfully used to prepare the large amounts of

ascididemin requested by the NCI for in vivo evaluation.

610
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The mechanism by which this reaction was proceeding was not easy to specify. Whether dimers and

trimers were forming (Mechanism 4) and producing ascididemin via Hoffman-like elimination as

proposed for the secondary amine cyclization (Mechanism 3) was debatable as the mono-Mannich

product could cyclize as is outlined in Mechanism 5 (Route A). The potential also existed either for a

6n -+ 4n electrocyclic ring closure (or a non-concerted electron flow procedure giving the same

result) as outlined in Mechanism 5 (Route B). Supporting this later supposition, the simplest Mannich

iminium ion, N-methyleneamine, used in the Mechanisms 4 and 5 (Route A) is very difficult to form

and is hence rarely used in synthesis. Indeed it is only known to exist in the gas phase and has to be

Mechanism 5. Proposed Mechanisms for the One Pot Reaction

NHaCI€
HOAc

----------J>

NHz
Route B

NrY
(o
)- 10

cHz{-Hzo

-NHs
--_--+

Deprotonation,
hydrolysis and

oxidation

generated by flash vacuum thermolysis.3s Furthermore, similar Route B{ike ring forming reactions,

albeit intermolecular, had been used extensively by Mellor and co-workers to generate

tetrahydroquinolines.36'37 Thus the more likely pathway (Route B) consisted of condensation of

formaldehyde onto a primary amine, that is generated from the readily formed iminium ion on the

quinoid position, followed by cyclization. After deprotonation, aromatization (which will occur

spontaneously at this temperature; see Scheme 18, pg. 48, and associated text discussing the 1H-
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NMR for 5,6-dihydrobenzo[4,5]sampangine) and hydrolysis of the imine (upon aqueous reaction
processing) the prodUct, ascididemin, is formed.

This new one pot reaction had genuine potential depending on.whether it could be used on other

heterocyclic substrates (see Section 2.1.6), or with other aldehydes, rather than (para)formaldehyde,

to generate 6-substituted ascididemin analogues, thus providing an entry point into ring E

functionalization (see Section 2.2.4.1).

2.1.5.1 Biology of Ascididemin

Table 8. Bioactivity screen for ascididemin (6)a with comparative values for 11-methylpyrido[2,3-

blacridine-S,1 2-dione (10),4 1 1 -[2'-(dimethylamino)vinyl]pyrido[2,3-b]acridine-S, 1 2-dione (20) and 1 1 -

[2'-(dimethylamino

Ascididemin possessed promising biology against a variety of microorganisms in zone inhibition

assays. At an impregnated dose of 120 pg per paper disk, ascididemin showed zones of growth

inhibition of 10 mm or above for the gram positive bacterium Bacillus subfifis, the gram negative

bacterium Escherichia co//, and fungi Candida albicans and C/adisp orium resinae. At a lower

impregnated dose of 20 pg per paper disk, ascididemin showed zones of growth inhibition of 10 mm

or above for Bacillus subf/rs and Escherichia coli, while all antifungal activity was lost. ln antiviral

assays, at an impregnated dose of 80 pg or 10 pg per paper disk, any activity against HSV and pVl

was obscured due to the toxicity of ascididemin to the host cell line BSc-1.

,3-blacridine-S,'1 2-dione (26).

6 10 20 26
P388 lD56 fuM) 0.4 56 0.4 3.9
BSC-1, pg 1+, 10 (4+, 80) 3+, 80 1+, 10 (2+, 80) 0, 10 (4+, 80)
HSV, pg ?4, 10 ?, 80 4+, 10 (4+,80) 2+, 10 (?, go)

PV1, pg ?, 10 ?, go 4+, 10 (4+,90) 0, 10 (?,80)

Bacillus subfi/ls, pg 14, 120 (10, 20) 10, 120 12, 120 9, 120

Escherichia coli, pg 10, 120 (10, 20) 0,120 12, 120 5,120
Pseudomonas aeruginosa, pg 0,120 0,120 0, 120 0. 120
Candida a/bicans, pg I',,, 120 (0, 20) 1, 120 10, 120 2,120

a t clgp tt Vto n m e n ta g ro phyfes, pg 0, 120 0, 120 15,12Q 7, 120
Cladisporium resinae, pg 10, 120 6, 120 '|.0,120 0,120
" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity
was detectable.
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Bar Chart 3. NCI Mean Graphs for Ascididemin, 6.

-
Oz
6

i{
s
el

a

=a

t

.!

t:
l=

I

I

i

t I a f t t ; | 3 c I B: r c rtr?tll Ititi.ri{.1{ ii:$;iitit;tr iri:?:i iil *tititiiir! tttra lEt:..i i i.j i.,

'.
d

3
E

a

t

c

o
F
I

Fo

,z

tgEi--;;e

tr!!.tltrt F::BF3':{tr.riira

I

*

ia.J

i)

.J

-
EE
='-
9=
-98
?>
t

o

q,

et
L)
a
c
cz

3

i Ii*itikiiiE;: jlEEEiiji*Ei:1ii-iiigi : l*il:ii:;i j*1,i5:i,,,

Summary:

ptM (Log range)

Gl50

4.2 (3.?)

TGI

0.e (2.4)

37

LCs0

s.4 (2.5)



In insect antifeedant trials, ascididemin did not deter the feeding of maggots but significantly

decreased the growth rate of the maggots.63 A variety of ecologically relevant activities against

parasites and predators were observed for ascididemin but these will be discussed in Chapter 4.

We had previousty shown ascididemin to be cytotoxic to a range of in vitro tumor cell lines.a As the

mechanism of action of ascididemin appeared to be that of a cleavable complex stabilizer of

topoisomerase llcr, like the anticancer agents mitoxantrone and etoposide, ascididemin was

submitted to the NCI for evaluation in their in vitro developmental therapeutics program. Ascididemin

(NSC 675670) was broadly active towards the melanoma and central nervous system cancer cell line

panels, while selectively active for multiple non-small cell lung, colon and breast cancer cell lines.

Table 9. Hollow fiber rn vivo results for ascididemin, 6.

Cell line

(Tumor type)

Dosage

(mg/kg/dose)

lc (%)

Intraperitoneal Subcutaneous

MDA-MB-435

(breast)

MDA-MB-231

sF-295

(cNS)

u251

12

8

12

30

26

40

22

60

49

61

94

77

77

76

>100

51

>100

10

80

87

100

B1

>100

-61

75

66

29

83

75

>1 00

44

88

>1 00

(breast) B 94 >1oo

12

8

12

(cNS) 8 72 96

uAcc-62
(melanoma)

LOX IMVI

12

I
12

79

74

97

(melanoma) B 98 78

colo 205

(colon)

sw-620

NCt-H23

(non-small cell lung)

NCI-H522

OVCAR-5

(ovarian)

OVCAR-3

12

I
12

(colon) s ag sg

12

I
12

(non-smallcell lunq) 8 >100 >100

12

8

12

>1 00

>1 00

76

(ovarian) 8 64 60

3B



The least activity was observed against the leukemia cell line panel and some breast cancer cell
lines. This selective activity gave rise to encouraging mean graphs over the 60 human tumor cell-
lines screened (Bar Chart 3). The level of potency, like enamine 20 and Mannich base 26, was in the
prM range. The NCI was understandably interested in conducting preliminary in vivo hollow flber
evaluation for ascididemin, the results for which are displayed in Table g.

Ascididemin, at an identical dosage to enamine 20, was cytotoxic to numerous cancerous cell lines in
vivo, unlike enamine 20. Again, there seemed little correlation with the in vitro data. The data for
ascididemin exemplify just how critical correct dosage is in the hollow fiber in yryo assay, where
numerous cell lines showed significant activity at 12 mgtkg/dose but this was totally lost at the lower
dosage of 8 mg/kg/dose. This reiterates that potentially incorrect dosing was used for enamine 20.
Like Mannich base 26, ascididemin exhibited cytotoxicity to the central nervous system cancer cell
line SF-295' Overall, ascididemin exhibited significant activity in 5 intraperitoneal cell lines and 3
subcutaneous cell lines (activity at a distance from drug delivery). Only one, the central nervous

Table 10. Early stage subcutaneous tumor model xenograft in vivo results for ascididemin, 6.

Cell line

(Tumor type)

Dosage

(mg/kgidose)

Dose schedule

Intraperitoneal

% Weight loss

(dav)

%rlC (day)

Subcutaneous

MDA-M8.435

(breast)

MDA-MB-231

(breast)

u251

(cNs)

LOX IMVI

(melanoma)

OVCAR-3

(ovarian)

HCT-116

(colon)

20.0

13.4

9.0

20.0

13.4

20.0

13.4

12.0

20.0

13.4

12.0

Q4Dx3, day 13 none

Q4Dx3, day 13

Q4Dx3, day 13

Q4Dx3, day 13

Q4Dx3, day 13

Q4Dx3, day 14

Q4Dx3, day 14

Q4Dx3, day 6

QDx5, day I

o.2 (22)

5.4 (43)

7.7 (22)

8.4 (22).

6.7 (1e)

2.2 (1e)

2.'t (11)

13.1 (20r
3.e (20)

e6 (26)

e0 (26)

101 (26)

85 (33)

74 (22)

e3 (40)

71 (43)

7e (1 5)

e7 (15)

72 (21)

76 (21)

e4 (23)

s8 (27)

9.0 Q4Dx3. dav 13 1.1 (16) 105 (33)

9.0 Q4Dx3. dav 14 0.7 (19) 72 (40)

QDxS, day 8 none
g eDxb, day g 2.1 (12',)

5.4 QDxS. day I none 104 (19)

Q4Dx3, day 6 none

9.0 e4Dx3. dav 6 none 82 (28)

8 QDxS, day 9
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system cancer U251 cell line showed significant activity in both the intraperitoneal and subcutaneous

fibers. ln this same cell line, ascididemin showed promising activity at a distance (i.e. subcutaneous

culture; % T/C -61). Based on this impressive set of hollow fiber data the NCI went ahead with

xenograft trials.

In the NCI's Early Stage Subcutaneous Tumor Model ascididemin was tested against 6 implanted

tumors. The procedure used for ascididemin in this assay comprises of the implantation of human

tumor fragments subcutaneously into athymic nude mice and intraperitoneal treatment with

ascididemin at various dosages over a dose schedule. The schedules are listed in compressed form

in Table 10, which displays the results for these experiments. For example "Q4Dx3, day 13" means

the mice were treated every 4 days for a total of 3 treatments with the first treatment given on day 13

after tumor fragment implantation. (QD corresponds to everyday treatment.) A percentage weight

loss of 1e-11o/o is considered a maximally tolerated dose and indeed two drug-related deaths were

observed around these levels.

Ascididemin, despite its promising hollow fiber data, was thus inactive in xenograft evaluation,

although a maximally tolerated dose was achieved only against one cell line, namely HCT-116. The

large discrepancies between the results observed in the two types of in vivo systems utilized may be

due to ascididemin's inability to exert action at a distance as seen in the xenograft assays where the

drug delivery site is remote from the tumor location. tt is also worth noting the target cells are also of

a greater mass in the xenograft model and that the dose, route and schedule parameters were not

optimized for the xenograft studies. While disappointed at ascididemin's lack of activity in this study,

we were still interested in optimizing what activity was seen for ascididemin by structural elaboration.

2.1.6 Ring E Formation on Related Substrates

The first alternate substrate subjected to the new paraformaldehyde/ammonium chloride one pot ring

E forming reaction was the deazaanalogue benzo[2,3]cleistopholine 16 (Scheme 9).38 As the

Scheme 9. One Pot Formation of Benzo[4,5]sampangine

Ammonium chloride
P"r"f"rt"ld"hyj"

HOAc, reflux
99%

716

40



reaction progressed the coloration progressed from a brown to dark green. After basic aqueous

extraction and chromatography, benzo[4,5]sampangine, 7, was isolated as the only product in gg%

yield (vs. 96% and 77o/os (lit.21 56%) for the secondary amine and acetal routes respectively).

The reaction also was effective on substrates that would not form ring E via the dimethylformamide

diethyl acetal route. Hansen found thio-analogue 4-phenylthiobenzo[de][3,6]phenanthrolin-6(6Fr)-

one, 31, was unable to be prepared using the acetal method as the precursor 32 was unstable in

DMF systems or even in the presence of the acetal in chloroform/dioxane solvent mixture.G The

secondary amine route, using preformed iminium salt to form an intermediate tertiary Mannich base

in dioxane/chloroform, followed by cyclization worked, but only gave a 4% yield.6 Using the new ring

forming reaction, at a lower temperature of 94 oC and shorter reaction time of 5 min, the new ring

forming reaction gave the desired product 4-phenylthiobenzo[de][3,6]phenanthrolin-6(6H)-one (31) in

83% yield (Scheme 10). Because of the limitations of the existing methodology, Hansen was unable

to generate enough of iminoquinone 31 to record 13C-NMR and eomplete total NMR assignment of

the molecule. The new reaction allowed easy generation of large quantities of material and the NMR

characterization was completed (see Table 1 1).

Scheme 10. One Pot Formation of 4-Phenylthiobenzo[de][3,6]phenanthrolin-6(6ft]-one

Ammonium chloride
Paraformaldehyde

----------->

HOAc,94 oC

83%

The 1H-NMR spectrum of 31 included a singlet resonance at 6.29 ppm, which was linked by an 1H-

ttC heteronuclear correlation experiment (HMOC) to a carbon resonating at 124.94 (d, J = 168),

characteristic of the ortho quinoid position 5. The thiophenyl group appeared as two multiplets in the

'H-NMR spectrum, with a multiplet at7.67 ppm (relative integral 2) due to H-2'and protons 3'and 4'

displaying similar chemical shift, appearing as a multiplet at 7.53 ppm (relative integral 3).

Assignment of carbons 2', 3' (which appeared at double intensity in the ttC-NMR spectrum) and 4',

was made on interpretation of HMQC and HMBC heteronuclear correlation experiments; with H-2'

showing long range correlations to C-4' (130.64 ppm, dm, J = 163) and its own carbon resonance

(confirmed by observed tJ"11 in HMQC, C-2'; 136.06 ppm, ddd, J = 166, 7, 5) due to the symmetry of

the ring system, H-3'showed long range correlations to C-1'(127.89 ppm, m) and its own carbon

resonance (confirmed by observed tJ"H in HMQC, C-3'; 130.34 ppm, dt, J = 163, 6) due to the
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symmetry of the ring system and finally H-4' exhibited a long range correlation to C-2'. The assigned

NMR data was in good agreement with those reported by Kashman for isosampangine (35, Figure 6'

pg.43).3s

Table 1 1 . NMR data for 4-phenylthiobenzo[de][3,6]phenanthrolin-6(6H)-one, 31-

Atom no. b 13c (mult, J(Hz)) (mult, J(Hz)) HMBC correlations61H

1 117.39

2 148.24

3a 149.48

3b 1 16.30

4 160.49

5 124.94

6 180.27

6a 146.59

7a 145.93

I 133.11

I 131.81

10 130.58

11 122.86

11a 122.83

1 1b 136.98

l', 127.89

2' 136.06

3' 130.34

4', 130.64

(dd, 165,8)
(dd,183,1)

(t, 10)

(d,7)

(d,3)

(d, 168)

(s)

(d, 6)

(m)

(dd, 165,7)

(dd, 162,9)

(dd, 163,9)

(dd, 160,8)

(m)

(obsc)

(m)

8.49 (d, 5.7)

9.05 (d, 5.7)

3b,2, 11a

3a,1,11b

(ddd, 166,7,5) 7.67 (m)

(dt, 163,6) 7.53 (m)

(dm, 163) 7.53 (m)

6.29 (s) 3a,4,6a

8.57 (dd, 8.3, 1.7) 11a,10

7 .97 (ddd, 8.4, 7 .0, 1.4') 11,7a

7.90 (ddd, 8.3, 7 .1 , 1.4) 1 1a, 8

8.61 (dd,8.0, 1.4) 11b,9,7a

2',4'
1" 3'

2',

4-phenylthiobenzo[de][3,6]phenanthrolin-6(6H)-one, 31, displayed unimpressive biology in numerous

assays and was less active than its precursor 32 against the P388 leukemia cell-line.6

The ability to generate this compound easily was important as it opened up the possibility of Diels-

Alder reactions on ring A of isosampangine (35) forming novel ascididemin ring A analogues (see



Figure 6). Potentially ring A ascididemin analogues could be prepared by such a reaction on either

the sulfide, sulfoxide or sulphone (Figure 6). Earlier attempts, by Hansen, to carry out Diels-Alder

reactions on precursors of type 33 had been unsuccessful.o As this current reaction facilitated

formation of substituted isosampangines, Appleton was able to investigate Diels-Alder reactions, on

these isosampangine synthons, to potentially form ascididemin ring A analogues. However Appleton

was unable to achieve any reactions on the substrates of type 34, even after oxidation(s) at sulfur.ao
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Figure 6. Cycloaddition approaches to ring A ascididemin analogues.

Using this new one pot annulation methodology Pearce was able to convert kuanoniamine A

precursor 36 into kuanoniamine A (37) in 80% yield (Scheme 11)."'ta Although earlier reports had

found the acetal route to work well in synthesis of ring E of kuanoniamine A (47o/o2o), Pearce had

found the chemistry described to be poorly reproducible.22

Scheme 11. One Pot Formation of Kuanoniamine A

Ammonium chloride
Paraformaldehyde
_---------------

HOAc, reflux
80%

,S\
N

36 37
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Attempted conversion of cleistopholine 17 (see Scheme 12), to sampangine 14 was unsuccessful

despite numerous attempts with varying conditions. This reaction was especially attractive, as both

17 and '14 are both terrestrial plant natural products, the reaction may mimic a potential

bioconversion. The reaction probably does not proceed due to the lower acidity of cleistopholine's

methyl protons. The lower acidity is due to the absence of benzoid ring D, present in other

analogues, which is able to participate in carbanion stabilization, both by resonance and inductive

effects. This lower acidity is reflected in the observation that, unlike benzo[2,3]cleistopholine (16) and

11-methylpyrido[2,3-b]acridine-S,12-dione (10), cleistopholine requires added base to react with

Eschenmoser's salt.2e

Scheme 12. Attempted One Pot Formation of Sampangine

Ammonium chloride

Trf_"_T?q:ry3"
HOAc, reflux

When the reaction would not occur using the normal 30 equivalents of ammonium chloride and 5

equivalents of paraformaldehyde in varying amounts of glacial acetic acid at reflux, sodium acetate

was added to decrease the acidity of the reaction mix. This was unsuccessful as was switching to

the more basic ammonium acetate instead of ammonium chloride. The use of toluene, DMF or

DMF/HOAc or propionoic acid solvent systems, to alter acidity or increase boiling point providing

more activation energy was unsuccessful as was the addition of the Lewis acids zinc chloride, silver

nitrate and boron trifluoride diethyl etherate. Other added bases such as potassium hydroxide,

triethylamine and even using pyridine as the reaction solvent were also unsuccessful. Carrying out

the reaction in more acidic conditions, trifluoroacetic acid in DMF or the strongly dehydrating Eaton's

reagental (PzOs in methane sulfonic acid) in acetic acid, was also unsuccessful. After some 20

different trials it became apparent this annulation reaction was unsuitable for this system.

An attempt to use the ring forming reaction on a heterocycle containing a secondary amine (38,

Scheme 13) did not yield any 4-phenylaminobenzo[de][3,6]phenanthrolin-6(6H)-one (39), presumably

due to participation of the secondary amine in a competing Mannich reaction. lf the dimeric species,

shown in Scheme 13, is indeed preferentially formed, it is hard to see why the dimer would not

1417
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undergo Hoffman-type elimination (regenerating the secondary amine), followed by ammonia attack
to give the desired product (see Mechanism 3).

Scheme 13. Attempted Formation of 4-Phenylaminobenzo[de][3,6tphenanthrolin-6(6ffl-one

fi
H

Ammonium chloride
Paraformaldehvde__>< .i

HOAc. 85'C

lndeed this "back up" pathway is the reason it was predicted this particutar reaction would work. A
potential explanation, as to why the desired reaction did not occur, is that if an iminium ion did form

on the secondary amine (likely), it would be (too) highly activated. An activated methyl is unlikely to

be a suitable nucleophile at elevated temperature for this N,N-diphenylmethyleneammonium ion-

equivalent, because the electrophilicity of the iminium ion has increased around 320 times relative to

the N,N-dimethylmethyleneammonium ion (replacement with one phenyl increases electrophilicity

158 times)42 which reacts well with these activated methyl sites at 110 oC. That is, the nucleophile

and electrophile are ill matched at such energetic temperatures.

2.1.7 Quaternization of N-7 of Ascididemin

We had previously shown that elimination of N-7 from ascididemin resulted in the loss of the ability to

inhibit topoisomerase llcr by cleavable complex stabilization and had postulated this may be due to

the reduced affinity for metal ions when this nitrogen is not present.a As blocking the 1,10-

phenanthroline coordination site of ascididemin may help to confirm this, synthetic attempts had been

made to block this region by methylation without success.62 Therefore, the reaction of primary

amines in the Mannich reaction was investigated as a potential technique to btock this coordination

site. The initial products would be capable of generating N-7 quaternized/substituted ascididemin

analogues on cyclization, either via a monomeric species and cyclization (Scheme 14), or a dimeric



species followed by Hoffman elimination and subsequent attack of the alkene by methylamine and

cyclization (Scheme 1 5).

Scheme 14. N-7-Methylascididemin Formation, Route A

Methylamine Hydrochloride
Paraformaldehyde

----------------
HOAc, reflux

I

28 *'NMe

Scheme 15. N-7-Methylascididemin Formation, Route B

Methylamine Hydrochloride
Paraformaldehyde
----------------

HOAc. reflux

Via Hoffman elimination,
imine formation and

subsequent nucleoPhilic
attack and aromatisation, i.e.

Using 5 equivalents of paraformaldehyde (as in the diethylamine Mannich reaction) and 30

equivalents of methylamine hydrochloride (the amount of ammonium chloride used in all ring E

annulations), somewhat confusingly, the only confirmable reaction product in this low yielding reaction

was ascididemin (<10%). Therefore an unlikely N-dealkylation must have occurred (Scheme 16).

presumably the driving force for the dealkylation reaction is the conjugationiaromatization of the

system. lt is worth noting that the reaction conditions, aldehyde/amine/acetic acid/reflux, create a

strongly reductive environment (see Section 2.2.4.1.4), and that reduction is one of the more

common techniques used to effect N-dealkylations.a3

The dimeric species 29 was itself an interesting molecule and the production of it may have aided in

determining mechanistic aspects. Therefore an attempt was made to produce dimer 29, using an

10

10

N
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equivalent of methylamine hydrochloride to 2 equivalents of dione 10 and paraformaldehyde. The

isolated products of this reaction were starting material and a small amount of ascididemin (< 5%).

Scheme 16. Potential Demethylation Pathways

----------------

-MeOH
oxidation

#

-MeOH------+

Hoffrnan
elimination,

oxidation

o

(28)
I

,!Nrr,te (6)

t *o*"n
lelimination

o

+

ln accordance with the above observations, other attempts to quaternize N-7 on the model system

benzo[4,5]sampangine 7, also failed in a similar fashion:

When 11-formylmethyl-benzo[2,3]cleistopholine, 24, was reacted with 5 equivalents of methylamine

hydrochloride in DMF, benzo[4,5]sampangine, 7, was the only product, rather than N-7-methyl

benzo[4,5]sampangine (Scheme 17). In this reaction the conditions could not be described as

reductive hence favorable aromatization/conjugation of the system must be promoting the N-

demethylation in this case.

Reductive amination on the same model system, 24, using sodium borohydride generated no N-

methylated species. The separable products observed were, mainly, 5,6-

dihydrobenzo[4,5]sampangine (30, Scheme 18), and a smaller amount of benzo[4,5]sampangine

(Scheme 18). Even the fact the reaction was carried out in methanol to attempt to entropically

diminish the ease of methanol loss, if this was indeed occurring, failed to prevent aromatization, in the

case of benzo[4,5]sampangine, or conjugation, in the case of 5,6-dihydrobenzo[4,5]sampangine, by
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N-demethylation. When the mixture of 5,6-dihydrobenzo[4,5]sampangine and benzo[4,5]sampangine

was left in CDCI3 in an NMR tube for 24 h the amount of the dihydro species decreased and the

Scheme 17. Unexpected Formation of Benzo[4,5]sampangine

Methylamine
Hydrochloride

.------.--------
DMF,105 0C ---------->

(24)

unsaturated species increased showing that oxidization/aromatization occurs readily in solution. The

two species could be separated by chromatography, but this was complicated by the fact the dihydo

species was continually oxidizing. lt is usual to see chemical shift changes associated with changes

Scheme 18. Reductive Amination/Demethylation

(i) Methylamine hydrochloride
(5 equiv.), MeOH,35oC.

+
(ii) Sodium borohydride

(30 equiv.), MeOH, r.t.

A 5,6 = benzo[4,5]sampangine (7)
dihydro 5,6 = 5,6-dihydrobenzo[4,5J-

-samPangine (30)

in NMR sample concentration for these molecules, where aromatic stacking of the molecules

presumably varies with concentration. The 1H-NMR spectrum for 5,6-dihydrobenzo[4,5]sampangine

was generally quite variable with the resonances due to the saturated portion of the molecule

Hzgra"n:Jl

N

\
2



appearing as either distorted triplets or multiplets. Large changes in chemical shifts in the tH-NMR

spectrum for the purified dihydro species vs. the 'H-NMR spectrum for the mixture reinforced the

importance of aromatic stacking on the observed chemical shifts for these molecules, where

presumably the dihydro analogue stacks poorly with itself but more favorably with the planar

benzo[4,S]sampangine.

Scheme 19. Reductive Amination/Demethylation Pathways

(i)Aniline
(4 equiv.)--+
DMF, 57 OC

(ii) Sodium
borohydride

DMF, O 
OC

<-

Consistently, reductive amination of 24 with aniline gave almost exclusively 5,6-

dihydrobenzo[4,5]sampangine, which when subjected to slow elution column chromatography, in

chloroform on silica gel, gave only benzo[4,5]sampangine (Scheme 19). Similar reductive amination

using ammonium chloride and sodium borohydride in DMF/MeOH, also gave 5,6-

dihydrobenzo[4,5]sampangine which aromatized on silica gel column chromatography. This was

predictable, as in this example N-dealkylation would not have to occur.

An attempt to gain an entry point to 5-substituted ascididemins by radical bromination of the model

system 5,6-dihydrobenzo[4,5]sampangine predictably failed yielding only benzo[4,S]sampangine and

other unidentifiable species.

(30)
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Summary of Section2.l; Synthesis and Biology of Ascididemin

. Investigation into Bracher's synthesis of ascididemin lead to the isolation of enamine 20 which

possessed a wide range of biological activities including in vitro antitumoral activity. Enamine 20

was however disappointing inactive in hollow fiber in vivo assessment at the NCl. A crystal

structure of the precursoral quinone 10 indicates these tetracyclic heterocycles have a high

degree of planarity suggesting intercalation as a possible mechanism of action.

. Using quinone 10, a saturated analogue of enamine 20 was prepared and this tertiary amine (26)

possessed weak hollow fiber in vivo antitumoral activity against 4 cell lines. Based on this activity

continued in vivo studies at the NCl, using the more conventional subcutaneous xenograft

assays, will be performed in due course. Preparation of tertiary amine 27 , an analogue of tertiary

amine 26 that possessed a more bulky amine group, lead to a substantial decrease in in vitro

antitumoral activity.

. Two new higher-yielding techniques for the conversion of quinone 10 to ascididemin (6) were

developed. The superior techniqueto was a one-step reaction that was trivial to perform, high

yielding, cost efficient and could also be used in pyridine ring annulations on other chromophores

such as kuanoniamine A.22'3a

. Ascididemin (6) was found to possess promising hollow fiber in vivo antitumoral activity. Despite

this, ascididemin was poorly active in a xenograft early stage subcutaneous tumor model study

and it would therefore appear ascididemin is incapable of antitumoral activity when the compound

is delivered at a site remote from the tumor implant.
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Experimental for Work Described in Sectlon 2.1

General Experimental Details

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. All spectra were obtained using DEI or FAB, using perfluorokerosene as the

internal standard.

Melting points were recorded on a Reichert-Kofler block and are uncorrected.

Ultraviolet-visible spectra were recorded on a Varian DMS 100 UVA/isible spectrometer.

Infrared spectra were recorded on a Perkin Elmer 1600 series FTIR spectrometer, with the 1603

cm'1 absorption band of polystyrene being used as the reference.

NMR spectra were recorded on either a Bruker AC200 spectrometer operating at 200 MHz and

50 MHz for 1H and 13C nuclei respectively or on a Bruker DRX400 spectrometer operating at 400

MHz and 100 MHz for 1H and 13C nuclei respectively. Chemical shifts are expressed in parts per

million (ppm) relative to the residual non-deuterated solvent in 1H-NMR, and to deuterated solvent

in 13C-NMR, and are quoted as position (6), relative integral, multiplicity (s, singlet; d, doublet; t,

triplet; q, quartet, p, pentet; m, multiplet), coupling constant (J, Hz), and assignment. t'C-NMR

multiplicities were determined by DEPT 90/135 and gated decoupling experiments. XHCORR

(tH-"C), NOE, COSY and NOESY experiments were recorded on a Bruker AC200. HMBC,

HMQC, gradient HMBC (gHMBC), gHMQC gHSQC, gCOSY and NOESY experiments were

recorded on a Bruker DRX400. Assignments are based on 1 and 2-dimensional experiments and

analogue comparisons.

Preparative scale chromatography was achieved by; 1) pressurized, "flash" column

chromatography on either Kieselgel 60 0.063-0.200 (Merck) mesh or preparedoa reverse phase

(C18) using the same quoted gel; 2) column chromatography on Sedaphex LH20; 3) preparative

thin layer chromatography (PLC) on 2 mm plates of Kiesegel 60 PFzs+*goo (Merck); 4)

semipreparative C18 reverse phase HPLC was performed on a Waters 600 HPLC photodiode

array system with aqueous TFA (0.05%)/MeOH solvent mixtures on an Alltech 10 micron econosil

column (10 x 250 mm). When referring to "flash" column chromatography solvent systems in

synthetic procedures, these are the conditions at which the relevant compound elutes-the column

was set in hexane, the compound added to the head of the column in a little chlorinated solvent,

and taken through to the listed solvent system via the appropriate chlorinated solvent.

Analytical reverse phase HPLC was run on a Waters 600 HPLC photodiode array system using a

C18 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 was taken from a thermometer touching
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the bottom of the pyrex bath.

. All solvents used were analytical grade (AR) and/or were purified according to standard

procedures. Chemical reagents used in this research were either purchased from standard

chemical suppliers or prepared according to literature procedures and purified to match the

reported physical and spectral data.

Quinoline-5,8-dione (21 )

Was prepared following the procedures outlined by Pratt and Drake,26 with 21 being

further purified by flash column chromatography (silica gel, chloroform) to give a tan

powder after solvent removal (45% from 8-hydroxyquinoline). Dione 21 was stored

sealed under refrigeration with minor decomposition (darkening) over time'

fR: r,n"r(smear) 1666, 1600, 1581, 1562, 1419,1310, 1249, 1192,1158, 1120, 1077,

1023,798, 684 cm-1;

'HNMR(200MHz,CDC|3) 6=B.gg(dd,J=4.7,1.7,H-2),8.36(dd,J=7.9,1.7,H-4),7.66(dd,J=

7 .9, 4.7, H-3), 7.10 (d, J = 10.4, H-6 or H-7), 7.00 (d, J = 10.4, H-6 or H-7);

t3c NMR (50 MHz, cDct3) 6 = 183.65 (c-s), 182.35 (c-8), 103.85 (c-2), 146.45 (c-8a), 138.28 (c-6

or C-7), 137.19 (C-6 or C-7), 133.67 (C-4), 128.24 (C-4a), 127 .21 (C-3).

6-(2'-Acetylanilino)qui noline-S,8-dione (22)

A mixture of quinoline-5,8-dione (2.24 g, 14'08 mmol), 2'-

aminoacetophenone (21O g, 15.53 mmol), and cerium trichloride

heptahydrate (2.60 g, 6.99 mmol) in absolute ethanol (35 mL) was allowed

to stand at ambient temperature while a steady stream of air was

continuously bubbled into the reaction mixture for 24 h. The dark blood red

precipitate was filtered and washed with a small amount of ice-cold ethanol. The product was further

purified by flash column chromatography (silica gel) initially eluting with dichloromethane to remove

unreacted 2'-aminoacetophenone, followed by dichloromethane/methanol (9:1) to yield 6-(2'-

acetylanilino)quinoline-5,8-dione (3.07 g, 75o/o), mp 225-230 oC 
1lit.8 224-228).

fR: vrur(smear) 1673,1653,1618,1593,1579,1539, 1454,1359,1329,1305, 1255,1095' 986,861,

836,786,746 cm-1;

UV (CH3OH): I,", (log e) 201 nm (4.29),231 (4.43),270 (4.25),473 (3.83);

1H NMn (400 MHz, CDCI3) 6 = 11 .gZ(1H, bs, NH),9.02 (1H, dd, J= 4.6, 1.6,H-2),8.47 (1H, dd, J=

7.8,1.6, H-4),7.96 (1H, d, J =7.9, H-3'),7.63 (1H, d, J =7.9, H-6'),7'62(1H, dd, J=7'8,4'6, H-3),

7.58 (1H, t, J =7.8, H-5'),7.19 (1H, t, J =7.8, H-4'),6.90 (1H, s, H-7),2'68 (3H' s, CH3);

13c NMR (100 MHz, cDct3) 5 = 201 .49 (c(o)cHs), 1 82.70 (c-5 or c-8), 1 81 .47 (C-5 or c-8), 155.10

(C-2), 148.44 (C-8a), 143.59 (C-1'), 139.81 (C-6), 134.70 (C-4 or C-5'), 134.24 (C-4 or C-5'), 132'38

(C-3'), 127.53 (C-4a), 126.73 (C-3), 125.71 (C-2'), 123.36 (C-4'), 120J2 (C-6'), 107.00 (C-7)' 28'47



(CHs).

1 1 -Methylpyrido[2,3-b]acridine-5,1 2-dione (1 0]

To a cold stirred suspension of 6-(2'-acetylanilino)quinoline-s,g-dione (2.00

g, 6.87 mmol) in glacial acetic acid (100 mL), was slowly added concd

sulfuric acid (10 mL). The reaction mixture was heated under reflux for 10

min, cooled and poured onto ice-water (500 mL). The mixture was made

basic with aqueous potassium hydroxide (10%), extracted with

dichloromethane (3 x 150 mL), washed with brine which had been made basic with aqueous
potassium hydroxide (10%), dried with magnesium sulfate and the solvent removed under reduced

pressure to yield a tan solid. Purification by flash column chromatography (silica gel,

dichloromethanelmethanol/triethylamine g0:10:1) yielded a tan solid, after solvent removal, indicative

of the free base of 11-methylpyrido[2,3-b]acridine-5,12-dione (1.69 g, gO%). Crystals were

occasionally obtained by recrystallization from dichloromethane/methanol or dichloromethane/ethanol

(4:1) mp (decomp.) 247-2SzoC 1tit.8 240-248).

fR: u'"* (smear) 2987, 1687, 1611, 1583, 1s62,1s40, 1491, 142s,1365, 1927, 11267, 1212,11g,|,
1098, 1077, 1006, 951, g4g, 766, 744,706, 663 cm-1;

UV (CH3OH): 1,"* (log e) 205 nm (4.32),235 (4.49),293 (4.40), 377 (3.23):
tH NMR (200 MHz, cDO3) E = 9.16 (1H, dd, J = 4.6, Lg, H-2), g.73 (1H, dd, J = g.0, 1.g, H-4), g.45

(1H, dd, J= 8.5,0.9, H-10),8.38 (dd, J= 8.5,0.9, H-7),7.93 (1H, ddd, J= 9.3,6.9, 1.4,H-g),7.7g
(1H, ddd, J = 8.3, 6.9, 1.4 H-9), 7.77 (1H, dd, J = 7 .g,4.6, H-3), 3.32 (3H, s, CHg);
13c NMR (100 MHz, cDcr3) 6 = 183.33 (s), 181.7g (d, J = 4, c-s), 15s.64 (ddd, J = 183, 8,4, c-z),

152.72 (dd, J= 6,3, c-11), 150.16 (t, J= 5, c-12a), 14B.sB (t, J= g, c-6a), 14T.so (s, c-Sa), 13s.zs
(dd, J = 170,6, c-4), 132.75 (dd, J= 1G3,9, c-8), 132.30 (dd, J= 165,7,c-T),130.02 (d,J =7,c-
4a), 125.53 (dd, J = 161, 8, c-10), 129.8s (dd, J = 163, 9, c-9), 129.g0 (m, c-10a),127.9r (dd, J =
167, 9, C-3), 1 25.49 (m, C-1 1a), 16.67 (q, J = 130, CH3).

1 1 -[2'-(Dimethylamino)vinyl]pyrido[2,3-b]acridine-5,1 2-dione (20)

11-Methylpyrido[2,3-b]acridine-5,12-dione (200 mg, 0.23 mmol),

dimethylformamide diethyl acetal (0.37 mL, 2.16 mmot) and DMF (4 mL),

was heated to 120 oc under nitrogen for t h. The reaction mixture was

allowed to cool and the solvent and unreacted dimethylformamide diethyl

acetal was removed under reduced pressure to yield a blood red residue,

1 1-[2 -(dimethylamino)vinyl]pyrido[2,3-b]acridine-S,1 2-dione (229 mg, 9S%).

UV and lR spectra and mp have been recorded for this compound by Christiansen.2s

MS: DEI m/z (To) 329 (M+,40), 314 (15), 286 (M+ -CHgN=CH,,40),2g5 (M+ -NMez, 100), 2SS (10),

229 (1O),216 (15), 167 (15), 149 (40), 57 (35), 44 (M+ - *NMe2 95). Anal. (exact mass, HREIMS)

NMe2



calcd. for C2gH15N sO2 m/z 329.1164, found 329.1157;
tH NMR (400 MHz, CDCI3) 6 = 9.00 (1H, dd, J = 4.G,1.7,H-2),8.53 (1H, dd, J =7.9,1.7, H-4), 8.13

(1H, d, J = 8.7, H-10), 8.11 (1H, d, J = 8.7,H-7),7.62 (1H, t, J =7.6, H-8),7.59 (1H, dd, J =7'9,4'6,

H-3), 7.50 (1H, d, J = 12.9, H-1'), 7.3S (1H, t, J = 7 .6, H-9), 7'15 (1H, d, J = 12.9, H-2'), 3'08 (6H, s,

NMez);

t3c NMR (100 MHz, cDcl3) 6 = 182.72 (d, J= 3, C-5), 181.70 (C-5), 155.22 (d, J= 163, C- 2'),

155.06 (ddd, J = 182,7 , g, C-2), 153.71 (s, C-1 1), 150.37 (dd, J = 1 1 , 5, C-12a), 148.73 (t, J = 8, C-

6a), 148.15 (s, C-5a), 135.05 (dd, J= 169,6, C-4), 131.61 (dd, J = 162,9, C-8), 130.88 (dd, J= 165,

8, C-7), 129.02 (d, J= 7,C-4a), 128.82 (dd, J= 163,8, C-10), 127.2Q (dd, J= 163,8, C-9), 127.20

(m, c-10a), 126.86 (dd, J = 167,9, C-3), 118.34 (s, C-11a),94.36 (d, J = 159, C-1',),41.10 (br,

NMe2).

1 1 -[2' -(Di methylamino)ethyt]pyrido[2,3-b]acridine'5,1 2'dione (24)

11-Methylpyrido[2,3-b]acridine-5,12-dione (249 mg, 0.91 mmol),

Eschenmoser's salt (246 mg, 1.33 mmol) and DMF (6 mL), were heated to

120 oC under nitrogen for 30 min. The orange/brown reaction mixture was

cooled, poured onto ice-water (100 mL) and the resulting mixture made

basic with aqueous potassium hydroxide (1Oo/o), extracted with

dichloromethane (3 x 50 mL), washed with brine which had been made

basic with a few drops of aqueous potassium hydroxide (10%), dried with magnesium sulfate and the

solvent removed under reduced pressure to yield an orange brown residue, 11-12'-

(dimethylamino)ethyllpyrido[2,3-b]acridine-S,12-dione (285 mg, 95%), mp 158-159 oC.

Efemental Anal. calcd. for c2eH17N3o2oQ,/5cH2cl2: c, 63.08; H,4.72: N, 10.64%. Found: c' 63.44;

H, 4.75; N, 10.78%;

MS: DEI m/z (%) 331 (M+, 15), 287 (M+ -NMe2 , 25), 286 (M+ -HNMe2, 100), 285 (80), 274 (25), 257

(20),246 (10),229 (15). Anal. (exact mass, HREIMS) calcd. for C29H17N3O2m/z 331.1321, found

331 .1 31 7;

lR: vn,"* (smear) 3060, 2955, 2919, 2861,1690, 1643, 1614,1584, 1502, 1467,1414, 1373, 1331,

1267, 1220, 1102, 1067, 997, 967, 767, 732,697 cm-1;

An UV spectrum has been recorded for this compound by Christiansen2u;

1H NMR (400 MHz, CDCI3) 5 = 9.12 (1H, dd, J = 4.6, 1.8, H-2), 8.68 (1H, dd, J = 8.0, 1.8, H-4), 8.57

(1H, dd, J = 8.4,0.9, H-10),8.38 (1H, dd, J = 8.4,0.9, H-7),7.91 (1H, ddd, J = 8.3,6.8, 1'4, H-8),

7.83 (1H, ddd, J = 8.3, 6.8, 1.4 H-9), 7.75 (1H, dd, J =7.8,4.6, H-3), 4.09 (2H, bt, J = 7.5, H-1'), 3.06

(2H, bt, J = 8.4, H-2'),2.72 (6H, s, NMe2);

"C NMR (100 MHz, CDCI3) 6 = 183.1G (0, s, C-12), 181 .23 (0, d, J = 4, C-5), 155.70 (1, ddd, J =

182,7,3, C-2), 151.96 (0, m, C-11), 149.69 (0, dd, J = 11,5, C-12a), 148.95 (0, dd, J = 9, 7, C-6a),

147.31(0, s, C-5a), 135.87 (1, dd, J= 169,6, C-4), 133.30 (1, dd, J = 162,9, C-8), 132.26 (1, dd, J =



165, 8, c-7),130.88 (1, dd, J = 163, 8, c-9), 130.07 (0, obsc, c-4a), izg.zs (0, m, c-10a), r2gJg (1,

dd,J=167,9,C-3), 125.66(1,dd,J=163,7,C-10), 124.87 (0,obsc,C-11a),56.76 (2,t,J=139,C-
2'), 43.44 (3, qd, J = 139, 4, NMe2) 26.03 (2, t, J = 131 , C-1').

1 1 -[2'-(Diethylamino]ethyll pyrido[2,3-b]acridine-5, 1 2-dione (27)

Diethylamine hydrochloride (108 m9,0.99 mmol), paraformaldehyde (48 mg,

1.71 mmol) and glacial acetic acid (2 mL), were heated to 70 oC for S min.

11-Methylpyrido[2,3-b]acridine-5,12-dione (98 mg, 0.36 mmol) was then

added to the reaction mixture and the resulting mixture was heated for 20

min at 110 oC. The orange/brown reaction mixture was cooled, poured onto

ice-water (50 mL) and the resulting mixture made basic with concd liquid

ammonia and extracted with dichloromethane (3 x 30 mL). The orange brown dichloromethane

extract was washed with water/concd liquid ammonia (4:1, 100 mL x 3), then brine (which had been

made basic with a few drops of concd liquid ammonia, 50 mL x 3), dried with magnesium sulfate and

the solvent removed under reduced pressure to yield an orange brown residue, 11-t2'-

(diethylamino)ethyllpyrido[2, 3-b]acridine-S, 1 2-dione (1 27 mg, 99%).

MS: DEf m/z (o/o) 359 (M+, 2O),288 (30), 287 (M+ -NEt2, 65), 286 (M+ -HNEt2, 100), 285 (60), 274

(70), 257 (20), 246 (25), 229 (20), 216 (30), 190, (20). Anal. (exact mass, HREIMS) calcd. for

C22H21N3O2 ffi/z 359.1634, found 359.1625;

fR: vr"* (smear) 3065, 2984, 1690, '1639, 1608, 1580, 1562, 1503, 1462, 1402, 1375, 1334, 1270,

1211,1102,1065, 1024,1001, 965, 769, 732,714 cm'l:

An UV spectrum was recorded by Christiansen2s;
1H NutR (400 MHz, cDcl3) 6 = 9.0g (1H, dd, J = 4.6,1.7,H-2), s.64 (1H, dd, J =7.g,1.7, H4), g.3s

(1H, dd, J= 8.3, 1.0, H-10),8.32 (1H, dd, J= 8.3, 1.0, H-7),7.85 (1H, ddd, J=8.2,7.1,1.2, H-8),

7.73(1H, ddd, J=8.2,7.1,1.2 H-9),7.71 (1H, dd, J=7.9,4.6, H-3),3.90 (2H, bt, J= 7.5, H-1'),2.88

(2H, bt, J = 8.4, H-2'), 2.76 (4H,9, J = 7.2, N(CH2CH3)z), 1.09 (6H, t, J = 7.2, N(CHzCttg)z);
ttc NMR (100 MHz, cDcl3) 6 = 1g2.76 (0, s, c-12), 1g1.bs (0, d, J= 3, c-s), 1ss.5g (1, ddd, J=
183,7,4,C-2),154.74 (0,obsc,C-11), 149.93(0,dd, J=11,5,C-12a),148.74 (0,dd,J=10,6,C-
6a), 147.52 (0, s, C-Sa), 135.63 (1, dd, J= 169,6, C-4), 132.66 (1, dd, J= 163,9, C-8), 132.38 (1,

dd, J = 166, 8, C-7),129.97 (1, dd, J = 162,8, C-9), 129.86 (0, d, J = 6, C-4a), 129.32 (0, m, C-10a),

127.83 (1,dd,J=168,9,C-3), 125.17 (1,dd,J=161,7,C-10), 124.95 (0,t,J=2,C-11a),52.94(2,

tm, J= 135, C-2'), 46.71 (2, tq, J= 132,4, N(CH2CHa)z),26.75 (2,t, J= 132, C-1'), 12.40 (3, q, J=
125, N(CHzQHs)z).
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Ascididemin, (9H-quino[4,3,2-de][1, 1 0] phenanthrolin'9'one, 6)

A; One Pot Procedure via 11-[2'-(Dimethylamino)vinyl]pyrido[2,3-

btacridine-S,12-dione (20) rn sifu;8

11-Methylpyrido[2,3-b]acridine-5,12-dione (200 mg, 0-73 mmol),

dimethylformamide diethyl acetal (0.37 mL, 2.16 mmol) and DMF (4 mL),

were heated to 120 oC under nitrogen for t h. The blood red reaction

mixture was allowed to cool and ammonium chloride (0.83 g, 15.23 mmol) and glacial acetic acid (8

mL) were added followed by continued heating at reflux for t h. After cooling, the dark reaction

mixture was poured onto water/ice, made basic with concd liquid ammonia and extracted with

chloroform until no more yellow coloration was observed in the organic layer. The combined organic

extract was washed with water/concd liquid ammonia (4:1, 2OO mL x 3), then brine (200 mL), dried

with magnesium sulfate and the solvent removed under reduced pressure. The yellow/brown residue

was purified by flash column chromatography (silica gel, 5% methanol in chloroform), to yield a yellow

amorphous powder, ascididemin (122 mg, 59%) identical in all respects with the lit. data.2

B; One Pot Procedure yia 11-[2'-(Dimethylamino)ethyl]pyrido[2,3-b]acridine'5,12'dione (26) in

situi

11-Methylpyrido[2,3-b]acridine-5,12-dione (755 mg, 2.76 mmol), Eschenmoser's salt (765 mg' 4.13

mmol) and DMF (13 mL), was heated to 120 oC under nitrogen for 30 min. The orangeibrown

reaction mixture was allowed to cool, and ammonium chloride (2.90 g, 53.2 mmol) and glacial acetic

acid (41 mL) were added followed by continued heating at reflux for 30 min. The reaction mixture

was processed as in procedure A to give ascididemin (541 mg, 69%) identical in all respects with the

lit. data.2

G; One Pot Procedure3a

A mixture of the 11-methylpyrido[2,3-b]acridine-5,12-dione (110 mg, 0.40 mmol), ammonium chloride

(654 mg, 12.0 mmol) and paraformaldehyde (56 mg, 2.00 mmol) in glacial acetic acid (60 mL) was

heated at reflux under nitrogen for 30 min. The dark purple reaction mixture was processed as in

procedure A (above) to give ascididemin (91 mg, 80%) identical in all respects with the lit. data.2

MS: DEI m/z(To) 283 (M+,95),255 (M+ -CO, 1OO),254 (M+ -HCO,4O),228 (M+ -CO -HCN, 10),

201 (10), 200 (10);

lR: vr", (smear) 1677,1643, 1597, 1581, 1409, 1491,1342,1263,1091, 1070, 1020,807,761, 736,

720 cm'li

UV (CH3OH): I,"* (log e) 200 nm (4.48), 222 (4.48),247 (4-58)' 374 (3.94);

'H NMn (400 MHz, CDCI3) 5 = 9.32 (1H, d, J = 5],H-6),9.22 (1H, dd, J = 4.6,1.8, H-9), 8.84 (1H,

dd, J= 7.g,L8, H-1 1),8.74 (1H, dd, J=8.2,1.3, H-4),8'68 (1H, dd, J=8.2,1'3, H-1),8'60 (1H, d, J

= 5.7, H-5), 8.06 (1H, ddd, J = 8.3, 7.0,1.3, H-2), 7.99 (1H, ddd, J = 8.3, 7.A,1.3, H-3), 7'71 (1H, dd,



J =7.9,4.7, H-10). With addedzinc chloride, H-6 and H-9 coalesce to an extremely broad single

resonance and H-5 and H-10 loose their multiplicities.;
ttc NMR (100 MHz, cDct3) 6 = 181.78 (c-12), 1ss.ss (c-9), 152.36 (c-7b), 149.78 (c-6), 149.72

(C-7a), 145.95 (C-12a), 145.70 (C-13a), 137.98 (C-4b), 136.60 (C-11), 133.14 (C-1), 131.88 (C-Z),

130.85 (C-3), 129.O1 (C-11a), 125.62 (C-10), 123.45 (C-4a), 122.92 (C-4), 118.00 (C-12b), 116.S4

(c-5).

Benzo[4,S]sampangine, (8-deaza-ascididemin or 9H-Benzo[flnaphtho[1,23-inl2,7]naphthyridin-

9-one,7)

A mixture of the 11-methylbenz [b]acridine-5,12-dione (16, 110 m9,0.40 mmol), ammonium chloride

(654 mg, 12.0 mmol) and paraformaldehyde (56 mg, 2.00 mmol) in glacial acetic acid (60mL) was

heated at reflux under nitrogen for 30 min. The dark green reaction mixture was allowed to cool,

poured onto water/ice, made basic with concd liquid ammonia and extracted with chloroform until no

more yellow coloration was observed in the organic layer. The combined organic extract was washed

with water/concd liquid ammonia (4:1, 100 mL x 3), then brine (100 mL), dried with magnesium

sulfate and the solvent removed under reduced pressure. The yellow/brown residue was purified by

flash column chromatography (silica gel, 5% hexane in chloroform), to yield a yellow amorphous

powder which was recrystallized from chloroform/hexanes, to yield a yellow crystalline solid (1 13 mg,

99%), benzo[4,5]sampangine, identical in all respects with the lit. data.z1

4-Phenylth iobenzo[de] [3,6]phenanthrolin-6(6ffl -one (31 )

2-Phenylthio-9-methyl-1,4-acridione (29, 33 ffig, 0.10 mmol) and

ammonium chloride (380 mg, 7.10 mmol) in glacial acetic acid (10 mL)

was stirred at 100 oC. Paraformaldehyde (24 mg,0.8 mmol) in glacial

acetic acid (10 mL) was added and heating continued at g4 oC for 5

min under nitrogen. The dark purple reaction mixture was cooled,

poured onto water/ice, made basic with concd liquid ammonia and extracted with chloroform until no

more yellow coloration was observed in the organic layer. The combined organic extract was washed

with water/concd liquid ammonia (4:1,3 times), then brine (100 mL), dried with magnesium sulfate

and the solvent removed under reduced pressure. The yellow/orange residue was purified by flash

column chromatography (silica gel, chloroform), to yield a yellow amorphous powder 4-

phenylthiobenzo[de][3,6]phenanthrolin-6(6H)-one (28 mg, 83%) and starting material (3 mg).

Mass, infrared and ultravioleVvisible spectra have been recorded by Hansen.6

'H NtvtR (400 MHz, cDcl3) 6 = 9.0s (1H, d, J = s.T, H-2), 8.61 (1H, dd, J = g.0, 1.4, H-11), g.57 (1H,

dd, J = 8.3, 1.7, H-8), 8.49 (1H, d, J = 5.7,H-1),,7.97 (1H, ddd, J = 8.4,7.0,1.4, H-9), 7.90 (1H, ddd,

J = 8.3, 7.1,1.4, H-10), 7.67 (2H, m, H-2'), 7.53 (3H, m, H-3'and H-4'), 6.29 (1H, s, H-5);

'3c NMR (100 MHz, cDcr3) 6 = 19e.27 (s, c-6), 160,49 (d, J - 3, c-4), i4g.4g (t, J = 10, c-3a),

6hvA,
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148,24 (dd" J = 183, 1 , C-2), 146,59 (d, J = 6, GGa), 145,93 (m, C-7a), 136.98 (obsc, C-1 1b), 136.06

(ddd,J=166,7,5,e-2'), 133.11 (dd,J=165,7,C-8), 131"81 (dd,J=162,9,C€), 130,64(dm,J=

163,, C-4'), 1.30.58 (dd, J = 1 63, 9, C-1 0), 1 30.34 (dL .l = 1 6,3, 6, C-3'), 127 .89 (m, e-l '), 124'94 (d, J

= 168, C-,5),',1i22.86 (dd, J= 160,8, C-11),122.83 (m, C-11e), 117.39 (dd, J= 165,8, C-1), 116.30

(d,J=7,Ggb).
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Appendix 1. X-ray Diffraction Methods and Data for 11-Methylpyrido[2,3-
blacridine-5,1 2-dione (1 0)

Accurate intensity data were collected on a Siemens SMART CCD diffractometer using graphite

monochromated Mo-Ka radiation. Unit cell parameters were determined by automated matrix

determination. Data were collected over a [hemisphere/sphere] of reciprocal space and were

corrected for Lorentz and polarization effects by empirical absorption correction (SADABS program

(Siemens Area Detector ABSorption correction).

Structure solution was by direct methods/super-sharp Patterson and difference Fourier methods.

Refinement was by full-matrix least-squares on F2 with scattering curves taken from the lnternational

Tables for Crystallography. Non-hydrogen atoms were allowed to refine anisotropically. Hydrogen

atoms were located either by difference map or included in calculated positions. Hydrogen positions

were at fixed lengths with the temperature factor riding on that of the atom to which they were bonded

(1.5 times for methyl hydrogens, 1.2 times for all others).

Programs used for structure solution were SHELXS-86 (G. M. Sheldrick, University of Gottingen,

1986), XS (Siemens SHELXTL package, 1995), SHELXS-97 (G. M. Sheldrick University of Gottingen,

1997), SHELXL-93 (G. M. Sheldrick University of Gottingen, 1993), XL (Siemens SHELXTL package,

1995) or SHELXL-97 (G. M. Sheldrick University of Gottingen, 1997), and were run on a Silicon

Graphics INDY work station. Diagrams were produced by the XP program (Siemens SHELXTL

package,1995).
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Crystal data and structure refinement for 11-me lacricline-5,

Empirical formula c17 H10 N2 02

Formula weight 274.27

Temperature 2e3(2) K

Wavelength 0.71073 A

Crvstal system Orthorhombic

Space group Pe.a2t

Unit cell dimensions

a 25.7526(17) A

b 4.234S(3) A

c 11.2e66(7) A

alpha g0'

beta 90'
gamma 90"

Volume 1231.s7(1q A3

z 4

Density (calculated) 1.47g gcm-3

Absorption coefficient 0.099 mm-1

F(000) 568

Crystal size 0.94 x 0.18 x 0.18 mm

Theta ranqe for data collection 1.58 to 26.40 "

lndex ranges

0<h<32
0<k<5
-14 <t < 12

Reflections collected 6391

Reflections observed [>2o(l)] 2074

I ndependent reflections 2353 [R(int) = 0.0568]

Max. and min. transmission 0.9823 and 0.9124

Refinement method Full-matrix least-squares on F2

Data lrestraints / parameters 2353111191

Final R indices [>2o(l)] Rr=0.0614,wR2=0.1468

R indices (all data) Rr = 0.0711, wR2 = 0.1541

Goodness-of-fit on F2 1.179

Weighting Scheme calc w = 1lloz(Fo21 + lo.oooae;2 +

0.3024P1 where P=(Fo2 + 2F"113

Absolute structure parameter 1(2)

Largest diff. peak and hole 0.168 and -0.179 e.A-3

2-dione (10)
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Atomic coordinates and equivalent isotropic displacement parameters for 11-methylpyrido[2,3-

blacridine-S,12-dione (10). U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X v z U(eq)

o(1) 0.7130(1) 0.6981(e) 0.4425(3) 0.0e6(1)

o(2) 0.51 13(1) 0.4280(8) 0.4741(3) 0.081(1)

N(1) 0.6515(1) 0.9051(8) 0.2711(3) 0.060(1)

N(6) 0.573e(1) 0.1530(6) 0.6318(2) 0.045(1)

c(1') 0.7403(1) 0.3342(10) 0.6310(4) 0.062(1)

c(2) 0.6186(2) 1.0080(10) 0.1877(3) 0.067(1)

c(3) 0.5662(2) 0.e404(10) 0.1850(3) 0.064(1)

c(4A) 0.5784(1) 0.654s(8) 0.3634(3) 0.047(1)

c(4) 0.5454(1) 0.7631(8) 0.273s(3) 0.056(1)

c(5A) 0.5950(1) 0.3357(8) 0.5512(3) 0.043(1)

c(5) 0.5573(1) 0.4687(8) 0.4640(3) 0.050(1)

c(6A) 0.6053(1) 0.0325(8) 0.7172(3) 0.043(1)

c(7) 0.5821(1) -0.1610(8) 0.8036(3) 0.051(1)

c(8) 0.6108(1) -0.2867(e) 0.8e28(3) 0.058(1)

c(e) 0.6643(1) -0.2215(9) 0.8es5(3) 0.05e(1)

c(10A) 0.6597(1) 0.0e31(8) 0,7217(3) 0.044(1)

c(10) 0,6881(1) -0.03e2(8) 0.8172(3) 0.053(1)

c(11A) 0.64e3(1) 0.4071(8) 0.5455(3) 0.043(1)

c(1 1) 0.6822(1) 0.2828(7) 0.6312(3) 0.04s(1)

c(124) 0.6307(1) 0.72e6(8) 0.3568(3) 0.047(1)

c(12) 0.6686(1) 0.613e(8) 0.4488(3) 0.04e(1)
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Bond lengths I A ] for 11-methylpyrido[2,3-b]acridine-5,12-dione (10).

Bond Angles [ " ] for 1 1 -methylpyrido[2,3-b]acridine-5,12-dione (10)'

o(1)-c(12) 1.1ee(4) o(2)-c(5) 1.203(4)

N(1)-C(124) 1.333(4) N(1)-c(2) 1.33e(5)

N(6)-c(5A) 1 .313(4) N(6)-c(6A) 1.35e(4)

c(1')-c(1 1) 1 .513(4) c(2)-c(3) 1.37e(6)

c(3)-c(4) 1.361(6) c(4A)-C(12A) 1.385(4)

c(4A)-c(4) 1.402(5) c(4A)-c(5) 1.486(5)

c(sA)-C(11A) 1.433(4) c(sA)-c(5) 1.4e3(4)

c(6A)-c(7) 1.408(4) c(6A)-c(1oA) 1.425(4)

c(7)-c(8) 1.360(5) c(8)-c(e) 1.406(5)

c(e)-c(10) 1.355(5) c(10A)-c(10) 1.418(4)

c(10A)-c(11) 1.424(5) c(1 1A)-C(11) 1.s8e(4)

c(11A)-C(12) 1.486(4) c(12A)-C(12) 1.50e(4)

c(12A)-N(1)-C(2) 116.0(3) c(sA)-N(6)-c(6A) 117.8(2)

N(1)-c(2)-c(3) 124.5(4) c(4)-c(3)-c(2) 1 18.e(3)

c(1zA)-c(4A)-c(4) 118.4(3) c(12A)-c(4A)-c(5) 121.2(3)

c(4)-c(4A)-c(5) 120.4(3) c(3)-c(4)-c(4A) 1 18.3(3)

N(6)-c(5A)-C(11A) 124.0(3) N(6)-c(5A)-c(5) 114.2(2)

c(11A)-C(sA)-c(5) 121.7(3) o(2)-c(5)-c(4A) 120.6(3)

o(2)-c(5)-c(54) 121.6(3) c(4A)-c(5)-c(5A) 117.8(2)

N(6)-c(6A)-c(7) 117.2(2) N(6)-c(6A)-c(1oA) 122.e(3)

c(7)-c(6A)-C(10A) 1 1e.e(3) c(8)-c(7)-c(6A) 120.6(3)

c(7)-c(8)-c(e) 119.8(3) c(10)-c(s)-c(8) 121.2(3)

c(10)-c(1oA)-c(1 1) 124.0(3) c(10)-c(10A)-c(6A) 117.5(3)

c(1 1 )-c(10A)-C(6A) 1 18.5(3) c(e)-c(10)-c(1oA) 121.0(3)

c(1 1)-c(1 1A)-C(sA) 1 1e.o(3) c(11)-C(1 1A)-C(12) 122.1(2)

c(sA)-C(11A)-C(12) 118.9(3) c(1 1A)-C(1 1 )-c(10A) 117.7(2)

c(1 1A)-C(1 1)-C(1') 123.2(3) c(1oA)-c(1 1)-C(1') 11e.0(3)

N(1)-c(12A)-c(4A) 123.e(3) N(1)-c(12A)-c(12) 114.e(3)

c(4A)-c(1 2A)-c(12) 121.2(3) o(1)-c(12)-c(1 1A) 122.5(3)

o(1 )-c(1 2)-c(124) 118.7(3) c(1 1A)-c(1 2)-c(12A) 118.7(?)
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Anisotropic displacement parameters 1A2; for '11-methylpyrido[2,3-b]acridine-S,12-dione (10).

The anisotropic displacement factor exponent takes the form: -2 n' lh2a*2 Ul 1 + ... + 2 h k a* b* lJ12

1

u11 u22 u33 u23 u13 u12

o(1) 0.036(1) 0.155(3) 0.0e6(2) 0.052(2) -0.008(1) -0.023(2)

o(2) 0.033(1) 0.12e(3) 0.080(2) 0.024(2) -0.01 1(1) -0.013(1)

N(1) 0.053(2) 0.076(2) 0.050(2) -0.002(2) 0.004(1) -0.001(1)

N(6) 0.030(1) 0.055(2) 0.051(2) -0.010(1) 0.000(1) -0.005(1)

c(1') 0.033(2) 0.083(2) 0.068(2) 0.003(2) -0.005(2) -0.003(2)

c(2) 0.067(2) 0.081(3) 0.052(2) 0.000(2) 0.001(2) 0.006(2)

c(3) 0.067(2) 0.07s(3) 0.051(2) -0.003(2) -0.012(2) 0.010(2)

c(4A) 0.038(1) 0.0s3(2) 0.050(2) -0.014(2) -0.003(1) 0.004(1)

c(4) 0.045(2) 0.064(2) 0.05e(2) -0.006(2) -0.012(2) 0.002(2)

c(sA) 0.031(1) 0.04e(2) 0.04e(2) -0.013(1) 0.000(1) -0.001(1)

c(5) 0.032(1) 0.063(2) 0.056(2) -0.010(2) -0.00s(1) -0.004(1)

c(6A) 0.032(2) o.o4e(2) 0.047(2) -0.011(1) 0.002(1) 0.001(1)

c(7) 0.037(1) 0.058(2) 0.057(2) -0.007(2) 0.005(1) -0.002(1)

c(8) 0.051(2) 0.065(2) 0.057(2) 0.000(2) 0.008(2) 0.002(2)

c(e) 0.051(2) 0.070(2) 0.055(2) 0.001(2) -0.003(2) 0.00e(2)

c(10A) 0.033(2) 0.051(2) 0.048(2) -0.016(2) 0.001(1) 0.001(1)

c(10) 0.035(1) 0.067(2) 0.0s6(2) -0.00e(2) -0.004(1) 0.003(1)

c(11A) 0.02e(1) 0.051(2) 0.048(2) -0.014(1) 0.000(1) -0.002(1)

c(1 1) 0.02e(1) 0.053(2) 0.051(2) -0.013(2) 0.001(1) -0.001(1)

c(12A) 0.040(2) 0.053(2) 0.047(2) -0.010(1) 0.002(1) -0.001(1)

c(12) 0.033(1) 0.066(2) 0.04e(2) -0.002(2) 0.002(1) -0.002(1)
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Hydrogen coordinates and isotropic displacement parameters (A2) for 11-methylpyrido[2,3-b]acridine-
5,12-dione (10).

x v z U(eq)
H(1A) 0.7534 0.3098 0.5519 0.092
H(1'B) 0.7566 4.1821 0.6820 0.092
H(1'C) 0.7479 0.5433 0.6589 0.092
H(2A) 0.6320 1.1337 0.1276 0.080
H(3A) 0.545s 1.0147 0.1236 0.077
H(4A) 0.5101 0.7153 0.2744 0.067
H(7A) 0.5467 -0.2033 0.7996 0.061
H(8A) 0.5952 -0.4'154 0.9493 0.069
H(eA) 0.6837 -0.3048 0.9616 0.070
H(10A) 0.7235 -0.0004 0.8233 0.063
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Appendix 2. Preliminary Bioactivity Screen/Topoisomerase lla Assays

Preliminary Bioactivity Screen

The preliminary bioactivity screen consists of the following assays which are performed at the

University of Canterbury.

Antileukemic Assay

This assay determines the concentration of sample required to reduce cell growth in vitro of P388

murine leukemia cells by 50% (lDsg). That is, this assay shows the ability of the compound to inhibit

replication of this cell line.

Antivi ral/Gytotoxicity Assay

Samples were tested against a DNA virus, Herpes Simplex (HSV) and a RNA virus, Polio (PV1). The

assay is based on the BSC-1 continuous cell line of the African Green monkey kidney cells, with

these cells being infected with either HSV or PV1. An appropriate amount of the sample to be

assessed is impregnated into a paper disk which is then placed on the infected cells in a well.

Antiviral effectiveness is given as a measure of the observed antiviral zone (see below for zone

definitions). Cytotoxicity of the sample towards the host cell line BSC-1 is also noted and this, host

cell cytotoxicity, can obscure any antiviral activity.

0

+

2+

3+

4+

no antiviral or cytotoxic effect.

antiviral/cytotoxic zone 1-2 mm excess radius from disk.

antiviral/cytotoxic zone 2-4 mm excess radius from disk.

antiviral/cytotoxic zone 4-6 mm excess radius from disk.

antiviral/cytotoxic zone 6-8 mm excess radius from disk (whole well).

The data is reported as either HSV score, PV1 score or cytotoxicity followed by the sample weight

impregnated in the disk.

Antifu ngal/Antibacterial Assay

A similar procedure to the antiviral assay is followed, where here the fungusibacteria are mixed with

agar and placed in a petri dish and a paper disk impregnated with the test sample is placed on the

seeded agar and left to incubate. Results are given as the radial size of any zone of growth inhibition

in millimeters followed by the sample weight impregnated into the disk. A variety of microbes are

used in these assays; gram positive bacteria (Bacillus subf/is), gram negative bacteria (Escherichia

coli, Pseudomonas aeruginosa) and fungi (Candida albicans, Trichophyton mentagrophyfes and

Cl ad i spori u m re si n ae).



$ome of these ruierobes, notabry Candtda albioans, act as qpportunistic infections in patients
suftring from the AlDs disease. Having no immune system and shogng more resistance to
osnventionar an-tibisiics than noimar patientsi there is a need fsr rnew agents to embet $ilese
opporfunistic iffections u/hich are otearly of mortal danger to the sufferer.

Topoisomet?NiE llu Assays
Are 'performed blt Louis Bart'ows at the Universig of Utah as suflined in referene 4 (se also
rcrerence 4, Ghapter 1).
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2.2 Synthesis and Biology of Substituted Ascididemin analogues

2.2.1 Introduction

After completing his robust synthesis of ascididemin, Bracher went on to prepare 2-

bromoleptoclinidinone (8) and neocalliactine acetate (13) utilizing the same methodology but with

presubstituted starting materials.l5'17 Kubo and coworkers meanwhile had used Bracher's approach

to prepare 11-hydroxyascididemin (9) and kuanoniamine A (37).t0 As Bracher's techniques allowed

for functionalization of rings A and D, we decided to focus our efforts on ring E functionalization while

using Bracher's and Kubo's existing syntheses to make 2-bromoascididemin and 11-

hydroxyascididemin for ecological and pharmalogical studies.

Another option for the synthesis of ascididemin analogues is to introduce the desired functionality late

by direct modification of the parent chromophore. In comparing nucleophilic and electrophilic attack

on ascididemin, an electrophilic process seemed the more likely to succeed. Moreover, Kashman

and coworkers had shown ascididemin could undergo electrophilic nitration at the 1 and 3 positions in

a 3:1 ratio, however they did not separate the two compounds.la This electrophilic nitration result

was consistent on the model benzo[4,5]sampangine chromophore where nitration at the 1 position

was the major product.s However, as we had found this nitro-functionalization of

benzo[4,5]sampangine to destroy all of the useful bioactivities associated with this chromophores and

the fact 2-bromoascididemin was a natural product with antileukemic activity, we decided to look at

electrophilic bromination rather than nitration (see Section 2.2.3.1).

2.2.2 Functionalization of Ascididemin Ring A

2.2.2.1 Literature Preparations of 1 1-Substituted ascididemins

Kubo and coworkers had reported a synthesis of 11-hydroxyascididemin (9) which relied on the

cleavage of an aromatic methyl ether after preparation of 11-methoxyascididemin (40) by Bracher's

standard methodology (Figure 7;.20 Disturbingly, no yield was given for the final ether-cleavage step

and the 1H-NMR resonances for H-9 (S 7.15) and H-10 (6 8.90) were given around the wrong way,

copying a mistake Schmitz and coworkers made in 1991t'but which Schmitz and coworkers had

previously reported correctly in 1990.3 Suspicion about the relative difficulty of ether cleavage of 40

was generated by the fact Kashman and coworkers had also synthesized 11-methoxyascididemin

(Figure 8) but did not describe a cleavage to 11-hydroxyascididemin, an obvious next step to

generate the natural product.l0 As both syntheses gave similar overall yields to 11-

methoxyascididemin, we decided to incorporate the best procedures from the two syntheses. One
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disadvantage of Kubo's methodology was the cost of the starting material 6-bromo4-chloro-5,g-
dimethoxyquinoline (41, Figure 7). Furthermore it necessitated subsequent methoxide exchange,
that added another synthetic step to the sequence. We therefore decided to instead use Kashman,s
starting material 4-methoxyquinoline-5,8-quinone (42, Figure g) which is synthesized from 2,5-
dimethoxyaniline and methyl acrylate fotlowing the procedures of withopf and Lackner (scheme
20).oo

45

0

Figure 7. Retrosynthetic analysis of Kubo'ssynfhesis of 11-hydroxyascididemin (g).

As Kashman's synthesis used a biomimetic approach which was fairly cumbersome and low yielding,
we decided to use Kubo's extension of Bracher's proven techniques, with which we were familiar, to

OMe O OMe O

Br HzN._r,,\. 
o*{,

I

15

-t,"fr
"\-\2
a
NHCOCF3

0
*'*)a>
oYv
a12
NHz

40

/
\)

N

OMe

OMe O

NHCOCF3

4 Steps,
8o/o1o

Figure 8- Retrosynthetic analysis of Kashman's synfhes is of 11-methoxyascididemin.
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build up the pentacyclic alkaloid 11-methoxyascididemin with cleavage of the methyl ether as a final

step to the natural Product.

2.2.2.2 Preparati on of 1 1'Methoxyasci didem i n

4-Methoxyquinoline-b,g-quinone (42) was prepared according to the procedures outlined by Withopf

and Lackner (Schem e 20)aa with the exception of the cyclization of the carboxylic acid 43. This step

was carried out with Eaton's reagental due to poor yields associated with the difficulty of controlling

Scheme 20. Withopf and Lackner's Synthesis of 4-Methoryquinoline-5,8'quinone

OMe OMerlfi-o*^(
OMe

the exothermic nature of the literature polyphosphoric acid cyclization reaction on large scales' using

Eaton,s reagent, phosphorous pentoxide in methanesulfonic acid, ketone 44 could be synthesized in

g2o/o yield (lit.44 ppA s7o/o), and the improved yield greatly simplified the associated large scale

chromatographic Purification. Encouragingly, the subsequent acetal formation/

condensation/oxidation reaction to form 4,5,8-trimethoxyquinoline proceeded in better yield than that

quoted in the literature (63%, lit.44 36%) with the added bonus of recoverable starting material'

However the finat step, being the ceric ammonium nitrate oxidation to 4-methoxyquinoline-5,8-

quinone (42) in aqueous acetonitrile, gave poor yields, the best over some 5 experiments being 23%

(lit.44 g0%). NMR characterization of 4-methoxyquinoline-5,8-quinone (42) was consistent with that

reported.aa Thus the synthesis of the simple quinone 42 proved to be more troublesome than

anticipated. while the literature gave a 12o/o overall yield over the 6 steps, we could only get an

overall yield of 6% (best) despite improving the literature yields on several steps. This was mainly

due to the extremely poor yielding cAN oxidation in the final step and this translated to typically

starting this synthesis with 70 g of dimethoxyaniline to generate approximately 1 g of 4-

methoxyquinoline-5,8-quinone.

OR OMe
HoAc, L I

t"#b- "1-.Q
H oMe

KOH, r- R=Me

,J{?%*L R = H,43

PPA,
-________>
950C 57%

HC(OMe)3,
p-TSA,
MeOH,_________+

reflux, 36%

/trt
MeCN,

r.t., B0%
OMe OttlZY\tilil=r-Y

o
42
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OMe O OMe O

Scheme 21. Preparation of the Key Intermediate, Quinone 45

H2N..',-\
+ll I

(i)
+

(ii)

15

(i) CeCl3.7HzO,C,2, EIOH, 16 h,65%

(ii) H2SO4, HOAc, reflux, 10 min, 70%

The next step in our synthesis of 11-methoxyascididemin was the preparation of the key intermediate,

quinone 45. 6-(2'-Acetylanilino)-4-methoxyquinoline-5,8-quinone (46) was formed in 65% yield by

cerium directed amination of quinone 42 with o-aminoacetophenone in ethanol at room temperature.
1H and ttc NMR spectra confirmed formation of the diaryl amine 46. Quinone 45 was then prepared

by acid cyclization of the diaryl amine 46 in 70% yield. The reaction proceeded in 10:1 glacial acetic

acid/concd sulfuric acid at 70 oC over 30 min. High resolution mass spectroscopy confirmed the

molecular ion of quinone 45 and NMR assignment was facilitated by comparison to de-methoxy

analogue 10 (see Table 12, pg. 71). Assignments were consistent with NOE, XHCORR and

heteronuclear gated decoupling experiments. The 1H-NMR spectrum is simplified in comparison to

de-methoxy analogue 10, with a pair of doublets due to the two remaining ring A protons (J = 5.7 Hz),

four aromatic signals due to ring D and two shielded single resonances, each of relative integral 3H.

The doublet of H-10 could be distinguished from that of H-7 by an observed NOE from the C-1'

methyl protons. ln the "C-NMR spectrum C-4 resonated at 6 166.21 (s) as would be expected for a

p-methoxypyridine and the methyl ether appears as a quartet at 6 56.88 (J = 147 Hz).

The assembly of ring E was first tried using Kubo and coworker's acetal condensation route.2o As

these authors only gave a temperature and time with the reagents molar ratios not specified it was

assumed the reagents were used in similar ratio's to those used by Bracher. The first time the

reaction was performed using the literature procedure reaction temperatures and times, 1H-NMR of

the crude product indicated the majority of the material was in fact 11-hydroxyascididemin (9), with a

little 11-methoxyascididemin. As this potentially cut a step out of the synthesis of 11-

hydroxyascididemin this looked promising. The material was submitted to column chromatography

using Schmitz and coworker's purification conditions (silica gel chloroform/methanol)13 but the

compound stuck fast to the solid support and would not elute even with DMSO and could not be

extracted off the silica with aqueous base.

OMe O
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Table 12 NMR data for 4-methoxy-11-methylpyrido[2,3-b]acridine-5,12-dione, 45 and 11-

methylpyrido[2, 3-b]acridine-5, 1 2-dione, 1 0.

45: R = OMe

10:R=H

6 13c 10 (mult, J(Hz)) 5 13c 45 (mult, 6 1H to (mult, J(Hz)) 6 1H 45 (mult,

J(Hz))J(Hz))

2

3

4

4a

5

5a

6a

7

8

155.64 (ddd, 183,8,4)
127.87 (dd, 167, 9)

135.75 (dd, 170, 6)

130.02 (d,7)

181.78 (d,4)

147.50 (s)

148.58 (t,8)

132.30 (dd, 165,7)

132.75 (dd, 163,9)

129.85 (dd, 163, 9)

125.53 (dd, 161,8)

129.80 (m)

155.78 (d, 182)

110.79 (dd, 165, 9)

166.21 (s)

120.36 (d,4)

181.02 (s)"

148,70 (s)

151.65 (m)

132.13 (dd, 166, 6)

132.53 (dd, 164, 8)

129.40 (dd, 164, 9)

125.42 (dd, 161, 7)

129.43 (m)

148.70 (m)

124.35 (d,4)

183.99 (s)"

152.84 (d, 13)

9.16 (dd,4.6, 1.8)

7.77 (dd,7.9, 4.6)

8.73 (dd, 8.0, 1.8)

9.45 (dd, 8.5, 0.9)

7.93 (ddd, 8.3, 6.9, 1.4)

7.79 (ddd, 8.3, 6.9, 1.4)

9.38 (dd, 8.5, 0.9)

8.87 (d, 5.7)

7.17 (d,5.7)

8.38 (d, 8.5)

7.87 (t, 7.6)

7.73 (t,7.6)

8.31 (d,8.5)
I
10

10a

11 152.72 (dd,6, 3)

11a 125.49 (m)

12 183.33 (s)

12a 150.16 (t,5)

1' 16.67 (q, 130)

OMe 56'88 (q' 147)

" These assignments are interchangeable'

This in conjunction with later observations,

protonated salt of 1 1-hydroxyascididemin'

clearly repeat the procedure to generate

16.29 (q, 130) 3.32 (s) 3.23 (s)

4.09 (s)

suggests Schmitz and coworkers may have isolated a

This was seen as a temporary setback as one could

more material which could be submitted to alternate

chromatographic techniques. However subsequent attempts to repeat this reaction failed to yield

either 11-hydroxyascididemin or 11-methoxyascididemin. An investigation into why this annulation

was not proceeding started with the isolation of the intermediate enamine to confirm it was indeed

being formed.
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scheme 22. Attempted syntheses of 11-Methoxyascididemin

\tee
Route . l*ia?;j?!a3l''

I 20 min

v/\
Kubo's

conditions NMe2

48

40

High resolution mass spectrometry (FAB) confirmed the molecular formula of enamine 47 and 1H-

NMR exhibited two 13 Hz doublets and a singlet at 6 3.14 of relative integral 6H, indicative of the
enamine product' The enamine was then subjected to the literature time and temperature described
by Kubo and coworkers2o in the typical Bracher reagent ratio's, but 11-methoxyascididemin was not
detected in the product mixture.

The alternate ring E forming procedure via Mannich base 48 was then investigated (see Scheme 22,
Route B)' The tertiary amine 48 was prepared by zinc chloride enhanced reaction of quinone 45 and
Eschenmoser's salt at 80 oc in dimethyl formamide. High resolution mass spectrometry (FAB)
confirmed the molecular formula for tertiary amine 48, and like de-methoxy analogue 26, amine 4g
showed two distorted triplets of relative integral 2H and a singlet of relative integral 6H (s 2.46) in the
observed'H-NMR spectrum. The side chain appeared as two triplets {6 5g.6g (2,t, J= 136, c-2,),
26'73 (2, t, J = 131, c-1')) and a quartet {6 44.79 (3, q, J = 134, NMe2) in a gated decoupled 13C-

NMR experiment. Despite easy formation of this tertiary amine, it, like the enamine, would not
undergo cyclization using the literature time and temperature described by Kubo and coworkers2o in
the typical Bracher reagent ratio's.

The paraformaldehyde, ammonium chloride one step reaction was then investigated and was found
to proceed in low yields when carried out at 75 oc over 10 min (- 20%, see scheme 22, Route c).
As this yield was far from satisfactory, the acetal condensation reaction was re-investigated as a last
hope' Fortunately conditions were found for the cyclization of the enamine 47 and ,11-

methoxyascididemin was generated in 48o/o yietd using Bracher's standard one pot from quinone 45.

OMe O

NMe2

OMe O



The literature conditions of 12A ocll5 min were fine for the formation of the enamine but the

conditions given for the cyclization (20 o1t10 min), were poorly reproducible (lit.20 31o/o). Lowering

the temperature of the cyclization step to 110 oC and reacting for the shorter time of 5 min (no tonger)

resulted in the formation of 11-methoxyascididemin (40) in 48% yield.

Table 13. Comparison of 13C-NMR data for 11-hydroxyascididemin (9, as recorded by Schmitz,l3

Kubo,as and Lindsay) and 11-methoxyascididemin (40, as recorded by Kashmanl0 and Lindsay).

R=OH(9)
R = OMe (40)

Atom no. 5 13c 
a13 5 136a gas 613ca 6 13c 40 (mutt)1o 6 13c 40 (mutt, J(Hz))

1 133.3 133.35

2 132.1 132.10

3 131.5 131.40

4 123.1 123.07

4a not reported 123.76

4b 137.8 137.80

5 117.2 117.16

6 150.1 150.07

7a 149.3 149.30

7b 154.1 154.09

9 156.7 156.70

10 114.8 114.81

11 169.5 169.47

l1a 115.6 115.59

12 181.8 187.37

12a not reported 145.63

12b 117.7 117.74

13a not reported 145.76

OMe

132.4 (d)

131.e (d)

130.5 (d)

122.e (d)

123.9 (s)

138.8 (s)

117.0 (d)

14e.5 (d)

144.0 (s)

not reported

155.2 (d)

110.1 (d)

167.5 (s)

119.5 (s)

not reported

143.2 (s)

117.2 (d)

147.0 (s)

56.6 (q)

' These assignments were determined by HMQC and HMBC experiments.
b These assignments are interchangeable.

133.31

132.10

131.41

123.07

123.75

137.79

117.17

150.05

149.79

154.10

156.69

114.81

169.45

115.56

187.35

145.59b

117.71

145.72b

132.74 (dd, 166, 8)

131.53 (dd, 162,9)

130.15 (dd, 163, g)

122.74 (dd, 160,8)

122.97 (1,6)

137.47 (m)

116.67 (dd, 165, 9)

149.58 (d, 182)

149.71(d, 9)

152.48 (d, 13)

155.59 (d, 181)

108.98 (dd, 165, g)

167.44 (m)

117.13 (d, 3)b

180.28 (s)

146.52 (s)

119.06 (d, 4)o

145.60 (t, 10)

56.64 (q, 147)



Interestingly' in a later publication where this synthesis was re-reported by the same authors,os the
cyclization time was revised to 110 oc for an hour and a relatively small amount of glacial acetic acidfor these annulations was used to generate 11-methoxyascididemin in 73% yield. we found any
increase in reaction time over 5 min had extremely deleterious effects on our given yield of 4golo using
our, more typical, amount of glacial acetic acid.

silica column chromatography-purified 11-methoryascididemin was an orange/brown amorphous
powder' High resolution mass spectrometry confirmed the molecular formula and rH-NMR 

data was
consistent with data earlier reported by Kashman,lo and Kubo in the rater reportas (see experimental
section for 1H-NMR data)' tH-NMR 

spectra recorded on dilute and concentrated solutions of 11-
methoxyascididemin showed a variation of around 0.1 ppm for chemical shifts. This is often seen for
these aromatic compounds when they are solubte enough to obtain a sufficienfly concentrated
solution and these concentrated solutions show consistenfly lower 6 in the observed ,H-NMR 

due to
aromatic stacking' Kubo gave no ttc-NMR 

data and Kashman's data contained omissions as only 17
chemical shifts were listed, with chemical shifts tor c-l|and c-7b missing. The literature 13C-NMR
data and our observed 13C-NMR 

data for both 11-methoxyascididemin and 11-hydroxyascididemin issummarized in Table 13.

Kashman's data may have the chemical shifts for c-11a and c-12b around the wrong rrray, based oncomparison of our proton coupling data for 11-methoryascididemin and the relative ordering ofchemical shifts in 11-hydroxyascididemin by schmitz.t3 This mayarso be the case forthe chemical
shifts listed by Kashman for c-13a and c-12a, based on the proton coupling we observed for 11-
methoxyascididemin.

2.2.2.3 Biotogy of 1 1 -Methoxyascididemin

11-Methoxyascididemin showed similar toxicity to ascididemin against the murine leukemia cell line invrtro' while being less toxic to the non-malignant African Green monkey kidney cell line. Thispotential reduction in cytotoxicity to normal cells with retained toxicity to marignant cells lookec
promising and the compound was submitted to the NCI for in vitroantitumoral evaruation. ln the in
vffro antitumoral screen at the NCI 11-methoxyascididemin (NSc 6g37g6) gave impressive selectivity
over the 60 tumor cell line, although in comparison to ascididemin the overail potency was reduced
by an order of magnitude (Bar chart 4). However, because the observed selectivity, the NCI areproceeding with rn ylyo evaluation of this compound.
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Bar chart 4. Ncl Mean Graphs for 11-Methoxyascididemin, 40.
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Table 14. Bioactivity screen for 11-methoxyascididemin (40) with comparative values for ascididemin

(6).4

40 6

P388 lDso (rrM) 1.0 0.4

BSC-1, pg 0, 20 1+, 10 (4+,80)

HSV, pg 0, 20 ?4, 10

PVl, prg n.t.b ?, 10

Bacillus subt/ls, pg 12,20 10, 20

Escherichia coli, we 4,20 10,20

Pseudomonas aeruginosa, pg n.t. 0,12Q

Candida a/bicans, pg 3,20 11, 120 (0, 20)

T ri ch o p h yto n m e ntag rophyfes, pg 1,20 0,120

Cladisporiu m resinae, pg n.t. 10, 120

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: Not tested.

While 11-methoxyascididemin showed no antiviral activity against HSV at 20 ttg per paper disk,

antibacterial activity was observed at the same dosage, with enhanced activity towards the gram

positive bacterium B. subtilis over ascididemin. There also seemed to be some improvement in

antifungal activity in comparison to ascididemin.

2.2.2.1 Preparation of 1 1-Hydroxyascididemin (9)

Initial attempts to cleave the methyl ether of 11-methoxyascididemin using hydrobromic acid which

both BracherlT and Kubo2o had used for ether cleavage in their identical syntheses of neocalliactine

acetate, either neat or in glacial acetic acid, failed to generate the product but instead gave unreacted

starting material, ascididemin and unidentified decomposition products.

Scheme 23. Cleavage of the Methyl Ether

BBr3, DCM
#

-12oc, - 607o*

* Based on recovered
starting material I40

OMe O
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We then turned to boron tribromide which Kubo had used in his preliminary report on the synthesis of

11-hydroxyascididemin. The only experimental details in this report were BBr3/dichloromethane -10

to -20 oc for th, with no yield given.2o Using a carbon tetrachloride/dry ice cooling system (-23 "c)

for an hour followed by warming to near room temperature and reaction processing gave mainly

starting material. Switching to ethylene glycol/dry ice (-12 oc1 for 30 min followed by an hour out of

the coolant bath, over which time the mixture warmed to room temperature, before reaction

processing gave mainly 11-hydroxyascididemin (46% or - 60% based on recovered starting material)

contaminated with 11-methoxyascididemin. In our reaction conditions 1.5 equivalents of the boron

reagent was used whereas Kubo in his later report,4s where he did give experimental details, used 15

equivalents which may have been the reason he was able to carry out the reaction at the lower

temperature he listed (-30 to -10 oc for th; 56%).45 our crude 11-hydroxyascididemin could be

separated from unreacted 1 1-methoxyascididemin by reverse phase C-18 flash column

chromatography, with 11-methoxyascididemin eluting with methanol and 11-hydroxyascididemin

eluting with chloroform/methanol 1:1. The reverse phase solid support was routinely used after an

earlier attempt to use normal phase silica gel flash column chromatography resulted in 11-

hydroxyascididemin irreversibly binding to the solid support.

our observations on the extraction, purification and general solubility characteristics of pure 11-

hydroxyascididemin suggest the material isolated or generated by other groups had probably been a

protonated salt. 11-Hydroxyascididemin, as the free base, has very poor solubility in any common

organic solvents and in basic or neutral aqueous solutions (as judged by a pH meter), the compound

cannot be extracted with chlorinated organic solvents as it preferentially resides in the aqueous

phase. However as the hydrochloride salt, the compound has greatly improved but extremely limited

solubility in chloroform or chloroform/methanol and indeed in the routine reaction processing of the

ether cleavage reaction, the aqueous solution of the reaction products would have to be made slightly

acidic before the product would extract. Interestingly in the previous step where 11-

methoxyascididemin is generated in DMF/HOAc, this is the only occasion of these pyridine ring

annulations where the product can be satisfactorily extracted without any basification of the aqueous

phase. This suggests with oxygenated substituents at C-11 the molecule is overall less basic than

other analogues. pyridoacridones generally have fairly limited solubility, and of the pyridoacridones

we have worked with, 11-hydroxyascididemin had the least solubility. Once dry, most pure

pyridoacridones are difficult to re-dissolve, perhaps due to the loss of solvate molecules over time' A

typical procedure for dissolving 11-hydroxyascididemin involved doping a chloroform/methanol

mixture of the compound with a drop of dilute hydrochloric acid followed by sonication and heating'

The fact the molecule has to be handled as a protonated salt gives rise to the yield for the cleavage

reaction being an estimate at best'
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1 1-Hydroxyascididemin gave NMR data consistent with that listed in Kubo's later reportot but both our
and Kubo's chemical shift for C-12 was substantially higher than that observed by Schmitzt3 lsee
Table 13, pg' 73, for 13C-NMR comparison). our 13C-NMR 

chemical shifts for carbons not originally
observed by schmitz, concurred well with the chemical shifts observed by Kubo. Facile reduction of
the iminoquinone was seen under both desorption electron impact and fast atom bombardment
ionization mass spectrometry techniques and high resolution mass spectrometry confirmed both
t(M+H). +2H) and [{(M+H). +zH} -H] using the ratter ionization technique.

2.2.2.1 Biology of 1 1-Hydroxyascididemin

Table 15' Bioactivity screen for 11-hydroxyascididemin (9) with comparative values for 11-

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity
was detectable.
b n.t.: Not tested.

While sharing the reduced toxicity of 11-methoxyascididemin to normal cells (BSC-1) in comparison
to ascididemin, 11-hydroxyascididemin showed slightly reduced toxicity to murine leukemia in vitro,
but exhibited whole well antiviral activity against both DNA (HSV) and RNA (pv1) based virii at 20 pg
per paper disk' This whole well antiviral activity for the DNA virus was still present when the loading
was reduced to 10 pg per paper disk, while it was slightly reduced for the RNA virus. The compound
possessed some antibacterial and antifungal activity but, with the exception of the fungus C. albicans,
this activity was reduced in comparison to ascididemin. The compound could not be submitted for
NCI antitumoral evaluation as the compound had previously been submitted by other researchers.

methoxyascididemin (40), ascididen in (6)a and N-8-deaza-asciciidemin (7\ 4,5

I 40 6 7
P388 lDso (pM) 2.3 1.0 0.4 1.6
BSC-1, pg 0, 20 0,20 1+, 10 (4+, 80) 0, 10 (0, g0)
HSV, pg 4+,10 (4+, 20) 0,20 ?', 10 2+, 10 (4+, 80)
PV1, pg 3+, 10 (4+,20) n.t.o ?,10 0, 10 (1+, 80)
Bacillus subf/is, pg 6,20 12,20 10,20 1,20 (9, 120)
Escherichia coli, pg 2,20 4,20 10,20 0,120
P se udo m on a s ae rug inosa, pg n.t. n.t. 0,120 0, 120
Candida albicans, pg 7,20 3,20 0, 20 (11, 120) 1,24 (2, 120)
Trichophyton mentagrophvtes. uq 0, 20 1,2Q 0,120 2,20 (10, 120)
Cladisporium resinae, pg n.t. n.t. 10,120 0, 120
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Antiviral activity by pyridoacridine alkaloids is rare with dercitin (49)46 perhaps

the only compound studied in detail'47 Dercitin, however, is more active

against RNA virii in contrast to 11-hydroxyascididemin and 8-deaza- 
,s

ascididemin.a.5 11-Hydroxyascididemin (NSC 696672) was submitted to the \
NCI for evaluation against HIV-1, however no protection was given to the host

cells and the alkaloid was cytotoxic to the host cell line (CEM-SS) with a 50%

inhibitory concentration of 4.1 pM. This was in contrast to 8-deaza-ascididemin

where 46% protection was given at 0.7 pM, well below the compounds 50% inhibitory concentration

towards the host cell line (10 pM).s'3a The incorporation of the 11-hydroxy functionality into 8-deaza-

ascididemin may give a compound with useful antiviral activity'

The most interesting trend in the primary screen was the decrease in antibacterial activity and the

increase in antiviral activity in comparison to the other natural product, ascididemin. Thus simple

modification of the ascididemin chromophore appears to lead to the fine tuning of the antimicrobial

activity towards a different phyla of organismsipotential parasites'

2.2.3 Functionalization of Ascididemin Ring D

2.2.3.1 Direct Functionalization of Ascididemin; Bromination

peterson and coworkers had used the brominating agent pyridinium bromide perbromide to good

effect on the sampangine chromophore.zl Using normal molar ratio's of this reagent (typically 1'5

equivalents) in refluxing chloroform or carbon tetrachloride, no bromination of ascididemin was

observed, even over long periods of time. Using bromine in higher boiling point solvents such as

nitrobenzene or DMF/acetic acid/carbon tetrachloride mixtures partial bromination could be

Scheme 24. Bromination of Ascididemin

Pyridinium bromide
perbromide

----_---_-------
CHCl3, reflux

49

7g

50



achieved at the 3 position giving yellow isobromoleptoclinidinone, 50. The product, 3-

bromoascididemin, could only be separated by PLC from the starting material, ascididemin, with

difficulty.

Table 16. Comparison of 13C-NMR data for ascididemin (6), 2-bromoascididemin (8) and 3-

bromoascididemin (50).

X=H,Y=H(6)
X=Br,Y=H(8)
X=H,Y=Br(50

Atom no. 6 13c 
G (mult)2 6 13c 8 (mult, J(Hz))11'12 613c 50 (mult, J(Hz))

1

2

3

4

4a

4b

5

134.47 (d, 168)

135.41 (dd, 168,6)

125.90 (m)

125.90 (dd, 164,9)a

124.72 (obsc)

136.e5 (m)

116.73 (dd, 164, 9)

150.14 (d, 183)

149.88 (d, 9)

152.21 (m)

155.68 (ddd, 181 ,7,3)
125.81(dd, 167, 8)a

136.68 (dd, 166,6)

129.00 (d, 7)

181.54 (d,4)

146.10 (s)

1 18.1 1 (obsc)

144.34 (m)

" These assignments are interchangeable.

No resolution into individual bands would occur on the PLC plate making the separation exceedingly

tedious. The one yellow band observed would sometimes be ascididemin at the top and 3-

bromoascididemin at the bottom and sometimes vice versa, which depended on relative amounts of

the two compounds present. lt was therefore decided that recovery of starting material gave more

132.7e (d)

132.52 (d)

131 .53 (d)

123.5e (d)

123.91 (s)

138.s1 (s)

117.7O (d)

14e.87 (d)

149.67 (s)

152.53 (s)

155.67 (d)

126.30 (d)

136.ee (d)

129.24 (s)

181.99 (s)

145.94 (s)

1 18.24 (s)

145.75 (s)

135.3 (dd, 170,4)
126.2 (dt, 12,3)

134.0 (dd, 170, 4)

124.2 (d, 164)

122.1 (m)

137.7 (d, 4)

116.1 (dd, 178,5)

150.1 (d, 190)

149.9 (d, 10)

152.1 (m)

155.6 (dd, 191, 8)

125.8 (dd, 177,5)

136.6 (dd, 173,4)

128.9 (d, 4)

181.3 (d, 3)

146.7 (s)

1 17.9 (d, 6)

146.3 (d, 8)

6

7a

7b

I
10

11

11a

12

12a

12b

13a



trouble than it was worth. Conveniently, it was discovered 3-bromoascididemin could be formed in

35%, with no ascididemin contamination, by using a large excesses of pyridinium bromide

perbromide (16 equivalents in two portions), to force the reaction towards the product 3-

bromoascididemin, in refluxing chloroform. This simplified the required purification procedure to flash

column chromatography. In the observed mass spectrum 3-bromoascididemin exhibited two peaks,

of equal intensity, two mass units apart confirming monobromination had occurred. The site of

bromination of the product was determined oy 1H-lrtMR spectra recorded with single frequency

homonuclear decoupling and NoESY experiments. From interpretation of the homonuclear

decoupling experiments it was apparent the spin systems for rings A and E had not changed'

However ring D's protons appeared as a 1,2,4-trisubstituted system {s 8'80 (d, J = 2'o Hz),8'46 (d' J

= g.g Hz) and g.og (dd, J = g.g, 2.0 Hz)) confirming bromination in this ring. The position of

bromination was determined by a NoESY experiment. The characteristic NoE observed from H4 to

H5 identified H4 as the 2 Hz doublet at 6 8.80. While no further NoE correlations for H4 were

observed, the two other ring D resonances did correlate to one another, suggesting position 3 as the

site of bromination. In addition, comparison of the spectral data with the other possibility for the

observed aromatic 1,2,4-trisubstituted system, 2-bromoascididemin,ll' 
12 confirmed the product was

3-bromoascididemin. The 13C-NMR spectrum was assigned by comparison to the data recorded for

ascididemin and that reported for 2-bromoleptoclinidinone (see Table 16).

2.2.9.2 Biology of 3-Bromoascididemi n

Table 17. Bioactivity screen for 3-bromoascididemin (50) with comparative values for ascididemin

(6)a and benzo[4,S]sampangine (7).4' s

50 6 7

P388 lDso (pM) o.7 0.4 1.6

BSC-1, pg 4+,20 (3+,80) 1+, 10 (4+,80) o, 10 (0,80)

HSV, pg ?4, g0 ?, 10 2+, 10 (4+,80)

PV1, pg ?, go ?, 10 0, 10 (1+, 80)

Bacillus subt/is, pg 9, 120 (5, 20) 14, 120 (10,20) 8,12O (1, 20)

Escherichia coli, pg 5,120 (5, 20) 10, 120 (10, 20) 0,120

Pseudomonas aeruginosa, Pg 0,120 o,120 0,120

Candida albicans, pg 6, 120 (10, 20) '11,120 (0, 20) 12,120 (1, 20)

Tri ch o p hyton m e ntag roPhYfeJ. Pg 5,120 (5, 20) 0,120 10, 120 (2.20)

Cladisporium resinae, pg 10, 120 10,120 0,120

u ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
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3-Bromoascididemin showed a similar level of cytotoxicity to the murine leukemia P388 cell line rn

vitro as ascididemin but unlike ascididemin was found to be unable to inhibit the activity of

topoisomerase llcr.6s This was in contrast to 8-deaza-ascididemin (7) which also possesses similar

P388 activity and inhibits the activity of topoisomerase llo with similar potency to ascididemin, but

unlike ascididemin does not cause inhibition by cleavable complex stabilization.a'65 These results

supported the theory that these alkaloids display multiple mechanisms of action in their cytotoxic

actions towards cells.

3-Bromoascididemin, like ascididemin, possessed antibiotic activity against a variety of

microorganisms in zone inhibition assays. At an impregnated dose of 12O pg per paper disk, 3-

bromoascididemin showed zones of growth inhibition for the gram positive bacterium Bacillus subfllis

(9 mm), the gram negative bacterium Escherichia coli (5 mm), and lungi Candida albicans (6 mm),

Trichophyton mentagrophytes (5 mm) and Cladisporium resinae (10 mm). At a lower impregnated

dose of 20 pg per paper disk, 3-bromoascididemin showed zones of growth inhibition tor Bacillus

subfi/rs (5 mm), Escherichia coli and Candida albicans (10 mm, a larger zone than seen for the

impregnated dose of 120 pg per paper disk) and Trichophyton mentagrophytes (5 mm). In antiviral

assays, at an impregnated dose of 10 pg per paper disk, any activity against HSV and PVI was

obscured due to the toxicity of 3-bromoascididemin to the host cell line BSC-1.

3-Bromoascididemin (50, NSC 680735) was submitted to the NCI for evaluation in their in vitro

developmental therapeutics program against the 60 human tumor cell line panel. The compound

showed little selectivity, in direct comparison to ascididemin (see Bar Chart 5), although 50 was an

order of magnitude more cytotoxic overall than ascididemin (see Table 18). Due to the reduction in

antitumoral selectivity, no further evaluation was initiated.

Table 18. Comparison of NCI principal response parameters for ascididemin and 3-

bromoascididemin.

Alkaloid Gl50 pM (Log range) TGI pM (Log range) LC50 pM (Log range)

3-Bromoascididemin 0.04 (1.58) 0.1 (2.2) 0.6 (3.2)

Ascididemin 0.2 (3.2) 0.e (2.4) 5.4 (2.5)
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Bar Chart 5. NCI Mean Graphs for $Bromoasddidemin, li0.
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2.2,3.3 Preparation of 2-Bromoleptocl i n id i none

Bracher prepared 2-bromoleptoclinidinone (8) in I steps in 13o/o overall yield from

aminoethylbenzene (51, Figure g;.1s This synthesis utilized chemistry developed by Kovendi and

"iry"#:lD-''

NHz

Figure 9. Retrosynthetic analysis of Bracher's synfhesis of 2-bromoleptoclinidinone (8).

Kircz for the conversion of 4-amino-ethylbenzene to 2-nitro-4-bromo-acetophenone (52, Scheme

25),ot' ae which Bracher then selectively reduced by iron in aqueous acetic acid to give 2-amino-4-

bromo-acetophenone (53). This amine was then subjected to his normal procedures to give 2-

bromoleptoclinidinone in 39% yield over 3 steps.ls

Scheme 25. Knovendi and Kircz's Preparation of 2-Nitro4-bromo-acetophenone

52

a steps il
40%48'4sft

rYa'
51

53

4-

3 Steps,

39%15

r,^\f NH2 HNo3/H2soo ozNt"l1NHz NaNo2, HBr (aq) ozNt"lr'Br

,ll --zl -- **- ,)-'') cusoo sHldcu (s) ,pllT6ohl'515455

,/ .ro^o,
7/ NaoH, EtoH

760/0

HCt/H20
<-

87%

ozN

HO"N\

As we wanted to generate 2-bromoleptoclinidinone by repeating Bracher's synthesis we first needed

to generate 2-nitro-4-bromo-acetophenone (52), the starting material for Bracher's synthesis. This

B Steps, 13%

ozN
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compound was generated by following the chemistry of Kovendi and Kircz,as' ae with minor

modification: Nitration of 4-amino-ethylbenzene (51), with nitric acid in sulfuric acid, proceeded

readily to give 2-nitro-4-amino-ethylbenzene (54) in around the given yield of 80%. Two prominent

absorbances at 1531 and 1349 cm'1 in the lR spectrum and the presence of a 1,2,4-trisubstituted

benzene {5 7.14 (d, J= 2.4H2),7.07 (d, J= 8.3 Hz),6.79 (dd, J= 8.3, 2.2H2) in the observed 1H-

NMR showed nitration had been successful. Sandmeyer reaction on 2-nitro-4-amino-ethylbenzene

(54) gave 2-nitro-4-bromo-ethylbenzene (55) in yields of around 80% (lit.48 76%). The disappearance

of a broad singlet (S 3.S7) due to the amine functionality present in the IH-NMR of precursor 54

confirmed conversion of the amino to the bromo substituent. However following the chemistry

outlined for formation of the oxime 56, namely reaction of 55 with ethanolic sodium hydroxide and

ethylnitrite, proved to be unreliable due to the product undergoing facile ring closure to form a 1,2-

benzisoxazole (57, Mechanism 6).

Mechanism 6. lsoxazole Formation

ozN)
H-o:^\

s

N--.

-HN02
-------------+

Although Kovendi and Kircz were able to control whether or not the ring closure occurred, this was

found to be poorly reproducible, therefore other benzylic oxidation options were persued. The

obvious one step conversion was that of Jones oxidation. However despite trying the many existing

variations of this reaction, none were found to work on this substrate. Two step conversion by

dibromination of 55 followed by hydrolysis was then considered as we were very familiar with benzylic

brominations and were confident this bromination would be straight forward. Nonetheless while

monobromination was readily achievable, dibromination was not. Indeed even monobromination

required 3 equivalents of N-bromosuccinimide (of high HBr content), ca. 6% dibenzoyl peroxide

initiator and a 45 hr reaction. Attempts to form the dibromo product resulted in a complex mixture of

non-dibrominated products. As the monobromination went in a workable yield (77%) and the product

was easily purified, it was decided to utilize this product to effect benzylic oxidation. A literature

search was unable to locate the product 1-(2'-nitro-4'-bromo-benzene)-1-bromoethane (58, Scheme

26) and therefore the brown oil was fully characterized. Mass spectroscopy confirmed both the

presence of two bromine atoms, and the molecular formula. The IH-NMR of the oil showed a methyl

doublet {6 2.06 (3H, J = 6.8 Hz)} and an alkyl methine quartet {6 5.73 (1H, J = 6.8 Hz)} with the

aromatic protons appearing as an ABC spin system {5 7.98 (s, 1H, H-3'), 7.76 (2H, d, J = 0.8 Hz, H-5'

and H-6')). The combination of 13C-NMR, DEPT90, DEPT135 and gated decoupled t3c-NMR
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allowed designation of the carbon environments as a methyl quartet of doublets {6 26.75 (J = 130, 3
Hz, C-2)1, an alkyl methine doublet of multiplets {6 40.gg (J = 15g Hz, c-1)}, 3 aromatic methine
doublet of doubtets {6 127.04 (J = 16g, 3 Hz, c-3'), 1g1.21(J = 165, 5 Hz, c-6,), 136.36 (J = 170, 6
Hz, C-5')) and 3 aromatic quaternary multiplets {6147.52 (c-2),136.55 (c-1), 't21.gO (C4)}. Carbon
resonances closely matched those obtained from theoretical calculations for such a substituted
aromatic system facilitating their assignments, and an XHcoRR experiment allowed confirmation of
the proton assignments.

After a Kornblum oxidationso on the alkyl halide failed to work, the analogous DMSo oxidation
reaction developed by Ganem and Boeckman,sl which uses an added Lewis acid was attempted and
this modification yielded the desired ketone (52, Scheme 26). In the reported procedure the
expensive silver tetra fluoroborate salt was preferentially used because the use of the cheaper silver
nitrate lead to large amounts of alkyl nitrate as well as the ketone. As we wished to use the reaction
on a moderate scale (ca. 10 g), the less expensive silver nitrate salt was trialed and it was found only
a small amount of unwanted alkyl nitrate was generated. Moreover, as 2-nitro4-bromo-
acetophenone (52) was easily separable from the alkyl nitrate, by flash column chromatography,
silver nitrate was used for our conversion. The optimal time allowed for this benzylic Ganem
oxidation reaction was found to be t h as opposed to the 18 h reported for non-benzylic systems and
this was close to the reported example for an allylic alkyl bromide.sl As this reaction is extremely
water sensitive, and the alkyl halide in question an oil, extreme care is required to minimize side
reactions, this said, the given yield was achievable on scales approaching 1o g.

Scheme 26. Alternate Synthetic Route

NBS, DBPO, CCI4
+

77o/o

ozNrz^1r.Br

cos'Cl{/
')

O2N.t,.,1r,8r

\*tt)--------:> Ll'rz-. ___>

,_ Agb 
n\_,--,/:NEt3

NoY -l yero'white
oxysulfonium salt

+ AgBr

o"
-A:

\T/

+ SMe2

+ NO3HNEI3

ozNn..1-Brv
55

ozN-n"'A-Br 
(i) DMSo, AgNo3 ozN't'1aBr

,,Y 
fii)Errr.G;A

58s2,

Via;

Alkyl halide 58 was reacted with silver nitrate (1.2 equivalents, previously flame dried under vacuum)
in DMSo (dried over 4 A molecular sieves) under nitrogen with brief sonication and warming (- 1
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min). The reaction mixture was then allowed to stir at room temperature for 45 min over which time a

1ne yellow/white precipitate formed. Triethylamine (previously distilled from calcium hydride) was

added which resulted in an immediate darkening of the reaction mixture to a brown/orange color and

after a further 15 min the mixture was diluted with dichloromethane and poured onto water. 'H-NMR

of the crude product showed the disappearance of the alkyl methine quartet (6 5.73) present in the

alkyl halide precursor 5g and the methyl resonance now appeared as a singlet, deshielded as would

be expected in comparison to the precursor (6 2.55). Signals due to a small amount of a alkyl nitrate

side product were also present in the crude 1H-NMR spectrum, the definitive signals being a methine

quartet (6 6.42) and a methyl doublet (S 1.73). The appearance of a 13c-resonance at 6 198.38, due

to the ketone functionality, confirmed the conversion of alkyl halide 58 to ketone 52.

Having obtained sufficient quantities, ketone 52 was subjected to Bracher's selective reduction of the

nitro functionality with iron in aqueous acetic acid to give 4-bromo-2-amino-acetophenone 53 identical

in all respects to Bracher's reported data. Disappointingly, the reaction only gave yields of around

30% (tit.15 g6%). Alternatively using tin in aqueous hydrochloric acid gave only 20% yield. with

these yields being somewhat less than desirable, investigations into nitro reductions, which had been

reported to be selective in the presence of carbonyl functionality, were trialed on 2-nitro-4-bromo-

ethylbenzene (55) so not as to destroy stocks of ketone 52 (Scheme 27)'

Scheme 27. Routes to 4'Bromo'2'amino-acetophenone
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The iron/aqueous acetic acid procedure used by Bracher was just as inefficient on this system but the
use of the homogeneous sodium borohydride with an added metal salt, in this case stannous chloride
dihydrate, in methanol,s2 gave workable yields (> 70%). However, when this system was used on
substrate 52 the ketone was reduced. As the homogeneous borohydride-stannous chloride reduction
was better yielding than other systems tried, it was thought a different reaction sequence may allow
this reduction to be incorporated into the bromination-oxidation route to the ketone (Scheme 27).
Reduction with the borohydride-stannous chloride system, after bromination, on the alkyl halide 5g
gave the amine 59 in reasonable yield, however neither the product or its acetylated derivative (60)
would undergo the DMSO oxidation. Another ordering sequence had begun to be trialed (Scheme
27) but the discovery that the DMSO oxidation would not proceed in the presence of the primary
amine present in 59 or its acetate derivative curtailed this investigation forcing the use of Bracher,s,
low yielding (in the authors hands) reduction (maximum yield 42o/oover 5 experiments).

scheme 28. Bracher's synthesis of 2-Bromoleptoclinidinone

(ii )

(i) CeCl3.7H20,C,2, EIOH, lGh,O2yo

(ii) H2SOa, HOAc, reflux, 10 min, g0%

(iii) DMFDEA, DMF, 120oC, t h

(iv) NHaCl, HOAc, reflux, t h,69%

Following Bracher's subsequent steps outlined in Scheme 28, Z-bromoleptoclinidinone (g) was
prepared from 4-bromo-2-aminoacetophenone (53) in 28o/o yield (lit.1s 3g%) over the 3 steps. 6-(Z'-
Acetyl-5'-bromophenylamino)-quinoline-S,8-dione (61) gave 1H-NMR data consistent with that
reported by Bracher, however discrepancies occurred in his assignment of the lH-NtvtR spectrum of
8-bromo-11-methylpyrido[2,3-b]acridine-S,12-dione (62) where he mistakenly assigned a signal as H-
8, the position occupied by the bromo substituent. The proton he assigns as H-g should be H-9 and
the proton assigned as H-9 should be H-10. Conversion of 4-bromo-2-aminoacetophenone (61) to
quinone 62 was achieved in 37o/o yield (lit.1s 56%) and the final acetal ring annulation was achieved in
a 74% yield (lit'15 69%). The large discrepancy in the yield over the first two steps lead us to

62

(iii){(iv1

HzN

88



investigate the cyclization of amine 61, and it was found the cyclization can actually be achieved in

slightly better yield at 1 1o "C over 7 min rather than the 15 min heating at reflux described. when the

paraformaldehyde-ammonium chloride annulation used for ascididemin and related systems was tried

on quinone 62 the yield of 2-bromoleptoclinidinone was less than 20%. As in this case the acetal

route gave a good yield of 74o/o, and several temperature/time variations of the "Mannich" one step

annulation all gave yields around 20%, the Mannich conversion was not the preferential route on this

system. synthesized 2-bromoleptoctinidinone was identical in all respects to the data of Bracherls

and Schmitz and coworkers.tt,t' Slow evaporation of a DCM/methanol solution of the alkaloid gave

crystals suitable for diffraction analysis. The crystal structure for 2-bromoleptoclinidinone is the first

such structure solved for an ascididemin-derrived alkaloid, with perhaps the nearest example

subjected to X-ray analysis being meridine 5.13 Although any remaining doubts as to the correct

orientation of ring E, which was originally incorrectly assigned,ll were removed by the NMR analysis

of de Guzman and schmitzl2 and the synthesis of Bracher,tu it was agreeable to finally have a crystal

structure of such an alkaloid. A sorvate molecule of methanol was found to be present (Figure 10)

and is located in the 1,1o-phenanthroline-like bay region. The discovery of this coordinated solvent

molecule went a long way towards easing our concerns on the sometimes dubious process of adding

a solvent molecule (or fraction thereof) to molecular formulas in order to make elemental analyses fit

Figure 10. crystal structure of 2-bromoteptoclinidinone. Note that in the lower

methanol molecule has been removed to accentuate planarity'

vtew
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the measured values for related alkaloids possessing this bay region. The lower view shows the
alkaloid to be essentially planar, although a slight curvature runs through the entire molecule, with the
bromine atom showing greatest deviation from the plane (-0.21A) rne determined bond lengths for
ring B {c7a-c7b (1.485 A;, ctla-c12 (1.480 Ay, ct2-c12a (1.509 A11 were suggestive of singte-
bond character, indicating a discontinuity of resonance between ring A and rings CDE. Similar
resonance discontinuities have been observed for 3-methylsampangines3 and meridine.13 other
bond lengths were as expected for aromatic-hybridized atoms (Appendix 3; Table 44).

2.2.3.4 Biology of 2-Bromoascididemin

ln our primary bioactivity screen, 2-bromoascididemin was as antileukemic as the lead compound
ascididemin and we were therefore interested in further anticancer evaluations. However the
compound had already been submitted to the Ncl (NSc 659ZZ9) by Bracher who published the rn
vitro and in vivo (subcutaneous xenograft) results in a recent publication.# Bracher reported that the
compound was found to be toxic to athymic mice at a level below any therapeutical dose and was
thus deemed not worthy of further evaluation by the NCl. Table 1g shows the ln yffro antitumoral
cytotoxicity over the NCI panel of 2-bromoascididemin to be similar to that of 3-bromoascididemin.
while both are more toxic overall than ascididemin.

Table 19' Comparison of Ncl principal response parameters for 2-bromoascididemin, 3-
bromoascididemin and ascididemin.

Alkaloid Gl50 uM TGI pM LC50 uM
2-Bromoascididemin 0.09 0.3 1.8
3-Bromoascididemin 0.04 0.1 0.6
Ascididemin 0.2 0.9 5.4

2-Bromoascididemin, like 3-bromoascididemin exhibits antileukemic activity without possessing the
ability to inhibit topoisomerase lla.3' 65 Most pyridoacridine alkaloids inhibit this enzyme by
intercalation, and this is a postulated mechanism of cytotoxicity of pyridoacridine alkaloids against
mammalian cells'ss The observed broad non-selective cytotoxicity of ring D brominated ascididemin
alkaloids, in conjunction with the planar crystal structure of 2-bromoascididemin suggests
intercalation may be responsible for the observed cytotoxicity. The question remains, if the
brominated ascididemins are intercalators, why do they not inhibit topoisomerase llcr? The answer
may be related to the relative alignment of the intercalation, due to the steric bulk of the bromine
atom.
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Similar biology of the two brominated analogues was seen in the bioactivity screen (Table 20) where

2-bromoascididemin gave a very similar profile to 3-bromoascididemin. Another interesting trend in

the primary screen was the decrease in antibacterial activity and the increase in antifungal activity in

comparison to ascididemin. Thus simple modification of the ascididemin chromophore appears to

lead to the fine tuning of the antimicrobial activity towards a different phyla of organisms/potential

parasites. This phyla selectivity is also seen for 1 1-hydroxyascididemin, which is strongly antiviral but

not as antifungal as 2-bromoascididemin or as antibacterial as ascididemin.

Table 20. Bioactivity screen for 2-bromoascididemin (8) with comparative values for 3-

bromoascididemin (50), ascididemin (6)a

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: Not tested.

2.2.4 Functionalization of Ascididemin Ring E

2.2.4.1 Preparation and Biology of 6.Substituted Ascididemin Analogues

Although there had been a report in the literature on the functionalization of position 5 of the

equivalent of ring E on, the deaza-debenzo-ascididemin analogue, sampangine," there existed no

methodology to incorporafe substituents into position 6. Fortunately the general one pot procedure

used for the ring E annulation was also successful with aldehydes other than formaldehyde, allowing

the incorporation of carbon-based substituents into position 6 of ring E. A variety of analogues were

prepared, characterized and evaluated in biological assays.

t and 11-hyclro idemin (9).

8 50 6 I
P388 lD"o (uM) 0.4 0.7 0.4 2.3

BSC-1, pg 4+,20 4+,20 1+ 10 (4+, 80) 0,20

HSV, pg ?4,20 ?', g0 ?, 10 4+, 10 (4+,20)

PVl, pg n.t.b ?, go ?, 10 3+, 10 (4+, 2a)

Bacillus subfilrs, pg 5,20 5, 20 10,20 6,20
Escherichia coli, pg 5,20 5, 20 10,20 2,20

Pseudomonas aeruqinosa, pq n.t. 0,120 0,120 n.t.

Candida albicans, pg 10,20 10,20 0,20 7,20
T ri c h o p h yto n m e ntag ro phyfes, prg 7,20 5,20 0,120 0,20

Cladisporium resinae, pg n.t. 10,120 10,120 n.t.
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2.2.4.1.1 Preparation, Biology and Chemistry of G-Methylascididemin

G-Methylascididemin (9H-quino[4,3,2-del[1,10]phenanthrolin-9-one, 2-methyl, 63, Scheme 29) was

prepared from acetaldehyde, ammonium chloride and 11-methylpyrido[2,3-b]acridine-5,12-dione (10),

using identical reaction conditions to those used for the conversion of 10 to ascididemin. Flash

column chromatography and recrystallization from dichloromethane/diethyl ether yielded an orange

Scheme 29. Preparation of G-Substituted Ascididemins

RCHO, NH+CI

HOAc, reflux

Yields;
R = Me, 90%, 63
R = Ph, 81o/o, 67
R = CH=CHPh,72o/o, 69
R = QH1S, 25o/o", 70
R = QHtg, 43o/o*, 72

" Multiple products

microcrystalline solid in 90% yield. High resolution mass spectroscopy confirmed the products

molecular formula. The observed 1H-NMR spectrum was very similar to that of ascididemin with little

change in chemical shift for all the aromatic signals, with H5 appearing as a singlet, only slightly more

shielded than in ascididemin (-0.1 ppm). The H5 singlet sharpened considerably on inadiation of the

observed methyl signal (S 3.05) in a single frequency homonuclear decoupling experiment. ln the

gated decoupted ttC-NMR, C5 appeared as a doublet of quartets (6 1 15.66, J = 162, 4 Hz) and CG

and the methyl group both appeared as a quartet of doublets {(6 159.79, J = 5, 1 Hz, C6), (5 25.91, J

= 128,3 Hz, -CH3)). Total t3G-NMR assignment of the molecule was readily achieved by comparison

with the data observed for ascididemin (see Table 25, pg 101). Elemental analysis suggested 112 an

equivalent of dichloromethane per O-methylascididemin in the microcrystalline solid. Supporting the

observed elemental analysis, crystal structures have been published on compounds containing

similar nitrogenous regions binding choroformso and we have found 2-bromoleptoclinidinone to

coordinate methanol in this site by X-ray crystallography analysis. Furthermore, when the

microcrystalline solid was flame dried under vacuum followed by washing with methanol twice and re-

drying, a singlet due to dichloromethane (S 5.29) was stillobservable in the tH-NMR spectrum.
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Table 21. Bioactivity screen for G-methylascididemin (63) with comparative values for ascididemin

(6).4

63 6

P388 lD5s (ptM) 1.4 0.4

BSC-1, pg 4+,20 1+, 10 (4+,80)

HSV, pg ?4,20 ?, 10

PV1, pg n.t.b ?, 10

Bacillus subfilrs, prg 5,20 10,20

Escherichia coli, pg 0, 20 10.20

Pseudomonas aeruginosa, pg n.t. 0, 120

Candida albicans, pg 3,20 0,20 (11,120)

Trichop hyton mentag rophyfes, pg 2,20 0,120
Cladisporium resinae, pg n.t. 10,120

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: Not tested.

O-Methylascididemin (63), like all ascididemin analogues, possessed antibiotic activity against a

variety of microorganisms in zone inhibition assays. At an impregnated dose of 20 pg per paper disk,

63 showed zones of groMh inhibition for the gram positive bacterium Eacil/us subfilis (5 mm) and the

fungi Candida albicans (3 mm) and Trichophyton mentagrophytes (2 mm). ln an antiviral assay, at

an impregnated dose of 2Q pg per paper disk, any activity against HSV was obscured due to the

toxicity of 63 to the host cell line BSC-1. O-Methylascididemin was slightly less potent than

ascididemin in P388 in vitro assessment but as these compounds show little antileukemic activity this

can be misleading. Thus 63 (NSC 683787) was submitted for initial NCI in vitro screening and

showed interesting selectivity to colon and breast tumors at a micromolar level of potency (see Bar

Chart 6). Because of this promising in vitro profile 6-methylascididemin was selected for hollow fiber

in vivo evaluation.

In hollow fiber ln vivo assessment, G-methylascididemin was more impressive than ascididemin, albeit

at a dosage one order of magnitude greater than that used in the ascididemin trials (Table 22). The

compound also exhibited significant activity in 6 intraperitoneal cell lines but no significant activity was

observed in any subcutaneous cell lines. Therefore, like ascididemin, this compound may struggle to

exert activity at a distance. This compound was overall more highly rated by the NCI's selection

criteria for further in vivo evaluation than ascididemin and has been selected for further
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Bar Chart O. NCI Mean Graphs for O_Methylascididemin, 63.
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Table 22. Hollow fiber in yiyo results for G-methylascididemin, 63.

Cell line Dosage

(Tumor type) (mg/kg/dose)

Ttc (o/o)

Intraperitoneal Subcutaneous

MDA-M8-435

(breast)

MDA-MB-231

(breast)

150

100

150

100

7A

35

47

61

99

>100

61

75

sF-295

(cNS)

u251

uAcc-62
(melanoma)

LOX IMVI

(cNSl 1oo 65 87

150

100

150

150

100

150

150

100

150

100

81

72

42

97

>100

80

89

>100

100

95

>100

76

g4

(melanoma) 100 >100 >100

colo 205

(colon)

sw-620
(colon)

73

86

83

45

54

47

64

NCt-H23

(non-small cell lung)

NCr-H522

(non-small cell lunq)

150

100

150

100

35

38

70

98

71

91

86

85

OVCAR-5

(ovarian)

OVCAR-3

(ovarian) 100

150

100

150

59

80

51

69

78

97

76

Rq

xenograft trials. These trials are yet to be performed and one can only hope that those conducting

the trials use a localized drug delivery route, i.e. intraperitoneal tumor implant, intraperitoneal drug

delivery or subcutaneous tumor, subcutaneous drug delivery, othenrvise it seems unlikely any

antitumoral activity will result.

As the methyl group is ortho to the nitrogen in aromatic ring E in G-methylascididemin, we speculated

that the acidity associated with such methyl groups would allow further elaboration of this position.

However 6-methylascididemin's methyl protons had low acidity and would not react with electrophiles

such as Eschenmoser's salt (even with added base) or dimethyl formamide diethyl acetal (Scheme

30). An attempt to oxidize the methyl group of G-methylascididemin (63) using either Jones oxidation

or selenium dioxide similarly failed.



An attempt was made to increase the acidity of these protons by removing electron density from the
chromophore by the addition of a nitro functionality. Nitration could be achieved in 35% yield in the 1-
position to give 1-nitro-6-methylascididemin (64), which was consistent with Kashman,s observation
forthe major nitration site of ascididemin.l0 Two prominent absorbances at 1S31 and 13SZcm-1 in
the lR spectrum in conjunction with high resolution mass spectrometry confirmed nitration had indeed
occurred' Comparison of the tH-NMR 

spectrum of the product 64 to the 1H-NMR spectrum for 6-
methylascididemin (63) showed ring D to be the site of nitration. Ring D appeared as a 1,2,a-
trisubstituted benzene {s 7.gg (t, J = g.z Hz, H-3), g.24 (dd, J = 7.g, 1.4 Hz, H_2), g.g6 (dd, J = g.3,
1'3 Hz, H-4)) and the 1H-NMR data for this ring was in good agreement with that reported by
Kashman for 1-nitroascididemin,lo confirming nitration had indeed occurred at position 1. However
the methyl protons were still not prominently acidic and did not react with the desired electrophiles.
This indicates the pyridine ring E of 6-methylascididemin and 1-nitro-6-methylascididemin is unusualy
electron rich.

Scheme 30. Ghemistry of 6-Methylascididemin

NBS
<- --n*
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H2C=NMe2lor
(EIO)2CHNMe2
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(EtO)2CHNMe2

\/
(i)Drr%o/\
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+
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Radical bromination was attempted on G-methylascididemin and, in an extremely low yielding process
the highly insoluble monobromo-o-methylascididemin (65), and dibromo-o-methylascididemin (66)
could be obtained. Using 2.5 equivalents of N-bromosuccinimide and an equivalent of dibenzoyl
peroxide the major isolated product was the monobromo product (14o/o) but there was both dibromo
and o-methylascididemin present in the crude reaction mixture. Using a stoichiometric amount of N-
bromosuccinimide did not increase the yield of monobromo relative to dibromo. purification by
preparative TLC was required and as the two products decayed, albeit slowly, on silica gel, obtaining

NMez
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sufficient material to carry out further elaboration was extremely difficult. Ganem oxidationsl on

monobromo-G-methylascididemin (65) failed to produce the corresponding aldehyde and attempted

methoxide exchange gave a product which could not be adequately identified. An attempt to force

the bromination to the dibromo product by using 5 equivalents of N-bromosuccinimide gave the

dibromo and the monobromo products in a 1:1 ratio (9%:7%). Further reaction would merely result in

lower yields of the two products in a similar ratio. An attempt to convert the dibromo product (66) to

the corresponding aldehyde with aqueous calcium carbonate failed. Characterization of monobromo-

6-methylascididemin and dibromo-6-methylascididemin was limited to low resolution mass

spectroscopy and IH-NMR due to the extreme insolubility of these two compounds once pure.

Monobromo-O-methylascididemin gave a characteristic 1:1 molecular ion in the observed low

resolution mass spectrum and interestingly facile abstraction of a hydrogen radical occurred to give

the base peak. Dibromo-B-methylascididemin gave a characteristic 1:2:1 molecular ion indicating the

presence of two bromine atoms in the observed low resolution mass spectrum. ln the 1H-NMR

spectra of the brominated products, the methylene protons of monobromo-G-methylascididemin

resonated at 6 5.21 and the exocyclic methine proton of dibromo-G-methylascididemin resonated at 6

7.23.

2.2.4.1.2 Preparation and Biology of O-Phenylascididemin

As we were interested in the biological effect of adding a bulky substituent to ring E, the next 6-

substituted ascididemin prepared was G-phenylascididemin (67). This was prepared in typical fashion

using benzaldehyde as the aldehyde source and after chromatography and recrystallization from

benzene/methanol an orange microcrystalline solid was obtained in good yield (81%). Elemental

analysis and mass spectral data were consistent with the expected structure, with no solvent

molecule indicated in the elemental analysis on this occasion and this was consistent with 'H-NMR
showing no "real" coordinated solvent peaks. In the low resolution mass spectrum the characteristic

mass loss of 28 for ascididemin and analogues, that corresponds to CO loss from the parent

molecule was observed. The observed 1H-NMR spectrum was similar to both ascididemin and 6-

methylascididemin, although, unlike 6-methylascididemin where H5 was shielded relative to

ascididemin (5 8.37 vs. 6 8.60), H-5 was considerably deshielded (6 8.80). This suggests the phenyl

substituent is in a conformation approaching planarity, with respect to the pentacyclic chromophore,

in solution which is predictable as it allows for energetically favorable conjugation/delocalization.

Three extra resonances, two at double integral, corresponding to the phenyl ring {6 7.51 (1H, t, J =
7.1 Hz), 7.56 (2H, t, J = 7.6 Hz) and 8.31 (2H, dm, J = 8.5 Hz)) were also consistent with the

expected product. The 13C-NMR spectrum, when compared to that of G-methylascididemin, showed

an extra quaternary carbon as a multiplet at 6 138.55 and 3 other protonated aromatic carbons not

present in the spectrum of 6-methylascididemin, two of double intensity {6 127.92 (dt, J = 161,7 Hz)



and 129'04 (dd, J = 161 ,7 Hz)\ and one of single intensity {6 130.00 (dt, J = 160, 7 Hz)}. Total
NMR assignment was made by comparison to the NMR data of ascididemin and 6-phenyl-g -deaza-
ascididemin (68), which was assigned by 2-D NMR experiments (see Table 25, pg 101).

o-Phenylascididemin (67) at an impregnated dose of 20 pg per paper disk, showed a zone of growth
inhibition for the gram positive bacterium Baciltus subf/is (a mm) but no growth inhibition was
observed at this level for Escherichia coli, candida albicans or Trichophyton mentagrophytes. In an
antiviral assay, at an impregnated dose of 20 pg per paper disk, there was no activity against HSV
but the compound was toxic to the BSC cell line. Thus the addition of this bulky group has resulted in
a decrease in antimicrobial activity. The increased size of the molecule may decrease ability to; (1)
penetrate cellular membranes, or, (2) diffuse through the agarose gel of the assay plate.

Table 23' Bioactivity screen for 6-phenylascididemin (62) with comparative values for 6-
methylascididemin @) anO ascididemin (6).o

67 63 6
P388 lDso (pM) 1.4 1.4 0.4
BSC-1, pg 3+,20 4+, 20 1+ 10 (4+, 80)
HSV, ptg 0,20 ?4,20 ?, 10
PV1, pg n.t.b n,t. ?, 10
Bacillus subfills, pg 4,20 5,20 10,20
Escherichia coli, pg 0,20 o,20 10,20
Pseudomonas aeruginosa, pg n.t. n.t. 0,120
Candida albicans, pg 0,20 3, 20 0,20 (11, 120)
Trichophyton mentag rophyfes, uq 0,20 2,20 0,120
Cladisporium resinae, pg n.t. n.t 10,120
' ?: Due to inherent cytotoxicity of the compound towards the BSC-1
was detectable.
b n.t.: Not tested.

host cell-line no antiviral activity

6-Phenylascididemin (67) showed an identical level of antileukemic activity (p3gs) as 6-
methylascididemin but in the NCI in vitro assessment the compound showed reduced potency in all of
the 3 principle response parameters and the mean graph bar charts were not as impressive as either
6-methylascididemin or ascididemin (see Bar Chart 7). Despite this loss of potency and because of
the observed selectivity, 67 was selected for hollow fiber in yiyo evaluation.
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Table 24. Hollow fiber in vlvo results for G-phenylascididemin (67, NSC 686553).

Cell line

(Tumor type)

Dosage

(mg/kg/dose)

TIC (To)

lntraperitoneal Subcutaneous

MDA-M8.435

(breast)

MDA-MB-231

(breast)

150

100

150

100

84

>1 00

56

>1 00

92

>100

65

62

sF-295

(cNS)

u251

(CNS)

150

100

150

100

>100

>100

100

79

88

>100

52

>100

uAcc-62

(melanoma)

LOX IMVI

(melanoma)

150

100

150

100

>100

54

>100

93

82

>100

77

86

colo 205

(colon)

sw-620
(colon)

150

100

150

100

>100

81

80

>100

B9

88

99

>100

NCt-H23

(non-small cell lung)

NCI-H522

(non-smallcell luno)

150

100

150

100

>100

100

>100

>100

68

86

>100

>1 00

OVCAR-5

(ovarian)

OVCAR-3

(ovarian)

150

100

150

100

81

>100

>1 00

>100

95

71

79

84

In hollow fiber in vivo assessment, G-phenylascididemin was less active than both ascididemin and 6-

methylascididemin (Tables 24,22 and I respectively). The compound exhibited no significant activity

in any cell lines but came close against 3 cell lines, notably against the breast MDA-MB-231 tumor

cell line and the central neryous system U251 tumor cell line, where the compound surprisingly

showed more pronounced activity at a distance. The addition of this large aromatic substituent may

have increased the ability to exert activity at a distance when compared to G-methylascididemin but

not ascididemin.

Furkert prepared a range of phenyl-substituted G-phenylascididemins with substituents varying in bulk

and electronegativity.sT Surprisingly none of these derivatives showed similar levels of potency or

selectivity in the NCI preliminary in vivo evaluation in comparison to the parent G-phenylascididemin.



Bar Chart 7. NCI Mean Graphs for G-phenylascididemin, 67.
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Table 25. Comparison of l3C-NMR data for ascididemin (6), 6-methylascididemin (63), 6-
phenylascididemin (67) and 6-phenyl-8-deaza-ascididemin (68).

l"^
. 'ill\r'

1',|

ft=
I

cHa
14 15

16

no. a ttc o (mutt)2 6 13c 63 (mult, 4Hz)) 613c 6z (mult,{Hz)) 6 13C 
681mult, {Hz))

1

2

3

4

4a

4b

5

6

7a

7b

I
I
10

11

11a

12

12a

12b

13a

14

15

16

17

132.7e (d)

132.52 (d)

131.53 (d)

123.5e (d)

123.91 (s)

138.51 (s)

117.70 (d)

14e.87 (d)

14s.67 (s)

152.53 (s)

155.67 (d)

126.30 (d)

136.9e (d)

129.24 (s)

181.99 (s)

145.% (s)

118.24 (s)

145.75 (s)

135.05 (dd, 165, 7)

131.8t (dd, 163, g)

130.51 (dd, 163, 8)

122.U (dd, 160,9)

123.35 (m)

138.46 (d, 3)

115.66 (dq, 162,4)

159.79 (qd, 5, 6)

149.25 (s)

152.43 (dd 1s, 5)

155.58 (ddd, 192,7,3)
125.40 (dd, 167,8)

136.65 (dd, 167,6)

129.03 (d, 8)

182.00 (d,4)

145.98 (s)

116.42 (obsc)

145.71 (t,8)

25.91 (qd, 128,3)

133.08 (dd, 165,7)
131.69 (dd, 162,9)

130.59 (dd, 162, g)

122.79 (dd, 160,7)

123.72 (obsc)

138.70 (d, 3)

112.72 (d, 163)

157.77 (t,4'
149.5a (s)

152.42 (dd, 11,5)

155.54 (ddd, 191,8,4)
125.39 (dd, 167, g)

136.50 (dd, 169,6)

129.15 (d, 7)

181.97 (d, 3)

145.94 (s)

116.95 (d, 6)

145.78 (m)

138.55 (m)

127 .92 (dt, 161, 7)

129.04 (dd, 161, 7)

130.00 (dd, 160, 7)

132.95 (dd, 160,7)
131.36 (dd, 162, g)

130.02 (dd, 162,9)

122.66 (dd, 160,9)

123.69 (m)

138.58 (d, 3)

110.78 (d, 161)

153.13 (bs)

150.01 (d, 3)

136.11 (t, 7)

125.75 (dd, 167,7)

134.69 (dd, 162, 7)

131.03 (dd, 164, g)

128.54 (dd, 165,7)

132.50 (t, 7)

182.21 (d,4)

146.79 (s)

115.81 (d, 6)

145.91 (t,8)

138.41 (td, 7, 1)

127.41 (dt, 163, 6)

128.95 (dd, 159, 7)

129.96 (dt, 160, 7)
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2.2.4.1.3 Preparation and Biology of 6-Ginnamylascididemin

To increase the projection of the bulky G-substituent in O-phenylascididemin further for biological

studies, G-cinnamylascididemin (69) was prepared in typical fashion using cinnamaldehyde as the

aldehyde source and after chromatography and re-precipitation from chloroform/cyclohexane a yellow

amorphous powder was obtained in 72% yield. Elemental analysis suggested 314 an equivalent of

water per O-cinnamylascididemin in the yellow powder and this seemed reasonable as there are

multiple potentialwater coordination sites on the molecule. Surprisingly the usual loss of CO from the

molecular ion was not the preferred initial fragmentation process in a desorption electron impact low

resolution mass spectrum, rather loss of a hydrogen radical was the observed preferential

fragmentation. The positively charged stable fragment generated by this homolytic cleavage

corresponds to the base peak in the mass spectrum. ln the observed mass spectrum (FAB) a peak

corresponding to (M+H)' was observed as the base peak, as was a corresponding peak from

reduction of the iminoquinone {(M+H). +2H1. In the tH-NMR spectrum H5 resonated at a chemical

shift (6 8.46) similar to that observed for 6-methylascididemin (6 8.37) and ascididemin (6 8.60),

confirming the observed deshielding in the G-phenylascididemin analogue (6 8.80) is certainly due to

the ring current of the phenyl substituent. The vinyl system appeared as two doublets 6 7.53 (d, J =

16.1 Hz) and 7.96 (d, J= 16.1 Hz)) which correlated to carbon signals at127.65 (obsc) and 136.11

(dt, J = 154, 5 Hz) in an HMQC experiment. The aromatic ring was assigned by comparison to NMR

data for G-phenylascididemin and a HMQC experiment. Finally, comparison with ascididemin's NMR

data in conjunction with that for 6-phenylascididemin allowed total assignment of the molecule (Table

27,p9.1Q4).

6-Cinnamylascididemin (69) showed a twofold reduction in level of antileukemic activity (P388) in

comparison to 6-methyl or phenyl ascididemin. O-Cinnamylascididemin at an impregnated dose of 20

Fg per paper disk, showed a zone of growth inhibition for the gram positive bacterium Bacillus subfilis

(5 mm) but no growth inhibition was observed at this level for Escherichia coli, Candida albicans or

Trichophyton mentagrophytes. ln an antiviral assay, at an impregnated dose of 20 pg per paper disk,

there was no cytotoxicity towards HSV or BSC-1. A reduction in toxicity towards the BSC-1 cell line

is observed with increasing bulk of the O-substituent.

In the NCI ,n vffro assessment, G-cinnamylascididemin (NSC 686555) showed reduced potency in all

of the 3 principle response parameters compared to G-methylascididemin (Bar Chart's 6 and 8

respectively) but, because of the observed selectivity of 69 it was selected for hollow fiber in vivo

evaluation.
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Table 26. Bioactivity screen for G-cinnamylascididemin (69) with comparative values for 6-

methylascididemin (63) and 6-phenylascididemin (67).

69 63 67

P388 lDso (rrM) 2.8 1.4 1.4

BSC-1, pg 0,20 4+, 20 3+,20

HSV, pg 0,20 ?^,20 0,20
PVl, pg n.t.b n.t. n.t

Bacillus subfilrs, pg 5,20 5,20 4,20
Escheichia coli, pg 0,20 0,20 0,20
Pseudomonas aeruginosa, trq n.t n.t. n.t.

Candida albicans, pg 0, 20 3,20 0,20

T ri c h op h yto n me ntag rop hyte s, pg 0,20 2,20 0,20

Cladisporium resinae, pg n.t n.t. n.t.

' ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: Not tested.

ln hollow fiber rn vivo assessment, O-cinnamylascididemin showed reduced potency in comparison to

both 6-phenylascididemin and G-methylascididemin (Tables 28,24 and 22). The compound exhibited

no significant activity in any cell lines but came close against the breast MDA-MB-435 tumor cell line.

With the increase of steric bulk in the G-position of ascididemin, antitumoral potency in vivo has

generally decreased.
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Table 27. Comparison of l3C-NMR data for ascididemin (6), O-cinnamylascididemin (69) and 6-

phenylascididemin (67).

f=
-it

'AoD \2=
EF

6 13c 6 (mult)z 6 t3c 69 (mutt,4Hz)) 613c 67 (mult, {Hz))
1

2

3

4

4a

4b

5

6

7a

7b

I
10

11

11a

12

12a

12b

13a

A

B

C

D

E

F

132.7e (d)

132.52 (d)

131.53 (d)

123.5e (d)

123.91 (s)

138.51 (s)

117.70 (d)

149.87 (d)

149.67 (s)

152.53 (s)

155.67 (d)

126.30 (d)

136.ee (d)

129.24 (s)

181.99 (s)

145.94 (s)

1 18.24 (s)

145.75 (s)

133.00 (dd, 165, 7)

131.67 (dd, 162,9)

130.50 (dd, 162,9)

122.79 (dd, 160,9)

123.51 (obsc)

138.54 (d, 3)

113.40 (dd, 163, 4)

156.14 (d, 5)

149.45 (s)

152.23 (dd, 11, 5)

155.46 (ddd, 1gl, g, 4)

125.41(dd, 167, 8)

136.55 (dd, 169,7)

129.12 (d,6)

181.88 (d,4)

145.80 (s)

116.96 (d, 6)

145.80 (m)

127.65 (obsc)

136,1 1 (dt, 154, 5)

136.11 (m)

127.57 (obsc)

128.83 (dd, 160, 8)

129.02 (dt, 161,7)

133.08 (dd, 165, 7)

131.69 (dd, 162, 8)

130.59 (dd, 162, 9)

'122.79 (dd, 160,7)

123.72 (obsc)

138.70 (d, 3)

112.72 (d, 163)

157.77 (t, 4)

149.54 (s)

152.42 (dd, 11,5)

155.54 (ddd, 181,8,4)

125.39 (dd, 167, 9)

136.50 (dd, 169, 6)

129.15 (d,7)

181.97 (d,3)

145.94 (s)

116.95 (d, 6)

145.78 (m)

138.55 (m)

127.92 (dt, 161,7)

129.04 (dd, 161, 7)

130.00 (dd, 160, 7)
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Bar Chart 8. NCI Mean Graphs for O-Cinnamylascididemin, 69.
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Table 28. Hollow fiber rn yiyo results for O-cinnamylascididemin.

Gell line

(Tumor type)

Dosage

(mg/kg/dose)

Ttc (o/o)

lntraperitoneal Subcutaneous

MDA-MB-435

(breast)

MDA-MB-231

(breast)

150

100

150

100

53

59

84

82

>100

>100

93

88

sF-295

(cNS)

u251

fCNS)

150

100

150

't oo

>1 00

>100

89

100

90

100

>100

74

uAcc-62

(melanoma)

LOX IMVI

150

100

150

69

B4

>100

>100

>100

>100

(melanoma) 10O >1OO >100

colo 205

(colon)

sw-620

150

100

150

73

98

>100

>100

>100

95

(colon) 100 >1OO 77

NCI-H23

(non-small cell lung)

NCt-H522

OVCAR-5

(ovarian)

OVCAR-3

(ovarian)

150

100

150

150

100

150

100

88

>100

64

B4

>100

>100

(non-small cell lunq) 100 >100 >100

>1 00

>1 00

>100

>1 00

B9

87

79

a4

2.2.4.1.4 Preparation and Biology of 6-nAlkylascididemins

Two other 6-substituted analogues were also prepared. These compounds were required for marine

antifouling trials as ascididemin had proved too water soluble (see Section 3.2.1.2.3). The lipophilicity

of ascididemin was increased by adding a long alkyl side chain. G-Heptylascididemin (70) was

prepared from octanal which had been subsequently prepared from 1-octanol by PCC oxidation.ss

The amount of aldehyde used in the reaction was not the 5 equivalents required for optimal reaction,

and consequently a low yield of 13% was observed. Starting material 10 and reduced starting

material 71 (Scheme 31) were recovered when the product was purified by PLC. The recovery of

reduced starting material suggests the reaction mixture provides a strongly reducing environment;

presumably the quinone reduces first followed by the pyridine ring C and the quinone oxidizes on
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Scheme 31. Preparation of G-Heptylascididemin

cH3(cH2)6cHo

ug
HOAc, reflux

+10 +

cH2(cH2)5cH3

70

aqueous reaction processing but the reduced pyridine ring does not. 6-Heptylascididemin could be

crystallized as golden single crystals from chloroform/cyclohexane but the unit cell was unfortunately

unable to be determined by X-ray crystallography. In a DEPT-135 experiment 6 carbon resonances

inverted and one methyl and 8 methine carbons were also present. Molecular mass was confirmed

by high resolution mass spectrometry and total NMR assignment was achieved by comparison to 6-

methylascididemin.

O-Heptylascididemin (NSC 697270) was submitted to the NCI for in vifro antitumoral evaluation and

showed reduced potency and selectivity in comparison to G-methylascididemin or ascididemin (Bar

Chart 9). Despite this, the NCI may evaluate this compound in vivo.

Reduced dione 71 had a molecular ion of 276 (10Vo) and a base peak of 261 in the observed low

resofution mass spectrum. Also present was a peak of 274 (5%) and this corresponded to the

oxidation of 71 back to 10 in the mass spectrometer. A broad singlet (6 7.45), exchangeable with

D2O, was observed in the tH-NMR spectrum as was a quartet (6 4.50, J = 6.9) and a doublet (6 1.36,

J = 6.9) in addition to the 7 aromatic/pyridine resonances. ln a gated decoupled ttC-NMR

experiment the aliphatic signals appeared as a doublet of triplets (6 30.19, J = 136,4) and a quartet

of doublets (6 25.16, J = 129,6). ln accordance with the structure, both quinoid resonances

appeared as doublets in contrast to 10 where only one is a doublet. Conclusively, reduced dione 71

could be oxidized back to starting material 10 with activated manganese dioxide in dichloromethane.

Another product present in low yield was also isolated from the preparation

of G-heptylascididemin, and although extensive spectral data was obtained,

we could not unequivocally assign a structure to account for all the spectral

data. NMR experiments supported the spiro fragment shown on the right,

however mass spectra recorded were inconclusive, although one spectrum

suggested the fragment with an oxygen occupying the site

71
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marked with a question mark. However as only two carbonyl moieties were apparent in all NMR

spectra this seems unlikely, although Peterson and coworkers had isolated an analogous compound
from a different pyridine ring annulation reaction.2l

O-Nonylascididemin (72) was prepared in typical fashion using decanal as the aldehyde source in
43% yield' Like the G-heptylascididemin reaction reduced dione 71 and starting material 10 were
present in the reaction products again indicating a strongly reductive environment. NMR

characterization of 6-nonylascididemin was straightforward and total assignment was achieved by

comparison to the NMR assignments for O-methylascididemin.

Attempts were made to use two other aldehydes in this reaction procedure. The first, glyoxal

{HC(O)C(O)H}, was used in an attempt to make a novel tetradentate donor dimeric ascididemin

ligand. Only starting material 10 was recovered from this reaction, which is not unpredictable given

that glyoxal in reality preferentially exists as a trimeric dihydrated entity bearing no aldehydic

functionalities. The second, glutaraldehyde, was used to try to generate a dimeric-like ascididemin

entity with a 3 carbon spacer unit. Computer modeling with Macromodelse had shown this entity to
align the two aromatic chromophores one on top of the other, again creating a potential tetradentate

donor ligand. This reaction generated reduccd dione 71 in g5o/o yield and pyridine, probably derived

from the condensation of glutaraldehyde and ammonia followed by oxidation.

The fact that the reaction mixture for these one pot reactions is a reductive environment, which

seems to be especially pronounced in the case of the longer chain aldehydes, has implications on the

proposed mechanism for this annulation previously outlined in Mechanism 5. The major difference in
the reductive Mechanism 7, is the ability to reduec any protonated imine to generate a primary amine.

For example if an imine forms on the lower quinoid position then reduction to a primary amine can

take place (to give species A), this will enhance the acidity of the methyl group further due to
increased aromaticity of the molecule (this methyl group's acidity can likewise be enhanced by the

reduction of the quinone to a hydroquinone). Furthermore, the amine generated can condense with

formaldehyde (to give species B), followed eitherby; (1) intramolecularring closure (Route 1), or (2)

self condensation by intermolecular Mannich reaction resulting in the formation of dimers or trimers

which could then undergo Hoffman-type elimination to give a species receptive to ring closure (Route

2), (3) reaction of this species with non reduced quinone 10 followed by N-dealkylation as previously

seen for various ring closing reactions (Route 3). Rather than narrowing down potential mechanisms,

the discovery of this reductive environment merely opens the door to alternative and more likely

potential mechanisms.
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Mechanism 7. Reductive Annulation
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Ketones could not be used within this methodology to generate G-disubstituted ring E analogues;

when either acetone or acetophenone were used as the carbonyl source in this reaction procedure,

no ring E containing species were present in the reaction products by NMR analysis.

2.2.4.1. 5 Preparation of 6-Su bstituted Benzo[4,5]sam pan g i nes

This utilization of various aldehydes to form a G-substituted ring E was also applicable to the N-8-

deaza-ascididemin chromophore. Three benzo[4,S]sampangine derivatives, 6-methyl, 6-phenyl and

6-cinnamyl, were prepared as all three analogous $-aza compounds had all been selected by the NCI

for in vivo evaluation.

Scheme 32. Preparation of G-Substituted Benzo[4,Slsampangines

RCHO, NHaCI
.---------->

HOAc, reflux

Yields;
R = Me, 95o/o, 73
R = Ph, 78o/o, 68
R = CH=CHPh, 91o/o, 74

6-Methylbenzo[4,5]sampangine (73, Scheme 32) was prepared, using the general procedure, from

quinone 16, acetaldehyde and ammonium chloride in acetic acid at reflux. Flash column

chromatography and recrystallization from chloroform/diethyl ether gave an orange microcrystalline

solid in 95% yield. This compound, once pure, was quite insoluble, even for these typically poorly

sof uble molecules. Elemental analysis suggested 114 an equivalent of water per 6-

methylbenzo[4,5]sampangine in the orange microcrystalline solid and this seemed reasonable as

there is a potential water coordination site on the molecule. The usual loss of CO from the molecular

ion was the preferred fragmentation process in a desorption electron impact low resolution mass

spectrum and high resolution mass spectrometry confirmed the molecular formula. The 1H-NMR

spectrum was very similar to that reported for benzo[4,5]sampangine with the exceptions being the

disappearance of H-6 and the appearance of H-5 as a singlet (E 8.17) slightly more shielded than in

benzo[4,5]sampangine (5 8.30). The methyl group appeared as a single resonance (6 2.89) of triple

integral in comparison to the aromatic resonances in the 'H-NMR and in the 13C-NMR at 5 25.49 (cf.

G-methylascididemin 6 25.91). Total NMR assignment was facilitated by comparison to

benzo[4,5]sampangine and the other two prepared analogues, of which 6-
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phenylbenzo[4,5]sampangine had been assigned by two dimensional experiments (see Tables 29

and 31).

Table 29. Comparison of tH-NMR data for benzo[4,5]sampangine (7),

6-methylbenzo[4,5]sampangine (73) andphenylbenzo[4,5]sampangine (68),

cinnamylbenzo[4,5]sampangine (74).

2

3

ft= I

A CH3

6-

6-

lc
Ao

D \/E
EF

6 
1H 7 (mult, {Hz))21 E1H 68 (mult, J(Hz)) 6'H 73 (mult, J(Hz)) 6 

lH z4 (mult, J(Hz))

1

2

3

4

5

6

I
I
10

11

A

B

D

E

F

8.55 (dd, 7 .1, 1.4)

7.93 (ddd, 7.1, 7.0, 1.4)

7.84 (ddd, 7 .1 ,7 .0, 1.4)

8.55 (dd, 7.1, 1.4)

8.30 (d, 5.7)

8.97 (d, 5.7)

8.79 (dd, 7.8, 1.0)

7.80 (ddd, 7 .9,7 .4, 1 .0)

7.66 (ddd, 7 .8,7 .4, 1 .O)

8.44 (dd, 7.8, 1.0)

8.51 (bd,7.8)

7.90 (td, 8.2, 1.1)

7.82 (td,8.2,1.1)

8.60 (bd, 7.7)

8.63 (s)

8.90 (bd, 7.4)

7.79 (td,8.0, 1.3)

7.62 (td, 7.8, 1.1)

8.39 (dd, 7.6, 0.8)

8.26 (d,6.9)

7.55 (t, 7.6)

7 .51 (t,7 .1)

8.51 (bd, 8.1)

7.92 (td, 8.4, 1.4)

7.83 (td, 8.3, 1.1)

8.56 (bd,8.1)

8.17 (s)

9.85 (dd, 7.8, 1.2)

7.80 (td, 8.0, 1.2)

7.65 (td, 7.8, 1.1)

8.45 (dd, 7.7, 1.0)

2.89 (s)

9.47 (dt,8.2, 1.6)

7.95 (td, 7.2, 1.0)

7 .78 (td,7.3, 1.3)

8.47 (dt, 8.2, 1.6)

8.07 (s)

8.85 (dd, 7.9,0.7)

7.76 (td,7.1, 1.2)

7.58 (td, 7.6, 1.2)

8.35 (dd, 7.8,1.1)

7.25 (d,15.7)

7.97 (d, 15.8)

7.65 (dd, 7.2, 1.3)

7.44 (t,7 .4)

7 .37 (t,7 .5)

6-Phenylbenzo[4,5]sampangine (68, Scheme 22) was similarly prepared, using the general

procedure, from quinone 16, benzaldehyde and ammonium chloride in acetic acid at reflux. Flash

column chromatography and recrystallization from benzeneimethanol gave a yellow microcrystalline

solid in 78% yield. Elemental analysis suggested 112 an equivalent of water per 6-

phenylbenzo[4,5]sampangine in the microcrystalline solid and this seemed reasonable as there is a

potential water coordination site on the molecule. High resolution mass spectrometry confirmed the

molecular formula and the usual loss of CO from the molecular ion was the preferred fragmentation

process in desorption electron impact low resolution mass spectrometry. The tH-NMR spectrum was

very similar to those of benzo[4,5]sampangine and 6-methylbenzo[4,5]sampangine, and like 6-
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phenylascididemin H-5 was considerably deshielded (6 8.63) in comparison to the other analogues (6

8.30,8.17).

Table 30. NMR data for 6-phenylbenzo[4,5]sampangine, (68).

H
{5
16

Atom no. 6 13c (mult, J(Hz)) 61H (mult, {Hz)) HMBC correlations

1

2

3

4

4a

4b

5

6

7a

7b

I
I
10

11

11a

12

12a

12b

13a

14

15

16

17

132.95

131.36

130.02

'122.66

123.69

138.58

110.78

156.13

150.01

136.11

125.75

134.69

131.03

128.54

132.50

182.21

146.79

1 15.81

145.91

138.41

127.41

128.95

129.96

(dd, 160,7)
(dd, 162, 8)

(dd, 162, 8)

(dd, 160,8)

(m)

(d,3)

(d, 161)

(bs)

(d,3)

(t,7)

(dd, 167,7)

(dd, 162, 7)

(dd, 164,9)

(dd, 165, 7)

(t,7)
(d,4)

(s)

(d, 6)

(t,8)
(td, 7, 1)

(dt, 163, 6)

(dd, 158, 7)

(dt, 160,7)

8.63 (s)

8.90

7.79

7.62

8.39

(bd,7.8)
(td,8.2, 1.1)

(td,8.2, 1.1)

(bd, 7.7)

(bd,7.4)

(td, 8.0, 1.3)

(td, 7.8, 1.1)

(dd, 7.6, 0.8)

(d, 6.9)

(t,7.6)

(t,7.1)

3,4a
4,13a
1,4a

2,4b,13a

4a,12b,14

7a,10,11a
7b,11

8,11a

7b,9,12

6,15,17

14,16

15

8.51

7.90

7.82

8.60

8.26

7.55

7.51
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This is presumably due to the aromatic ring current of the phenyl substituent, which therefore must

reside mainly in a planar conformation with respect to the pentacyclic chromophore. The phenyl

substituent appeared as three signals in the tH-NMR. Two triplets were present, one {b 7.51 (1H, J =

7.1 Hz)\ was linked by an HMQC experiment to a carbon resonating at 6 129.96 (dd, J = 162,8 Hz),

andtheother{67.55(2H,J=7.6H2)} correlatedtoacarbonat6l2S.9S(ddJ=158,7H2). Finally

a doublet {5 8.26 (2H, J = 8.3 Hz)} correlated to a carbon atE 127.41 (dd, J = 163, 6). As this doublet

at 6 8.26 showed correlations to C-6 and itself, due to the symmetry of the phenyl ring, in an HMBC

experiment, it was obviously the ortho proton on the phenyl substituent. The two remaining phenyl

positions could be distinguished on the basis of integrals and this was confirmed by correlations

observed in the HMBC experiment. Assignment of the aromatic systems of rings A and D on the

benzo[4,5]sampangine chromophore is more complex than is the case for the analogous ascididemin

systems where ring A is a pyridine system, which gives resonances of widely varied chemical

shifUcoupling constants of a characteristic nature, that greatly simplifies the assignment of the

molecule. Total assignment of this molecule was further complicated by the aromatic phenyl

substituent, however by use of gCOSY, HMBC, HMBC and gated decoupling '3C-NMR experiments

total assignment of the molecule was achieved (see Table 30).

6-Cinnamylbenzo[4,5]sampangine was (74, Scheme 22) was prepared, using the general procedure,

from quinone 16, cinnamaldehyde and ammonium chloride in acetic acid at reflux. Flash column

chromatography and recrystallization from chloroform/dichloromethane gave a yellow microcrystalline

solid in 91% yield. Elemental analysis and high resolution mass spectrometry were consistent with

the molecular formula. However the usual loss of CO from the molecular ion was not the preferred

fragmentation process, in desorption electron impact low resolution mass spectrometry, with the base

peak corresponding to loss of a hydrogen radical as was the case for O-cinnamylascididemin. The

'H-NMR spectrum was very similar to those of benzo[4,5]sampangine and the 6-substituted

benzo[4,5]sampangines. The vinyl system appeared as two doublets 6 7.53 (d, J = 15.7 Hz) and

8.03 (d, J = 15.8 Hz)) which corresponded, by comparison to the aza analogue, to carbon signals at 6

127.21 (obsc) and 135.52 (dt, J = 155,5 Hz). The aromatic ring was assigned by comparison to

NMR data for 6-phenylbenzo[4,5]sampangine and relative integrals of the observed signals (Tables

29 and 31).
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Table 31. Comparison of

phenylbenzo[4,5]sampangine (68),

cinnamylbenzo[4,5]sampangine (74).

"C-NMR data for benzo[4,b]sampangine (T),

6-methylbenzo[4,S]sampangine (73) and

ft= -i
A CH3

Io\,
cl
ra>\2

F

2

3

6-

6-

lc(\o
D \2E
EF

no. 6 13c z (no. H)21 6 13c oB (mutt, {Hz)) 6 13c z3 6 13C 74 (mult, J(Hz))

1

2

3

4

4a

4b

5

6

7a

7b

8

I
10

11

11a

12

12a

12b

13a

A

B

c
D

E

F

133.1 (1)

131.6 (1)

130.3 (1)

122.e (1)

123.5 (0)

137.8 (0)

1 15.5 (1)

148.e (1)

150.5 (0)

136.1 (0)

125.8 (1)

134.e (1)

131.2 (1)

128.7 (1)

132.5 (0)

182.2 (0)

146.0 (o)

117.0 (0)

145.8 (0)

132.95 (dd, 160,7)
131.36 (dd, 162, 8)

130.02 (dd, 162, 8)

122.66 (dd, 160, 8)

123.69 (m)

138.58 (d, 3)

1 10.78 (d, 161 )

156.13 (bs)

150.01 (d,3)

136.11 (t, 7)

125.75 (dd, 167, 7)

134.69 (dd, 162, 7)

131.03 (dd, 164, 9)

128.54 (dd, 165, 7)

132.50 (t,7)

182.21 (d,4)

146.7e (s)

1 15.81 (d, 6)

145.91 (t,8)

138.41 (td,7, 1)

127.41 (dt, 163, 6)

128.95 (dd, 158, 7)

129.96 (dt, 160, 7)

132.89

131.25

129.91

122.73

123.39

138.31

113.91

158.69

149.84

136.18

125.66

134.72

130.91

128.60

132.46

182.43

146.91

115.20

145.83

25.49

132.88 (dd, 165, 7)

131.34 (dd, 162,8)

128.94 (dd, 162,9)

122.66 (dd, 160, 8)

123.55 (obsc)

138.58 (d, 3)

113.27 (dd, 162,4)

154.54 (bs)

150.03 (d,3)

136.04 (t,7)

125.72 (dd, 165,7)

134.65 (dd, 162, 7)

131.O4 (dd, 164,8)

128.55 (dd, 157,7)

132.57 (t,7)

182.29 (d, 4)

146.76 (s)

115.99 (d, 5)

146.02 (t,8)

127.21 (obsc)

135.52 (dt, 155, 5)

140.62 (s)

127.52 (dt, 163,6)

128.85 (dd, 162, 7)

129.93 (dd, 162,8)
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2.2.3.3 B iology of 6-Su bstituted Benzo[4,Slsampangines

6-Cinnamylbenzo[4,5]sampangine (74) was unable to be screened for biological activities as it could

not be dissolved at a sufficiently concentrated level in a solvent system compatible with the assays.

The other two compounds were also less soluble than their corresponding ascididemin analogues

and all of these G-substituted N-8-deaza-ascididemins generally required sonication and warming

whenever dissolution was required.

Table 32. Bioactivity screen for 6-methylbenzo[4,5]sampangine (73) and 6-

phenylbenzo[4,5]sampangine (68) with comparative values for benzo[4,SJsampangine (7).4'5

73 68 7

P388 lD56 (pM) 6.1 16 1.6

BSC-1, pg 0,20 0,20 0, 10 (0, 80)

HSV, pg 0, 20 0,20 2+,10
PVl, pg 0, 20 n.t.a 0, 10 1t+,691

Bacillus subfilrs, pg 0,20 2,20 1,20 (8, 120)

Escherichia coli, pg 0, 20 0, 20 0, 120

Pseudomonas aeruginosa, pg n.t. n.t. 0,120
Candida albicans, pg 6,20 1,20 1,20 (12, 120)

Trichophyton mentag rophytes, pg 0,20 2,20 2,20 (10,120)

Cladisporium resrnae, pg n.t. n.t. 0, 120

n.t.: Not tested.

The structural elaboration by carbon based substituents in the 6 position of the

benzo[4,5]sampangine skeleton clearly resulted in; (1) a reduction in antimicrobial activity and (2)

decrease in P388 in vitro activity with increased bulk of the substituent. Similar trends were observed

for the ascididemin analogues, All three compounds were submitted to the NCI for evaluation in the

in vitro developmental therapeutics program and all three were confirmed not worthy of further pursuit

(see Bar Charts 10, 11 and 12). In comparison to the ascididemin analogues, the potency was

reduced by an order of magnitude and any selectivity was all but lost. This again highlights the

importance of the 1,1O-phenanthroline-like bay region of ascididemin in antitumoral activity.
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Bar Chart 10. NCI Mean Graphs for 6-Methylbenzo[4,5Jsampangine, 73 (NSC 6g7015).
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Bar'Chart 11. NCI Mean Graphs fol6-Fhenylbenzo[4,5]sampangine, 68 (NSC 683789).
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Bar Chart 12. Ncl LNlean Graphs for 6-Cinnamylbenzo[4,flsampangine, z4 (Nsc 6g7016)"

r'i'
A

-AI€6
A
Ola

{dg

.l
o
IA

h

E
li
E

n
Pli
9:
Q
F
Ere

E'
:(b
e.

'qll.
.q0
o'
L&
8
c,a
6lL
c,

F
6t
EI(u
tr
a
€:
o
,d)

,dJ

Ll
tr-
o
E
ctl(J
6l
tr

c
7.

1Do

c

q
sa
.t,

€q
6
a
b

g
o0
og
o

EZ

tf,

r6fr
fl

qt
(u

E

3

q

I

!

I

I

4

gtfe€ s$l I9a'f{.1 E 8€€ a EtE1-t1t'f't.ln ESEEESAaY{!9!a
q8ae6E
srrY91 ??e $ ??

q a eeEETaft?t
qEgS sg8 eeT't*9t.!+
^ A 

^ ^ n6 | 
^

qE
{9 a.ataf_as

'f {'i Y'i{'d

s

siEE E 3t.t r.t Y

.l ,

1

E

1E{
qqcE-EqQ4
a?tatta9 ii9$$?E bg88*r{ll9i{ EFAF AAct!4'fl g$$?,9? *s$g?+q9

4^aAt'i.ii

88!J qqqEcES
1.|ra:9 11

5 l. I

$

?

2

I

3
f*it.t1{'!.! A$Fg;FF{a!+'i.l! ii1*{.ri TeqcE-e1Ai?-r!! Q4!:ts t19l!1.:.t

€i{gE qt€q
T119q1at T'l !!t91?r?1 EE.4

U

E

rj

s 
fu ! f - i,Ea$ff rE H g $i ;* *E s gnu $Hss j - ei t [rye'rt He *

g
eEgii ;l

!! d.r 'r

r,ns,i[Hl,;{^+.{uB?E?nn .
F lYEEereEiilis99ce*t q;g

Surnmary:

plr4 (Log range)

Gt50

2'1 (2.61

TGI

72 (1.41

119

LGsO

e6 (0.5)



2.2.4.2 Preparation and Biology of S-Substituted Ascididemins

Having generated 6-substituted ascididemins with in vitro antitumoral activity we were interested in

functionalizing the position 5 on ring E. Peterson and coworkers had used Bracher's acetal

condensation/cyclization pyridine ring annulation on related systems to prepare 5-substituted

sampangines in low yields (Scheme 33)."

Scheme 33. Peterson's Preparation of 5-Substituted Sampangines

OH

)
tl

)
OH

/",."

-->
Four steps, 0.5olo

-------->
Two steps, 11%

DMFDEA, DMF
-------------->

NHaCl, HOAc,6%

DMFDEA, DMF
___________.>

NH4C|, HOAc,6%

When we tried similar reactions on our model deaza system using the methyl substituted 11-

bromomethylbenz[b]acridine-6,11-dione (75),tB we were unable to achieve substitution in the 5-

position using either the acetal, secondary amine or paraformaldehydeiammonium chloride pyridine

ring forming reactions and benzo[4,5]sampangine (7) was the only compound isolated (Scheme 34).

Scheme 34. Attempted Preparation of 5-Bromobenzo[4,5]sampangines

AorBorC
A (i) DMF DEA, DMF

(ii) NH4C|, HOAc

B (i) H2C=NMe2l, Et3N, DMF
(ii) NH4Cl, HOAo

c (cH2o)n, NHaCl, HOAc

This was not unpredictable for the two Mannich routes where elimination of HBr would facilitate

aromatization of ring E. However, using the acetal route we expected to afford either S-bromo or 6-

ethoxy substitution depending on which substituent eliminated more readily to generate the

intermediate enamine (Scheme 35). lt seems probable that S-bromo or 6-ethoxy

benzo[4,5]sampangine did form but these substituents were lost in the reaction mixture.
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Scheme 35. Potential Enamine Products

_____________>

Eto

NMe2

We then decided to exchange the bromine present in 75 for a methoxy group which Peterson and

coworkers had shown to remain after the ring forming reaction when performed on the sampangine

nucleus. 1 1-Bromomethylbenz[b]acridine-6,11-dione 75 was reacted with sodium methoxide in

Scheme 36. Attempted Methoxide Exchange

NaH/MeOH
--+

v\

methanol, however 11-methoxymethylbenz[b]acridine-6,11'dione 76 was not formed. Unpredictably,

the product from this reaction was ester 77. A singlet resonating at 6 4.24 in the 1H-NMR spectrum

initially looked promising for structure 76, however the structure of ester 77 was deduced after

fragmentations diagnostic of the methyl ester were observed, from a molecular ion corresponding to

ester, in the low resolution mass spectrum. High resolution mass spectrometry confirmed the

molecular mass and the lR spectrum confirmed the functionality with a prominent absorbance at 1736

cm-1.

2.2.4.2.1 Preparation and biology of the Model System 5-Methyleneacetate-N-8-deaza-

ascididemin.

We were not overly perturbed by our lack of success in trying to do similar reactions to those carried

out by Peterson and coworkers because their yields for these reactions were not high. We therefore

turned to trying to develop new methodology to solve this problem. As enamines react with

Y
Y

NMe2

v
I

e,,
NMe2
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Scheme 37. Potential Route to 5€ubstituted Alkaloids

p

electrophiles in well defined manner, we decided the reaction of an enamine with a suitable

electrophile may allow us to functionalize position-S. As outlined in Scheme 37, the electrophile

would remain if HNMe2 was preferentially lost across C-5 and C-6. As a carbon based substituent

Scheme 38, Potential Products From Cyclization

was both desirable and unlikely to be involved in elimination across C-5 and C-6 we first considered

Eschenmoser's salt. This reaction had the added advantage of generating an entity bearing two side

chains both capable of undergoing cyclization to form a pyridine ring. Either of the two products

Scheme 39. The Alkenal Equivalent

st",

NMe2

122



shown in Scheme 38 might form depending on which cyclization was favored. Furthermore, the

product of the reaction of the enamine with Eschenmoser's salt is a masked alkenal (Scheme 39),

and it could potentially be coerced to undergo elimination and hydrolysis to form this alkenal, which

could be cyclized under numerous reaction conditions to give S-substituted ascididemins.

This reaction was first attempted on the model deaza system; deaza-enamine 1938 was reacted with

Eschenmoser's salt in DMF at 115 oC for 15 min over which period the blood red coloration due to the

enamine dissipated and an orange/brown coloration developed. The mixture was cooled, followed by

the addition of ammonium chloride and acetic acid (45 mL/100 mg enamine; super dilute) and heating

was continued at 125oC for 20 min. After reaction processing, 1H-NMR on the crude reaction mix

indicated there was a substituent at the 5 position, it was however not what we expected. After

purification and further characterization it became apparent we had in fact obtained 5-

methyleneacetate-benzo[4,5]sampangine (78).

Scheme 40. Preparation of 5-Methyleneacetate-benzo[4,5]sampangine

(i) H2C=NMe2l, DMF, 115 oC

(ii) NH4Cl, HOAC, 125 oC

High resolution mass spectrometry confirmed the molecular formula and the loss of OAc was the

favored fragmentation process in the low resolution spectrum, rather than the typical loss of CO, and

this fragmentation gave rise to the base peak. An extra carbonyl absorbance at 1737 cm-1 was

observed in the lR spectrum confirming the ester functionality. tH-NOE experiments indicated

magnetization transferfrom the methylene protons {6 5.85 (2H, s)} to H-6 {6 9.12 (1H, s)} and H-4 {6

8.64 (2H, dd, J = 8.1, 1.8 Hz)), facilitating the assignment of the latter which appeared at identical

chemical shift to H-1. NOE enhancements of the H-6 resonance of 8%, and the H-4 resonance of

5olo, were observed on irradiation of the methylene resonance. The 13C-NMR showed three

resonances corresponding to the side chain, one quaternary carbon t6 170.69 (0)), one methylene

carbon {6 64.30 (t, J = 150, -CH2-)}, which inverted in a DEPT-135 experiment, and a methyl carbon

{S 21.01 (q)}. 13C-NMR assignment of the molecule was made by comparison to the data for

benzo[4,5]sampangin e (7)2t and 5-methyleneacetate-ascididemin (79) which was later prepared and

was assigned by 2-D NMR experiments (see Table 33).

NMe2
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Table 33. Comparison of l3C-NMR data for 5-methyleneacetate-benzo[4,5]sampangine (78),

benzo[4, 5] sampan gin e F )21 a nd S-methyleneacetate-ascid idemin (79).

z 78;X = CH, R = -/'---O #*1' ll -
3 7',X=CH,R=H O

79; X- N, R= .f,.,-Ogr^,
1',ll -

o

Atom no. 6 13c 78 (no. H) 6 13c z (no. H)21 6 13c 79 (no. H)

1

2

3

4

4a

4b

5

6

7a

7b

8

I
10

11

11a

12

12a

12b

13a

1',

z',

3'

133.70 (1 )

131.32 (1)

130.41 (1)

126.72 (1)

123.54 (0)

137.37 (0)

125.33 (0)

151.e0 (1)

150.e0 (0)

136.11 (0)

126.07 (1)

135.04 (1)

131 .32 (1)

128.44 ('t)

131.ee (0)

182.05 (0)

146.78 (o)a

117.53 (0)

146.69 (o)a

64.30 (2)

170.69 (0)

21.01 (3)

133.1 (1)

131.6 (1)

130.3 (1)

122.9 (l',)

123.5 (0)

137.8 (0)

1 15.s (1)

148.e (1)

150.5 (0)

136.1 (0)

125.8 (1)

134.e (1)

131.2 (1)

128.7 (1)

132.5 (0)

182.2 (0)

146.0 (0)

117.0 (0)

145.8 (0)

133.e2 (1)

131.67 (1)

130.ee (1)

126.88 (1)

123.60 (0)

137.52 (0)

127.04 (0)

152.3e (1)

14e.ee (0)

152.34 (0)

155.81 (o)

125.80 (1)

136.40 (1)

128.54 (0)

181.72 (0)

145.e4 (0)

118.68 (0)

146.63 (0)

64.1e (2)

170.4e (0)

20.e4 (3)
t These assignments are interchangeable.

Silica gel column chromatography purified 5-methyleneacetate-benzo[4,5]sampangine contained a

small amount of 5-formyl-benzo[4,5]sampangine (80, Scheme 40) which could not be separated,

even by PLC. lt could however be effectively destroyed chemically: We had initially hoped to

circumvent this problem by converting both the ester and the aldehyde to the corresponding
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methylene alcohol with lithium aluminium hydride. However the only isolated product from this

reaction was the untouched ester. ln this instance, unlike the ester, a// the aldehyde reduces to the

alcohol. The analogous aza alcohol which was later generated by acid hydrolysis of the aza ester

was found to be very insoluble. As the solubility of various analogues between the aza and deaza

ascididemin series is closely linked, it seems likely this alcohol is not extracted on reaction

processing, even though it is present, due to its extremely poor solubility. This procedure fortuitously

allowed us to prepare samples of high purity of 5-methyleneacetate-benzo[4,S]sampangine.

It was found 5-methyleneacetate-benzo[4,5]sampangine (78) could also be prepared directly from

benzo[2,3]cleistopholine (16) by reaction with dimethylformamide diethyl acetal to generate the

enamine, followed by reaction with Eschenmoser's salt and finally annulation with ammonium chloride

and glacial acetic acid (Scheme 41) as long as the amount of glacial acetic acid used was 45 mL per

10A mg of theoretical enamine. Any deviation towards higher concentration would result in

intermolecular condensations which will be discussed in due course. The 3 step one pot reaction

yield was 31% with aldehyde 80 still present in trace amounts.

Scheme 41. Alternate Preparation of 5-Methyleneacetate-benzo[4,5]sampangine

(i) (EIO)2CNMe2, DMF, 120 oC

(ii) H2C=NMe2l, DMF, 115 oC

(iii) NH4cl, HoAc, 125oc

A proposed mechanism to account for both the incorporation of the acetate group and the small

amount of the aldehyde present is outlined (Mechanism 8). From observations and preparations that

will be discussed in due course it is unlikely that the imine hydrolysis to the alkenal occurs in this

reaction mixture. Indeed we initially thought that by exclusion of water from the reaction we could

inhibit the formation of aldehyde 80 but this did not turn out to be the case suggesting that X = NMez

in the boxed aldehyde formation in Mechanism 8.

45 mL HOAo/100 mg theoreticalenamine
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Mechanism 8. Formation of 5-Methyleneacetate-benzo[4,5]sampangine

------l>

H2C1)Me2

iNMe2 \HGn"

H^eoAc
e
.l){M"z

H

I'P

NH4CI

---Hzo
-HCl

NH4CI

--
-Hzo

Orimine I

hydrolysis {

-Hzor-

Aldehyde impurity?

N--rt\lL-

The results from the primary screen (Table 34) demonstrated, on the deaza system, introduction of a

carbon based substituent at position 5 of the benzo[4,5]sampangine chromophore had some positive

effects on the observed biology. Antileukemic activity was slightly increased as was antiviral activity,

with the difference in antiviral activity from the non-substituted analogue being increased activity

against the RNA based PV1 virus. The compound still possessed little antibacterial activity but it was

substantially more antifungal than benzo[4,S]sampangine. As we have found N-8-deaza-ascididemin
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and its derivatives to typically possess no major antitumoral activity this compound was not submitted

to the NCI for comprehensive antitumoral evaluation.

Table 34. Bioactivity screen for 5-methyleneacetate-benzo[4,5]sampangine (78) with comparative

values for benzo[4,5]sampangine (7).4

78 7

P388 lDsn (rrM) 1.2 1.6

BSC-1, pg 1, 80 0, 10 (0, g0)

HSV, prg 4+,80 4+, 80 (2+, 10)

PV1, pg 2+,80 1+, 80 (0, 10)

Bacillus subfrTis, pg 3,20 1, 20 (8, 120)

Escherichia coli, pg 0,20 0,120
Pseudomon as aeruginosa, pq 0,20 0,120

Candida albicans, pg 6,20 1,20 (12, 120)

Trichophyton mentagrophyfes, prg 3,20 2,20 (10, 120)

Cladisporium resinae, pg 8,20" 0,120

" Growth retarded only.

2.?.4.2.2 P reparati on and biology of S-Methyleneacetate-ascid idem in.

The analogous reaction was attempted on the aza analogue and it was at this point we first

discovered other complications of this ring forming reaction. After several trials it became clear that

generating the aza-enamine in situ was desirable as it shortened the amount of time required for the

entire reaction. Therefore, as outlined in Scheme 42,the reaction was typically carried outfrom 11-

methylpyrido[2,3-b]acridine-S, 1 2-dione (1 0).

Scheme 42. P reparation of S-Methyleneacetate-ascid idemi n

(i) (Eto)2cNMe2, DMF, 120 oC

(ii) H2C=NM€21, DMF, 115 oC

(iii) NH4Cl, HOAC, 125 oC

45 mL HOAc/100 mg theoretical enamine
79

27%
81

Trace

z
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As long as the amount of glacial acetic acid used was 45 mL per 100 mg of theoretical enamine the

reaction gave S-methyleneacetate-ascididemin (79) in a slightly lower yield (27%) than was seen for

the analogous deaza reaction (31o/o) but because of the degree of complexity built up in the one pot

reaction both yields were considered sufficient. As observed earlier, any deviation towards higher

concentration for the final cyclization step would result in intermolecular condensations which will be

discussed in due course. Unfortunately the aldehyde impurity 81, like in the analogous deaza

reaction, was present in trace amounts in the crude reaction product and could not be separated by

silica gel column chromatography.

Table 35. NMR data for S-methyleneacetate-ascididemin (79).

o

2

3

10

Atom no. 613c 1no. H; 61H (mult, J(Hz)) HMBC correlations

1

2

3

4

4a

4b

5

6

7a

7b

I
10

11

11a

12

12a

12b

13a

1'

2'

3'

133.e2 (1)

131.67 (1)

130.ee (1)

126.88 (1)

123.60 (0)

137.52 (0)

127.04 (0)

152.3e (1)

14e.ee (0)

152.34 (0)

155.81 (1)

12s.80 (1)

136.40 (1)

128.54 (0)

181.72 (0)

145.e4 (0)

1 18.68 (0)

146.63 (0)

64.1e (2)

170.4e (o)

20.e4 (3)

8.68

8.04

7.96

8.67

9.35 (s)

9.19

7.68

8.78

5.92

2.20

(dd, 8.1, 1.4)

(ddd, 8.1 ,7 .1, 1 .2)

(ddd, 8.5, 7.1, 1.4)

(dd, 8.1, 1.4)

(dd, 4.6, 1.8)

(dd, 7.9,4.6)

(dd, 7.9, 1.9)

3,4a
4,13a

1,4a

2,4b,13a

(s)

4b, 5, 7a,12b (aJcH), 1'

7b,14,11

9,11a

7b,9, 12

4b, 5, 6, 2'

z',(s)
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The lithium aluminium hydride reduction used to remove this impurity from the deaza product did not

work on this substrate. PLC chromatography (silica gel, dichloromethane/methanol/triethylamine

100:1:0.01) gave no separation but if ca. 1 mm portions of the major yellow band were removed and

analyzed by 1H-NMR followed by combining of the relevant fractions, pure material could be

lethargically generated. High resolution mass spectrometry confirmed the molecular formula of 5-

methyleneacetate-ascididemin (79) and the loss of HOAc was the favored fragmentation process in

the low resolution spectrum, rather than the typical loss of CO, and this fragmentation gave rise to the

base peak. An extra carbonyl absorbance at 1737 cm-t was observed in the lR spectrum confirming

the ester functionality. ln the tH-NMR spectrum H-6 appeared as a singlet at characteristic chemical

shift (6 9.35 c.f. 6 9.32 for ascididemin). The 13C-NMR spectrum showed three resonances

corresponding to the side chain; one quaternary carbon {6 170.49 (0)}, one methylene carbon {5

64.19 (2, -CH2-)), which inverted in a DEPT-135 experiment, and a methyl carbon {6 20.94 (3)}.

These two latter 13C-NMR resonances were linked to proton signals, of single resonance, resonating

at 6 5.92 (2H) and 6 2.20 (3H) in a gHMQC experiment. Interpretation of a gHMBC experiment

facilitated total NMR assignment of the molecule (see Table 35). Key long range correlations were

observed from H-6 to the exocyclic methylene carbon (6 64.19) and from the exocyclic methylene

protons to the exocyclic ester carbon (6 170.49) and to the ring E carbon resonances of C-6 (6

1s2.3e) and C4b (6 137.52).

Table 36. Bioactivity screen for S-methyleneacetate-ascididemin (79) with comparative values for

ascididemin (6),4 and O-methylascididemin (63).

79 6 63

P388 lD"n (uM) 0.5 0.4 1.4

BSC-1, rq 4+,80 1+, 10 (4+, 80) 4+,20

HSV, pg ?", g0 ?,10 ?,20

PVl, prg ?,80 ?, 10 n.t.b

Bacillus subfi/rs, prg 7,20 10,20 5,20

Escherichia cof, pg 5,20 10,20 0,20

Pseudomonas aeruginosa, pg 0,20 0,120 n.t.

Candida albicans, pg 2,20 o, 20 (11 ,120) 3,20

T ri ch op hyto n m e ntag rophyfes, pg 5,20 0, 120 2,20

Cladisporium resinae, pg 7,20 10,120 n.t.

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
b n.t.: Not tested.
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Bar Chart 13. NCI Mean Graphs for 5-Methyleneacetate-ascididemin,79.
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5-Methyleneacetate-ascididemin (79) showed similar levels of P388 and BSC-1 cytotoxicity to

ascididemin. Antibacterial activity was less pronounced than ascididemin but more pronounced than

the other ring E analogue 6-methylascididemin. Like 6-methylascididemin, there seems to be an

improvement in antifungal activity overall in comparison to ascididemin. Encouraged by the in vitro

antileukemic activity in the primary screen, 79 was submitted to the NCI for comprehensive in yffro

antitumoral evaluation (Bar Chart 13). The compound gave impressive antitumoral selectivity

(reflected in the large log range values) at reasonable levels of potency. Bar Chart 13 is the most

impressive Bar Chart of all those presented in this thesis, even being slightly superior to that of the

lead compound ascididemin and the promising O-methylascididemin. Due to time constraints, the

requisite 500 mg of compound was unable to be supplied for in vivo antitumoral analysis, however

the preparation of this compound is being carried out by chemists at the NCI for in vivo studies.

2.2.4.2.3 Preparation and biology of Alkenal Precursors

The obvious way to avoid the troublesome impurity of aldehyde 81 in the synthesis of S-

methyleneacetate-ascididemin is to use a different electrophile which, when reacted with the

enamine, would give a product incapable of an altemate ring closure. However aza enamine 20

would not undergo a similar reaction to that observed with Eschenmoser's salt, when other

electrophiles such as methyl iodide or methyl acrylate were used in the one pot annulation procedure.

Use of the Vilsmeyer reaction, on enamine 20, in the sequential procedure (electrophilic attack, then

cyclization ) was also unsuccessful.

Attempted methoxide attack of 5-methyleneacetate-ascididemin 79 failed to generate any identifiable

products. However, substitution of the glacial acetic acid solvent for propionoic acid would give S-

methylenepropionoate-ascididemin, but the aldehyde 81 was still present and could not be selectively

destroyed with lithium aluminium hydride. Acid hydrolysis of 5-methyleneacetate-ascididemin 79

gave the corresponding alcohol in low yield (<10%). This alcohol had exceptionally low solubility

which made its production undesirable. An attempt to convert the aldehyde 81 to its corresponding

dimethyl acetal, hopefully allowing separation from 79 also failed.

Scheme 43. Preparation of Alkenal 82

CH2O (37oh aq)
Me2NH (40% aq)
HOAc, DMF, MeOH
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We therefore decided to try to isolate the alkenal which can be generated from the product of the

Mannich reaction on the enamine (Scheme 39, pg. 122). A literature procedure by Hengartnerand

coworkers used a conventional Mannich reaction (formaldehyde, dimethylamine) to generate

alkenals/atropaldehydes in good yields.60 Repeating their procedure on aza enamine 20 gave the

corresponding alkenal , 11-(2'-acrolein)pyrido[2,3-b]acridine-5,12-dione, (82, Scheme 43).

Working on an extremely small scale (6 mg) the product could be isolated in an 80% yield, however

this yield could not be repeated and the yields were generally <10o/o. Alkenal 82 is unstable and

reacts consistently throughout any reaction processing (probably with any nucleophile present of

which there are many) giving unidentifiable products. lnstability towards silica gel precluded

chromatographic purification of alkenal 82, however some spectral data on impure 82 was able to be

recorded. High resolution mass spectrometry confirmed the molecular formula and loss of HCO from

the molecular ion gave rise to the base peak in the low resolution mass spectrum. In the 1H-NMR

spectrum the aldehydic proton appeared as a single resonance at 6 10.01 and the two non-equivalent

olefinic protons also appeared as single resonances at 6 6.77 and 6.37. A strong absorbance in the

lR spectrum at 1691 cm-1 and a carbon resonating at 5 190.78 in a DEPT-135 experiment, with

another inverting at 6 133.10 confirmed the presence of the alkenal functionality. By comparison to,

the stable, fully characterized, deaza analogue 83 (Figure 12) some spectral assignment of the

molecule was able to be made. This compound could not be obtained in sufficient purity for biological

testing.

lf enamine 20 is reacted with Eschenmoser's salt, followed by removal of the dimethyl formamide

solvent, the product is not alkenal 82, as the product of the Mannich reaction needs an aqueous

environment to hydrolyze to the alkenal. The iminium species from this reaction was unable to be

satisfactorily characterized due to the Eschenmoser's salt present which could not be separated due

to the instability of the iminium product. lf "wet" DMF is used, alkenal 82 is formed but not

exclusively.

Reductive amination of alkenal 82 was attempted with ammonium chloride followed by sodium

borohydride in dimethyl formamide/methanol. As the product of this reaction appeared to be a non-

aromatic system by 1n-NUR spectroscopy, the product(s) were re-heated with AIBN to hopefully

initiate aromatization. However by 1H-NMR spectroscopy, nothing of interest was contained in the

products.

The analogous deaza alkenal, 11-(2'-acrolein)benz[b]acridine-5,12-dione (83) was preferentially

prepared by the reaction of deaza enamine 19 with Eschenmoser's salt in dimethylformamide

followed by solvent removal and hydrolysis of the product in dichloromethane/methanol/aqueous
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acetic acid with added ammonium chloride. The yield of this reaction was variable, however hundred

milligram scale reactions could give an 83% yield. The product 83, unlike the aza analogue 82, is

stable to flash column chromatography on silica gel which permits purification. High resolution mass

spectrometry confirmed the molecular formula and loss of HCO from the molecular ion gave rise to

the base peak in the low resolution mass spectrum. A strong absorbance was observed in the lR

spectrum at 1689 cm-1. ln the IH-NMR spectrum the aldehydic proton appeared as a single

resonance at 6 9.97 and the two inequivalent olefinic protons also appeared as single resonances at

5 6.76 and 6.38. IH-NOE experiments indicated magnetization transfer between the side chain and

H-10 (see Figure 12 numbering). NOE enhancements of the H-10 and H-3'B resonances of 1% and

9% was observed on irradiation of H-3'A. NOE enhancements of the H-3'A and H-1' resonances of

6% and 2o/o war€ observed on irradiation of the H-3'B resonance. NOE enhancement of the H-3'B

resonance of 5% was also observed on irradiation of the H-1'resonance. ln the gated decoupled
13C-NMR the aldehydic carbon (C1') resonated at 6 190.83 (1, ddd, J = 182, 14,9) and the

protonated olefinic carbon (C-3') appeared as a doublet of doublets (J = 163, 160) at 6 132.97, with

the remaining quaternary carbon of the side chain appearing as a doublet (J = 28) at 6 146.65. The

chemical shift of C-3'was identical to that of C-8 which resulted in the coincidence of having a signal

simultaneously phased both up and down in the DEPT-135 experiment. 2-Dimensional NMR

experiments (gCOSY, gHMQC, gHMBC) allowed the partial NMR assignment of the compound. As

no long range correlations were observed from rings C or D or the side chain to ring B,

7.83 H H 7.88
181.39

133.45

134.04

182.39 11a7.83 H H7.67
10

H 7.98

9.97 H

o

Ho.+r
A

132.97

H o.zs
B

Figure 12. Chemical shifts for 11-(2'-acrolein)benz[b]acridine-5,12-dione, (83).
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the orientation of the ring B to ring C junction is ambiguous (see Figure 12). Key long range

correlations, for the alkenal functionality, were observed from H-3'B to the aldehydic carbon (C-1')

and quaternary carbons C-2'and C-11, with the aldehydic proton H-1'also conelating to the two

aforementioned quaternary carbons.

f n a bioactivity screen, 11-(2'-acrofein)benz[b]acridine-5,12-dione, (83) possessed cytotoxic activity

towards the P388 (a.8 pM) and BSC-1 (2+, 20 pg/disk) cell lines and inhibited the growth of three

microbes, B. subtillus (6 mm), C. albicans (5 mm) and L mentagrophytes (4 mm), at an impregnated

dose of 20 pg per paper disk. These activities are not normally seen on this deaza-quinoid
chromophore, again highlighting the importance of a reactive side chain in observed biology.s The
compound was submitted for NCI ,n vrfro antitumoral evaluation and gave some selectivity with

moderate overall potency (Bar Chart 14). This rn vltro antitumoral activity is not typically seen with
this deaza-quinoid chromophore and may therefore be due to the side chains ability to act as a
Micheal acceptor- This compound has been selected for in vivo antitumoral studies but these have
yet to be performed.

Scheme 44. Alternate Preparation of 5-methyleneacetatebenzo[4,5lsampangine

NHaCl, HOAC, 125 oC

78

560/o

5-Methyleneacetatebenzo[4,S]sampangine (78) could be prepared from alkenal g3 in a yield of 56%.
As alkenal 83 is often troublesome to make there is little advantage in using this procedure over the
alternative procedures, whereby 7g is prepared from enamine 1g or quinone 16.

o
83
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Bar Chart 14. NCt Mean Graphs for 11-(2'-Acrolein)benz[b]acridine-5,1Z-dione,83.
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2.2.4.2.4 Preparation and Biology of Pseudodimeric Moieties

As was described earlier, when preparing either S-methyleneacetate-ascididemin (79) or 5-

methyleneacetate-benzo[4,5]sampangine (78) using the 3 step one pot procedure from quinones 10

and 16, the amount of glacial acetic acid used in the final step was crucial. lf the super dilute

conditions were not used the S-substituted pentacyclic systems were not generated as the major

products. In a routine preparation of S-methyleneacetate-ascididemin (79), the amount of glacial

acetic acid used was halved and the resulting 1H-ruMR spectrum of the crude reaction mixture

showed that 79 was not the major product and other aromatic products were present. By flash

column chromatography and PLC the major compound present, which had low solubility, was the 3,5-

disubstituted pyridine 84 (Scheme 45). Also present in the reaction products were small amounts

('5%) of 79 and the aldehyde 82, as well as other larger aromatic entities in even smaller amounts

(<1o/o). Although the reaction yield is modest, due to the degree of molecular complexity introduced,

the yield is acceptable.

scheme 45. Preparation of 3',5'-di(1 1-pyrido[2,3-blacridine-S,12-dione)pyridine

(i) (EtO)2cNMe2, DMF, 120 oC

(ii) H2C=NMe2l, DMF, 115 oC

(iii) NH4ct, HoAc, 'l25oc

22 mL HOAc/100 mg theoretical enamine

84

17o/o

Inspection of the tH-NMR spectrum showed typical signals for the 11-pyrido[2,3-b]acridine-5,12-dione

chromophore, with two further signals in an isolated spin system {6 7.73 (1H, d, J = 2),8.69 (2H, d, J

= 2)) as elucidated from homonuclear decoupling and COSY experiments. Due to the molecular

symmetry, all the signals in the 1H-NMR spectrum appeared at double integral with the exception of

one 2 Hz triplet (6 7.73) which appeared at single integral. These relative integrals were reflected in

DEPT 90 and DEPT 135 experiments where one carbon resonance (6 135.63) appeared at ca. half

the integral of the other signals. When this carbon resonating at 6 135.63 (dt, J = 165, 6) correlated

to the proton resonance of single integral at 6 7.73 (d, J = 2) in a HMQC experiment and another

carbon resonating at6147.40 (ddd, J = 183, 12,6) correlated to the proton resonance of double

integral at 6 8.69 (d, J = 2), it became clear we had a 3,S-disubstituted pyridine system. High

resolution mass spectrometry (FAB) confirmed the molecular formula of (M+H)* and the low

10
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resolution showed (M+Na). as the base peak with (M+H)* also present at a relative intensity of 85%.

Combination of HMQC and HMBC experiments allowed total assignment of the molecule (Table 37).

Table 37. NMR data for 3',s'-di(11-pyrido[2,3-b]acridine-5,12-dione)pyridine (84).

Atom no. 6 13c (mult, J(Hz)) 61H (mult, J(Hz)) HMBC correlations

2

3

4

4a

5

5a

6a

7

8

I
10

10a

11

11a

12

12a

1'

z',

3'

155.80

128.33

136.14

130.68

181.32

147.25

149.57

131.68

133.74

131.39

128.42

129.81

149.17

124.49

181.58

149.57

147.40

132.47

135.63

(ddd, 194,7,4)
(dd, 165, 9)

(dd, 170,6)

(d, 8)

(d,4)

(s)

(m)

(dd, 163, g)

(dd, 163,9)

(dd, 163,9)

(dd, 165,9)

(t, 6)

(bs)

(s)

(s)

(m)

(ddd, 183, 12,6)

(obsc)

(dt, 165, 6)

(dd, 4.5, 1.7)

(dd, 8.0, 4.6)

(dd,7.9, 1.7)

(d,2)

(d,2)

3,4,12a
2,4a

2,5,12a

11, 1" 2" 3'

11, 1'

9.16

7.81

8.80

8.54

8.00

7.89

8.17

8.69

7.73

(d, 8.3) g, 10a

(ddd, 8.2, 6.9, 1.2) 6a, 10

(ddd, 9.2, 6.9, 1.2) 7, 10a

(d, 8.3) 6a, 8, 11

3',s'-Di(11-pyrido[2,3-b]acridine-S,12-dione)pyridine, 84, possessed little antimicrobial activity (Table

38) and only mild antileukemic activity. As the structure of the compound was novel, it was submitted

to the NCI (NSC 694492) tor in vivo antitumoral evaluation (Bar Chart 15). Although only moderately

active overall, some impressive activity was seen against multiple tumor cell lines. Due to the

observed selectivity, this compound was selected Ior in vivo evaluation but, because of time
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84 20 10

P388 lDso (pM) 4.0 0.4 56

BSC-1, pg 0, 80 2+, 80 (1+, 10) 3+,80
HSV, pg 0,80 4+,80 (4+, 10) ?4, go

PV1, pg 0,80 4+,90 (4+, 10) ?,90
Bacillus subfills, pg 4,120 12,120 10, 120

Escherichia cofi, pg 0, 120 12, 120 o,120
Pseudomonas aeruginosa, pg 0, 120 0,120 0, 120

Candida albicans, pg 0, 120 10,120 1, 120

T ri c h o p hyto n m e ntag rophyfes, pg 2,120 15, 120 0, 120

Cladisporium resinae, pg 0, 120 10, 120 6,120

Table 38. Bioactivity screen for 3',5'-di(11-pyrido[2,3-b]acridine-S,12-dione)pyridine (84) and

comparative values for enamine 20 and 11-methylpyrido[2,3-b]acridine-S,12-dione (i0).0

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.

constraints. the requisite 500 mg of the compound was unable to be supplied for this in vivo

antitumoral analysis. However chemists at the NCI are preparing this compound for in vivo studies.

Interestingly the product 84 contains an unlikely terpyridyl moiety (as shown on

the right). Few examples of these compounds have been prepared.

Preparation of terpyridyl moieties has been achieved in moderate yields with

palladium-catalyzed cross-coupling reactions.6l The methodology used here

may provide a useful alternative in the preparation of terpyridyl analogues, if it
proves to be controllable.
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Bar Chart 15. NCI Mean Graphs for 3',S'-di(1 1-pyrido[2,3-b]acridine-5,12-dione)pyridine, 84.

€l
ol
3l&l
EI
El$
$11l|.llc

-F{ 
rEl"

=t o
tc'ilo

ataatg

E

trtqli_lo
\t ool5
dlsts
sla
''lE6tEzt&

6t

60

qA
al

qJ
CL
cl
c)

F
6t

E€
Ecl
= rlr
9tr
,:: (u
iJ !.
-A
I

rt,

€J.J
c
att

U
cl
e

.tt
z

a
3

I

I
s

itq8r8 8F 8;$ Fa5 EtTiitia+! stqiq=c qE;:89 FEsliEq EECsiq ptqsEqt 8:in lE!qir4i 8tF

5

E?NN'H
T'l .i .i .C E

s1?!!trrn
?9??r{9rtt iqtq4!8 nSlqqc l{st4qt !ef{cq qiqHiq{ E3 Iis{l=qq qaq

E

5

itdF88Jr{T{r ;it8sgte3.tYfn"Si{r EF69qF T{t{rei} q? qq! ci i c!8si qqqdFq ?rsqqrc q! -FII:I€I8
".tiT.t{".t

il
JI

il
!

I eqq

3ri

E

rfl ErlE,ffu t$EEEi!!aaEEeiijrEf *ii ji=$3g!gjEssiti jrnin;;i;,,guEitfu lu

Summary:

pM (Log range)

Gt50

0.1 (2.2\

TGI

1.1 (2.s)

139

LCs0

12.5 (2.3)



One conceivable mechanism for the formation of the 3,S-disubstituted pyridine bridged dimer is

outlined in Mechanism 9.

Mechanism 9. Formation of Pyridine Bridged Dimer

+-

-HNMez
-H+
'H2

Although such a mechanism is often used in textbooks for the reaction of an enamine with an alkenal,

it is extremely unlikely either of these two species are present in the reaction mix, and so we do not

think the Mechanism 9 is a valid representation of this particular reaction. Moreover, reaction of pure

samples of 20 and 82 under analogous conditions failed to yield 84. A more likely mechanism will be

presented after the discussion of a following pertinent result.

The deaza analogue of 3',5'-di(11-pyrido[2,3-b]acridine-S,12-dione)pyridine (84), 3',5'-di(11-

benz[b]acridine-S,12-dione)pyridine (86), was also able to be prepared using an identical procedure.

{
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Scheme 46. Preparation of 3',5'-di(11-benz[b]acridine-S,12-dione)pyridine

(i)(EIO)2CNMe2, DMF, 120 oC

(ii) H2C=NMe2l, DMF, 115 oC

(iii) NH4ct, HoAc, 125oc

22 mL HOAc/100 mg theoretical enamine

86

9o/o

The tan powder obtained from chromatographic purification was particularly insoluble, even more so

than its aza analogue. Due to problems associated with this insolubility, characterization was limited

to high resolution mass spectrometry and 1H-NMR spectroscopy in a CDCI3/CD3OD mixture. Like the

aza analogue, 86 displayed a 2 Hz triplet of single integral (5 7.64, H-4') and a 2 Hz doublet of double

integral (6 8.69, H-2') due to the 3,5-disubstituted pyridine system in the tH-NMR spectrum. From

homonuclear gated decoupling experiments, these two protons were clearly coupled and in an

isolated spin system.

Table 39. Bioactivity screen for 3',5'-di(11-benz[b]acridine-S,12-dione)pyridine (86) and comparative

values for 3',5'-di(1 1-pyriclo[Z,3-b]acridine-5,1Z-clione)pyridine (84).

86 84

P388 lD"^ (uM) 8.3 4.0

BSC-1, pq 1+,80 0,80

HSV, pg 3+,80 0,80

PV1, pg ?4, 80 0,80

Bacillus subfifi's, pg 3,120 4,120

Escherichia coli, pg 0,120 0,120

Pseudomonas aeruginosa, pcl 0,120 0,120

Candida albicans, vq 8,120 0,120

Tri ch o p h yto n me ntag rophyfes, pg 2,120 2,120

Cladisporium resinae, pg 10b, 120 0, 120

" ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.
o Growth retarded only.

Unlike the aza 3,5-disubstituted pyridine 84, 3',5'-di(11-benz[b]acridine-S,12-dione)pyridine (86)

possessed antifungal activity and some antiviral activity, against the DNA based HSV virus. The

16
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molecule did have some antileukemic activity and was submitted to the NCI (NSC 694490) for in vitro

antitumoral evaluation (Bar Chart 16).

As is typically observed for compounds with this chromophore, little activity was observed against

most of the 60 tumor panel, however due to pronounced activity against several cell lines, this

compound will be assessed in vivo when chemists at the NCI generate the required 500 mg.

The reaction outlined in Scheme 45 for the preparation of 3',5'-di(11-pyrido[2,3-b]acridine-5,12-

dione)pyridine (84) was repeated using further reaction concentration in the final ring closure in an

attempt to increase the yield of 84. However the pyridine bridged dimer 84 could not be detected in

the reaction products. As in the preparation of 84, small amounts of S-methyleneacetate-ascididemin

(79) and the aldehyde 81 were present. After flash column chromatography and PLC, the major

product was identified as another unrelated product of intermolecular reaction, 7-deaza-7-(11-

pyrido[2,3-b]acridine-5, 1 2-dione)ascididemin (85, Scheme 47).

Scheme47. Preparation ol7-deaza-7-(11-pyrido[2,3-blacridine-5,12-dione)ascididemin

(i) (EIO)2CNMe2, DMF, 120 oC

(ii) H2C=NMe2l, DMF, 115 oC

(iii) NH4ct, HoAc, 125 oc

Although the yield was modest (11%) this same compound could be prepared ina32o/o yield from

enamine 20 using an alternative low temperature procedure for the final ring closing step. From the

NMR data is was clear the molecule was large and unsymmetrical. The molecular formula was

deduced from high resolution mass spectrometry (FAB). There were three carbonyl quaternary

carbons the 13C-NMR spectrum, in the gated decoupled spectrum two were doublets and the other a

singlet. From inspection of the 1H-NMR spectrum it was cle'tr that the molecule possessed two

separate 1,2-disubstituted pyridine ring systems. Also apparent was an isolated spin system

consisting of two doublets {6 8.98 (J'= 8.8), 7.69 (J = 8.8)} and interpretation of the long range

correlations observed from these two protons in a HMBC experiment allowed deduction of the ring

junction between the two chromophores. Combining the results of HMBC, HMQC, COSY and gated

decoupled 13C-NMR experiments facilitated NMR assignment of most of the molecule with the

12 mL HOAc/100 mg theoretical enamine
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tsar Chart 16. NCliMean Graphs for 3',5-di(11-benz[bJacridine-5,12dione)pyridine, 86.

Summary: Gl50r TGI LG50

pM (Log r.ange) 4,212.71 2S (1.5) 74 (121l
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exception of C-12a and C-Sa' which could not be distinguished.

There was, however, the potential to interchange the

assignments for the two ring A/B systems, as no long range

correlations were observed to these regions from the other

protons present. lt is believed however that the assignments

presented in Table 41 are correct because we would expect the

shifts for ring A of the novel pentacyclic chromophore to be

farther from what is normally observed on the tetracyclic

chromophore. The other ring A, ring A', is close to what would

be expected for the tetracyclic system with the exception of H-2'

which is shielded probably because it is in close proximity to the

other chromophore.

Table 40. Bioactivity screen for 7-deaza-7-(11-pyrido[2,3-b]acridine-5,121-dione)ascididemin (85)

and comparative values for ascididemin (6) and 11-methylpyrido[2,3-b]acridine-S,12-dione (10).0

' ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable.

Like the 3,5-disubstituted pyridine 84,7-deaza-7-(11-pyrido[2,3-b]acridine-5,121-dione)ascididemin

(85) possessed little antimicrobial activity (Table 40). These results may be due to a decreased

ability to cross cellular membranes which in turn is due to the increased size of the molecule. The

molecule did have some antileukemic activity and was submitted to the NCI (NSC 694491) for in vitro

antitumoral evaluation (Bar Chart 17).

85 6 10

P388 lDss (pM) 3.0 0.4 56

BSC-1, rrq 1+, 80 1+ 10 (4+, 80) 3+,80

HSV, Ltq ?t, g0 ?, 10 ?,90

PV1, pg ?,80 ?, 10 ?, 80

Bacillus subf/is, pg 5,120 10,20 10,120

Escherichia coli, pg 0,120 10,20 a,120

Pseudomona s aeruginosa, pg 0,120 0,120 0,120

Candida albicans, pg 4,120 0,20 (11,120) 1, 120

Trichophyton mentagrophytes, pg 2,12Q 0,120 o,120

Cladisporium resinae, pg 1, 120 10,120 6,120
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Table 41. NMR data for 7-deaza-7-(11-pyrido[2,3-bJacridine-5,12-dione)ascididemin (8b).

Atom no. 6 t3c (mult, J(Hz)) 61H (mult, J(Hz)) HMBC correlations

1

2

3

4

4a

4b

5

6

7

7a

7b

I
10

11

11a

12

12a or 5a'

12b

13a

2',

3'

4',

4a'

5'

5a' or 12a

6a'

7',

8'

I'
10'

10a'

11',

11a'

12'

12a

132.96

130.14

130.50

122.32

125.18

133.62

125.05

132.68

137.66

130.65

1s2.36

152.36

123.27

136.32

127.25

182.50

145.80

123.00

144.70

155.59

128.03

129.90

127.88

182.06

147.87

149.43

129.90

132.97

131.84

127.46

128.88

157.78

122.92

181.23

149.31

(dd, 171, 6)

(dd, 162, g)

(dd, 162,9)

(dd, 161, 8)

(m)

(obsc)

(d, 163)

(d, 163)

(d,8)

(obsc)

(dd, 11, 6)

(ddd, 191, 8, 3)

(dd, 167,8)

(dd, 167,6)

(obsc)

(4)

(s)

(d,7)

(t,8)
(ddd, 183, 8, 3)

(dd, 167,9)

(dd, 170, 6)

(d,7)

(d,4)

(s)

(dd, 10, 5)

(dd, 162,8)

(dd, 171, 6)

(dd, 165,5)

(dd, 163,7)

(obsc)

(t, 5)

(s)

(s)

(dd, 12, 6)

(dd,8.1,1.3)
(ddd, 8.5, 7.0, 1.5)

(ddd, 8.5, 7.0, 1.5)

(dd, 7.9, 1.7)

3,4, 13a

4,13a
1,4a

2,4a,4b,13a

8.71

7.98

7.97

8.79

8.98

7.69

7.88

7.13

8.64

8.97

7.72

8.79

7.49

7.91

8.58

7.49

(d, 8.8)

(d, 8.8)

(dd, 4.6, 1.9)

(dd, 7.8,4.6)

(dd, 7.8, 1.9)

(dd, 4.5, 1.7)

(dd, 7.9,4.5)

(dd, 7.9, 1.7)

(m)

(m)

(d, 8.5)

(m)

4a, 4b,7, 12b

4b,7, 11',

7b,10,11

9, 11,11a

7b,9, 12

3" 4" 12a',

2',4'r 4a'

2" 3" s',

9" 1Oa',

6a', 10'

7', 10a'

6a', 8', 1 1'
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Bar Chart 17. NCI Mean Graphs for 7-deaza-7-(11-pyrido[2,3-b]acridine-5,12-dione)ascididemin. g5.
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Although showing weak antitumoral activity overall, some selectivity was observed and this

compound was selected for in vivo evaluation. Due to time constraints, the requisite 500 mg of

compound was unable to be supplied for in vivo antitumoral analysis. However chemists at the NCI

are preparing this compound tor in vivo studies.

An attempt was made to prepare the (di)deaza (removal of N1' and NB) analogue of 7-deaza-T-(11-

pyrido[2,3-b]acridine-5,12-dione)ascididemin (85). As none of the compounds from the reaction

mixture possessed the solubility characteristics suggested by the aza analogue 85, and no diagnostic

signals were seen by 1H-ttMR spectroscopy, the problem of product location/purification in a time

efficient manner became insurmountable.

Clearly compound 85 can not be generated in a mechanism such as that presented in Mechanism g

(pg. 1a0). An altemative potential mechanism, Mechanism 10, can account for the formation of this

compound. For the observed product to be formed, two key processes must occur; (1) regeneration

of enamine functionalities, that allows both intermolecular nucleophilic attack and later intramolecular

attack of a quinone position to form a 6 membered ring, and (2) multiple reverse Mannich reactions.

While the Mannich reaction is not typically viewed as reversible, it can be and the reverse reaction is

catalyzed by water or an amine.33 Enamine regeneration probably happens in the first instance from

deprotonation of the last "benzylic' proton. lt is unlikely this initial regeneration is due to a reverse

Mannich, as no blood red coloration due to enamine 20 is visible. The second enamine regeneration

can not be formed by protonation (if the first enamine regeneration is indeed formed by

deprotonation) as there is no proton to remove and thus a reverse Mannich reaction may occur. Two

further reverse Mannich reactions, one amine uassisted", may then occur to generate the observed

product.
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Mechanism 10. The Reverse Mannich Reaction in Action

/-
Not under

these conditions

Het
I

,"J't'..r'NMe2
tl

NMer
t

Enamine
regeneration________+ #- -------------->

Het

Het
iNMe2

R = H; Reverse Mannich
(unlikely).

R = CHzNMe2; Deprotonation
(likely)"

* Based on observed colour
changes

M",il),li ( 'i 's

(R = CH2NM"2) (AM"z Ntrlt2

Reverse frrfannicnJ

Het

HJ!Me2

\\//
l(lr-r/\

t',t"rgdi,...i
v Het

<-
Me2N

I

Y
Y

__________>

Reverse
Mannich

MezNrH

,c 6""'

o
82

Key iminium species

nc&H

<-
Reverse
Mannich

After it became apparent reverse Mannich reactions might be occurring, a more realistic potential

mechanism, than that suggested in Mechanism I (pg. 140), for the formation of the 3,S-disubstituted

pyridine dimer 84 was able to be proposed (Mechanism 11). The key intermediate, a 1,5-dicarbonyl

equivalent, is formed by a reverse Mannich reaction. Just why this key intermediate does not

undergo the same intramolecular attack of the quinoid position (outlined in Mechanism 10), merely on

the basis of reaction concentration is unclear. The 1,5-dicarbonyl can then undergo cyclization to

give the observed product. Thus it would appear the super dilute conditions, used for the preparation

of the 5-methyleneacetate-pentacycles, prevent the various intermolecular reactions which can occur

after an enamine regeneration.
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Mechanism 11. Alternative Formation of Pyridine Bridged Dimer

R = H; Reverse Mannich
(unlikely).

R = CHzNMe2; Deprotonation
(likety).

* Based on observed colour
changes
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Summary of Section 2.2:

Analogues

Synthesis and Biology of Substituted Ascididemin

Two ring A ascididemin analogues were synthetically prepared:

11-Methoxyascididemin (a0) was prepared in 22o/oyield by a new synthetic route in 3 steps {c.f.

Kubo2o 5 steps, 9% (later reported as 28o/o)a5, Kashmanl0 4 steps, 8%). This synthetic route has

since been published by Kubo who reported a yield of 16o/o.45 11-Methoxyascididemin, while

being less potent overall in the NCI ,n vitro screening than ascididemin, gave sufficient tumor

selectivity to be selected for further in vivo hollow fiber evaluation.

11-Hydroxyascididemin (9) was prepared from 11-methoxyascididemin (40). 11-

Hydroxyascididemin possessed antiviral activity against both DNA (HSV) and RNA (PV1) based

virii, but was inactive against HIV-1, when evaluated at the in NCl.

Two ring D ascididemin analogues were synthetically prepared:

2-Bromoleptoclinidinone (2-bromoascididemin, 8) was prepared following Bracher's synthesis.ls

The key starting material 2-nitro-4-bromo-acetophenone (52) was unable to be satisfactorily

prepared by following the synthesis of Kovendi and Kircz,at'oe necessitating the use of alternate

reactions for the introduction of the ketone functionality. A crystal structure was determined for 2-

bromoleptoclinidinone, the first such structure solved for a pyridoacridine alkaloid and the

molecule was found to be highly planar. 2-Bromoleptoclinidinone possessed pronounced

antifungal activity and Bracher found the compound to possess in vitro but not (xenograft) in vivo

antitumoral activity when the compound was evaluated at the NCl.s"4

lsobromoleptoclinidinone (3-bromoascididemin, 50) was prepared by electrophilic bromination of

ascididemin. 3-Bromoascididemin, like 2-bromoleptoclinidinone (8), was unable to inhibit the

activity of topoisomerase lla.3' 6s 3-Bromoascididemin, like 2-bromoascididemin, possessed

pronounced antifungal activity and showed more overall antitumoral cytotoxicity in vitro than

ascididemin. However, because of a lack of selectivity, 3-bromoascididemin was not selected for

in vivo evaluation at the NCl.

Six ring E ascididemin analogues were synthetically prepared by novel methodology from quinone

10:

Five 6-substituted ascididemin analogues were prepared; O-methylascididemin (63), 6-

phenylascididemin (67), 6-cinnamylascididemin (69), G-heptylascididemin (70) and 6-

nonylascididemin (72). All compounds tested exhibited selective in vitro antitumor activity in initial

NCI evaluations. Compounds 63, 67 and 69 were therefore evaluated in hollow fiber in vivo

antitumoral studies, with antitumoral activity decreasing with increasing bulk of the 6-substituent.

The most active, O-methylascididemin was, like ascididemin, unable to exhibit activity at a

a
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distance. 6-Methylascididemin is currently being further evaluated in the subcutaneous xenograft

in vivo assay system. The three N-8 deaza analogues of compounds 63, 67 and 69 were

prepared and had no detectable in vrfro antitumoral activity, again reinforcing the importance of N-

8 for antitumoral activity.a

One 5-substituted ascididemin analogue was prepared, S-methyleneacetate-ascididemin (79).

This compound possessed moderate antifungal activity and gave the most impressive in vitro

antitumoral profile, when assessed at the NCl, of all the compounds in this work. ln vivo

evaluation will be carried out in due course. The N-8 deaza analogue of compound 79 possessed

moderate antifungal activity and gave a better antiviral profile than, the parent,

benzo[4,5]sampangine (which almost made the selection criteria at the NCI for further HIV

evaluation5).

Four novel quinoid-containing heterocycles were prepared; 11-(2'-acrolein)benz[b]acridine-5,12-

dione (83), 3',5'-di(1 1-pyrido[2,3-b]acridine-S,12-dione)pyridine (84), 3',5'-di(1 1-benz[b]acridine-

5,12-dione)pyridine (86) and 7-deaza-7-(11-pyrido[2,3-b]acridine-5,12-dione)ascididemin (85).

Due to selective in vitro antitumoral activity possessed by these rare structural classes, all four will

be assessed in vivo in due course.

All of the non-bromine containing ascididemin analogues have been selected for in vivo

evaluation at the NCl.
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Experimental for Work Described in Section 2.2

4-Methoxyquinoline-S,8-dione (42)

9u" I Was prepared following the procedures outlined by Lackner and Withopf,# with the

exception being the preparation of 5,8-dimethoxy-(1Ff){etrahydroquinolin-4-one (44).

Rather than using the outlined polyphosphoric acid, the reaction was carried out using

phosphorous pentoxide/methanesulfonic acid (1:10), 'Eaton's reagent'. Using 2.5 mL

reagent per 500 mg substrate at 82 oC for 30 min gave the product in ca. 90%

following the literature purification.
lHNMR(400MH2, cDcl3) 6=g.7g(1H,d,J=5.g, H-z),7.13(1H,d,J=5.g, H-3),6.97(1H, d,J=
10.3, H-7), 6.86 (1H, d, J = 10.3, H-6), 4.01 (3H, s, OMe);
13c NMR (100 MHz, cDcr3) 6 = 1g3.83 (0, c-8), 1g}.zo (0, c-s), 16s.s4 (0, c4), 1b5.13 (1,c-2),

149.40 (0, C-8a), 139.79 (1, C-7), 136.27 (1, C-6), 111.2A (1, C-3), 56.70 (3, OMe), C-4a not

observed.

6-(2'-Acetylanilino)-4-methoxyqu inoline-5,8-dione (46)

A mixture of absolute ethanol (20 mL), 4-methoxyquinoline-5,8-dione (169

mg, 0.89 mmol), o-aminoacetophenone (121 mg, 0.89 mmol) and cerium

trichloride heptahydrate (166 mg, 0.45 mmol) was stirred at ambient

temperature while a steady stream of air was continuously bubbled into the

reaction mixture. After 24 h the ethanol was removed under reduced

pressure and the crude mixture purified by flash column chromatography (silica gel) initially eluting

with hexane/dichloromethane then dichloromethane to remove any unreacted 2'-

aminoacetophenone, followed by dichloromethane/methanol (19:1) to elute the red 6-(2'-

acetylanilino)-4-methoxyquinoline-S,8-dione ( 1 87 mg, 65% yield).

'H rurtlR (400 MHz, cDcr3) 6 = 11 .24 (1H, bs, NH), 8.79 (1H, d, J = 5.g, H-2),7.g2(1H, d, J = 7.g, H-

3'),7.59 (1H, d, J =7.5, H-6'),7.53 (1H, d, J =7.6, H-5'), 7.16 (1H, d, J =7.6, H-4'),7.09 (1H, d, J=
5.8, H-3), 6.78 (1H, H-7),4.06 (3H, s, OMe), 2.64 (3H, s, CH3);
13c NMR (100 MHz, CDCI3) 6 = 201.08 (0, C(O)CH3), 182.46 (0, C-5 or C-8), 179.82 (0, C-5 or C-8),

165.88 (0, c-4), 155.62 (1,c-2),150.78 (0, c-8a), 144.30 (0, c-1'), 139.70 (0, c-6), 133.99 (1, c-s'),

132J8 (1, C-3'), 125.96 (0, C-2'), 123.22 (1, C4'), 120.68 (0, C-6'), 116.69 (0, C-4a), 110.13 (1, C-

3), 104.99 (1, C-7),56.67 (3, OMe),28.45 (3, CH3).
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4-Methory-l 1 -methylpyrido[2,3-b]acridine-S, 1 2-dione (a5)

To a cold stirred suspension of 6-(2'-acetylanilino)-4-methoxyquinoline-5,8-

dione (110 mg) in glacial acetic acid (3.5 mL), was slowly added concd

sulfuric acid (0.35 mL). The reaction mixture was heated at 70 oC for 30

min, cooled and poured onto ice (50 mL). The mixture was made basic with

aqueous potassium hydroxide (10o/o) and extracted with chloroform until

there was no further coloration of the organic layer on extraction. The organic extract was washed

with brine, dried with anhydrous magnesium sulfate and the solvent removed under reduced

pressure. Purification by flash column chromatography (silica gel,

dichloromethane/methanol/triethylamine g0:10:1) yielded a brown solid, 4-methoxy-11-

methylpyrido[2,3-b]acridine-5,1 2-dione (66 mg, 70% yield).

MS: DEI m/z (%) 304 (M+, 1A0),287 (5),275 (35), 261 (20),246 (15). Anal. (exact mass, HREIMS)

calcd. for C1sH12N2O3 m/z 304.0848, found 304.0843;
tH NMR (400 MHz, cDcr3) 6 = 8.87 (1H, d, J= s.7, H-2),8.38 (1H, d, J= 8.5, H-7), g.31 (1H, d, J=
8.5, H-1O),7.87 (1H, t, J=7.6, H-8),7.73 (1H, t, J=7.6, H-9),7.17 (1H, d, J= 5.7, H-3),4.09 (3H, s,

OMe),3.23 (3H, s, CH3);

'3c NMR (100 MHz, CDCI3) 6 = 183.99 (0, s, C-12 or C-5), 181.02 (0, s, C-12 or C-5), 166.21 (0, s,

C-4), 155.78 (1 , d, J = 182, C-2), 152.84 (0, d, J = 13, C-12a), 151.65 (0, bm, C-6a), 148.70 (0, s, C-

5a,0, m, C-11), 132.53 (1, dd, J= 164,8, C-8), 132.13 (1, dd, J= 166,6, C-7), 129.43 (0, m, C-10a),

129.40 (1, dd, J= 164,9, C-9), 125.42 (1, dd, J= 161 ,7,C-10), 124.35 (0, d, J =4,C-11a), 120.36

(0,d,J=4,C-4a), 110.79(1,dd,J=165,9,C-3),56.88(3,q,J=147,OMe), 16.29(3,q,J=130,

CHs).

4-Methory-11-[2'-(dimethylamino)vinyl]pyrido[2,3-b]acridine-S,12dione (47)

4-Methoxy-11-methylpyrido[2,3-b]acridine-S,12-dione (118 mg, 0.39 mmol),

dimethylformamide diethyl acetal (0.20 mL, 1.17 mmol) and DMF (3 mL),

were heated to 115-120 oC under nitrogen for 15 min. The reaction mixture

was allowed to cool and the solvent and unreacted dimethylformamide

diethyl acetal removed under reduced pressure to yield a blood red residue,

4-methoxy-1 1 -[2'-(dimethylamino)vinyl]pyrido[2,3-b]acridine-5, 1 2-dione (1 26

mg,90%).

MS: DEI m/z (Yo) 359 (M+ , 50), 344 (30), 330 (10), 316 (M+ -CH3N=CHr, 90), 315 (M+ -NMe2, 100),

298 (40), 287 (25),285 (20), 273 (20);

MS: FAB m/z (%) 362 ((M+H)* +2H, 15), 361 ([(M+H). +2H -HI, 40), 360 ((M+H)*, 70), 317 ((M+H). -

CH3N=CH2, 100). Anal. (exact mass, HRFABMS) calcd. for C21H1gN3O3 m/z 360.1348, found

360.1324;
THNMR(400MHz,cDcl3) 5=8.84(1H,d, J=5.7,H-2),8.26 (1H,d,J=B.b,H-7orH-10),8.24

NMe2
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(1H, d, J = 8.5, H-10 or H-7),7.75 (1H, ddd, J = 8.3, O.g, 1.2, H-8 or H-g), 7.50 (1H, ddd, J = 8.3, 6.9,

1.2,H-9 or H-8), 7.45 (1H, d, J = 13.0, H-1'), 7.23 (1H, d, J = 13.0, H-2'), 7.10 (1H, d, J= S.7, H-3),

4.07 (3H, s, OMe), 3.14 (6H, s, NMe2);
13C NMR (50 MHz, protonated carbons only, CDCIa) 6 = 155.72 (1, C-2 or C-2'), 154.70 (1, C-2 or C-

2'), 131.66 (1, C-g), 131.32 (1, C-7), 129.75 (1, C-10), 127.11 (1, C-g), 110.06 (1, C-3),94.46 (1, C-

1'), 56.75 (3, OMe), NMe2 not observed.

4-Methoxy-1 1 -[2'-(dimethylami no)ethyl]pyrido[2,3-b]acridine-S, 1 2-dione (48)

4-Methoxy-1 1-methylpyrido[2,3-b]acridine-S,12-dione (104 mg, 0.34 mmol)

and zinc chloride (60 mg, 0.44 mmol) were stirred in DMF (2 mL) at ambient

temperature for 5 min. Over this time the zinc chloride dissolved

completely. Eschenmoser's salt (109 mg, 0.59 mmol) was added and the

mixture heated to 80 oC under nitrogen for 15 min. The orange/brown

reaction mixture was cooled, poured onto ice-water (50 mL) and the

resulting mixture made basic with aqueous potassium hydroxide (10%), extracted with

dichloromethane (3 x 30 mL), washed with brine which had been made basic with potassium

hydroxide (10% aqueous solution), dried with magnesium sulfate and the solvent removed under

reduced pressure to yield an orange brown residue, 4-methoxy-11-12'-

(d imethylamino)ethyll pyrido[2, 3-b]acrid ine-5, 1 2-dione ( 1 1 1 mg, g0% ).

MS: FAB m/z (%) 364 ((M+H)* *2H, 10), 362 ((M+H)., 2O), 317 ((M+H)+ -HNMe2, 5). Anal. (exact

mass, HRFABMS) calcd. for C2lH2eNsOs m/z 3G2.1S0S, found 362.1487

'H NMR (400 MHz, cDcl3) 6 = g.g2 (1H, d, J = s.T, H-2), g.33 (1H, d, J = 9.0, H-7 or H-10), g.31

(1H, d, J = 9.0, H-10 or H-7), 7.83 (1H, t, J =7.6, H-8 or H-9), 7.70 (1H, t, J =7.6, H-g or H-8), 7.15

(1H,d,J=5.7, H-3),4.05(3H,s,OMe),3.87(2H,bt,J=7.7,H-1'),2.74 (2H,bt,J=8.1 ,H-Z'),2.46
(6H, s, NMe2);
13c NMR (100 MHz, CDCI3) 6 = 1g3.26 (0, s, C-12 or C-5), 1g1.6g (0, s, C-12 or C-5), 166.14 (0, bs,

C-4), 155.72 (1, d, J = 182, C-2), 153.03 (0, bs, C-1 1), 152.46 (0, d, J = 12, C-1Za), 148.91 (0, t, J =
7, C-6a), 148.67 (0, s, C-5a), 132.56 (1, dd, J = 163, 9, C-8), 132.17 (1, dd, J = 165, 7, C-T),129.71

(1, dd, J= 164,9, C-9), 128.85 (0, obsc, C-10a), 125.02 (1, dd, J= 161 ,7,C-1O), 123.7O (0, s, C-

11a), 120.22 (0, d, J=5, C-4a), 110.82 (1, dd, J= 165,9, C-3),58.68 (2,t,J = 136, C-2'),56.82 (3, q,

J = 147, OMe), 44.79 (3, q, J= 134, NMej 26.73(2,1, J = 131, C-1').

1 1 -Methoryascididemin (40)

4-Methoxy-1 1-methylpyrido[2,3-b]acridine-5,12-dione (98 mg, 0.32 mmol),

dimethylformamide diethyl acetal (0.2 mL, 1.17 mmol) and DMF (3 mL) were

heated at 120 oC under nitrogen for 15 min. The reaction mixture was

allowed to cool in air for 5 min before ammonium chloride (400 mg, 7.34

OMe O

OMe O
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mmol) and acetic acid (5 mL) were added sequentially down the reflux condenser. The reaction

mixture was then re-heated at 110 oC for 5 min only. The mixture was then quickly cooled and

poured onto ice (100 mL) and extracted exhaustively with chloroform (subsequent basification and re-

extraction yields no further product). The organic extract was washed with brine, dried with

anhydrous magnesium sulfate and the solvent removed under reduced pressure. The product was

further purified by flash column chromatography (silica gel, dichloromethane/methanol 10:1) to give a

orange/brown solid, 11-methoxyascididemin (48 mg, 48% yield).

MS: DEI m/z (%) 313 (M+, 100), 300 (15), 284 (35), 255 (40), 227 (1O). Anat. (exact mass,

HREIMS) calcd. for C1eH11N 3O2 m/z 31 3.0851, found 31 3.0850;

fR: urr, (smear) 1679, 1644,1603, 1569, 1475,1428,1405, 1306, 1230,1070,1032,1017,767,729

cm-1;

tH NMR (400 MHz, cDcr3) 6 = g.24 (1H, d, J= s.7, H-6),8.95 (1H, d, J= 5.8, H-g),8.66 (1H, dd, J=
8.1,0.9,H-4),8.60(1H,dd,J=8.3,0.9,H-1),8.51 (1H,d, J=5.7, H-5),7.98(1H,ddd, J=8.0,7.2,

1.3, H-2), 7.89 (1H, ddd, J = 8.0, 7.2,1.3, H-3), 7.13 (1H, d, J = 5.8, H-10), 4.13 (3H, s, OMe);
ltc NMR (100 MHz, cDcl3) 6 = 180.28 (0, s, c-12),167.44 (0, m, c-11), 1ss.sg (1, d, J = 181, c-9),

152.48 (0, d, J = 13, C-7b), 149.71 (0, d, J = 9, C-7a), 149.58 (1, d, J = 182, C-6), 146.52 (0, s, C-

12a),145.60 (0, t, J= 10, C-13a), 137.47 (0, m, J= 5, C-4b), 132.74 (1, dd, J= 166,8, C-1), 131.53

(1, dd, J = 162,9,C-2),130.15 (1, dd, J= 163,9, C-3), 122.97 (0, t, J= 6, C-4a), 122.74 (1, dd, J=
160,8, C-4),119.06 (0, d, J = 4,C-12b),117.13 (0, d, J= 3, C-11a), 116.67 (1, dd, J= 165,9, C-5),

108.98 (1, dd, J = 165, 9, C-10), 56.64 (3, q, J = 147, OMe).

1 1 -Hydroxyascididemin (9)

11-Methoxyascididemin (31 mg, 0.10 mmol) in dichloromethane (15 mL)

under nitrogen was cooled to -12 oC (dry ice/ethylene glycol). Boron

tribromide (40 mL, 0.14 mmol) was slowly added and the mixture stirred at -

12 oC for 30 min. The mixture was allowed to warm to room temperature

and after t h, to the now purple mixture was added aqueous potassium

hydroxide (10o/o,1 mL). The mixture was made acidic with aqueous hydrochloric acid (10%) and the

product extracted exhaustively with chloroform. 11-Hydroxyascididemin was separated from

unreacted 11-methoxyascididemin by reverse phase flash column chromatography (C-18), with

unreacted starting material eluting with methanol and the product eluting with chloroform/methanol

(1 :1 ) to give a yellow solid, 1 1-hydroxyascididemin ('13.6 mg, 46 o/o).

MS: DEI m/z (%) 301 (M+ +2H, 100), 300 (M+ +H, 3O),271 (10),243 (10), 203 (10);

MS: FAB m/z (Yo) 302 ((M+H)* *2H, 20), 301 ([(M+H)- +2H -H], 40), 300 ((M+H)*, 1Q), 273 (5), 242

(5),226 (5). Anal. (exact mass, HRFABMS) calcd. for C16H12NsO2 m/z 302.0930, found 302.0911.

Anal. (exact mass, HRFABMS) calcd. for C1sH11N 3O2 m/z 301.0851, found 301.0857;

tR: v*.,, (smear) 3375, 1670, 1633, 1573,1466, 1303, 1230,1122,1067, 102Q,765 cm-1;
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'H NMR (400 MHz, cDcl3) 6 = 13.04 (1H, bs, oH), 9.30 (1H, d, J = 5.6, H-6), g.gg (1H, d, J = 5.6,

H-9), 8.71 (1H, d, J = 8.0, H-4), 8.63 (1H, dd, J = 8.0, H-1), 8.57 (1H, d, J = 5.0, H-5), 8.0S (1H, ddd,

J = 8.2,7 .O, 1.2, H-2),7.99 (1H, ddd, J = 8.2,7.0, 1.2, H-3), 7.14 (1H, d, J = 5.6, H-10);
ttc NMR (100 MHz, cDcr3) 6 = 187.35 (0, c-12), 169.45 (0, c-11), 1s6.69 (1, c-9), 1s4.10 (0, c-
7b), 150.05 (1, c-6), 149.79 (0, c-7a), 145.72 (Q, c-1za or c-13a), 14s.s9 (0, c-13a or c-12a),

137.79 (0, C-4b), 133.31 (1, C-1), 132.10 (1, C-2), 191.41 (1 , C-3), 12g.TS (0, C-4a), 1ZJ.O7 (1, C-4),

117 .71 (0, C-12b, 117 .17 (1 , C-5), 1 15.56 (0, C-1 1a), 1 14.51 (1, C-10).

3-Bromoascididemin (50)

Ascididemin (93 mg, 0.33 mmol) and pyridinium bromide perbromide

(1.04 g, 3.25 mmol) were stirred in chloroform (40 mL) for 4.5 h. More

Br pyridinium bromide perbromide (0.64 g, 2.00 mmol) was added and

reflux continued for another 14.5 h. The solvent was removed under

reduced pressure and the product purified by flash column

chromatography (silica gel, 5o/o methanol in chloroform) to yield a yellow precipitate of 3-

bromoascididemin (42 mg, 35%).

MS: DEI m/z (%) 363, 361 (M+, 100), 335, 333 (M+ -co, 60), 2s4 (80), 2zr (10), 2oo (10), 127 (s0).

Anal. (exact mass, HREIMS) calcd. forClsHsTeBrN3O m/2360.g851, found 360.9844. Anal. (exact

mass, HREIMS) calcd. for C16Hs81BrN3O m/2362.gg30, found 362.9g36;

fR: vr"* (smear) 1674,1630, 1599, 1575,1496, 1465, 1445,1410,1390, 1342,1260, 1118, 1075,

1024,854, 831, 811 cm-1;
tH NMR (400 MHz, cDcl3) 6 = 9.2g (1H, d, J = s.T, H-6), g.1g (1H, dd, J = 4.6, Lz, H-g), g.g0 (1H,

d,./= 2.0,H-4),8.78 (1H, dd, J=8.2, 1.7,H-11),8.46 (d, J= 8.9, H-1),4.40 (1H, d, J= 5.S, H-5),

8.08 (1H, dd, J= 8.8, 2.0,H-2),7.68 (1H, dd, J =7.9,4.G, H-10);
13G NMR (100 MHz, cDcl3) 6 = 1g1.s4 (0, d, J = 4, c-12),1ss.6g (1, ddd, J = 1g1, z, 3, c-9),

152.21 (0, m, C-7b), 150.14 (1, d, J= 183, C-6), 149.88 (0, d, J= 9, C-7a), 146.10 (0, s, C-12a),

144.34 (0, m, C-13a), 136.95 (1 , m, C-4b), 136.08 (1 , dd, J = 166, 6, C-1 1), 135.41 (1, dd, J = 168, 6,

C-2),134.47 (1, d, J = 168, C-1), 129.00 (0, d, J =7, C-11a), 125.90 (1, dd, J = 164,9, C-4; 0, m, C-

3), 125.81 (1, dd, 167,8, C-10), 124.72 (0, obsc, C-4a), 118.11 (0, obsc, C-12b), 116.73 (1, dd, J=
164,9, C-5).

1 -(2'-N itro.4'-bromobenzene)-l -bromoethane (58)
2-Nitro-4-bromo-ethylbenzene (10.00 g, 43.46 mmol), dibenzoyl peroxide (30%

hydrate, 0.85 g, 2.46 mmol) and N-bromosuccinimide (22.20 g, 124.73 mmol)

were stined in carbon tetrachloride (175 mL) at reflux for 20 h. Dibenzoyl

peroxide (0.19 9,0.78 mmol) was then added and reflux continued for another 25

the reaction mixture was washed with water and the carbon tetrachloride wash. After cooling
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removed under reduced pressure and the product purified by flash column chromatography (silica

gel, ether)to yield a brown oil (10.38 9,77%).

MS:DEl m/z (%)31113091307 (M+; 1:2:1,5),263 (M+ -NOr,3),2301228 (1:1, M+ -Br, 100),310

(10), 183 (15), 157 (10), 102 (55),93 (30),77 (30),75 (20). Anal. (exactmass, HREIMS) calcd. for

C6H77eBr2NO2 m/z 306.8844, found 306.8832. Anal. (exact mass, HREIMS) calcd. for

CuHrTeBrslBrNO2 m/z 308.8823, found 308.8815. Anal. (exact mass, HREIMS) calcd. for

CuHrslBrrNC,2 m/z 310.8803, found 310.8798;

lR: vr"* (smear) 3096, 2975,1595, 1529, 1474, 1447,1348, 1277,1201, 1179,1102, 1042,872,828,

784, 587 cm-l;
tH NMR (400 MHz, CDC]3) 6 = 7.9g (1H, bs, H-3',), 7.76 (zH,d, J = 0.g, H-5'and H-6'), 5.73 (1H,q, J

= 6.8, H-1), 2.06 (3H, d, J = 6.8, H-2);
ttc NMR (100 MHz, cDcl3) 6 = i47 .s2 (0, m, c-z'),136.bs (0, m, c-1'), 136.36 (1, dd, J = 170, 6, c-
5'), 131 .21 (1, dd, J = 165, 5, C-6'), 127 .04 (1 , dd, J = 169, 3, C-3'), 121 .90 (0, m, C-4'), 40.89 (1 , dm,

J = 159, C-1), 26.75 (3, qd, J = 130, 3, C-2).

2-N itro*4-bromoacetophenone (52)

Noz A mixture of 1-(2'-nitro-4'-bromobenzene)-1-bromoethane (58, 7.642 g,

o mmol) and silver nitrate (5.040 g, 29.65 mmol, that had previously been

dried under vacuum) in DMSO (25 mL, dried over 4 A molecular sieves)

nitrogen were briefly sonicated and warmed (- 1 min), then allowed to stir at room

temperature for 45 min over which time a fine yellow/white precipitate formed. Triethylamine (2,5 mL,

freshly distitled from calcium hydride) was added which resulted in an immediate darkening of the

reaction mixture to a brown/orange color and after a further 15 min the mixture was diluted with

dichloromethane and poured onto water. The organic extracts were washed with water (3x) and

brine (2x), dried and the solvent removed under reduced pressure. The orange oil, Z-nitro-4-

bromoacetophenone (3.93 g, 65%) was separated from the corresponding yellow benzylic nitrate by

flash column chromatography (silica gel, dichloromethane) with the nitrate being the first material

eluted.
tH NMR (200 MHz, cDcr3) 6 = 8.19 (1H, d, J = 1.7, H-3), 7.86 (1H, dd, J = 8.0, 1.9, H-s), 7.37 (1H,

d, J = 8.0, H-6), 2.55 (3H, s, -CH3);
ttc NMR (100 MHz, cDcr3) 6 = 198.38 (0), 146.2s (o), 136.94(1), 136.11 (o),1zl;g (1),127.20 (1),

124.13 (0), 29.76 (3).

General Procedure for the preparation of G-Substituted Ascididemins and G-substituted

Benzo[4,5]sampan gines:

A mixture of the tetracyclic quinone substrate (benzo[2,3]cleistopholine or 11-methylpyrido[2,3-

blacridine-S,12-dione, 0.40 mmol), ammonium chloride (12.0 mmol) and the appropriate aldehyde

24.59

flame

under
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(2.0 mmol) in glacial acetic acid (60 mL) was heated at reflux under nitrogen for 30 min. After

cooling, the reaction mixture was poured onto water, made basic with concd liquid ammonia and

extracted with chloroform. The organic extract was washed with water, water/concd liquid ammonia

(4:1), then brine, dried with anhydrous magnesium sulfate and the solvent removed under reduced

pressure. Purification procedures for individual compounds follow.

6-Methyf ascididemin, 9H-quino[4, 3, z-dell1,10]phenanthrolin-9-one, 2-methyl (63)

Prepared following the general procedure. Recrystallized from

dichloromethane/diethyl ether, following initial purification by flash column

chromatography (silica gel, 5o/o methanol in chloroform), to yield an orange

microcrystalline solid (107 mg, 90%), mp (decomp.) 266-268 oC.

Elemental Anal. calcd. for CleHllN3OoCHzClz: C, 62.98; H, 3.44; N,

11.02%. Found: C,63.14; H,3.25; N, 11.14%;

MS: DEI m/z (Yo) 297 (M+, 100), 274 (20), 269 (M+ -CO, 40), 268 (20), 254 (20), 246 (10). Anat.

(exact mass, HREIMS) calcd. for C1eH11N 30 m/z 2gT.Og02, found 2g7.0g04;

fR: v'", (smear) 2922,2857, 1676, 1643,1606, 1578,1503, 1428,1395, 1349, 1264, 1101,1068,

1035, 947, 764, 736 cm-1;

UV (CH3OH): I'." (log e) 198 nm (4.48), 221 (4.60),248 (4.56),273 (sh 4.35), 300 (4.14), 338 (3.85),

3e1 (3.91);

'H NMR (400 MHz, cDcl3) 6 = g.1g (1H, dd, J = 4.g, 1.g, H-g), g.T7 (1H, dd, J = 7.g, 1.7, H-11),

8.63 (1H, bd, J = 8.2, H-4), 8.56 (1H, dd, J = 8.2, 1.0, H-1), 8.37 (1H, bs, H-S), 7.95 (1H, td, J = 8.3,

1.4, H-2),7.88 (1H, td, J = 8.2, 1.3, H-3), 7.64 (1H, dd, J = 7 .9, 4.7 , H-10), 3.0b (3H, bs, CHs);
13c NMR(100 MHz, cDcl3) 5 = 1g2.00 (0, d, J =4,c-12), 1sg.7g (0, qd, J=5,1, c-6), 15s.bg (1,

ddd, J = 182,7,3, C-9), 152.43 (0, dd, J = 12, S, C-7b), 1r4g.25 (0, s, C-7a), 145.98 (0, s, C-12a),

145.71 (0, t, J = 8, C-13a), 138.46 (0, d, J = 3, C-4b), 136.65 (1, dd, J = 1G7,0, C-11), 133.05 (1, dd,

J= 165,7,C-1), 131.64 (1, dd, J= 163,8, C-Z), 130.51 (1, dd, J= 163,8, C-3), 129.03 (0, d, J= 8,

c-11a), 125.40 (1, dd, J= 167,8, c-10), 123.35 (0, m, c-4a), 122.84 (1, dd, J= 160,8, c-4), 116.42

(0, obsc, C-12b), 115.66 (1, dq, J = 162,4, C-5), 25.91 (3, qd, J = 128, 3,CHs).

6-Methyl-1 -nitro-ascididemin (64)

G-Methylascididemin (10 mg, 0.03 mmol) in a solution of concd sulfuric acid/fuming nitric acid (1:1 , 2

mL) was heated for 30 min at 1 10 oC. lce was then added and the solution made basic with aqueous

potassium hydroxide (10%) followed by extraction with chloroform. The organic extract was washed

with water and brine, then dried with anhydrous magnesium sulfate and the solvent removed under

reduced pressure to give a yellow powder (4 mg, 3b%).

MS: DEI m/z (Yo) 342 (M+, 100), 314 (35, M+ -CO), 312 (25),296 (20, M+ -NOz), 284 (25),267 (20).

Anal. (exact mass, HREIMS) calcd. for CleHleN aO3 ftt/z 342.07529, found 342.07542;
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f R: v,o", (smear) 2927 ,2850, 1680, 1603, 1577 , 1531 , 1432, 1377 , 1352, 1267 , 1 109, 107S, 1028 cm'
,;

1H NMR (400 MHz, cDcl3) 6 = 9.20 (1H, dd, J = 4.6,1.g, H-g), g.g6 (1H, dd, J= g.3, 1.3, H-4), g.7s

(1H, dd, J =7.9,1.8, H-11), 8.41 (1H, bs, H-5),8.24 (1H, dd, J =7.8, 1.4,H-2),7.99 (1H, t, J = 8.2,

H-3),7.68 (1H, dd, J =7.9,4.5, H-10), 3.10 (3H, bs, CH3).

G-Bromomethylascididem in (65)

O-Methylascididemin (33 m9,0.10 mmol), dibenzoyl peroxide (30% hydrate, 5 mg, 0.01 mmol) and N-

bromosuccinimide (22 m9,0.12 mmol) were stirred under reflux in carbon tetrachloride (30 mL) for 12

h. More dibenzoyl peroxide (21 mg, 0.07 mmol) and N-bromosuccinimide (24 mg, 0.13 mmol) was

added and reflux continued for another 8 h. After cooling the reaction mixture was washed with water

and the carbon tetrachloride was removed under reduced pressure and the product purifled by PLC

(silica gel, chloroform/methanol 20:1) to yield a yellow powder (5 mg, 14o/o).

MS: DEf m/z (Yo)3771375 (M+; 1:1,95), 3761374 (M+ -H, 100);
1H NMR (200 MHz, cDcl3) E=g.22(1H, dd, J=4.8,1.8, H-g),8.8s (1H, bs, H-5), g.g0 (2H, m), g.65

(1H, bd, J =7.8),8.01 (2H, m,H-2 and H-3),7.67 (1H, dd, J =7.9,4.7,H-10),5.21 (2H, s, CH2Br).

6-Dibromomethylascididemin (66)

O-Methylascididemin (23 mg, 0.08 mmol), dibenzoyl peroxide (30% hydrate, 29 mg, 0.08 mmol) and

N-bromosuccinimide (69 mg, 0.39 mmol) were stirred under reflux in carbon tetrachloride (15 mL) for

24 h. After cooling the reaction mixture was washed with water and the carbon tetrachloride was

removed under reduced pressure and the product purified by PLC (silica gel, chloroform/methanol

20:1) to yield a yellow powder (3 mg, 9%).

MS: DEf m/z (%) 45314551457 (M+; 1:2:1, 100);

lH NMR (200 MHz, CDCI3) 6 = 9.24 (2H, m, H-9 and H-5),9.81 (2H, m),9.6g (1H, bd), g.05 (2H, m,

H-2 and H-3), 7.70 (1H, dd, J = 7.9,4.7, H-10), 7.24 (1H, s, CHBr2).

6-Phenylascididemin, 9H-quino[4, 3, 2-de][1,10]phenanthrolin-9-one, 2-phenyl (67)

Prepared following the general procedure. Recrystallized from

benzene/methanol, following initial purification by flash column

chromatography (silica gel, 10% methanol in chloroform), to yield an orange

semicrystalline solid (116 mg,81%), mp >310 oC.

Elemental Anal. calcd. for C2aH13N3O: C, 80.20; H, 3.65; N, 11.70%.

Found: C, 80.01; H, 3.51; N, 11.54;
17 

MS: DEr m/z (%) 359 (M+, 100),331 (M+ -co,3b),330 (20),303 (10).

Anal. (exact mass, HREIMS) calcd. for C2aH13N3{u^ m/z 359.1059, found 359.1069;

lRr vr"r(smear) 1680,1601, 1578,1509,1459, 1426,1394, 1348,1270,1104, 1071,1035,947,873,

11
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813,740,694 cm-l;

UV (CH3OH): 1,., (log e) 202 nm (4.67),248 (4.03), ZT2 (4.87),303 (4.56), 407 (3,S8);
tH NMR (400 MHz, cDcl3) 6 = g.1g (1H, dd, J = 4.6,1,g, H-g), g.g0 (1H, s, H-5), g.75 (1H, dd, J =
7.9, 1.8, H-1 1), 8.69 (1H, dd, J = 8.1, 1.5 H-4), 8.55 (1H, dd, J = 8.2, 1.4, H-1), 8.31 (2H, dm, J = 8.5,

H-15),7.94(1H, td, J= 8.3, 1.3, H-2),7.87 (1H, td, J=7.2, 1.2,H-g),7.03 (1H, dd, J=7.g,4.7,H-
10),7.56 (2H, t, J =7.6, H-16), 7.51 (1H, t, J =7.1, H-17);
t3c NMR (100 MHz, cDcl3) 6 = 1g1.g7 (0, d, J= 3,c-12\,1s7.77 (0, t, J=4, c-6), 1ss.b4 (1, ddd, J

= 181 ,8,4, C-9), 152.42 (0, dd, J= 11, S, C-7b), 149.54 (0, s, C-7al, 1r41.g4 (0, s, C-12a),145.78(0,

m, 13a), 138.70 (0, d, J= 3, C-4b), 138.55 (0, m, C-14),136.50 (1, dd, J= 169,6, C-11), 133.08 (1,

dd, J= 165,7, C-1), 131.69 (1, dd, J = 162,8, C-2), 130.59 (1, dd, J= 162,9, C-3), 130.00 (1, dt, J=
160,7, C-17), 129.15 (0, d, J =7,C-11a),129.04 (1, dd, J = 161,7, C-16), 127.92 (1, dt, J = 161,7,

C-15), 125.39 (1, dd, J = 167,9, C-10), 123.72 (0, obsc, C-4a), 12Z.Tg (1, dd, J = 160, T, C-4),

116.95 (0, d, J = 6, C-12b), 112.72 (1, d, J = 163, C-5).

6'Ginnamylascididemin, 9H-quino[4, 3, 2-dell1,10]phenanthrolin-9-one, 2-cinnamyl (69)

Prepared following the general procedure. Re-precipitated from

chloroform/cyclohexane, following initial purification by flash column

chromatography (silica gel, 10% methanol in chloroform), to yield a yellow

amorphous powder (111 mg, 72%), mp 281-283 oC.

Elemental Anal. calcd. for C26H15N3Oo0.75HzO: C, 78.27: H, 4.17; N,

10.54o/o. Found: C,78.15; H,4.09; N, 10.43%;

MS: DEI m/z (%) 385 (M+, 85), 384 (M+ -H, 100), 354 (M+ -HCO, 5), 274
1e 

(5),254 (10);

MS: FAB m/z(%):389 ([(M+H)'+3H],25),388 ([(M+H)- +2H7,85),387 ([(M+H)- +2H -H],80),386

((M+H)*, 100), 385 ([(M+H)- -H], 20). Anal. (exact mass, HRFABMS) calcd. for C26H15N|O m/z

386.1293, found 386. 1 31 0;

lR: v'"* (smear) 1682, 1636, 1595, 1577,1499, 1449,1431,1399, 1349, 1271,1184,11Q2,1070,

1034, 970, 951, gg3, g10, 756, 6g2 cm-l;

UV (CH3OH): I,"" (log e) 203 nm (4.74),253 (4.65), 279 (4.01),332 (4.79), 430 (3.98);
tH NMR (400 MHz, cDcl3) 6 = 9.17 (lH, dd, J= 4.2,L7, H-g), g.7z(1H, dd, J =7,g,1.7, H-11),

8.61 (1H,dd, J=8.2, 1.4H-4),8.52(1H,dd,J=8.1 ,1.4,H-1),8.46(1H,s,H-5),7.96(1H,d,J=
16.1, H-15),7.92 (1H, ddd, J= 8.3,6.9, 1.5, H-2),7.85 (1H, ddd, J= 8.1 ,7.1,1.3, H-3),7.66 (2H, d,

J=7.2, H-17),7.61 (1H,dd, J=7.9,4.6,H-10),7.53(1H,d,J=16.1,H-14),7.41 (2H,t,J=7.6,H-
18),7.34 (1H, t, J=7.3, H-19);
ttc NMR (100 MHz, cDCl3) 6 = 1g1.gg (0, d, J = 4, c-12),1s6.14 (0, d, J = 5, c-6), 1ss.46 (1, ddd,

J= 181,8,4, C-9), 152.23 (0, dd, J= 11,5, C-7b), 149.45 (0, s, C-7a), 145.80 (0, s, C-12a), 145.80

(0, m, 13a), 138.54 (0, d, J= 3, G-4b), 136.55 (1, dd, J= 169,7,C-11), 136.11 (1, dt, J= 154,5, C-
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15), 136.11 (0, m, C-16), 133.00 (1, dd, J= 165,7,C-1), 131.07 (1, dd, J = 162,9, C-2), 130.50 (1,

dd,J=162,9,C-3), 129.12(0,d,J=6,C-11a),'129.02(1,dt,J=1G1 ,T,C-19), 128.83(1,dd,J=
160, 8, C-18), 127.65 (1, obsc, C-14), 127.57 (1, obsc, C-17), 125.41 (1, dd, J = 167, B, C-10),

123.51 (0, obsc, C-4a), 122.79 (1, dd, J= 160,8, C-4), 116.90 (0, d, J= 6, C-12b), 113.40 (1, dd, J =
163,4, C-5).

G-Heptylascididemin, 9H-quino14,3,2-del[1,10]phenanthrolin-9-one, 2-heptyl (70)

Prepared following the general procedure on a reduced scale (b0 mg 11-

methylpyrido[2,3-b]acridine-5,12-dione) with the exception being only two

equivalents of aldehyde were used. Recrystallized from

dichloromethane/cyclohexane, following initial purification from unreacted

starting material and reduced unreacted starting material, by flash column

chromatography (silica gel, 3% methanol in dichloromethane) and then PLC

(3% methanol in dichloromethane), to yield a gold crystalline solid (9 mg, 13%).

MS: DEI m/z (Yo) 381 (M+, 10), 352 (M+ -HCO, 5), 338 (5), 324 (10), 310 (15), 298 (25),297 (M+ -

CoHrz, 100). Anal. (exact mass, HREIMS) calcd. for C25H23N3c^ m/z 381.1841, found 381.1831;
lHNMR(400MHz,cDcl3) 6=g.21 (1H,d, J=Z.g,H-g),g.7g(1H,d, J=7.7,H-11),s.6g(1H,d,J=

7.9, H-4), 8.59 (1H, d, J = 8.1, H-1), 8.38 (1H, s, H-5),7.97 (1H, t, J = 7.3, H-2), 7.90 (1H, t, J = 7.3,

H-3),7.64(1H,dd, J=7.8,4.7,H-10),3.30(2H,t, J=7.9,0-CHz-), 1.96(2H,9,7.5,0-CH2CH2-),

1.48 (2H, p, 7.5, 0-(CH2)2CH2-), 1.39 (2H, m, 0-(CH2)3CH2-), 1.30 (4H, m, 0-(CH2)4(CHj2-), 0.87 (3H,

bs, CHs);

13c NMR (100 MHz, cDcl3) 6 = 182.13 (0, c-12), 164.02 (0, c-6), 1s0.63 (1, c-9), 1s2.63 (0, c-7b),

149.35 (0, C-7a), 146.O2 (0, C-12a),145.7O (0, C-13a), 138.46 (0, C-4b), 136.61 (1, C-11), 133.04 (1,

C-1), 131.57 (1,C-2), 130.45(1,C-3), 129.06(0,C-11a), 125.28 (1,C-10), 123.54 (0,C-4a), 122.87

(1, C-4), 116.66 (0, C-12b),114.77 (1, C-5),39.52 (2,o-eHz-),31.77 (2,0-CH2cH2-),30.35 (2,0-

(CH2)2CH2-), 29'54 (2, 0-(CH2)ggHz-), 29'21 (2, O-(CH2)€Hz-), 22.63 (2, 0-(CH2)SHz-), 14.06 (3,

CHs)'

6, 1 1 -Dihydro-1 1 -methylpyrido[2,3-b]acridine-5,1 2-dione (71 )

Prepared following the general procedure, using aqueous glutaraldehyde

(25%) as the aldehyde with double the amounts of ammonium chloride and

acetic acid, on a reduced scale (53 mg 11-methylpyrido[2,3-b]acridine-5,12-

dione). Purple 6,11-dihydro-11-methylpyrido[2,3-b]acridine-5,12-dione was

purified from brown unreacted starting material, by PLC (2oh methanol in

dichloromethane (0.01% triethylamine)), to yield a purple solid (51 mg, 95o/o).

MS: DEI m/z (o/o) 276 (M+, 1O),275 (5),274 (7),262 (20),261 (100), 205 (5);

lR: vr", (smear) 2965, 2921,2867,1676, 1567,1507, 1485, 1442,1338, 1295, 1278, 1251,1185,

cH2(cH2)5cH3
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1103, 1060, g7g, gog,755,72g,7Ol cm-1;

THNMR(400MHz,cDcl3) 6=g.01 (1H,dd, J=4.g,1.7,H-2),g.3g(1H,dd, J=7.g,1.7,H-4),7.sg
(1H, dd, J =7.9,4.7, H-3), 7.45 (1H, bs, NH),7.23 (1H, d, J =7.5,H-7 or H-10),7.18 (td, J =7.6,1.5,
H-9 or H-8),7.08 (1H, td, J =7.5, 1.2,H-8 or H-g),6.90 (1H, dd, J =7.g,1.1, H-10 or H-7),4.s0 (1H,

Q, J = 6.9, R2CHCHg), 1.36 (3H, d, , J = 6.9, CH3);
ttc NMR (100 MHz, cDcr3) 6 = 1g0.1g (0, d, J = 4, c-12),1g0.01 (0, bs, c-s), 1s4.g4 (1, ddd, J =
182,7,3, C-2), 149.01 (0, dd, J = 11, 5, C-12a), 138.23 (0, d, J = 4, C-5a), 194.41 (0, m, C-6a),

133.95 (1, dd, J= 167,6, C-4), 129.05 (1, ddd, J= 1G0,8,3, C-10),127.40 (1, dd, J= 1G1,9, C-3),

127.19 (0, obsc, C-4a), 126.60 (0, obsc, C-10a), 120.34 (1, dd, J=167,9, C-B), 125.03 (1, dd, J=
163, 8, C-9 or C-7), 118.11 (0, m, C-11a), 115.72 (1, dd, J = 158, 8, C-Z or C-9), 30.19 (0, dt, J =
136, 4, R2CHCH3) , 25.16 (3, qd, J = 129,6, CH3).

G-Nonylascid idemi n, 9H-q u i n o 14, 3, 2-del[1, 1 0] phenanth ro I i n-g-one, 2-nonyl (72)

Prepared following the general procedure on a reduced scale (23 mg 11-

methylpyrido[2,3-b]acridine-S,12-dione). The product was purified from

unreacted starting material and reduced starting material (71), by PLC (2%

methanol in dichloromethane (0.01% triethylamine)), to yield a brown solid

(15 mg, 43%).
tH NMR (400 MHz, cDct3) 6 = 9.21 (1H, dd, J = 4.6,1.9, H-9), g.7g (1H,

dd, J = 7.8, 1.8, H-1 1 ), 8.68 (1H, dd, J = 8.0, 1 .0, H-4), 8.Sg (1H, dd, J = B.Z, 1.1, H-1), 8.38 (1H, s,

H-5), 7.97 (1 H, ddd, J = 8.3, 7 .2, 1.3, H-2), 7.90 (1H, ddd, J = 8.2, 7.2, H-3), 7 .04 (1H, dd, J = 7 .9,

4.6, H-10), 3.30 (2H, t, J = 8.1, O-CHz-), 1.96 (2H, p, 7.8, 0-CH2CH2-), 1.SO (2H, p, 2.9, 0-(CH )zCHz-

), 1.39 (2H, m, 0-(CH2)3CH2-), 1.27 (4H, m, 0-(CH2)4(CHz)z-),0.86 (3H, t, J = 6.9, CH.);

DEPT (100 MHz, cDcl3) 6 = 155.68 (1, c-9), 136.67 (1, c-11), 133.10 (1, c-1), 131.03 (1 ,c-2),
130.52 (1, C-3), 125.34 (1, C-10), 122.93 (1, C-4), 114.84 (1, C-5),39.57 (2,O_eHz_),31.90 (2, O-

CH2CH2-), 30.39 (2, 0-(CHr€Hz-), 29.62 (2, 0-(CH2)seHz-), 29.59 (2, 0-(CH2)aeHz-), 29.57 (2, 0-
(cH2)€H2-), 29.33 (2, o-(CHt€Hz-), 22.70 (2, 0-(CH2)tQHz),14.14 (3, CH3).

6'Methylbenzo[4,5lsampangine, 6-methyl-8-deaza-ascididemin, 9tl-benzo[{lnaphtho11,2,3-

ifll?,Tlnaphthyridin-9-one, 2-methyt (73)

Prepared following the general procedure. Recrystallized from

chloroform/diethyl ether, following initial purification by flash column

chromatography (silica gel, 5% methanol in chloroform), to yield an orange

microcrystalline solid (112 mg, 95%), mp 271-273oC.

Efemental Anal. calcd. for C20H12N2Oo0.25HzO: C, 79.84; H, 4.19; N,

9.32o/o. Found: C,79-92; H,3.95; N,9.13%;

MS: DEI m/z (%) 296 (M+, 100), 268 (M+ -CO, 55), 240 (10), 134 (15). Anal. (exact mass, HREIMS)
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calcd. for C29H12N2ru^ m/z 296.0950, found 296.0944;

fR: vr"* (smear) 16780, 1591, 1568, 1508, 1456, 1423,1381, 1349, 1292,1264, 1152,111S, 1049,

1 026, 947, 877, 760, 732 cm-1 :

UV (CH3OH): X,.* (log e)213 nm (4.48), 260 (4.26), 306 (3.82), 3.37 (3.64),402 (3.60);
1H NMR (400 MH2, cDcl3) 6 = g.gs (1H, dd, J = 7.g,1.2, H-g), g.s6 (1H, bd, J = g.1, H4), g.s1 (1H,

bd, J = 8.1, H-1 ), 8.45 (1H, dd, J = 7.7 , 1 .0, H-1 1), 8.17 (1H, s, H-5), 7.92 (1H, td, J = 8.4, 1.4, H-2),

7.83 (1H, td, J= 8.3, 1.1, H-3),7.80 (1H, td, J= 8.0, 1.2, H-9),7.65 (1H, td, J =7.8,1.1, H-10),2.89

(3H, s, CHs);
13c NMR (100 MHz, cDct3) 6 = 182.43 (0, c-12), 1s8.69 (0, c-6), 149.84 (0, c-7a), 146.91 (0, c-
12a),145.83 (0, C-13a), 138.31 (0, C-4b), 136.18 (0, 7b), 134.72 (1, C-9), 132.89 (1, C-1), 132.46 (0,

C-11a), 131.25(1,C-2),130.91 (1, C-10), 129.91 (1, C-3), 128.60 (0, C-11), 125.66 (1, C-8), 123.39

(0, C-4a), 122.73 (0, C-4), 115.20 (0, C-12b), 113.91 (1, C-5),25.49 (3, CH3).

6-Phenylbenzo[4,Slsampangine, 6-phenyl-8-deaza-ascididemin (68)

Prepared following the general procedure. Recrystallized from

benzene/methanol, following initial purification by flash column

chromatography (silica gel, 5% methanol in chloroform), to yield a yellow

microcrystalline solid (112 mg, 78o/o), mp 294-296 oC.

Elemental Anal. calcd. for C25H14N2Oo0.5HzO: C, 81 .72; H, 4.12; N,

7.63%. Found: C,81.77; H,3.99; N,7.66%;
17 MS: DEI m/z (o/o) 3s8 (M+, 80), 330 (M+ -co, 35), 329 (3s), 282 (M+ -c6H4,

3O), 273 (30), 254 (30), 245 (25). Anal. (exact mass, HREIMS) calcd. for C25H1aN2C- m/z 358.1106,

found 358.1117;

fR: vr.r(smear) 1677,1590, 1513, 1454, 1426, 1390, 1298, 1267,1157,1121,1070, 1048, 1025,

947 , 867 ,761,733,68g cm-1;

UV (CH3OH): 1,", (log e) 199 nm (4.48), 234 (3.84),250 (3.94), 273 (4.23),303 (4.23),436 (3.21);
tH NMR (400 MHz, cDcts) 6 = g.g0 (1H, bd, J =7.4, H-g), 9.63 (1H, s, H-5), g.60 (1H, bd, J =7.7,

H-4),8.51 (1H, bd, J=7.8, H-1),8.39 (1H, dd, J=7.6,0.8, H-11),8.26 (2H, d, J= 6.9, H-15),7.90

(1H, td, J = 8.2, 1.1, H-2),7.82 (1H, td, J = 8.2, 1.1, H-3), 7.79 (1H, td, J = 8.0, 1.3, H-9), 7.62 (1H, td,

J = 7.8, 1.1 , H-10), 7.55 (2H, t, J = 7.6, H-16), 7.51 (1H, t, J = 7.1, H-17);
13G NMR (100 MHz, cDcl3) 6 = 182.21(0, d, J = 4, c-12), 1s6.13 (1, bs, c-6), 1b0.01 (0, d, J =3, c-

7a),146.79 (1, s, C-12a), 145.91 (0, t, J =8, C-13a), 138.58 (0, d, J =3, C4b), 138.41 (1, td, J =7,1,

C-14), 136.11 (0, t, J =7,7b),134.69 (1, dd, J= 162,7, C-9), 132.95 (1, dd, J= 160,7,C-1), 132.50

(0, t, J = 7, C-11a), 131.36 (1, dd, J = 162,8, C-2), 131.03 (1, dd, J = 164,9, C-10), 130.02 (1, dd, J

= 162,8, C-3), 129.96 (1, dt, 160,7, C-17),128.95 (1, dd, J= 158,7, C-16), 128.54 (1, dd, J= 165,

7,C-11), 127.41 (1, dt, J= 163,6, C-15), 125.75 (1, dd, J= 167,7 C-8), 123.69 (0, m, C4a),122.66

(1, dd, J= 160,8, C-4), 115.81 (0, d, J =6,C-12b), 110.78 (1, d, J= 161, C-5).
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6-Gin namylbenzo[4,5]sampangine, 6-cin namyl-8.deaza-ascididemi n (74)

Prepared following the general procedure. Recrystallized from

chloroform/dichloromethane, following initial purification by flash column

chromatography (silica gel, 5% methanol in chloroform), to yield a yellow

microcrystalline solid (140 mg, 91Vo), mp 303-305 oC.

Elemental Anal. calcd. for C27H16N2O: C, 84.35; H, 4.20; N,7.29o/o. Found:

C, 84.13; H,3.88; N,7.07%;

MS: DEI m/z(Yo) 384 (M+,60),383 (M+ -H, 100),355 (M+ -HCO,20),310
'f s (q, 282 (M+ -CH=CC'Hs, 2o), 254 (15). Anal. (exact mass, HREIMS)

calcd. for C27H16N2rU^ m/z 384.1263, found 384.1252;

lR: vr",. (smear) 1680, 1592,1573, 1503, 1451,1433, 1405, 1377,1269,1120, 1073,1049, 1026,

g7o, 947,760, 736, 718, 694 cm'1;

UV (CH3OH): X,",* (log e) 204 nm (4.71),267 (4.50),342 (4.54),432 (3.84);
tH NMR (400 MHz, cDcr3) 6 = B.Bb (1H, dd, J=7.9,0.7, H-B), a.4T (2H, dt, J= 8.2,1.G, H-1, H4),

8.35 (1H, dd, J =7.8,1.1, H-11), 8.07 (1H, s, H-5), 7.97 (1H, d, J = 15.8, H-15), 7.85 (1H, td, J =7.2,

1.0,H-2),7.78(1H,td,J=7.3,1.3,H-3),7.76(1H,td,J=7.1,1.2,H-9),7.65(2H,dd,J=7.2,1.3,H-

17),7.58 (1H, td, J =7.6,1.2, H-10),7.44 (2H,1, J =7.4, H-18),7.37 (1H, t, J =7.5, H-19), 7.25 (1H,

d,J=15.7,H-14);
t3c NMR (100 MHz, cDcr3) 6 = 182.29 (0, d, J = 4, c-12),1s4.s4 (1, bs, c-6), 1b0.03 (0, d, J =3, c-

7a),146.76 (0, s, C-12a),146.02 (0, t, J =8, C-13a), 138.58 (0, d, J =3, C-4b), 136.04 (0, t, J =7,7b),
135.52 (1, dt, J = 155, 5, C-15), 134.65 (1, dd, J = 162,7, C-10), 132.88 (1, dd, J =165, 7, C-1),

132.57 (0, t, J =7,C-11a), 131.34 (1, dd, J = 162,8, C-2), 131.04 (1, dd, J = 164,8, C-10), 129.93

(1, dd, J= 162,8, C-19), 128.94 (1, dd, 162,9, C-3), 128.85 (1, dd, J= 162,7,C-18),128.55 (1, dd,

J = 157,7, C-11), 127.52 (1, dt, J = 163, 6, C-17),127.21 (1, obsc, C-14), 125.72 (1, dd, J = 165,7,

C-8), 123.55 (0, obsc, C-4a), 122.66 (1 , dd, 160, 8, C-4), 1 15.99 (0, d, J = 5, C-12b), 113.27 (1 , dd, J

= 162,4, C-5).

1 1 -Carbomethorybenz[b]acridine-5,1 2-dione, (77)

To a rapidly stirred suspension of 11-bromomethylbenz[b]acridine-6,11-dione (75, 13 mg, 0.04 mmol)

in methanol (2 mL) was added sodium hydride (4 mg, 0.17 mmol) in methanol (2 mL), under nitrogen.

The reaction mixture was heated to 60 oC for ca. 1 min. After cooling the purple reaction mixture was

poured onto ice and extracted with chloroform. The combined organic extract was washed with brine,

dried with magnesium sulfate and the solvent removed under reduced pressure to give a purple

powder (7 mg, 60%).

MS: DEI m/z (%) 317 (M+, 75), 302 (15), 286 (M+ -OCH3 , 100), 258 (M+ -C(O)OCH3 2O). Anal.

(exact mass, HREIMS) calcd. for C1eH11NOa m/z 317.0688, found 317.0681;

fR: vr., (smear) 2924,1736, 1684, 1591, 1551, 1460, 1375,1257,991, 765, 725 cm'1)
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1H NMR (400 MHz, cDct3) 5 = 8.50 (2H, m), g.3s (1H, m), B.o-T.Ts (5H, m), 4.24 (gH,s, ocH3).

S-Methyleneacetate-benzo[4,5lsampangine, S-methyleneacetate-8-deaza-ascididemin , 9H-

benzo[flnaphtho[1,2,3-ifll2,Tlnaphthyridin-9-one, 2-methyleneacetate (78)

A; One step, one pot;

11-(2'-Acrolein)benz[b]acridine-5,12-dione (83, 22 mg, 0.07 mmol) was

heated to 70 oC in DMF (0.8 mL). To the solution was added ammonium

chloride (101 mg, 1.89 mmol) and glacial acetic acid (5 mL) in quick

o succession. The mixture was heated under reflux for 30 min, cooled,

diluted with water, made basic with aqueous potassium hydroxide (10%)

and extracted with dichloromethane. The combined organic extract was washed with water {that had

been made slightly basic by adding several drops of aqueous potassium hydroxide (10%)) (3 times),

brine (3 times), dried with magnesium sulfate and the solvent removed under reduced pressure.

Purification by flash column chromatography (silica gel dichloromethane/methanol/triethylamine

100:1:0.01) gave 5-methyleneacetate-benzo[4,5]sampangine (14 mg, 56%) as a yellow powder.

Trace amounts of 5-formyl-benzo[4,5]sampangine (80) could be removed by refluxing the product (10

mg) in THF (6 mL) with lithium aluminium hydride (2.5 mg) under nitrogen for t hr. After cooling ethyl

acetate (2.5 mL) followed by hydrochloric acid (6 mol/L, 1 mL) was added, the mixture diluted with

water and extracted with chloroform.

B; Two step, one pot;

11-[2'-(Dimethylamino)vinyl]benz[b]-5,12-dione38 119, 20 mg, 0.06 mmol), Eschenmoser's salt (23

mg, 0.12 mmol) and DMF (1 mL) were heated under nitrogen at 115 oC for 10 min, over which time

the blood red coloration dissipates to an orange/brown. The mixture was then allowed to cool and

ammonium chloride (110 mg, 2.02 mmol) and acetic acid (5 mL volume crucial) were added, followed

by continued heating at 125 oC for 20 min. After cooling the dark reaction mixture was processed as

in procedure A to yield 5-methyleneacetate-benzo[4,S]sampangine (8 mg, 37%).

G; Three step, one pot;

Alternatively 5-methyleneacetate-benzo[4,5]sampangine could be prepared from

benzo[2,3]cleistopholine in a 3 step, one pot synthesis. The procedure is identical to that outlined for

S-methyleneacetate-ascididemin (pg. 166) and yields 5-methyleneacetate-benzo[4,S]sampangine in

31%.

MS: DEI m/z (%) 354 (M+, 95), 296 (M+ -OC(O)CHz , 35), 295 (M+ -OAc, 100), 294 (M+ -HOAc, 90),

283 (30), 266 (20), 254 (25) 240 (15),226 (10). Anal. (exact mass, HREIMS) calcd. for C22H1aN2O3

m/z 354.1004, found 355.0996;

fR: v."* (smear) 2919, 1737,1678, 1590, 1567, 1519, 1455, 1420,1384, 1308, 1261,1226,1026,
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984,767,732 cm-1;

tH NMR (400 MHz, cDcr3) 6 = 9.12 (1H, s, H-6), a.88 (1H, d, J=7.8, H-B),8.04 (2H, dd, J= 8.1,

1 .8, H-1 and H-4), 8.45 (1H, dd, J = 7 .8, 1.2, H-11), 7.98 (1H, ddd, J = 8.1 , 7 .1, 1.2, H-2), 7.90 (1H,

ddd, J = 8.5, 7.0, 1.4, H-9), 7.84 (1H, td, J = 8.0, 1.4, H-3), 7.68 (1H, td, J = 7.7, 1.1, H-10), 5.85 (2H,

s, CH2O), 2.19 (3H, s, CH3);
ttc NMR (100 MHz, cDcr3) 6 = 182.0b (0, c-12), 170.69 (0, oe(o)Me), 151.90 (1, c-o), 1s0.90 (0,

C-7a), 146.78 (0, C-12a or C-13a), 146.69 (0, C-12a or C-13a), 137.37 (0, C-4b), 136.11 (0, C-7b),

135.04 (1, C-9), 133.70 (1, C-1), 131.99 (0, C-11a), 131.32 (1, C-2; 1, C-10), 130.41 (1, C-3), 128.44

(1,C-11), 126.72 (1,C-4), 126.07 (1,C-8), 125.33 (0,C-5), 123.54 (0,4a), 117.53 (0,C-12b),64.30

(2, CH2O), 21.01(3, CH3).

S-Methyleneacetate-ascididemin (79)

11-Methylpyrido[2,3-b]acridine-5,12-dione (46 mg, 0.17 mmol),

dimethylformamide diethyl acetal (0.09 mL, 0.53 mmol) and DMF (1 mL)

were heated to 120 oC under nitrogen for t h. The reaction mixture was

allowed to cool and the solvent and unreacted dimethylformamide diethyl

acetal removed under reduced pressure (solvent removal optional). The

blood red residue (1 1-[2'-(dimethylamino)vinyl]pyrid o[2,3-blacridine-S,12-

dione), Eschenmoser's salt (54 mg, 0.29 mmol) and DMF (5.5 mL) were heated under nitrogen at

115 oC for 30 min, over which time the blood red coloration dissipates to orange/brown. The mixture

was then allowed to cool and ammonium chloride (250 mg, 4.67 mmol) and acetic acid (25 mL

volume crucial) were added, followed by continued heating at 115 oC for 30 min. After cooling the

dark reaction mixture was poured onto ice, made basic with aqueous potassium hydroxide (10%) and

extracted exhaustively with chloroform. The combined organic extract was washed with brine, dried

with magnesium sulfate and the solvent removed under reduced pressure. The product was purified

by PLC (dichloromethane/methanol/triethylamine 100:1:0.01) yielding 5-methyleneacetate-

ascididemin (16 mg, 27o/o\ as a yellow powder.

MS: DEI m/z (Yo) 355 (M+, 95), 297 (M+ -OC(O)CHz , 75), 296 (M+ -OAc, 90), 295 (M+ -HOAc, 100),

284 (50), 269 (40), 268 (25), 267 (40) 254 (25),241 (20), 227 (10). Anal. (exact mass, HREIMS)

calcd. for C21H13N3O3 m/z 355.0957, found 355.0955;

fR: vr"* (smear) 2919, 1720, 1674,1641, 1582,1540, 1520,1457,1415, 1382,1365, 1340, 1311,

1264, 1245, 1233, 1 068, 1022, 989, 91 5, 7 62, 737 cmi ;

1H NMR (400 MHz, cDcr3) 6 = g.35 (1H, s, H-6), g.1g (1H, dd, J = 4.0, 1.8, H-g), 8.78 (1H, dd, J =

7.9, 1.9, H-11), 8.68 (1H, dd, J = 8.1 ,1.4,H-1), 8.67 (1H, dd, J = 8.1 ,1.4,H-4),8.04 (1H, ddd, J =

8.1,7.1,1.2,H-2),7.96(1H,ddd,J=8.5,7.1,1.4,H-3),7.68(1H,dd, J=7.9,4.6,H-10),5.92(2H,s,

CH2O), 2.2O (3H, s, CH3);

ttc NMR(100 MHz, cDcrs) 6 = 181 .72(o,c-12), 170.49 (0, oc(o)Me), 1s5.81 (1, c-9), 152.39 (1,
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c-6), 152.34 (0, c-7b), 149.99 (0, c-7a), 146.63 (0, c-13a), 145.94 (0, c-1za), 137.52 (0, c-4b),

136.40 (1, C-11), 133.92 (1, C-1), 131.67 (1 ,C-2),130.99 (1, C-3), 128.54 (0, C-11a), 127.04 (0, C-

5), 126.88 (1 , C4), 125.80 (1 , C-10), 123.60 (0, C-4a), 1 18.68 (0, C-12b), 04.19 (2, CH2O),20.94 (3,

CHr)'

1 1 -(2'-Acrolein)pyrido[2,3-blacridine-5,1 2-dione (82)

To 11-[2'-(dimethylamino)vinyl]pyrido[2,3-b]acridine-5,12-dione (6 mg, 0.02

mmol) in DMF (1 mL), MeOH (1.5 mL) and glacial acetic acid (0.5 mL) was

added aqueous dimethylamine solution (40o/o, 3 drops) and aqueous

formaldehyde solution (37Vo, 6 drops). The mixture was stirred briskly at

ambient temperature for 15 min, over which period the initial blood red

coloration dissipated to orange/brown, diluted with wateriice (15 mL), made

basic with aqueous sodium hydroxide (2 mol/L, 10 drops) and extracted with dichloromethane. The

combined organic extract was washed with very dilute aqueous sodium hydroxide (3 times, 2 drops of

2 mollL aqueous sodium hydroxide per water wash of 20 mL), brine (3 times), dried with magnesium

sulfate and the solvent removed under reduced pressure. The product is unstable in solution and on

silica, as well as strongly binding dimethylamine salts. These problems have limited characterization

and the ability to give a yield.

MS: DEf m/z (%) 314 (M+, 45), 286, (M+ -CO, 4O),285 (M+ -HCO, 100), 283 (25), 274 (10), 257

(15), 255 (30), 254 (10), 229 (15), 201 (10). Anal. (exact mass, HREIMS) calcd. for C1eH1sN2O3 m/z

314.0691, found 314.0697;

lR: vr", (smear) 1691, 1612,1576,1562,1539, 1493, 1373,1331, 1267,1184, 1096, 1061, 1000,

944,767,722 cm-1i
1H ttMR (400 MHz, cDcr3) 5 = 10.01 (1H, s, H-1'), g.13 (1H, dd, J = 4.8,1.7 H-2), s.TT (1H, dd, J =

7.8,1.7,H-10),8.52(1H,d,J=8.5,H-7),8.04(1H,d,J=8.5,H-10),7.98(1H,ddd,J=8.3,6.9, 1.2

H-8 or H-9), 7.78 (1H, dd, J = 7 .9,4.5, H-1 1), 7 .76 (1H, ddd, J = 8.3, 6.9, 1.2, H-9 or H-8), 6.77 (1H,

s, H-3'B),6.37 (1H, s, H-3'A);

DEPT 135 (100 MHz, CDCI3) 6 = 190.78 (1, CHO/C-1') 155,68 (1, C-2), 135.96 (1, C-4), 133.38 (1,

c-8), 133.10 (2, C-3'), 132.02 (1, C-7), 130.47 (1, C-9), 128.17 (1, C-10), 126.65 (1, C-3).

1 1 -(2' -Acro lein) benz[blacri d i ne-5, 1 2-d ione (83)

1 1 -[2'-(Dimethylamino)vinyl]benz[b]acridine-S, 1 2-dione

mmol), Eschenmoser's salt (108 mg, 0.58 mmol) and

(101

DMF

mg, 0.31

(2 mL) were

heated at 105 oC for 10 min under nitrogen. The DMF was distilled under

reduced pressure and the residue was dissolved in

dichloromethane/methanol (12 mL, 4:1) and poured onto glacial acetic acid

(8 mL), water (2 mL) and ammonium chloride (1.15 9,21.1 mmol). The
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mixture was stirred briskly at ambient temperature for 24 h, diluted with water, made basic with

aqueous potassium hydroxide (10%) and extracted with dichloromethane. The combined organic

extract was washed with brine, dried with magnesium sulfate and the solvent removed under reduced

pressure. Purification by flash column chromatography (silica gel

dichloromethane/methanol/triethylamine 100:1:0.01), followed by recrystallization/precipitation from

dichloromethane gave 11-(2'-acrolein)benz[b]acridine-5,12-dione (80 mg, 83%, best, variable) as a

brown semi-crystalline solid.

MS: DEI m/z (Yo) 313 (M+, 45), 285, (M+ -CO, 30), 284 (M+ -HCO, 100),275 (5), 256 (10),227 (15),

201 (10). Anal. (exact mass, HREIMS) calcd. for C2sH11NC.3 m/z 313.0739, found 313.074A;

lR: v,"" (smear) 1688, 1669, 1590, 1535, 1493, 1373, 1331, 1313, 1276,1252,1044,993, 947, 766,

729 cm'1;
1H NMR (400 MHz, cDcl3) 6 = 9.g7 (1H, s, H-1'), g.44 (1H, d, J = g.s, H-7), g.3g (1H, m, H-1 or H-

4),8.18 (1H, m, H-1 or H-4),7.98 (1H, d, J= 8.5, H-10),7.89 (1H, ddd, J= 8.3,7.0,'1.3, H-8),7.80

(2H, m, H-2 and H-3),7.68 (1H, ddd,8.3,7.0, 1.3, H-9),6.76 (1H, s, H-3'B),6.38 (1H, s, H-3'A);
ttc NMR (100 MHz, cDcl3) 6 = 1g0.g3 (1, ddd, J = 1g2,14,g, cHo/c-1') 1g2.5g (0, d, J = 3, c-5 or

C-12),181.39 (0, d, J = 3, C-5 or C-12), 149.51 (0, dd, J = 10,6, C-6a), 147.69 (0, s, C-Sa), 146.65

(0, d, J = 28,C-2'), 145.73 (0, dd, J = 10,5, C-11),134.73 (1, dd, J= 163,8, C-2 or C-3), 134.50 (1,

dd, J = 163, 8, C-3 or C-2), 134.04 (0, obsc, J = 7, C-12a or C-4a), 133.45 (0, t, J = 6, C-4a or C-

12a),132.97 (2, dd, J = 163, 160, C-3'), 132.97 (1, dm, J = 164, C-8), 131.88 (1, dd, J = 166, 7, C-7),

130.08 (1 , dm, J = 164, C-9), 128.40 (0, obsc, C-10a), 127 .77 (1 , dt, J = 166, 5, C-4 or C-1 ), 127 .55

(1, dt?, J= 165,5, C-1 orC-4), 126.46 (1, dd, J= 164,7,C-1O),124.27 (0, s, C-11a),

3',5'-Di(1 1 -pyrido[2,3-b]acridine-5,1 2-dione)pyridine (84)

11-Methylpyrido[2,3-b]acridine-S,12-dione (200 ffig, 0.73 mmol),

dimethylformamide diethyl acetal (0.40 mL, 2.34 mmol) and DMF (4

mL) were heated to 120 oC under nitrogen for t h. As the reaction

proceeds a blood red coloration, due to the enamine 11-12'-

(dimethylamino)vinyllpyrido[2,3-b]acridine-5,12-dione, develops. To

the reaction mixture was added Eschenmoser's salt (290 mg, 1.57

mmol) and DMF (a.0 mL) and heating continued at 120 oC for 15 min

under nitrogen. The mixture was then allowed to cool and ammonium

chloride (1.000 g, 18.70 mmol) and acetic acid (50 mL volume crucial)

were added followed by continued heating at reflux for 30 min. After cooling the dark reaction mixture

was poured onto ice, made basic with aqueous potassium hydroxide (10%) and extracted

exhaustively with chloroform. The combined organic extract was washed with brine, dried with

magnesium sulfate and the solvent removed under reduced pressure. The product was initially

purified from a multitude of other products by flash column chromatography (silica gel chloroform to
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chloroform/methanol (10:1), the compound of interest eluting with chloroform/methanol 10:1). Further

purification on PLC (chloroform/methanol/triethylamine 100:10.0.1) was necessary, with 3',5'-di(11-

pyrido[2,3-b]acridine-5,12-dione)pyridine traveling as 3 brown bands, the band of highest Rs having

the greatest purityisolubility (36 mg combined, 17%).

MS: FAB m/z(%) 620 ([(M+Na)* +2H],45),619 ([(M+Na)* +2H -H],95),618 ((M+Na)*, 100), S98

([(M+H)- +2H],30), 597 ([(M+H). +2H -H], 65), 596 ((M+H)*, 85), sB1 (10). Anat. (exact mass,

HRFABMS) calcd. for C37H16N5Oa m/z 596.1359, found 596.1356;

fR: v.r, (smear) 1688, 1638, 1582,1496, 1460, 1374,1329,1263,1223,1101, 1066, g9b, 7b2 cm-l;
tH NMR (400 MHz, cDcl3) 6 = g.16 (2H, dd, J = 4.s,1.7,H-2),g.g0 (2H, dd, J= 7.g,1.7, H-4), g.69

(2H,d,J=2.1,H-2'),8.54(2H,d,J=8.3,H-7),8.17(2H,d,J=8.3,H-10),8.00(2H,ddd,J=8.2,

6.9, 1.2, H-8),7.89 (2H, ddd, J =8.2,6.9, 1.2, H-9),7.81 (2H, dd, J= 8.0,4.6, H-3),7.73 (1H, t, J=
2.1, H-4',);

13c NMR (100 MHz, cDcl3) 6 = 181.5g (0, s, c-12), 1g1.32 (0, d, J = 4, c-5), 15s.g0 (1, ddd, ./ =
184,7,4, C-2), 149.57 (0, m, C-12a), 149.57 (0, m, C-6a), 149.17 (0, bs, C-11), 147.70 (1, ddd, J =
183,12,6, C-2'), 147.25 (0, s, C-5a), 136.14 (1, dd, J = 170,6, C-4), 135.63 (1, dt, J = 165, 6, C-4'),

133.74 (1, dd, J= 163,9, C-8), 132.47 (0, obsc, C-3'), 131.68 (1, dd, J= 163,6, C-7), 131.39 (1, dd,

J=163,9,C-9), 130.68(0,d,J=8,C-4a), 129.81 (0,t,J=6,C-10a), 128.42(1,dd,J=165,7,C-

10), 128.33 (1, dd, J = 165, 9, C-3), 124.49 (0, s, C-1 1a).

3',5'-Di(1 1 -benz[b]acridi ne-5, 1 2-dione)pyridine (86)

Benzo[2,3]cleistopholine (200 ffig, O.73 mmol), dimethylformamide

diethyl acetal (0.40 mL, 2.34 mmol) and DMF (a mL) were heated to

120 oC under nitrogen for 30 min. As the reaction proceeds a blood

red coloration, due to the enamine, 11-12'-

(dimethylamino)vinyllbenz[b]acridine-S,12-dione develops. To the

reaction mixture were added Eschenmoser's salt (277 mg, 1.50 mmol)

and DMF (4.0 mL) and heating continued at 120 oC for 15 min under

nitrogen. The mixture was then allowed to cool and ammonium

chloride (1.000 g, 18.70 mmol) and acetic acid (50 mL volume crucial)

were added followed by continued heating at reflux for 30 min. After cooling the dark reaction mixture

was poured onto ice, made basic with aqueous potassium hydroxide (1lo/o) and extracted

exhaustively with chloroform. The combined organic extract was washed with brine, dried with

magnesium sulfate and the solvent removed under reduced pressure. The product was initially

purified from a multitude of other products by flash column chromatography (silica gel

dichloromethane to dichloromethane/methanol (100:5), the compound of interest eluting with other

products with dichloromethane/methanol 100:5). Further purification on PLC (twice,

dichloromethane/ methanol/triethylamine 100:5:0.1) was necessary, with 3',5'-di(11-benz[b]acridine-
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5,12-dione)pyridine traveling as the tan/brown band of 6th highest Rs. Material (tan) that was too

insoluble to get onto the PLC plate (for the second time) was found to be pure product (20 mg

combined, 9%). Once pure and dry this compound is quite insoluble. Due to these factors,

characterization has been limited.

MS: FAB m/z (o/o) 594 ((M+H)., 10), 566 ([(M+H)* -CO], 2). Anal. (exact mass, HRFABMS) calcd. for

CaTHlBNsO a tn/z 594.1454, found 594.1453;
1H NMR (400 MHz, cDcl3) b = g.6g (2H, d, J = 2.0, H-z'), g.5s (2H, d, J = g.4, H-T), g.46 (2H, m, H-

2 or H-3), 8.24 (2H, m, H-2 or H-3), 8.10 (2H, d, J = 8.5, H-10), 7 .99 (2H, ddd, J = 8.4, 6.9, 1 .2, H-8,),

7.86 (2H, m, H-1 and H-4) 7.83(2H, ddd, J= 8.4,6.9, 1.2, H-9),7.64 (1H, t, J =2.0, H-4').

7 -Deaza-7-(1 1 -pyrido[2,3-b]acridine-5,1 2-dione)ascididemin (85)

A; High temperature route;

11-Methylpyrido[2,3-b]acridine-5,12-dione (100 mg, 0.37 mmol),

dimethylformamide diethyl acetal (0.20 mL, 1.17 mmol) and DMF (2

mL) were heated to 120 oC under nitrogen for t h. As the reaction

proceeds a blood red coloration, due to the enamine 11-12'-

(dimethylamino)vinyllpyrido[2,3-b]acridine-5,12-dione, develops. To

the reaction mixture was added Eschenmoser's salt (68 mg, 0.37

mmol) and DMF (4.0 mL) and heating continuedatl20 oC for 15 min

under nitrogen. To the hot mixture was then added ammonium chloride

(460 mg, 8.60 mmol) and acetic acid (12 mL volume crucial) followed by continued heating at reflux

for 30 min. After cooling the dark reaction mixture was poured onto ice, made basic with aqueous

potassium hydroxide (10%) and extracted exhaustively with chloroform. The combined organic

extract was washed with brine, dried with magnesium sulfate and the solvent removed under reduced

pressure. The product was initially purified from a multitude of other products by flash column

chromatography (silica gel dichloromethane/methanol 100:5), which eluted the compound of interest

as well as other reaction products. Further purification on PLC

(dichloromethane/methanol/triethylamine 1 00:2.5:0.01 was necessary, with 7-Dea za-7-(11-pyrido[2,3-

blacridine-S,12-dione)ascididemin the band of highest Rr (1 1 mg, 1 1 %).

B; Low temperature route

11-[2'-(Dimethylamino)vinyl]pyrido[2,3-b]acridine-S,12-dione (65 mg, 0.20 mmol), Eschenmoser's salt

(70 mg, 0.38 mmol) and DMF (6 mL) were heated at 105 oC for 10 min under nitrogen. The DMF

was distilled under reduced pressure and the residue was dissolved in dichloromethane/methanol (8

mL, 4:1) and poured onto glacial acetic acid (5 mL), water (1.5 mL) and ammonium chloride (732 mg,

13.7 mmol). The mixture was stirred briskly at ambient temperature for 24 h, diluted with water,

made basic with aqueous potassium hydroxide (10%) and extracted exhaustively with chloroform.
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The combined organic extract was washed with brine, dried with magnesium sulfate and the solvent

removed under reduced pressure. The crude product was processed as in procedure A to yield 7-

deaza-7 -(1 1 -pyrido[2, 3-b]acrid i ne-S, 1 2-d ione)ascid idemi n ( 1 7 mg, 32%).

MS: FAB m/z (%) 543 ([(M+H)* +2H], 15),542 ([(M+H)- +2H -H], 30) 541 ((M+H)*, 45),443 (20),424

(10). Anal. (exact mass, HRFABMS) calcd. for C35H17NaOsm/z 541.1301, found 541.1301;

lR: vr"*(smear) 2924,1689, 1667, 1650, 1581, 1461,1375, 1328, 1259, 1065, 103S, gg2,264 cm-1;
tH NMR (400 MHz, cDcl3) 6 = 8.98 (1H, d, J = g.g, H-b), g.g7 (1H, dd, J = 4.8, 1.7, H-2,), g.Tg (zH,

dd, J= 7.9,1.7,H-4 and H4'),8.71 (1H, dd, J= 8.1,1.3, H-1),8.64 (1H, dd, J=7.8,1.9, H-11),8.S8

(1H, d, J = 8.5, H-9'), 7.98 (1H, ddd, J = 8.5, 7.0, 1.5, H-2), 7.97 (1H, ddd, J = 8.5, 7.0, 1.5, H-3), 7.91

(1H,m,H-8'),7.88(1H,dd, J=4.6,1.8,H-9),7.72(1H,dd, J=7.9,4.5,H-3'),7.69(1H,d,J=8.8,
H-6), 7.49 (2H, m, H-7' and H-10'), 7 .13 (1H, dd, J = 7 .8,4.6, H-10);

'3c NMR (100 MHz, cDcl3) 6 = 182.b0 (0, d, J = 4, c-12),1g2.06 (0, d, J = 4, c-5'), 1g1.2g (0, s, c-
12'),157.78 (0, t, J= 5, C-11'), 155.59 (1, ddd, J= 183,8,3, C-2'), 152.36 (1, ddd, J= 181,8,3, C-

9), 152.36 (0, dd, J = 11, 6, C-7b), 149.43 (0, dd, J = 10, 5, C-6a'), 149.31 (0, dd, J = 12,6, C-12a'),

147.87 (0, s, C-5a' or C-12a), 145.80 (0, s, C-12a or C-5a'), 144.70 (0, t, J = 8, C-13a), 137.66 (0, d,

J = 8, C-7),136.32 (1, dd, J = 167,6, C-11), 135.95 (1, dd, J = 170,6, C-4'), 133.62 (0, obsc, C4b),

132.97 (1, dd, J = 171,6, C-8'), 132.96 (1, dd, J = 171,6, C-1), 132.68 (1, d, J = 163, C-6), 131.84

(1, dd, J= 165,5, C-9'), 130.65 (0, obsc, C-7a),130.50 (1, dd, J= 162,9, C-3), 130.14 (1, dd, J=
162,8, C-2), 129.90 (1, dd, J=162,8, C-7'), 128.88 (0, obsc, C-10a'), 128.03 (1, dd, J= 167,9, C-

3'), 127.88 (0, d, J =7,4a'),127.46 (1, dd, J = 163, 7, C-1O'),127.25 (0, obsc, C-11a), 125.18 (0, m,

C4a), 125.05 (1, d, J = 163, C-S), 123.27 (1, dd, J = 167,8, C-10), 123.00 (0, d, J =7, C-12b),

122.92 (0, s, 1 1a'), 122.32 (1 , dd, J = 161 , 8, C4).
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Appendix 3. X-ray Diffraction Methods and Data for 2-Bromoleptoclinidinone (S)

Accurate intensity data were collected on a Siemens SMART CCD diffractometer using graphite

monochromated Mo-Ka radiation. Unit cell parameters were determined by automated matrix

determination. Data were collected over a [hemisphere/sphere] of reciprocal space and were

corrected for Lorentz and polarization effects by empirical absorption correction (SADABS program

(Siemens Area Detector ABsorption correction).

Structure solution was by direct methods/super-sharp Patterson and difference Fourier methods.

Refinement was by full-matrix least-squares on F2 with scattering curves taken from the lnternational

Tables for Crystallography. Non-hydrogen atoms were allowed to refine anisotropically. Hydrogen

atoms were located either by difference map or included in calculated positions. Hydrogen positions

were at fixed lengths with the temperature factor riding on that of the atom to which they were bonded

(1.5 times for methyl hydrogens, 1.2 times for all others).

Programs used for structure solution were SHELXS-86 (G. M . Sheldrick, University of Gottingen,

1986), XS (Siemens SHELXTL package, 1995), SHELXS-97 (G. M. Sheldrick University of Gottingen,

1997), SHELXL-93 (G. M. Sheldrick University of Goftingen, 1993), XL (Siemens SHELXTL package,

1995) or SHELXL-97 (G. M. Sheldrick University of Gottingen, 1997), and were run on a Silicon

Graphics INDY work station. Diagrams were produced by the XP program (Siemens SHELXTL

package, 1995).
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able 42. Crvstal data and structure refinement for 8).

Empirical formula C19 H12 Br N3 02

Formula weight 394.23

Temperature 20s(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pbca

Unit cell dimensions

a 15.7013(2) A

u 90"

b 7.33080(10) A

p 90'
26.933 A

T 90'
Volume 31oo.03(6) A3

z 8

Density (calculated) 1.689 gcm-3

Absorption coefficient 2.671 mm-1

F(000) 1584

Crystal size 0.47 x 0.31 x 0.14 mm

Theta ranqe for data collection 1.51 to 28.22"

Index ranges 0<h<20
0<k<9
0<l<35

Reflections collected 1 8959

Reflections observed !>2o(l)l 3057

lndependent refl ections 3586 [R(int) = 0.0000]

Max. and min. transmission 0.7062 and 0.3666

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3586/0t230
Final R indices [>2o(l)] Rr=0.0473,wR2=0.1307

R indices (all data) Rr = 0.0569, wR2 = 0.1382

Goodness-of-fit on F2 1.143

Weighting Scheme calc w = 1lloz(Fo21 + lO.OOaOe;2 +

6.7262Plwhere P=(Fo2 + 2F"1t3

Largest diff. peak and hole 1.058 and -0.753 e.A 3
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Table 43. Atomic coordinates and equivalent isotropic displacement parameters for 2-

bromoleptoclinidinone (8). U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

x v z u(eq)

Br 0.8432(1) 0.20e8(1) 0.5662(1) 0.035(1)

o(1) 0.e719(2) -0.1206(4) 0.8246(1) 0.034(1)

c(1) 0.8468(2) 0.0875(5) 0.6664(1) 0.025(1)

c(2) 0.7943(2\ 0.1348(4) 0.6274(1) 0.025(1)

c(3) 0.7057(2) 0.1276(5) 0.6315(1) 0.028(1)

c(4) 0.668s(2) 0.0684(5) 0.6752(1) 0.026(1)

c(4A) 0.7192(2) 0.0144(4) 0.7157(1) 0.021(1)

c(4B) 0.684e(2) -0.053e(4) 0.7617(1) 0.021(1)

c(s) 0.5e73(2) -0.0756(5) 0.7723(1) 0.025(1)

c(6) 0.5738(2) -0.1506(5) 0.816e(1) 0.028(1)

N(7) 0.6287(2) -0.206e(4) 0.8525(1) 0.026(1)

c(7A) 0.7112(2) -0.1858(4) 0.8436(1) 0.021(1)

c(78) 0.771e(2) -0.248e(4) 0.8823(1) 4.022(1)

N(8) 0.738e(2) -0.3245(4\ 0.e234(1) 0.027(1)

c(s) 0.7930(2) -0.3851(5) 0.e57e(1) 0.032(1)

c(10) 0.8813(3) -0.3741(5) 0.e538(1) 0.036(1)

c(1 1) 0.9148(2) -0.2e30(5) 0.e121(1) 0.032(1)

c(11A) 0.8see(2) -0.22e1(4) 0.8750(1) 0.024(1)

c(12) 0.8e55(2) -0.1448(4) 0.82e6(1) 0.024(1)

c(12A) 0.8331(2) -0.08e7(4) 0.78e7(1) 0.020(1)

c(128) 0.7433(2) -0.1 100(4) 0.7e88(1) 0.01e(1)

N(13) 0.8652(2) -o.0270(4) 0.7484(1) 0.422()
c(134) 0.8098(2) 0.0238(4) 0.71 10(1) 0.021(1)

o(2) 0.5727(2) -0.3256(5) 0.e673(1) 0.055(1)

c(22) 0.4e57(3) -0.3333(8) 0.e41e(2) 0.051(1)
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Aable 44. Bond lengths I A ] for 2-bromoleptoclinidinone (8).

Br-C(2) 1.8ee(3) o(1)-c(12) 1.220(4)

c(1)-c(2) 1.378(4) c(1)-c(13A) 1.415(4)

c(2)-c(3) 1.3e6(5) c(3)-c(4) 1.380(5)

c(4)-c(4A) 1.406(4) c(4A)-c(13A) 1.42s(4)

c(4A)-c(48) 1.43e(4) c(48)-c(5) 1.414(4)

c(4B)-c(128) 1.418(4) c(5)-c(6) 1.372(5)

c(6)-N(7) 1.353(4) N(7)-c(7A) 1.327(4)

c(7A)-c(128) 1.421(4) c(7A)-c(78) 1.485(4)

c(7B)-N(8) 1.342(4) c(78)-c(11A) 1.403(4)

N(8)-c(e) 1.335(5) c(e)-c(10) 1.3e3(6)

c(10)-c(11) 1.375(5) c(1 1)-c(1 1A) 1.400(5)

c(11A)-c(12) 1.480(5) c(12)-C(12A) 1.50e(4)

c(12A)-N(13) 1.306(4) c(12A)-c(128) 1.438(4)

N(13)-c(13A) 1.382(4) o(2)-c(22) 1.3e1(6)

able 45. Bond for 2 inidinone (8).

c(2)-c(1)-c(13A) 1 18.e(3) c(1)-c(2)-c(3) 121.7(3)

C(1)-c(2)-Br 1 1e.4(3) c(3FC(2)-Br 1 18.s(2)

c(4)-c(3)-c(2) 1 1e.8(3) c(3)-c(4)-c(4A) 121.0(3)

c(4)-c(4A)-c(13A) 1 18.5(3) c(4)-c(4A)-c(48) 123.7(3)

c(13A)-C(4A)-C(48) 1 17.8(3) c(5)-c(48)-c(128) 1 17.0(3)

c(5)-c(48)-c(4A) 125.2(3) c(128)-C(48)-c(4A) 117.7(3)

c(6)-c(5)-c(48) 1 18.e(3) N(7)-c(6)-c(5) 124.e(3)

c(7A)-N(7)-c(6) 1 17.3(3) N(7)-c(7A)-c(128) 123.0(3)

N(7)-c(7A)-c(78) 117.7(3) c(128)-c(7A)-C(78) 1 1e.3(3)

N(8)-c(78)-c(1 1A) 122.6(3) N(8)-c(78)-c(7A) 117.3(3)

c(11A)-C(78)-C(7A) 120.1(3) c(e)-N(8)-c(78) 117.8(3)

N(8)-c(s)-c(10) 124.0(3) c(11)-c(1o)-c(s) 1 18.1(3)

c(10)-c(1 1 )-c(1 1A) 1 1e.5(3) c(11)-c(1 1A)-c(78) 1 18.1(3)

c(1 1)-c(1 1A)-c(12) 1 1e.8(3) c(78)-C(11A)-c(12) 122.1(3)

o(1)-c(12)-C(1 1A) 121.5(3) o(1 )-c(12)-C(124) 121.5(3)

c(1 1A)-C(12)-C(12A) 1 17.0(3) N(13)-c(12A)-c(128) 124.1(3)

N(13)-c(12A)-C(12) 116.7(3) c(128)-c(1 2 )-c(12) 1 1e.2(3)

c(4B)-c(128)-c(7A) 1 18.e(3) c(4B)-c(128)-c(12A) 118.e(3)

c(7A)-C(128)-C(12A) 122.2(3) c(12A)-N(13)-C(13A) 1 18.2(3)

N(13)-c(13A)-c(1) 116.7(3) N(13)-C(13A)-C(4A) 123.3(3)

c(1 )-c(13A)-c(4A) 120.0(3)

175



Table 46. Anisotropic displacement parameters (A2)tor 2-bromoleptoclinidinone (8).
The anisotropic displacement factor exponent takes the form: -2 n2 1n2a*2 U1 1 + ... + 2 h k a" b* U12lThe anisotropic displacement factor exponent takes the form: -2 n'lh'a*'U11 + ... + z

u11 u22 u33 u23 u13 u12

Br 0.041(1) 0.042(1) 0.022(1) 0.002(1) -0.001(1) -0.002(1)

o(1) 0.022(1) 0.0s3(2) 0.02e(1) 0.006(1) -0.002(1) -0.001(1)

c(1) 0.027(2) 0.028(2) 0.020(2) -0.001(1) 0.000(1) -0.001(1)

c(2) 0.037(2) 0.021(1) 0.017(1) -0.001(1) -0.001(1) -0,001(1)

c(3) 0.033(2) 0.026(2) 0.024(2) -0.001(1) -0.00e(1) -0.001(1)

c(4) 0.024(2) 0.027(2) 0.026(2) 0.000(1) -0.004(1) 0.000(1)

c(4A) 0.023(1) 0.018(1) 0.022(1) -0.004(1) -0.002(1) -0.001(1)

c(4B) 0.022(1) 0.018(1) 0.022(2) -0.003(1) -0.001(1) -0.001(1)

c(5) 0.022(1) 0.027(2) 0.027(2) -0.004(1) -0.004(1) 0.002(1)

c(6) 0.022(1) 0.030(2) 0.032(2) -0.002(1) 0.001(1) -0.001(1)

N(7) 0.024(1) 0.027(1) 0.027(1) -0.002(1) 0.004(1) -0.002(1)

c(7A) 0.023(1) 0.020(1) 0.021(1) -0.003(1) 0.001(1) -0.001(1)

c(78) 0.028(2) 0.020(1) 0.01e(1) -0.001(1) -0.001(1) 0.001(1)

N(8) 0.033(2) 0.028(1) 0.022(1) 0.001(1) 0.001(1) 0.001(1)

c(e) 0.045(2) 0.032(2) 0.020(2) 0.002(1) 0.001(1) 0.001(2)

c(10) 0.043(2) 0.040(2) 0.024(2) 0.004(2) -0.007(2) 0.007(2)

c(1 1) 0.031(2) 0.037(2) 0.027(2) 0.000(1) -0.003(1) 0.003(2)

c(11A) 0.026(2) o.024(2) o.o21(2) -0.002(1) -0.002(1) 0.002(1)

c(12) 0.024(2) 0.027(2) 0.021(1) -0.003(1) -0.002(1) 0.002(1)

c(12A) 0.021(1) 0.01e(1) 0.020(1) -0.003(1) -0.001(1) 0.000(1)

c(128) 0.022(1) 0.017(1) 0.01e(1) -0.004(1) 0.000(1) -0.001(1)

N(13) 0.021(1) 0.024(1) 0.020(1) -0.001(1) -0.003(1) -0.001(1)

c(13A) 0.024(1) 0.020(1) 0.01e(1) -0.002(1) -0.002(1) -0.002(1)

o(2) 0.048(2) 0.083(2) 0.034(2) 0.002(2) 0.004(1) -0.013(2)

c(22) 0.041(2) 0.073(3) 0.040(2) -0.015(2) 0.007(2) -0.010(2)
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Table 47. Hydrogen coordinates and isotropic displacement parameters (A2) for 2-

X v z u(eq)

H(1A) 0.9063 0.0975 0.6633 0.030

H(3A) 0.6713 0.1629 0.6047 0.033

H(4A) 0.6092 0.0641 0.6778 0.031

H(sA) 0.55s8 -0.0391 0.7491 0.031

H(6A) 0.5153 -0.1640 0.8232 0.033

H(eA) 0.7701 -0.4384 0.9867 0.039

H(10A) 0.9169 -0.4207 0.9788 0.043

H(11A) 0.9741 -0.2806 0.9085 0.038

H(2B) 0.5e4(3) -a.287(7) 1.008(2) 0.066

H(22A) 0.4520 -0.3820 0.9636 4.077

H(228) 0.5018 -0.4117 0.9131 0.077

H(22C) 0.4798 -0.2117 0.9312 0.077
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Ghapter 3

Ecological Studies on Pyridoacridone Alkaloids

3.1 Why do Natural Products exist?

Natural products, or secondary metabolites, exist in the broadest sense because of their contribution

to eventual reproductive success of the organism(s) concerned, i.e. natural products enhance the

survivability of the genome of the individual organism(s) concerned.l Enough evidence of beneficial

roles played by natural products has been collected to confirm these molecules make important

contributions to survivabili$.2'3 A historical or traditional viewpoint was that natural products were

merely waste/detoxification products or over-expressed metabolites. (Occasionally?) over-expressed

metabolites they may well be, but there are certainly reasons behind this over-expression, such as

increased eventual reproductive success. lt is well known natural product expression varies with

time/season, depth, pathogen invasion and competition.a Therefore the genes controlling the

expression of natural products are triggered by environmental stimulus. As the production of many

natural products may be energetically demanding, it makes sense to only produce metabolites as

they are needed.

It is common knowledge that marine natural products are typically predominant in sessile invertebrate

and Urochordata species lacking physical protection (e.9. a calcareous shetl). Here natural products

often play a role in chemical defense (antipredation) of the organism concerned. Another problem for

invertebrates is that they lack an antibody-based immune system.l While ascidians share

immunological characteristics of both vertebrates and invertebrates, they resemble invertebrates in

the sense that they lack an antibody-based immune system. As Faulkner statess "The high incidence

of cytotoxicity among maine natural products may be an outcome of the evolutionary history of

marine organisms. For example, sponges are the most primitive multicellular invertebrates and have

changed very little for 500 million years. To suruive for such a long time the sponges have had to

fight off ever more sophlsficated predators (and parasites) by producing distasteful or otherwise

deterrent chemicals. The chemicals that evolved to protect such primitive invertebrates are

intrinsicalty bioactive and are therefore the compounds we seek today as potential medicines.' Most

studies on the ecological roles of marine natural products to date have concentrated on antifeedant

and antifouling properties (external chemical defense). Little attention has been given to potential

internal roles of marine metabolites which, bearing in mind a lack of an antibody based immune

system and the ertreme importance of parasites in evolutionary biology, is odd.
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As Ridley explains "The things thaf kill animals or prevent them from reproducing are only rarely

physical factors. Far more often they are other creatures-parasffes, predators and competifors."o

Although the physical norm generally doesn't change drastically, the competition will. This results in

evolutionary races with other species. These "racesn are indeed rarely, if ever, won and one

generally only ever achieves a temporary respite (e.9. humans vs. polio, MRSA etc); this is known as

the Red Queen effect (extinction is random).6

Natural products protect against parasites, predation and the competition. As Ridley explains

"Parasifes have a deadlier effect than predators for two reasons. One is that there are more of

them....Ihe second reason, whichis fhe cause of the f,rsf, is that parasites are usually smallerthan

thef hosfs while predators are usually larger. This means that the parasites live shorter lives and

pass fhrough more generations in a given time than fheir hosfs....As a consequence they can multiply

faster than their hosfs and control or reduce the host population. The predator merely follows the

abundance of its prey."6 Ridley goes on to explain "There are three ways for animals to defend

themselves against parasifes. One is to grow and divide fast enough to leave the parasite

behind....The second defense is sex.... The third is an immune system, used only by the descendanfs

of reptiles. Plants and many insecfs have an additional method, chemical defense: they produce

chemicals that are toxic to fherr pesfs,' sorne species of pest then evolve ways of breaking down the

toxins, and so on; an arms race has begun "6 Thus natural products, in conjunction with other cellular

defense systems such as lectin enhanced phagocytosis, are probably the basis of the invertebrate

immune system (and hence these are the organisms from which natural products are usually

isolated). Defense against potential predators is often through behavioral patterns (i.e. avoidance) or

physical attributes (e.9. calcareous shell) however, chemical antifeedant compounds are a well

documented viable alternative. This is often reflected in brightly colored (warning coloration), flesh-

exposed, organisms present during daylight where they are highly visible to potential predators (e.9.

many nudibranchs). Defense against the competition, especially important for sessile species where

space is at a premium, consists of establishing and maintaining a position (preventing overgrowth).

Variety and quantity of secondary metabolites in community organisms are usually highest in

environments where competition is at its most fierst, such as a coral reef. Sessile invertebrates have

evolved sophisticated chemical communication/defense systems. For example barnacle larvae settle

close to, but not on, adults or young of the same species.

Marine natural product chemists/ecologists have traditionally concentrated on the assessment of

compounds in external defense roles such as antipredation and antifouling. Time may show that this

concentration on external chemical defense often may have been erroneous and that roles assigned

to many natural products on the basis of "ecologically relevant" experiments are in fact secondary to

internal roles of the compounds. Natural products can, of course, have multiple roles.

182



3.2 Potential Ecological Roles of Pyridoacridine Alkaloids

The advent of bioassay guided fractionation of crude marine invertebrate extracts has resulted in the

isolation of an ever increasing number of cytotoxic marine secondary metabolites based upon the

pyrido[2,3,4-k{acridine skeleton.T Interestingly isolation has occurred from a wide range of

organisms from multiple phyla on a global geographic scale.T Although many show remarkable

biological activity, due to the small quantities isolated and problematic total synthesis of relevant

quantities, little is understood about the potential of these compounds medicinally. Even less is

known of the roles played in the natural marine environment, although Baker and coworkers reported

ecologically relevant activities (starfish antifeedant, inhibition of microorganism growth) for the related

iminoquinone-containing alkaloid discorhabdin G.8 ln order to help rationalize potential uses, the

definition of fundamental roles is of great value. We therefore initiated an ecologically relevant study

on several such alkaloids; ascididemin, 2-bromoascididemin, 11-hydroxyascididemin and

kuanoniamine A which were obtained by total synthesis.

Many potential ecological roles of marine secondary

ecological roles of pyridoacridine alkaloids include:

. Coloration; camouflage, warning, mimicry.

r Sunscreen; absorbance of potentially damaging

formation

. Chemicaldefense/attack:

metabolites have been proposed. Potential

ultraviolet lighUprevention of free radical

Internal; part of a non-antibody based immune system.

External; prevention of biofouling, extending present substrata coverage, deterring predation.

The extended chromophore of these molecules results in an array of colors depending on oxidation

and protonation states.T However, because of the typically low tissue concentrations, it is very rare

that these molecules are the main pigment contributor to observed organism coloration.e These

molecules also can absorb UV light and prevent radical formation; this has been proposed as a

potential role of some natural products.lo' 11 However we rule out a "sunscreen" type role on the

basis that these molecules are often isolated from organisms at a depth far below the penetration of

most UV light (350 nm UV penetrates to around 20 m).12 This similarly rules out a coloration rote

(cryptic/camouflage/warning/mimicry) as color perception at such depth is totally muted. In addition,

these molecules are probably energetically demanding to make, whereas more simple far less

energetically demanding molecules would suffice as sunscreens or coloration. Chemical defense

was thus the focus of this study. Antifeedant and antifouling properties of marine natural products is

historically well documented and there are many ecologically pertinent assays reported in the

literature to assess these roles.3 We therefore attempted to use accepted assays to assess external
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potential roles of ascididemin and other naturally occurring pyridoacridones. Despite our concern

over the widespread ignoring of potential internal roles, we did not possess the necessary skills for

this difficult task.

3.2.1 External Ghemical Defense Roles of Selected Pyridoacridone Alkaloids

From the synthetic techniques outlined in Chapter 2, the pyridoacridone natural products ascididemin

(6), 2-bromoascididemin (2-bromoleptoclinidinone, 8) and 11-hydroxyascididemin (9) were prepared.

A precious sample of synthetically generated kuanoniamine A (37) was supplied by Pearce.13 In the

development of new assays or investigation into literature assays, ascididemin was invariably used

extensively, before any other compounds were trialed. This was because ascididemin was both the

compound we were most interested in (as it appears to be one of the most widespread

pyridoacridone alkaloids) and the compound that is more easily synthesized.

3.2.1.1 Non-ecologically Relevant Trials

We first sort to evaluate toxicity towards whole organisms. This was not because of any real

ecological relevance but to see if these assays could assist in the isolation of these compounds, as

many research groups used these assays in bioassay guided fractionation. Only the two most easily

generated natural products were used in these assays (6 and 8). The most common whole organism

toxicity assay, the brine shrimp assay,to was the first assay investigated. The literature procedure

suggested 1% DMSO/salt water (volume/volume) as a maximum permissible solvent level. As we

wanted some variation in the solvents we could use, we determined maximum permissible solvent

levels for ethanol, methanol, acetone, DMSO and MeOH/DCM 3:1.

Table 48, Maximum permissible solvent level for the brine shrimp assay.

Solvent Maximum permissible solvent level, X (% toxicity)

DMSO x < 1o/o (10%)

EtOH x << 1% (70%)

MeOH 1Vo<X<2.5%(10%)

MeOH/DCM 3:1 x < 1o/o (40%)

Acetone 2.5<X<5%(1oo/o)

Using methanol, well below the maximum thresholds, ascididemin (6), 2-bromoascididemin (8) and

N-8-deaza-ascididemin (7, Figure 13, pg 190) were assessed for toxicity in this assay. The two

natural products 6 and 8 were toxic at around 30 ppm whereas the synthetic analogue 7 was toxic at
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around 15 ppm. However, as the toxicity of the later compound appeared to be due to suffocation,

due to precipitation of the compound, the relevance of any observed toxicity was questionable.

Moreover, when crude sponge extracts were assessed, suffocation seemed to be the dominant

mechanism of death (mainly by water insoluble terpenoids). We later found ascididemin to be

nontoxic to the larger (2.5 cm) shrimp Palaemon affinis, in a more ecologically relevant assay, where

suffocation was not a factor. Troubled by these observations, we stopped using this assay.

We next evaluated the use of the mosquito fish Gambusia affinis which is in plentiful supply in

Auckland drainage systems, as well as Lake Pupuke. As this fish is a fresh water species no

ecological relevance is claimed in either the cytotoxicity or antifeedant assays. Using the techniques

of Coll and coworkers,ls ascididemin and 2-bromoascididemin were found to be toxic at 10 ppm.

Again suffocation seemed to be the main mechanism of death, in this instance because of a lack of

solubility in fresh water of these two compounds. The assay was repeated on ascididemin, with

continual surveillance, at a sample concentration of 1 ppm. lmmediately the experimental fish

appeared stressed in comparison to the control. After two hours the fish was obviously having

serious trouble breathing and had lost swim bladder control. Fine strands hung from the fish and this,

which was earlier assumed to be an overnight fungal infection, was actually the compound which was

selectively precipitating out on the surface of the fish (hence the suffocation from gill precipitation).

The fish was removed and put in fresh water where it immediately made a full recovery confirming

suffocation. Toxicity trials on G. affinis were therefore abandoned.

Antifeedant trials were attempted on G. affinis, using food pellets to which the compound had been

added in solvent, followed by the removal of that solvent. In this assay the added compound is

almost exclusively coated onto the surface of the pellet and this results in even further diminishment

of relevance to a real world situation. When assessed in this assay, ascididemin and 2-

bromoascididemin caused an avoidance response at 28 mg/g and were consistently antifeedant at 4

mg/g (maximum isolated level of the two compounds 2.6 mg/g16). Hungry fish would .1
consume ascididemin-coated pellets at an loading of 4 mg/g and the consumption of the tl.-.A""?

ryo
pellet had no obvious ill effects on the health of the fish. The natural product homarine I gT

(87), which is a known antifouling agentlT and is antifeedant against the starfish

Ondontaster validus,lt was synthetically prepared according to the procedures outlined in reference

18 and was found to have no antifeedant activity at an ecologically relevant level of 24mglg18 but

instead seemed to attract feeding.

Disappointed with the results we were seeing for both whole animal cytotoxicity and antifeedant trials

on non-ecologically relevant organisms, the switch was made to some local prominent marine

consumers to introduce some ecological relevance.
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3.2.1 .2 Ecologically Relevant Trials

Quite correctly, workers in the field of experimental chemical ecology attempt to assess natural

products at what is termed an "ecologically relevant level". These "ecologically relevant levels" are

usually based on a one-off isolation and isolation levels are usually very conservative, irrelevant of

the skill of the isolating chemist. Natural products levels within a given species often show extreme

variance with several factors, for example season of isolation (time of year).4 Cronin and Hay have

shown that grazing induced increased concentrations of defensive natural products.le With such

factors in mind, how relevant are these ecologically relevant levels, based on one-off isolations? The

short answer is that testing at the reported level is often the best one can do, unless a concerted

investigation, at least one year-long, with regular sampling of organisms is undertaken. Published

ascididemin isolations give widely varying levels of the compound in the ascidian:

l. Kobayashi and coworkers, 0.006% wet weight from Didemnum sp.'o

ll. Faulkner and He, 0.26% dry weight from Eudlstoma sp.16

lll. Bonnard and coworkers, 0.042% dry weight from cysfodytes dellechiajei.2l

lV. Smith and coworkers, 0.56% of total crude ethanolic extract weight from Didemnum sp.2'

Arbitrarily converting Kobayashi and coworker's ascididemin wet weight concentration to a dry weight

concentration gives a value of approximately 0.02% dry weight: This conversion was made by

determining that the dry weight of ascidians in our collection are normally approximately 25% of their

wet weight. This percentage also corresponds favorably with the treeze dried weights and rehydrated

weights of the shrimp food source commonly used in our antifeedant trials. Arbitrarily converting

Smith and coworkers figure for ascididemin as a percentage of total crude ethanolic extract to

ascididemin as a percentage of ascidian dry weight gives a value of approximately 0.1% dry weight.

This conversion was made by using a conversion factor derived from a similar isolation procedure on

Leptoclinides sp. by Lindsay, which equated the 651 mg total extract to arise from 3 g dry weight of

ascidian. Even ignoring these two calculated levels, the reported ecologically relevant tevets of

ascididemin differ by an order of magnitude. Many pyridoacridine alkaloids are very insoluble, which

may reduce the recovery yield from the organism unless one is working on small scale extractions.

Furthermore the isolation of 11-hydroxyascididemin used a support phase that we suspect the

compound is unstable on.23 Moreover few feeding trials test for potential synergism that may be

present between a physical protection and a natural product.2a We thus feel justified in testing

pyridoacridine alkaloids at levels significantly higher than those reported by isolating chemists in a

one-off isolation. This also allows the ranking of alkaloids in effectiveness with respect to a specific

potential role.

All the compounds to be assessed had been isolated from ascidians, although kuanoniamine A had
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been also isolated from a prosobranch, which was sequestering the compound from its ascidian

prey.2s Echinoderms, fish and molluscs are important predators of ascidians.26' 27 In New Zealand

waters, prominent consumers of ascidians include echinoderms such as Evechinus chloroticus2s and

Patiriella regularis,ze'30 molluscs including nudibranchs and prosobranchs3l and hardy fish such as

the leatherjacket (Parika scaber).28 Antifeedant trials on fish can be more complicated than those on

echinoderms due to the importance of factors such as visual cues.32 Moreover starfish have been

reported to be important consumers of the Didemnum genus33 and it is from this genus that the

alkaloid ascididemin has twice been isolated.zo' 22 Crump reported the common cushion starfish

Patiriella regularis to be a consumer of two Didemnum species, D. lambitum and D. candidum.so As

this starfish is very common intertidally it is both extremely easy to collect and resistant to minor

salinity changes (such as would occur in a laboratory aquarium). Furthermore this starfish has a well

defined, easily observed mode of feeding whereby the stomach is everted onto the food source.to

Patiriella regularis is also a scavenger/invertebrate grazer making aquarium maintenance of this

organism very trivial. We therefore decided to begin ecologically relevant antifeedant trials on

Patiriella regularis.

3.2.1 .2.1 Antifeedant Trials

Antifeedant studies were carried out in laboratory aquaria using freshly gathered Patiriella regularis

from both the west and east coasts of Auckland. These same trials were also preformed on east

coast Patiriella regularis that had spent long periods of time in laboratory aquaria. As the compounds

involved have some salt water solubility the changing of aquaria water was performed regularly.

Patiriella regularis was offered two foods of varying nutritional quality. High nutritional quality food

was comprised of Nutrafin Turtle Snack (freeze dried white and river shrimp), while low nutritional

quality food consisted of filter paper soaked in an aqueous extract of either the aforementioned

shrimp or Carpophyllum flexuosum (a seaweed) or Petrolisthes elongatus (a half crab).

For any assay to be worthwhile, it must possess several attributes.3a A useful assay will be:

. Discriminating

r Robust

. Sensitive

. Easily maintained

o Economical

As will be shown, antifeedant assays on P. regularis possessed most of these features.

Initially in the case of the high nutritional quality freeze dried shrimp food, starfish were daily fed

literally all they could eat before the experimentally doped shrimp was offered. This was because it
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was thought that due to the food being of a higher nutritional quality and easier to digest than say an

ascidian, that the assay may not be sensitive enough to detect antifeedant activity. That is, the high

nutritional quality of the food would override effects of the antifeedant compound which has perhaps

evolved to protect a less nutritious food source that possesses some form of physical defense. After

all, outright antifeedant activity is not an environmental requirement, in that the concerned organism

only has to be less edible than the competition (alternative prey of the consumer). That is, don't be

the favored food source. lf the favored food source runs out, then bump up your production of

(energetically demanding) antifeedant compounds. Alternatively, starfish were starved for several

days before the experimentally doped shrimp was offered. The relevant alkaloid was sequentially

added, in 10 pL aliquots, to the shrimp in dichloromethanelmethanol 4:1 to deliver a loading of

approximately the ecologically relevant concentration reported by the initial isolations. Notably

compound diffusion into a freeze dried shrimp or filter paper is much more pronounced than that

observed for similar addition to a pellet, that is, it is not just a surface coating as observed for the

pellet. The shrimp was then air dried with any residual solvent removed under reduced pressure.

Solvent blanks, shrimps having only dichloromethane/methanol 4:1 added, were also prepared in a

similar fashion. The starfish was offered either a solvent blank or a shrimp containing a metabolite. lf

the shrimp containing the metabolite was rejected, the starfish was immediately offered a solvent

blank to make sure of the rejection; a positive rejection was only counted if the solvent blank was

accepted. Shrimp were offered to the end of an arm, where they are quickly detected by tubefeet

and are usually moved quickly to the mouth. lt did not matter whether the food was offered by hand

or by a gloved hand using tweezers, although "veteran" starfish began to equate the presence of a

hand with the arrival of food. Starfish only very rarely rejected solvent blanks (< 1o/o) and generally

they were readily taken to the mouth followed by stomach eversion, engulfing the shrimp in the

stomach, This process is highly visible when performed on the wall of a glass aquarium. Rejection

occurs when a starfish releases the shrimp from its tube feet and this usually occurs when the shrimp

is on the way to the mouth. The release is accompanied by the removal of (usually) the lower arm(s)

of the starfish from the substrata which allows the food source to drop away from the starfish. This

removal of the starfish arms from the substrata is often pronounced, with the arm(s) curling back

towards the aboral surface. We call this activity "splaying" and in particularly severe cases the

starfish will stay like this for many minutes. On occasions the tube feet remain in wild activity

(seemingly "confused"), or are totally retracted, for extended periods. We call this tube feet retraction

for extended periods a "burnt" response. An avoidance response occurs when the animal, upon

detection of the compound, makes a rapid exit from the vicinity of the food source and no attempt is

made to take the food to the mouth.

Similar tests were performed on the low nutritional food, pre-soaked filter disks. As in the case when

these were prepared by soaking in aqueous white and river shrimp extract, they might be mistaken
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for food of high nutritional quality, alternative disks presoaked in either sea weed aqueous extract or

half crab aqueous extract were also prepared. (Aqueous extracts were prepared by use of a
blendor.) Here again, starfish were either starved for several days beforehand, or not starved in an

attempt to fine tune the organism to nutritional quality.

lt was found for antifeedant trials of Patiriella regularis that the following factors were surprisingly

unimportant'.

r nutritional quality, that is our results were consistent with all the food systems outlined.

. size of the offered food, which of course changes surface area to volume ratio and hence

potential compound diffusion into the body of the food.

o state of hunger of the starfish, except in cases of extreme starvation.

To finetune to greater sensitivity, choice tests were employed where organisms were offered blanks

and experimental shrimps near simultaneously. Coin tossing was employed to decide whether the

experimental or the (solvent) blank shrimp was offered first. The outcome of the choice test is plainly

obvious as the starfish can easily maintain both shrimp at the mouth, therefore when a shrimp is

either outright released, or held at the extremity of an arm, this shrimp is obviously less favored.
(I .r) j

t:--l-d \ -.,\.'- ,,. ./
\,/

" calculated by assuming dry weight = 25o/o wet weight.

b calcufated using a conversion factor derived from a similar isolation procedure on Leptoclinides sp.

by Lindsay.

As can be seen in Table 49, ascididemin displayed antifeedant activity causing a strong avoidance

response at approximately double the ecologically relevant level (the tube feet would often not even

Table 49. Antifeedant activity of pyridoacridones toward Patiiella

Pyridoacridone:

6

N

I\,'.'
lrN-4

8

oHo
/)7

Ecologically relevant
level(s)

2.6 mg/g16

0.2 mg/g2o'"

0.4 mg/g21

1.0 mg/g22'b

0.2 mg/g35 0.2 mglgz3'^ 2.2mglg (mollusc)25

0.9 mg/g (ascidian)2s

Total rejection level 5 mgig
(avoidance)

no rejection
(5mg/g)

5 mg/g
(burnt response)

no rejection (5
mg/g)

Choice preference
level

1.7 mglg I mg/g ? ?
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touch the potential food source but shrink quickly away, followed by organism retreat). In choice

tests, starfish could discriminate between solvent blank shrimps and experimental shrimps containing

1.7 mglg ascididemin (that is well under the ecologically relevant level) and at this level experimental

shrimps were released in favor of the solvent blank shrimps. Conversely neither kuanoniamine A or

2-bromoascididemin had any antifeedant activity against this starfish when tested at their reported or

at ascididemin's avoidance level, although 2-bromoascididemin was disfavored in a choice test at a

loading too high to be considered ecologically relevant. 11-Hydroxyascididemin, when arbitrarily

tested at ascididemin's avoidance level, displayed antifeedant activity causing a "burnt" response

where the starfish seemed to be in considerable discomfort for an extended period after being in

contact with the shrimp. Interestingly west coast P. regularis seemed more sensitive than east coast

P. regularis towards 11-hydroxyascididemin, whereas this geographic sensitivity was not seen for

ascididemin.

A range of synthetic ascididemin analogues (7, 10, 16, 63, 79, Figure 13), an 11-hydroryascididemin

synthetic precursor (40) and isobromoleptoclinidinone (50) were also trialed to examine the assay

specificity. None of these highly structurally related alkaloids had any antifeedant activity when

tested at ascididemin's avoidance level. The first three alkaloids 7, 10 and 16 had no antifeedant

activity even at 4 times ascididemins avoidance level. Compounds 40 and 50 had minor effects at

double

40

Figure 13. Synthetic ascididemin analogues with no P. regularis outright antifeedant activity.

ascididemins avoidance level (1%). Compounds 63 and 79 had very minor or no effects at

ascididemins avoidance level. The known antifeedant homarine, at a loading of 26 mglg (2.6 o/o,

ecologically relevant level2.4Yo18;, was not preferred in a choice test, although a splaying response

50

OMe O

190



(indicating the starfish was unhappy) with retention of both shrimp, was observed after 2b minutes.

These results in conjunction with those observed for the 4 natural products show just how specific the

response observed for ascididemin and 11-hydroxyascididemin is, perhaps giving credence to

ecological relevance. Some of the other compounds (e.9. compound 40, which was qualitatively the

next most active) that caused the organism some dissatisfaction without an outright rejection, may

possess enough activity to make a predator seek an easier meal. Thus this organism has an

amazing ability to distinguish between highly structurally related alkaloids. The obvious question is,

why? One answer is that some time in the species evolutionary history, starfish which consumed

organisms containing certain alkaloids were significantly disadvantaged, in terms of reproductive

success, over those starfish which, for one reason or another, avoided these organisms. Another

potential explanation, but again evolutionary based, will be described in due course.

Ascididemin was by far the most potent antifeedant against P. regularis, in terms of an initial

response, and this general antifeedant activity was seen elsewhere. For example, when ascididemin

was contained within the tissue-mimicking matrix Phytagel36 (Sigma) at an ecologically relevant level,

P. regularis would refuse to eat shrimp on this surface and would curl up its arms to remove them

from the surface. In an antifouling experiment, which will be described in due course, when

ascididemin was contained at an ecologically relevant level in polyethylene disks, which were doped

with either alginic acid (0.1%) or adipic acid (1%), less invertebrate grazing occurred on the animals

that had settled on disks which contained ascididemin. Also in a non-ecologically relevant insect

antifeedant trial on maggots, ascididemin did not deter feeding but stunted maggot growth. This

suggests the compound can exert detrimental effects on consumer physiology or fitness.

As a broader consumer base was desirable, we looked at other suitable candidates for antifeedant

trials. Often the most important grazers of any hapless invertebrate are sea urchins. lndeed in

locations where, for one reason or another, sea urchins undergo population booms, the entire seabed

is often stripped of life. The prominent local sea urchin, Evechinus chloroticus, was a known

consumer of ascidians.2s Initial attempts to feed the animal in laboratory aquaria were troublesome.

However by starving E. chloroticus for around a week (longer in winter), it would accept low nutritional

food; filter disks pre-soaked, with aqueous sea weed extract Carpophyllum flexuosum, and dried.

None of the 3 natural pyridoacridone alkaloids tested (6, 9, 37) could deter the feeding of this

organism using this assay. Another assay system whereby ascididemin was dispersed in a C.

flexuosum containing matrix of Phytagellagar (3:1) also resulted in no feeding deterrence. As on

more than one occasion this hardy organism was observed eating solid polyethylene antifouling

panels which were in the same aquarium, this is perhaps not surprising. lndeed the only deterrent

activity we ever observed towards this species was from the common intertidal nudibranch Doriopsls

flabellifera (this will be discussed later). Due to the extreme hardiness of Evechinus, a more sensitive
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choice test may have been more informative. Such a test, performed in the field with compounds

dispersed in edible tissue matrices, such as the Phytagellagar system described, was planned.

However problems with retention of ascididemin and analogues in common tissue matrices made

such experiments impracticable.

The final echinoderm we looked at was the inflated cushion starfish Sfegnasfer inflatus. This starfish

feeds preferentially on crustaceans (crab, shrimp) but will also eat mollusqs, including many

prosobranchs. This is obviously especially relevant for kuanoniamine A, where this compound is

actively concentrated in the sequestering prosobranch mollusc (0.22% vs. 0.09% in the ascidian).2s

Problems in feeding this organism were overcome by simulating darkness and starving the organism

for around a week. Stegnasfer inflatus would then accept filter paper which had been pretreated with

aqueous Notomithrax sp. (camouflage crab) extract. When testing experimental filter papers, if a
rejection occurred, a solvent blank was immediately offered to confirm the result.

t', ', , r
, , ).' . : .

Table 50.

a calculated by assuming dry weight = 25o/o wet weight.
b calculated using a conversion factor derived from a similar isolation procedure on Leptoclinides sp.

by Lindsay.

As is shown in Table 50, both ascididemin and kuanoniamine A were antifeedant towards Sfegnasfer

inflatus. Kuanoniamine A was the most potent (active at the level isolated in the ascidian), with

strong splaying responses seen for both alkaloids. Neither 2-bromoascididemin or 11-

hydroxyascididemin had any antifeedant activity when tested at their isolated levels or at

ascididemin's antifeedant level. Again there was seemingly amazing specificity for which alkaloids

were antifeedant and which were not. Several synthetic analogues were trialed to confirm this

specificity and two, 11-methoxyascididemin (40) and G-methylascididemin (63), caused outright

rejection at ascididemin's total rejection level. Like homarine, 5-methyleneacetate-ascididemin (79)

Antifeedant of toward inflatus. \',

Pyridoacridone:
S

(
N

Ecologically relevant
level(s)

2.6 mg/g16

0.2 mglg2o'"

0.4 mglgzl

1.0 mg/g22'b

0.2 mg/g35 0.2 mglg23'" 2.2 mgtg (mollusc)25

0.9 mg/g (ascidian)2s

Total rejection level 5 mg/g
(splaying)

no rejection (5
mg/g)

no rejection (5
mg/g)

0.9 mgig
(splaying)
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had no antifeedant activity and a trial on N-8-deaza-ascididemin (7) was inconclusive. Thus the

antifeedant specificity is again very precise.

Feeding trials were attempted on two other large carnivorous starfish (Sfrchasfer ausfralis and

Coscinasferias calamana) but because of their intolerance to laboratory aquaria, these trials were

discontinued. As these two echinoderms feed mainly on bivalves and barnacles and only

occasionally on univalves, ecological relevance was diminished.

Just why some of these compounds are antifeedant to certain echinoderms but not others is unclear.

As these alkaloids speculatively may have similar "tastes", it is difficult to see why one is antifeedant

whereas the next is not. Many echinoderms worldwide possess symbiotic relationships with sub-

cuticular bacteria (SCB).37 SCB have been found to be present in all five classes of echinoderms.3T

Evechinus chloroticus has been reported to possess no SCB, whereas Patiriella regularis hosts

SCB.37 No data exists for Sfegna ster inflatus, however Coscinasfe rias calamaria has been reported

to contain SCB.37 Ascididemin is a fairly potent broad spectrum antibacterial agent towards both

marine and terrestrial bacteria (see section 3.2.1.2.3). As SCB presumably are beneficial to the host

organism, the ingestion of an antibacterial agent may not be a particularly good move in an

evolutionary context; that is, starfish who didn't eat the bacterial agent did not loose their symbionts

and consequently left more offspring. Even if the SCB are not beneficial, the death of the SCB will

almost certainly impact on the host physiology. Another separate issue is whether SCB may assist in

(or be responsible for) chemical perception. Residing just below the cuticle in lamellae projecting

from the surface of epithelial cells, SCB are in an ideal position for chemical perception. In contrast

to Patiriella regularis which contains SCB, Eyechinus chloroticus possesses no SCB and it therefore

does not matter if it consumes antibacterial agents if they have no detrimental effect to the organism

itself. (The maggot result presented earlier suggests ascididemin may be able to stunt growth but

stunted growth is preferable to starvation as a better food source may eventually be found.) This

theory is highty speculative and the testing of feeding deterrence towards Coscinasferias calamaria, if

it indeed can be fed in the field, may be informative as this organism contains SCB. No SCB in these

organisms have been identified (by literature reports) and we have limited data on the antibacterial

properties of the natural pyridoacridones. We can therefore only speculate that when an antifeedant

response occurs in a starfish containing SCB that it may be due to antibacterial activity of the

pyridoacridone towards the symbiotic SCB. Supporting this premise, topoisomerase inhibition is a

well established mechanism of action for antibacterial activity and furthermore there appears to be

some correlation between growth inhibition of Bacillis subtillus and Patiriella regularis antifeedant

activity.
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Compounds ranked in order of decreasing B. subtillus activity at an impregnated dose of 20 pg per

disk; 69832
Compounds qualitatively ranked in order of decreasing antifeedant activity towards P. regularis;

69378
Synthetic compounds were not listed because it is unlikely the starfish (or their SCB?) have

encountered such compounds in their evolutionary history, hence they may not have developed a

suitable response. This said, when the synthetic analogues are included the trend still holds.

The first fish which was considered for antifeedant trials was the leatherjacket Parika scaber, a known

consumer of sponges and ascidians. lt is estimated, when plentiful, these fish modify 20o/o of the

invertebrate life on a rock face every year.3t However due to the fact this large (25-35 cm) fish is an

unlikely aquarium inhabitant and the fact it has been reported to eat concrete,3s we decided to try to

inhibit feeding in a less intimidating fish species. Field trials were obviously a distinct possibility but,

due to complications arising from the salt water solubility of these compounds, such trials have yet to

be attempted. Small fish are desirable for a laboratory aquarium so we looked at a triplefin

Forsterygion varium, using juveniles (2-4 cm long) which are common in intertidal rock pools on

Auckland's East Coast. These fish feed mainly on small crustaceans, although many small mobile

bottom dwelling invertebrates are consumed. As these fish do not consume ascidians, any ecological

relevance is diminished. In the case of kuanoniamine A, there may be some relevance due to the

compound also being present in a prosobranch mollusc. Fish were maintained in aquaria for 24

hours to allow familiarity. This feeding experiment was carried out as a choice test with multiple fish

being offered two (large in relation to the fish; diameter - 7 mm) freeze dried squid/alginic acid

pellets3s attached to sinkers, one a solvent blank, the other containing the ecologically relevant level

of the alkaloid. Initial feeding observations were made (flsh are fast learners) and the next day each

pellet was checked for consumption. Typically the fish would make frenzied attacks on the two

pellets, attempting to break off small chunks of the pellet. In the case of pellets coated with

pyridoacridones, the fish would not make contact with the pellet long or would veer off an attack on

approach as the compound was sensed, and indeed all the fish would quickly realize the control

pellet tasted better. This was reflected in the fact that overnight the control pellet would disappear

and the coated pellet would remain. As the compound resides almost exclusively on the surface of

these pellets, the concentration may be initially inflated above the ecologically relevant level.

However as all these compounds have some salt water solubility, and the experiment was run over

16 h, the leaching out of the respective compounds results in the pellets being coated with far below

the ecologically relevant level by the end of the experiment (all compounds were detectable by TLC

at the experiment end). lt may be argued that the fish initially learn not to feed at this pellet and

therefore do not attempt to eat from it after several tries. However these fish are voracious feeders

and can only be kept in a laboratory aquarium for a short period of time or they starve to death and/or
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resort to cannibalism. Therefore they tend to eat most available food, so it is likely that even at the

lower levels of compound present at the end of the experiment that the compounds were still actively

antifeedant. lt is notable that using a "feeding index" (commonly used in insect antifeedant trials),

whereby pre-experimental and post-experimental weights are compared, is extremely misleading for

this food source due to the dissolving of alginic acid component of the pellets over time.
{;}r.L:

" calculated by assuming dry weight = 25o/o wet weight.
b calculated using a conversion factor derived from a similar isolation procedure on Leptoctinides sp.

by Lindsay.

" n.t. = not tested.

Ascididemin, 11-hydroxyascididemin and kuanoniamine Awere all antifeedant towards this fish. All

compounds were present at the experiment end, as was confirmed by pellet extraction and TLC

comparison to authentic material. Whereas ascididemin was barely visible on the TLC plate,

kuanoniamine A was prominently visible, reflecting relative salt water solubilities. Confirmation of the

presence of these alkaloids on TLC plates in extremely low levels is achieved by spraying with

Dragendorffs reagent or by visualization under a UV lamp. Thus pyridoacridone alkaloids appear to

posses good antifeedant activity towards this fish.

Finally it should be mentioned just because some of these compounds were not antifeedant in these

trials does not mean they are not antifeedant against predators in a different geographical location,

such as was found for tambjamine E.2 Also no attempt has been made to test for synergisms that

may occur with physical attributes or other metabolites. One obvious synergism that should have

been tested was antifeedant activity of 2-bromoleptoclinidinone and 11-hydroxyascididemin together,

as they were isolated from the same organism.23 In addition, just because compounds were

observed to be antifeedant in these trials, this does not necessarily mean that this is their primary role

in nature.

able 50. Antifeedant activitv of toward Forsteryqion varium.

Pyridoacridone:

6

oHo
7 S

(
N

37
Ecologically relevant
level(s)

2.6 mg/g16

0.2 mglg2o'^

0.4 mgtgz1

1.0 mg/g22'b

0.2 mg/g35 0.2 mglgz3'" 2.2 mglg (mollusc)2s

0.9 mg/g (ascidian)2s

Total rejection level 4.5 mgig n.t. 0.2 mg/g 0.9 mg/g
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Other miscellaneous feeding observations on other organisms were made. A variety of species were

maintained in a "community" aquarium and because of this other species often had interactions with

doped foods. Hermit crabs (Pagurus sp.) almost invariably ate shrimp containing ascididemin, even

at extremely high levels, which had been rejected by starfish. Similar behavior was observed for the

shrimp Palaemon affinis, although in choice trials with ascididemin coated squid/alginic acid pellets,

like F. variLtm, the shrimp showed preference for the solvent blank. Cominetla maculosa, a common

coenogastropod, seemed to exhibit positive chemotaxis to the alkaloid homarine.

3.2.1 .2.2 Su rface Avoidance Trials

This unlikely spontaneous assay was the result of an initial investigation into suitable tissue mimics

for antifouling assessment. Using Pawlik and Henrikson's procedure,36 Phytagel (Sigma) disks that

contained ascididemin at an ecologically relevant levellG were prepared. Ascididemin slowly leaches

out of this matrix, perhaps due to Phytagel's high calcium content. When submerged in an aquarium,

it was noticed that P. regularis made a hasty exit from the immediate vicinity of the disk. This lead to

the removal of the disk, which was placed in another aquarium where a series of species interactions

with the disk were observed. A control solvent blank Phytagel disk was placed in the same aquarium

and species interactions with this disk were performed simultaneously to confirm the observed

activities were not due to the (extremely) low background level of ascididemin caused by the leaching

process.

The first organism placed on the Phytagel surface, was the common grazing prosobranch cats eye

top-shell Turbo smaragdus. Turbo smaragdus came slowly out of its shell which happened to be

resting on its side. The organism was reluctant to touch the surface with its foot, and when it did the

foot was not placed flat on the surface as is typically seen. The organism tried to maintain a

minimum contact between the foot and the surface, utilizing the edge of one side of the shell in this

process to prop itself up. This lack of surface binding was reflected in the fact the animal was freely

removable from the surface as opposed to the animal on the control disk which was well bound to the

surface and as such difficult to remove. Also the organism on the control plate roamed around

whereas the organism on the ascididemin plate remained stationery, as it did not want to ground its

foot. When the organisms on each disk were swapped a reversal of roles was observed, with the

organism on the ascididemin containing Phytagel always being easiest to remove.

The response to the surface of the oyster borer Lepsietta scobina was even more pronounced with a

twisting flighUescape response. This response was much like that described by Crump for the

response of the prosobranch Struthiotaria papulosa when predatory starfish tube feet are detected.a0

This twisting behavior was not seen for an animal on the solvent control disk and again there was
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easily distinguishable binding strengths to the two surfaces due to the animal on the ascididemin disk

being reluctant to ground its foot. The two animals were placed on the alternate disk to which they

had been on and again a reversal of roles was observed.

The common grazing prosobranch top-shell Melagraphia aethiops gave another distinct response to

the surface. Like the other molluscs it kept foot contact to a minimum, lying stationary propped up on

its side. This was demonstrated by its ease of removal in comparison to the control, which was hard

to remove and was roaming about the plate. When the animal on the ascididemin plate did decide to

place its foot flat on the surface a remarkable event occurred: while locomotory waves traveled

through the foot, no movement was observed. These rapid foot waves, with no associated

movement, which were termed "moonwalking", may have been an attempt to maintain as little

surface contact as possible while quickly alternating the part of the foot exposed to the surface (much

as a human would do on hot sand). Supporting this theory, moonwalking animals are easy to remove

due to almost no surface binding, in contrast to animals undergoing normal locomotion where there is

strong surface binding and where much less rapid wave cycles occur. When the two organisms were

swapped, the animal placed on the ascididemin disk, which was larger than the other animal,

managed to make several successful runs (flight) off the relatively small disk. However the third time

this animal was returned to the disk, it too began to moonwalk.

The carnivorous coenogastropod Cominella maculosa, after showing reluctance to ground any part of

its foot and initially used its operculum to shield its foot from contact, was occasionally able to make a

rapid exit (normal locomotion, that involves surface binding) from the ascididemin surface. However

occasionally a moonwalk variation was observed where some forward progress was achieved: rapid

waves ran through the foot, with the shell swinging from side to side (because of the lack of surface

binding) and slow forward movement occurred. There was qualitatively more surface binding than

was observed for M. aethiops and this was reflected in the forward motion. The animal on the control

plate had no such response and showed no reluctance to bind or flee the surface. Again swapping of

control and experimental animals lead to a reversal of roles.

As was briefly mentioned earlier the cushion starfish Patiriella regularis curled its arms away from the

surface in an extreme burnt-splaying response, so as to minimize surface contact. This animal, not

surprisingly, would not feed on shrimp on this ascididemin containing surface. The inflated cushion

starfish Sfegnasfer inflatus also minimized surface contact, curling the edges of the circumference

away from the surface, whereas the animal on the control disk was flat as is normally seen.

Finally the ascididemin disk was placed in a 1 L beaker, containing salt water and the shrimp

Palaemon affinis. Overnight, the coloration of the water became distinctly yellow due to some
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leaching, but this had no observable adverse affect on the shrimp.

Just why surface avoidance is observed for ascididemin is not certain. lt may deter predatory

molluscs and starfish from eating an organism. In addition, ascidians are filter feeders and as such

need to keep their mouth and atrial openings clear to allow the passage of water. This surface

avoidance, if extrapolatable to real ascidians, may assist in deterring organisms from trying to dwell in

these convenient cavities.

3.2.1 .2.3 Antifou ling Trials

Our interest in antifouling activity was from both an ecological and an industrial point of view. This

meant although we were primarily concerned with ecologically relevant trials, we were on the lookout

for potential alternatives to the widely used toxic tin-based antifouling agents. ln the ocean,

colonization of surfaces takes place extremely fast. When appendage-lacking organisms, which don't

undergo regular exterior regeneration, are free from biofouling, it is probably chemical defense

preventing this biofouling.

As is shown in Figure 14, soon after a surface is exposed to the marine environment, fouling begins

with the adhesion of organic particles such as proteins. Within a few hours primary colonization

starts with bacteria (e.9. Pseudomonas sp., Vibrio sp.) and diatom (e.g. Amphiprora sp.) settlement.

Secondary colonization occurs after several days with the settlement of spores of macroalgae and

protozoa. Larvae of macrofoulers such as barnacles and ascidians begin to settle after two weeks

and this is the beginning of tertiary colonization. lf the physical factors of the environment are fairly

stable for a long period, an equilibrium between the various species on the surface will be reached,

and this is known as the "climax community". The competition between organisms is usually most

intense in a climax community, due to a lack of space on the substrata. Notably, sponges and

ascidians are often dominant in climax communities. lt is postulated the rich natural product

chemistry associated with these organisms may contribute to their dominance over other sessile

invertebrates in climax communities.

As is also outlined in Figure 14, prevention of fouling in the shipping and aquaculture industries is

achieved by the use of self-polishing surfaces and antifouling paints. Fouling is often undesirable on

manmade surfaces because it can; (1) increase drag on ships that leads to higher fuel consumption,

(2) increase corrosion on pipelines, and (3) prevent water circulation in fish farming. lt is estimated

fouling prevention costs $1.4 billion (US) per year,o' The use of self-polishing surfaces prevents the

fouling cycle early, however this technique is only applicable on fast boats as on slow boats sloughing

of the surface doesn't occur rapidly enough. The use of antifouling paints is by far the dominant
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technique used to combat fouling. These paints contain a broadly toxic agent which is usually tin or

copper based. Unfortunately tin based agents, such as tributyltin, while being extremely effective

antifouling agents, do a great deal of harm to non-targeted marine environments. Thus non-targeted

organisms on the ocean floor in a busy harbor are seriously harmed by the use of these agents. One

well documented example is the case of imposex in noegastropods where females of the species

develop male sexualfeatures.at This phenomenon effects more than 45 species worldwide.a3 There

has therefore been a push to develop more environmentally friendly antifouling agents and this is an

area where natural product chemists can contribute greatly. lt is worth bearing in mind, that for any

potential antifouling agent to be widely applicable it would have to be able to be incorporated into

antifouling paints and prevent fouling, when contained in this paint, for a period of at least three

years.ot

Self-pol ishing surfaces
Climax communi$

Tertiary colonization

M
Metal based antifoulants

Macrofouling

\
Microfouling

Secondary colonization

Primary colonization

Organic film

Substrate

l min 1 -24h 1 week 2-3 weeks

Figure 14. Temporal structure of settlement and industrial antifouting agent interuention.al

As was discussed earlier, our interest in this problem was both fundamental and application oriented.

Do pyridoacridones act as antifouling agents? Could we use ascididemin or a synthetic derivative as

a viable antifouling agent? Ascididemin is easy to produce in large amounts, quite thermally stable



and is also chemically robust. As such, if it possessed any antifouling activity, it may be suitable for

incorporation into a surface coating.

It is thought if one can halt the primary colonizers (bacteria, diatoms) that sequential macrofouling will

not occur. Thus many researchers are looking for compounds which inhibit the settlement of marine

bacteria in the laboratory. Other researchers take a different approach, performing antisettlement

assays on macrofoulers by looking for inhibition of settlement of larvae in the laboratory. Ultimately

the real test for potentially useful antifouling agent is in the ocean, although these other assay

Table 52. Antimicrobial activity of pyridoacridone alkaloids.

Pyridoacridone:

Organism:
Unidentifi ed bacteria;a

1

2
3
4
5
6
7

Terrestrial bacteria;
Gram +, B. subfilis
Gram -, E. coli
Terrestrial fungi;

T. mentagrophytes
C. albicans
Terrestrial virii;

Herpes simplex
Polio

5mm
7mm
6mm
8mm
9mm
4mm
2mm

10 mm
10 mm

no activity
no activity

? (<1 or - 1)c
? (<1 or= 1)

7mm
10 mm

8

3mm
5mm
4mm
4mm
4mm
3mm
1mm

5mm
5mm

n.t.b
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.

6mm
2mm

no activity
7mm

?d

n.t.
8mm
6mm

a isolated from the marine environment.
b n.t. = not tested.
c although antiviral activity could not be assessed to due to inherent cytotoxicity of the compound

towards the BSC-1 host cell-line, the inhibition of antiviral activity zone must be less than or equal to

1 mm.
o Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

was detectable. The cytotoxic zone is irrelevant, in this case, as the compound was assessed at an

incomparable loading.

systems may aid the isolation of potential candidates for oceanic trials. Collaborators at Bio-



Discovery New Zealand Limited tested ascididemin and 2-bromoascididemin for their ability to inhibit

groMh of 7 bacteria isolated from the marine environment. This data, along with the activity of these

two compounds and 11-hydroxyascididemin against terrestrial microbes, is presented in Table 52.

Inhibition zones against all bacteria and fungi were determined at an impregnated dose of 20 pg per

paper disk whereas antiviral assays were conducted at an impregnated dose of 10 pg per paper disk.

Table 52 shows ascididemin to be the most potent bactericide, with 2-bromoascididemin the most

potent fungicide and 11-hydroxyascididemin (almost certainly) the most potent antiviral agent. Thus

simple modification of the ascididemin chromophore leads to compounds with selectivity towards a

different phyla of micro-organisms. This is especially interesting given that 11-hydroxyascididemin

and 2-bromoascididemin were isolated from the same organism (Leptoctinide.s sp.),23 whereas in a

previous study only 2-bromoascididemin was present in this organism.3s Battershill has noticed in the

aquaculture of sponges (for natural product extraction purposes) that organisms recovering from

fungal infection give better antiviral activity.a One might therefore speculate the presence of 11-

hydroxyascididemin, in the second examination of this species, was pathogen induced.

Table 53. Antimicrobial activity of ascididemin and synthetic analogues.

Alkaloid:

Organism:
Unidentifi ed bacteria ;a

1

2
3
4
5
6
7

Terrestrial bacteria;
Gram +, B. subfi/is
Gram -, E. coli
Terrestrial fungi;
T. mentagrophytes
C. albicans

5mm
7mm
6mm
8mm
9mm
4mm
2mm

10 mm
10 mm

no activity
no activity

10

5 mm p.g.b
5mm

5 mm p.g.
6mm

5 mm p.g.
0.5 mm

< 0.5 mm

<3mm
no activity

no activity
no activity

7

2 mm p.g.
6mm

0.5 mm
3mm
5mm

0.5 mm
< 0.5 mm

1mm
no activity

2mm
1mm

n.t."
n.t.
n.t.
n.t.
n.t.
n.t.
n.t.

5mm
no activity

2mm
3mm

a isolated from the marine environment.
o p.g.= partial growth

" n.t. = not tested.
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From an antifouling perspective, ascididemin, being a broad range bactericide, could potentially

inhibit primary colonization of a marine surface. This, in conjunction with the fact that this compound

was the easiest to generate, lead to most of our antifouling studies being performed on this

compound and selected synthetic derivatives. Table 53 shows comparative antimicrobial activity of

selected synthetic derivatives. From Table 53 it is evident that although none of the synthetic

analogues are as broadly active or as potent an antibacterial agent as ascididemin, all analogues

possess some antibacterial activity against B. subtillus.

A large number of field trials by antifouling researchers have been carried out on ceramic or wooden

tiles onto which crude extracts or pure compounds were coated, usually just by addition in a solvent.

Although this sort of assay may generate results, in an industrial context, for non-water soluble

compounds, it is not a realistic model for most living organisms. Fortunately Pawlik and Henrikson36

published an ecologically relevant technique where the compound or crude extract to be studied is

incorporated, at a concentration volumetrically equivalent to that found in nature, into a tissue mimic

which consists of a Phytagel gel matrix ("Phyta" is gellam gum). Phytagel disks were made by adding

1.52 g of Phytagel, in several small portions, to 35 mL water with heating in a microwave. The

mixture is heated to boiling with stirring to ensure homogeneity, and the compound was added, either

in methanol/DCM (10:1 , 2.2 mL) or as a solid, with rapid stirring. Gels were allowed to dehydrate in

air for 30 min, once the molds, which consisted of the top of a plastic cup, had been removed; Pawlik

and Henrikson36 gave no time constraint for the setting of gels, as will be discussed later this can

have dire consequences for water soluble compounds. Using Pawlik and Henrikson36 techniques we

conducted preliminary trials on ascididemin and 8-deaza-ascididemin. Initial trials were performed in

a "flow through" salt water aquarium at the University of Auckland Leigh Marine Laboratory. The

tanks are prone to settlement, especially by tube worms, due to the direct flow of the water from the

ocean. Ascididemin trials were performed on two tissue concentrations, the lower value

corresponding to Kobayashi and coworkers2o wet weight isolation value (0.006% wet weight; 35 mL

water + 1.5 g Phytagel -i 2.2 mg ascididemin) and the higher value corresponding to ca. 1.7 times

the dry weight isolation value of He and Faulknerlo 10.45o/o dry weight; 1.5 g Phytagel ,i 6.8 mg

ascididemin). 8-Deaza-ascididemin was tested at the higher value. As the current flow in the tank

was from one end to the other (lengthwise), experimental and control gels were positioned to

minimize current effects and to enable comparisons to be made between the two compounds (see

Figure 15). The gels are attached to the tank frame via "swivels" which allow the disks to align with

the current. After one month, inspection of the gels showed that the 8-deaza-ascididemin

impregnated plate was the only gel which had retained any color, that is it was the only gel which had

retained the compound for this period, although even this gels color was a lot less intense showing

some leaching had occurred. lt was thus concluded quite early in this work that ascididemin was not

going to remain in Phytagel for long periods of time. This may be due to the large calcium content of



the Phytagel, whereby ascididemin forms a calcium complex of high water solubility. More likely, is

that it is just a simple matter of diffusion with ascididemin being quite soluble in salt water. Little or no

fouling had occurred on any gels. After 5 months there was still color present in the N-8-deaza-

ascididemin gel and qualitatively this gel appeared to be less fouled. As 8-deaza-ascididemin has

some antibacterial activity (Table 54), it can potentially inhibit primary colonization. As this alkaloid

was retained in the gel for a long period of time, whereas ascididemin was not, the differing Phytagel

retention times of the two compounds can be solely attributed to the atom(s) present at the 8 position.

ffi,
t4 ll5

Water

f;
flow

\\,

#' Ll1 i6

Key:

1. Solvent control

2. Ascididemin high

3. Deaza-

ascididemin

4. Solvent control

5. Ascididemin low

6. Solvent control

Figure 15. Schematic layout of antifouling trial in a flow through aquaria.

As ascididemin was primarily the compound we were interested in evaluating, in an ecologically

relevant manner, we attempted to overcome this lack of retention. We initially investigated different

ways to prepare Phytagel and doped Phytagel plates and tested these gels for extended ascididemin

retention and prevention of bacterial growth in a laboratory aquarium that was rich in bacteria.

Analogous control plates were prepared which did not contain ascididemin and these plates showed

extensive fouling in this laboratory aquarium after 4 days. The results are presented in Table 54.

Table 54. Retention and activity of ascididemin at 0.005% wet weight in various gels

It appeared the incorporation of agar improved the retention of ascididemin whereas the incorporation

In vanous qets.

Gel Robust? Retention time for ascididemin bacterial fouling?

Phytagel yes ca. 7 days protection for 7 days

Phytagel/agar (2:1) yes ca. 14 days protection for 14 days

Phytagel/agarladipic

acid (3.2:2:1)

yes < 4 days no observable protection from

control
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of adipic acid decreased the retention time. The acidic nature of adipic acid probably both promotes

protonation of ascididemin resulting in an even more water soluble species, as well as improving

water permeability of the gel. Several gels were prepared using salt water rather than fresh water, in

an attempt to diminish concentration gradients. lnvariably though these plates would not set. Degree

of hydration of the Phytagel also had an effect on the retention of ascididemin. By using less water in

the preparation of the gel and/or allowing the gel to dryldehydrate longer before introduction into salt

water, ascididemin could be retained for slightly longer periods. As this retention time was still not

long enough forfield trials, we began to consider other options; (1) modification of the ascididemin

molecule so it is retained in Phytagel (make a less water soluble derivative), (2) use of gels that allow

less water diffusion.

Modification of the ascididemin chromophore, so the compound is retained in Phytagel, obviously

made the associated trials non-ecologically relevant, as we are no longer testing the natural product,

while confining ourselves to an ecologically relevant system. Despite this apparently self-defeating

cycle, the trials were performed because of perceived potential industrial relevance. We had good

methodology to put any substituent we wanted in the G-position of ascididemin, so the incorporation

of a long alkyl side chain should have a significant effect on hydrophilicity of the compound.

Furthermore we knew O-substituted-ascididemins to have some antibacterial activity so they could

potentially inhibit primary colonization. We thus prepared 2 long-chain analogues, 6-heptyl (70) and

6-nonyl ascididemin (72) as earlier discussed in Chapter 2. 6-Heptylascididemin was retained in

Phytagel for around 3-4 weeks and O-nonylascididemin was retained for 4 weeks with retention

confirmed by TLC. This four fold improvement in retention for O-nonylascididemin gave us our target

goal of a one month retention for a meaningful but non-ecologically relevant, field antifouling trial. We

also had several other ideas that would hopefully slow ascididemin release which we wished to

include in a field trial. No controls were run in this field trial as we were just trying to develop suitable

assay systems. This trial was carried out on a wharf piling (Murrays Bay), ca. 50 cm below low tide

level, when the tide was near its lowest for the following period of a month (so the plates would not be

air/wave exposed). Disks prepared for this trial were prepared with 3 mg of ascididemin added as a

solid or 3 mg of G-nonylascididemin added in DCM/Methanol (1:1, 0.75 mL), followed by mixing to

create a homogeneous distribution. Heating of gels was done over a Bunsen burner, rather than the

normal microwave method, to maximize dehydration and hence compound retention. Composition of

individual disks is outlined in Table 55.
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e cc. an oceantc antttoulinq trial

1 Ascididemin in Phytagel.

2 Ascididemin in Phytagel/agar (2:1 ).

J Ascididemin in Phytagel/agar (1 :1 )

4 Ascididemin in Phytagel/alginic acid (1:1).

5 Ascididemin in Phytagel/sodium alginate (1 :1 ).

6 Ascididemin in a small amount of extremely dehydrated Phytagel which was allowed to set

and was then encased in normal Phytagel.

7 Ascididemin coated on a TLC plate imbedded in Phytagel.

I G-Nonylascididemin in Phytagel.

I G-Nonylascididemin coated on a TLC plate imbedded in Phytagel.

Tabl 55 Composition of gels used in ntifou

Of these gels, three disappeared overnight, namely disks 4 and 5, which did not set to give a

particularly robust gel, and gel 9, which inexplicably disappeared. The remaining gels were robust for

another 26 days until a tropical cyclone destroyed all gels except for two (disks 6 and 8). No

conclusions about fouling could be made as the surface of both gels had been sloughed off,

presumably by the unusually strong wave action. Only disk 8 had retained the impregnated

compound.

Although assessing the antifouling potential of O-nonylascididemin was desirable, after so many

setbacks with the available gels, we reassessed and returned our attention to the natural product. To

examine ascididemin we obviously had to develop a new tissue mimic capable of holding this

compound. We started initial examination of polyethylene systems, as there may be some direct

industrial application in using this common polymer. Polyethylene, unlike Phytagel, is not permeable

to water to any great degree. We thus had to "dope" the polyethylene to allow some water

penetration or obviously any contained antifouling agent could not slowly leach out. Disks were made

by mixing polyethylene powder (chromatographic grade) and ascididemin in a beaker as powders,

followed by melting of the mixture while stirring with a glass rod to ensure homogeneity- The

polyethylene-melt is poured/scraped onto a watch glass which is also heated allowing the melt to

setge, and after cooling the disk is removed from the watch glass with a scalpel. Thermal stability of

the potential antifouling compound is obviously required, the relative degree required is dependent on

the density of the polyethylene used, as this affects the polyethylene's melting point. An ascididemin

containing, non-doped, polyethylene disk was found to have limited utility as it allowed no diffusion of

the compound. This could be tested by using a surface avoidance test with a suitable organism.

patiriela regularis showed no avoidance of ascididemin polyethylene disks. However when

polyethylene was doped with 7% alginic acid, typical surface avoidance responses were seen for

multiple organisms. Thus by fine tuning the amount of adipic acid present we could theoretically



control the rate of release of ascididemin. lf 7% alginic acid was close to the permeability of Phytagel

the level of doping obviously had to be reduced if ascididemin was going to be retained for a viable

period of time. Doping with adipic acid also gave some water permeability but not as pronounced, so

with these two systems we set about oceanic trials on the aforementioned wharf piling. Results for a

10 week oceanic trial are presented in Table 56.

Table 56. Antifouling activity of ascididemin in doped polyethylene.

System used: Robust? Ascididemin? macrofouling?

Polyethylene/alginic acid (0. 1 %) yes retained yes

Polyethylene/alginic acid (1 .0%) yes retained yes

Polyethylene/adipic acid (1 %) yes retained yes

Polyethylene/adipic acid ( 1 0%) yes retained yes

After this 10 week oceanic trial, we were fairly confldent ascididemin had little antifouling activity. All

disks exhibited macrofouling, especially the 1% alginic acid disk for which the barnacle Elminius

modesfus had shown considerable preference. One incidental discovery of this experiment was that

two of the experimental disks (alginic acid 0.1% and adipic 1%), in comparison to the relevant

controls and indeed all the other disks, seemed to show reduced molluscan grazing. This grazing is

easily visible from the scraped tracks that the mollusc(s) leave on the surface. lf this is not an

experimental artifact, we may have induced protection from grazing of the settled invertebrates.

Presumably this does not happen with the other two ascididemin containing disks which have a

greater degree of water permeability because of their higher acid doping, as the residual ascididemin

concentration has been greatly reduced due to the leaching out over the 10 week trial, which

eventually allows grazing to occur.

To summarize, ascididemin does not appear to have any macro antifouling activity, despite its strong

antimicrobial activity. Thus antimicrobial activity alone may not be an accurate judge of an antifouling

agent. From the problems associated with ascididemin retention we conclude no accurate tunicate-

mimicking gel currently exists. lndeed the only real way to test these sorts of compounds, in a totally

ecologically relevant manner, may be to introduce it (some how) into the body of an alive ascidian

which is; (1) prone to biofouling, (2) not prone to ascididemin's toxicity; to hopefully induce artificial

biofouling protection of the ascidian. An industrially relevant method to overcome problems with

water solubility, if such a chromophore was antifouling active, would be to tether the chromophore to

a polymeric chain. The methodology we have developed to incorporate any aldehyde into position 6

of ascididemin and analogues would allow us to prepare such a polymer if we had a chromophore

that we suspected was antifouling against macrofoulers.
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Indeed if a suitable holding gel had been found, another assay involving artificially induced chemical

defense was planned. This involved coating of organisms such as snails and crabs with ascididemin,

contained in a thin matrix, to artificially induce predator protection. This would hopefully confirm the

evolutionary significance of ascididemin as an antifeedant.

3.3 Conclusions

pyridoacridone alkaloids are species specific antifeedant agents.

ascididemin causes surface avoidance in many organisms.

ascididemin has no antifouling activity against macrofoulers.

3.4 Speculations

o The antifeedant activity of ascididemin and analogues may be an evolutionary response to either

stunted growth, or adverse effects on microbial symbionts, experienced by consumers of these

alkaloids. Stunted growth could be due to the well established ability of these alkaloids to

interfere with cell proliferation.

. As has been alluded to many times within this thesis, because of the variation of antimicrobial

activity observed by ascididemin, 2-bromoascididemin and 11-hydroxyascididemin,

pyridoacridone alkaloids may have internal roles where they are produced to counter invading

parasites/microbes. That is, pyridoacridone alkaloids may be part of a non-antibody based

immune system. Supporting this theory, Salomon and Faulkner have found the cells, of the

Palauan sponge Oceanapia sagittaria, that the pyridoacridine alkaloid dercitamide resides in are

(relatively) uniformly distributed throughout the sponge.oo This means there is no concentration of

dercitamide containing cells in the surface layer, as might be expected if the compound was only

concerned with external chemical defense. Further support comes from observations by

Battershill that wounded organisms or organisms recovering from fungal infection have increased

production of natural products.a

r Pyridoacridone alkaloids may also influence the ability of surrounding sessile organisms to grow

(and hence not overgrow/succeed them). lt may be their mode of attack in this role is again either

to stunt growth, or attack microbial symbionts of surrounding organisms.

. Pyridoacridone alkaloids, when contained in filter feeders, may act to prevent organisms from

establishing themselves in body openings, through which water must pass to allow feeding.
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Ghapter 4

Chemical Investigations of New Zealand Marine Organisms

4.1 Investigations of the Chemical Diversity of New Zealand Ascidians

4.1.1 Background

Marine invertebrates have proven to be an excellent source of novel metabolites, many of which

possess potentially useful bioactivities.l In the field of marine natural products, extensive studies

have been carried out on bioactive metabolites of New Zealand sponges. Over the last two decades

ascidians have been found to be an excellent source of novel biologically active metabolites.l'2'3

Ascidians, or tunicates as they are sometimes called, are unique organisms. Although these unusual

vertebrates possess a heart, they have no blood vessels. The heart pumps 100 times in one

direction, stops, and then pumps 100 times in the other direction. This periodic reversal of blood flow

is unique in the animal kingdom. Another phenomenon of ascidians is their (lack of) DNA content.

There is a gradual increase in DNA content of an organism as one progresses along the phylogenetic

tree. Thus porifera have less DNA content than coelenterates, which, in turn have less than

vertebrates. The tunicates however, are the only exception, possessing a DNA content comparable

to coelenterates. lt is possible that although ascidians have less DNA that they may make more use

of that DNA which they do possess. Most ascidians have a short life span, usually 1 year, although

colonial ascidians may live for several years"

It has been estimated only 60% of New Zealand ascidian species have been catalogued, and of the

159 species catalogued 70% are unique to New Zealand.a To-date however, few studies have been

carried out on this biodiverse resource (these studies are summarized in Section 4.1.2).5-11 ln order

to fully assess the native, often unique, representatives of this phyla, Copp in collaboration with

Battershill (National Institute of Water and Atmospheric Research), who acts as co-collector and

taxonomist, have recently initiated a program to catalogue the biological and chemical diversity of

New Zealand ascidians.

Pearce, under the supervision of Copp, recently surveyed 23 ascidian samples for cytotoxicity and

nitrogenous compounds.l2 Approximately 25o/o of the ascidians showed some form of biological

activity, usually cytotoxicity to BSC-1 or P388 cell lines, and a high level of nitrogenous metabolites

were confirmed in all ascidians. ln fractionating bioactive compounds, due to the lack of High

Performance Liquid Chromatography (HPLC) and reverse phase C-18 silica gel, Pearce relied on
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solvent partitioning and normal phase chromatography. This approach proved to be both laborious

and unsuccessful, with the chromatographic phase perhaps the main culprit.

The recent acquisition of a HPLC unit has changed our groups approach, with ascidian crude extracts

examined by HPLC and biological assays, followed by reverse phase and Sephadex LH-20

chromatography fractionation. Photodiode array detection during HPLC analysis plays a crucial role

in this process: Comparison of absorption spectra allows dereplication of previous work and also

provides an effective database of metabolite profiles based upon taxonomy and collection site. This

more powerful approach has greatly increased productivity, with pure compounds being isolated on

the basis of bioactivity or amounts present; be it a large or changing amount given a particular

va ria ble (geograp h ic/season/orga n ism coloration ).

The aims of the current project were to;

. Assess 29 different species of ascidians in medicinal assays and attempt to isolate any active

metabolites.

r Assess 29 different species of ascidians by analytical HPLC to compile a metabolite profile for

each species. lsolation of major metabolites would lead into the compilation of a library of

metabolite HPLC-based profiles for future reference.

The scope of this project was limited by sample size (dried weight of ascidian often less than 5 g).

This led to the abandonment of metabolite isolations based on ecologically relevant activity, as too

much valuable crude extract is effectively destroyed in ecological assessment.

4.1.2 Previous Work on New Zealand Ascidians

All of the previous work on New Zealand ascidians has been carried out by the Blunt and Munro

Marine Natural Products Group at the University of Canterbury. The first reported metabolite of a

New Zealand collected ascidian, isolated by tracking antiviral activity, was the protonated salt of

eudistomin K (Figure 16).s From this same ascidian, Ritteretla sigillinoides, was isolated the related

compound eudistomin K sulfoxide which also possessed antiviral activity.o Further examination of

this ascidian led to the isolation of debromoeudistomin K, eudistomin C, eudistomin O and B-

carboline.T
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Eudistomin K Eudistomin K sulfoxide Debromoeudistomin K

Eudistomin C Eudistomin O SCarboline

Figure 16. B-Carboline and related compounds from Ritterella sigillinoides.

The cytotoxic and antifungal components of the compound ascidian Pseudodistoma novaezelandiae

were found to be novel C1a triene amines.1o lt is speculated that these amines may also be

responsible in part for the lack of predation on this species.

A Cra triene amine Trithiane A

Figure 17. Further metabolites from New Zealand ascidians-

A survey, conducted by Copp, found some form of biological activity to be present in 16 Aplidium

species and 2 Pseudodr'stoma species.ll Biological fractionation of one of the Aplidium sp. coded "D'

led to the isolation of the unusual metabolite trithiane A.8' 11 Apart from the aforementioned

unproductive survey by Pearce,l2 there had been no further published work on New Zealand

ascidians at the initiation of this survey.

4.1.3 Survey of 29 Ascidians

Using this HPLC-dependent approach, 53 ascidians have been examined; 29 in this work. A

summary of the initial screening for these 2g ascidians is presented in Tables 57 and 58. Table 57

summarizes the results of biological assays performed on the ascidian crude extracts- Assays for

HSV, BSC-1 and microbes were performed at an impregnated dose of 600 pg per paper disk, with

OMe
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Table 57. evaluation of ascidian crude extracts.

t ?: Due to inherent cytotoxicity of the compound towards the BSC-1 host cell-line no antiviral activity

96TP1-16

96TP1-17

96TA1-6
96T41-7
96T41-8

968R1-3
968R1-4
968R1-5
96BR1-6
96CP1-15

96CP1-17

96ChR1-18

the exception of the crude extracts of 96TP1-18, 97MO1-2 and 96RH1-3 which were assessed

against microbes at 300 pg per paper disk.

was detectable.
b n.t. = not tested.

Table 57 shows 10 of the 28 ascidian crude extracts screened in the P388 assay to possess on-scale

activity. Of these 10, the crude extract of the ascidian 96T41-8 is easily the most active, being the

only crude to possess activity in the pg/mL range (3.3 pg/mL). This same ascidian crude extract was

the most active against the HCT116 cell line. Ascidians from this geographic location, Te Araiawai ls,
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Marlborough Sounds, gave the best results against the HCT116 cell line. Four ascidians gave

(visible) HSV antiviral activity, including the aforementioned 96TA1-8. Activity against the

nonmalignant BSC-1 cell line was widespread with 15 crude extracts giving some activity. Although

no ascidians possessed activity against Escherichia coli or Candida albicans, I ascidian crude

extracts possessed activity against Bacillus subtillus. From this "medicinal" assay perspective 9 of 28

ascidians (32%) showed no activity whatsoever.

Initial chemical investigations of the crude extracts are carried out by reverse phase analytical HPLC.

A linear solvent gradient from aqueous trifluoroacetic acid (TFA) (0.05%) through to acetonitrile is

employed, the acid being crucial in obtaining peak resolution due to the majority of metabolites

possessing multiple protonation states. The aqueous TFA (0.05%) has a pH of ca. 2.5. A

representative analytical HPLC trace, ol Hipsistozoa sp. (crude methanolic extract, trace recorded by

Pearcel3;, is shown in Figure 18.

20

Retention time (min)

Figure 18. Analytical HPLC trace of Hipsisfozoa sp.

The chromatogram shown is a software-generated "maxplot" which plots a trace using the most

intense absorbance at any wavelength at a given time. The trace is fairly typical with the exception of

the large peak due to trithiane A (88) which was recently re-isolated by Pearce from this Hrpsistozoa

sp.'3 This compound had previously been isolated from the ascidian Aptidium sp."D",8 and HPLC

studies indicate trithiane A, or its antipode, is proving to be common in many New Zealand ascidians

(including Leptoclinides sp. and Pseudodisfoma sp.) from widely varying geographical locations

around New Zealand. Trithiane A exhibits modest activity towards the P388 murine leukemia cell line
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in vitro (1C50 35 pM) and this mild activity was confirmed in the NCI in vitro evaluation (G150 39 pM,

TGI 83 pM, LC50 96 pM).13 Activity against the opportunistic pathogen Candida albicans and the

bacterium Bacitlus subfl/rs was also observed.s We found the compound to be a potent antifeedant,

causing an avoidance response, when tested at the ecologically relevant levels against the starfish

Patiriella regularis which is a known consumer of ascidians. Other common metabolites present in

this ascidian include homarine, sterols and methylated nucleosides. Although not marked in Figure

16, because of their relative size, the series of small peaks eluting before trithiane A are probably

methylated nucleosides based upon their retention times.

Table 58 presents qualitative results from such analytical HPLC analysis on crude extracts. This

summary is of course retrospective, as initially we did not know which retention times/UV profiles

belonged to what metabolite. Common metabolites are listed in order of retention times. The

presence of homarine (87) was determined by comparison of retention time/UV spectrum of authentic

material with the observed maxplots for crude traces. Purines were common and the column headed

"Overexpressed purines" lists the presence of overexpressed suspected methylated purines. The

number in the parentheses corresponds to the HPlC-detected presence of two characterized

methylated purines whose structures are shown below the table. "Sterol(s)" corresponds to a
dominant compound(s) which appear to be cholesterol, or perhaps a close derivative, as assessed by

comparison of retention time/UV spectrum of authentic material with the observed maxplots for crude

traces. "Other" corresponds to a compound present in a large quantity that warranted further

examination.

As can be seen in Table 58, all ascidians except 968R1-5 contained homarine (87). Trithiane A (88),

or its antipode, has been detected in 6 ascidians, from 4 different geographical locations, in this 29

ascidian subset. Ascidians collected from Barrett's Reef, Wellington, are especially rich in this

metabolite. Overexpressed methylated purines are very common throughout the survey. Ascidians

collected from Barrett's Reef and Capsize Point, Marlborough Sounds, were high in sterol content,

and this may reflect seasonal variations due to date of sample collection.

21s



Table 58. Chemical evaluation of ascidian crude extracts.

Ascidian code Homarine
(87)

Overexpressed
purines

Trithiane A
(88)

Sterol(s) Other

97MO1-1 v v (8e) n tl v
97MO1-2 v v n n n

97MO1-3 v v n n n

97MO1'4 v v (e0) n n v
96TP1-16 v n n n n

96TP1-17 v n n n n

96TP1-18 v v n n n

96TP1-19 v v (8e) v n n

96TA1-6 v v n n v
96T41-7 v v (8e) n n v
96TA1-8 v v (8e) n n n

968R2-1 v n n n n

968R1-3 v v (8e) v v n

96BR14 v v (8e) v v n

968R1-5 n v (8e) v v n

968R1€ v n n v n

96CP1-15 v v (8e) v v n

96CP1-16 v v n Y v
96CP1-17 v n n v n

96ChR1-1 v v (8e) n n v
96ChR1-18 v v n v n

96C214 v v (8e) v v n

96C21-5 v v(e0) n n v
96RH1-2 Y y (89) fl n v
96RH1-3 v v (8s) n n v
z.8581 v tl n Y v
96TC1€ v v (e0) I'l v n

96D81-3 v v tl n n

96181-5 v n n n n

ONH
-*\\ -n,\ry.

,*Ari,-n) oA*i'-n)lnln
89 90

Descriptions of attempts to isolate bioactive or interesting metabolites from individual species

follows. lsolations which did not result in the positive identification of a metabolite will generally not

be described.
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4.1.3.1 96TCl-6: This unidentified solitary ascidian, collected from Tory Channel in the Marlborough

Sounds (freeze dried weight 1.80 g, total extract 430 mg), was initially investigated by Pear@.t'' tt

The crude extract, apart from weak BSC-1 cytotoxicity, was inactive in all assays. Analytical HPLC

showed the crude extract to contain a dominant metabolite with a retention time of 15.6 min

(indicating a polar compound) which possessed a simple UV spectrum (maximum absorbance at

290 nm and shouldered-end absorbance at 205 nm). Reverse phase C-18 column

chromatognaphyto (water through to methanol) on a portion of crude exlract (32a mg) was performed

with 3 fractions being collected; water, aqueous methanol (50o/o) and methanol. By analytical HPLC

the compound of interest was present in the first two fractions, with the great majority being in the

second fraction. The water fraction was re4issolved in methanol and the methanol soluble material

was decanted from the salt. This methanol soluble materialwas then subjected to Sephadex LH20

gelfiltration chromatography, eluting with methanol, with the compound of interest and contaminants

being present in the third fraction. One of the contaminants, cholesterol, was removed by reverse

phase G18 chromatography and then the rest of the material was combined with the original

aqueous/methanol fraction. The compound of interest was purified by semi preparative C18 HPLC

{aqueous TFA (0.05o/o)/t\,1€OH (10:1 , 5.5 mUmin)} yielding a white solid (3.06 mg, equates lo 0.22o/o

freeze dried weight) after solvent removal. A molecular

formula of CzHeNsO was derived from high resolution

desorption electron impact mass spectrometry, suggesting

a purine derivative. The observed IH-NMR spectrum in

deuterated methanol exhibiled only 3 resonan@s {6 7.53

(1H, s), 3.56 (3H, s), 3.52 (3H, s)) but when the spectrum

was recorded in deuterated DMSO an additionalvery broad

signal at 6 8.4 (1H) was observed. Survey and gated

decoupling ttC-NMR experiments recorded in deuterated

methanol indicated that the molecule contained 4

quatemary {6 152.51 (obsc), 152-51 (obsc), 151.O7 (s), 111.58 (m)}, one methine {6 151.39 (d, J =

203)) and 2 methyl carbons {6 31.54 (q, J = 142), 31.18 (q, J = 14211. The l3C-NMR spectrum was

also recorded in deuterated DMSO and this resulted in some movement in chemical shift of the low

fiefd carbon resonances {6 150.33, 150.32, 149.63, 149.32, 110.52,30.40, 30.18}. Further NMR

experiments, HMQC and HMBC, allowed the assignment of a l,3dimethyl purine, with the only

further point of contention being whether the purine was a guanine or an isoguanine (see Figure 19

for the two possible structures). The low resolution mass spectrum (DEl) showed a molecular ion,

that was also the base peak, of mass 179 which fragmented to give ions of mass 150 (M+ -HCO)

and 121 [(M+ - MeNCO) -H]. The fragmentation pattems of purines have been examined in some

detail and an expulsion of N-1 and C2 is generally a dominant process.ru'tu As is shown in Figure

.5:t

ZT\1,.,(:L!1'm,
>Al -K/''''d"v 

|i '\\,
,)rj,*;, ):repres.

HMBC correlatir
s represent
correla[ions
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19, the laterfragmentation to mass 121 suggests an isoguanine and hence the compound was 1,3-

dimethylisoguanine (1 ,3,6,7-tetrahydro-6-imino-1,3-dimethyl-2H-purin-2-one, 90).

NH-dv\
o/'r^il'

o
-dY"n

r*/"F^H'

->

-H' > n1

-H'+ 122

-ll
o"c

NH

Cx.-trtt)
T^il

Ic\.'Nt)
T^il

179

,3-Dimethylisoguanine (90)

-N
---------------j> ll

l-{r',t"C

179 56

,3-Dimethylguanine (89)

+'

57 122

123

Figure 19. Potentialfragmentations of 1,3-dimethylisoguanine and 1,3-dimethylguanine.

At this point we became aware that other research groups had worked on the same compound and

had submitted papers which have since appeared in the literature.lT' 18 Interestingly both these

isolations occurred from a sponge, Amphimedon viridis. Much of our 
H

spectroscopic data was in good agreement with these literature reports, with H-9' ,n'H s'-Q
the exception of Chehade and coworkers chemical shift for C-4 (see 'ry- 

,H

numbering on right, 6 131.60)18 that was quite different to the chemical shift )pAp-ru.]''t' | )e
we (6 151.07) and Mitchell and coworkers (6 152.7)17 observed. Inexplicably o4r.rf-ru.s
Mitchell and coworkers failed to report a chemical shift for C-8.17 lt should be ' 

*b-,

stated, however, that NMR spectra of these purines is often far from

aesthetically pleasing, especially in the proton domain. Low resolution mass spectrum fragmentation

processes closely matched those of Chehade and coworkers. We can be sure of the isoguanine

moiety as these same workers have recently solved a crystal structure on the

molecule, the trihydrate structure of which is shown to the above right.ls Notably

the purine is in the amine rather than the imino tautomer. This amine is

generated by the tautomerization of the imidazole proton. Following the

procedure outlined by Mitchell and coworkers,tt 1,3-dimethylisoguanine was

partially converted to theophylline (right) by refluxing in concentrated

hydrochloric acid for 24 h, confirming the positions of the two methyl substituents. Comparison of

o
-ry\*rt
/T^u
Theophylline
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analytical HPLC UV data and retention times of theophylline (BDH), 1,3-dimethylisoguanine, and the

reaction mixture confirmed the product theophylline and recovered starting material, 1,3-

dimethylisoguanine.

1,3-Dimethylisoguanine (90) was inactive in all assays in a bioactivity screen. Preliminary ecological

evaluation failed to detect any feeding deterrence, at the ecologically relevant level, against the

starfish Patiriella regulais or the sea urchin Evechinus chloroticus or fish Forsterygion ? /
varium and Acanthoclinus quadridactylus. The related 1,7,9-trimethylhypoxanthinium -r.r-\-4,.
ion (shown on right), isolated from a sponge, has been shown to weakly induce --NAV
metamorphosis of ascidian laryae.20 However as much more potent metamorphosis

inducers were isolated from the same sponge,2o it seems unlikely that this is a realistic role. Another

proposed theory is that these methylated purines may have a role as antifreeze agents.21 However

due to the geographical location of the ascidian from which this compound was isolated, this seems

unlikely. As these methylated purines are often present in extremely high levels in ascidians in our

collection, we speculate it is a seasonal effect related to reproduction of the organism. That is, these

compounds may play a similar role to the plant cytokinins in cell division and differentiation. Clearly

further studies are required to determine the physiological role(s) of methylated purines in New

Zealand ascidians.

4.1.3.2 97MO14: Several specimens of this solitary ascidian identified as Cnemidocarpa bicarnuta

(Sluiter, 1900)4 were collected in Momorangi Bay in the Marlborough sounds (freeze dried weight

16.97 g, total extract 980 mg). Analytical HPLC analysis indicated the presence of 1,3-

dimethylisoguanine (90) as the major UV-absorbing metabolite. The crude extract was inactive in all

assays. A portion of the crude extract (213 mg) was subjected to C18 flash chromatography (water

through to MeOH) with the aqueous MeOH (O-25o/o) fraction containing the compound of interest.

This fraction was further separated on a column of Sephadex LH-20, eluting with MeOH to give 90

(fraction 3) in near purity. Compound 90 was further purified by semipreparative C18 HPLC

{aqueous TFA (0.05%)/MeOH (10:1, 5.5 mUmin)} yielding pure product (white solid 21 mg, equates

to 0.48% dry weight). The spectial data from this isolation was consistent with our data from the

96TC1-6 isolation.

Analytical HPLC analysis showed Sephadex column fraction 4, from the above fractionation, to

contain another metabolite of interest (17.9 minl281 nm). Fraction 4 was further purified on a reverse

phase C18 flash column (water through to MeOH) with the aqueous MeOH (25-50%) fraction

containing the metabolite of interest, which was further purified by semipreparative C18 HPLC

{aqueous TFA (0.05%)/MeOH (1:1,2.0 mUmin)} yielding a white solid (2.35 mg, equates to 0.015%

dry weight). A molecular formula for compound gl of CsHlsNOBr was derived from high resolution
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mass spectrometry and from 1H- and 13C-NMR data. The 1H-NMR spectrr.rm suggested the presence

of a 1,2,4-trisubstituted benzene ring {6 7.39 (1H, d, J =2.1 H21,7.07 (1H, dd, J= 8.3,2-1 Hzland

6.87 (1H, d, J= 8.3 Hz))and a l,2disubstituted ethylfragment{6 3.11 and 2.84 (each 2H,t, J=7-7

Hz)). These fragments were confirmed by the observation in the l3C-NMR spectrum of 3 aromatic

methine carbons (6 134.34, 130.03, 117.65),3 aromatic quatemary carbons (6 154.69, 130.29,

111.13) and 2 alkyl CHz resonances (6 41.99,33.33). The combined spectral data

suggested the compound to be 2-(3 -bromo4'-hydroxyphenol)ethanamine (91, 3'-

bromotyramine). HMBC NMR data fully supported structure 91, with crucial conelations

being observed between tH resonances at 6 7.39 (H-2') and 6 7.07 (H-6') and the

deshielded aromatic quatemary carbon C4' (6 154.69) and the alkyl resonance C-2 at 6

33.33. Full depiction of the observed HMBC conelations and assigned chemical shifts

are shown in Figure 20. To the best of our knowledge, this is the first report of 2-(3 -

bromo4'-hydroxyphenol)ethanamine as a natural product, although its synthesis has been

previously described.22' 23

H
6.87

Hz.sg

H.., ''

Figure 20. Chemical shrfrs and obserued HMBC conelations for 2-(3'$rcmo4'-

hydroryphenol)etha namine (91 ) in de utero-methanol.

Following a literature preparation,u 2-13'-bromo4'-hydroxyphenol)ethanamine was prepared by

electrophilic bromination of tyramine hydrochloride (92) with dioxane dibromide in acetic acid

(Scheme 48). Using the literature conditionsz and modifications thereof we could at best only

obtain a mixture of starting material (92), the desired product (91) and 3',5'dibromotyramine (93) in

a 1:2:2 ratio.

5'

d

1

OH

NHz

6.>
I

t130.03.z

OH

NHz
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Scheme 48. Bromination of Tyramine hydrochloride

------->
Dioxane dibromide

HOAc

+

X=OAcorBrorCl HsX

Synthetic 3'-bromotyramine (91) was purified from the other reaction products by semipreparative

C18 HPLC {aqueous TFA (0.05%)iMeOH (1:1,2.0 mL/min)} to give a product that was identical to

the natural product in all respects 11H-NMR, 
13C-NMR, HPLC coinjection, HPLC UV spectrum).

Halogenated B-phenethylamines are known from ascidian sources, with iodinated tyrosine derivatives

the most common (Figure 21). Two iodinated phenethylamine derivatives (94 and 95) were isolated

from a didemnid tunicate collected in Guam.2a The ascidian Polyandrocarpa sp., collected in the

Philippines, yielded two further halogenated phenethylamines, polyandrocarpamides A (96) and B

(97).ts Geographically closer to our ascidian, an Australian Aptidium sp. was found to contain 3 novel

iodinated phenethylamine derivatives (98, 99, 100).26

.NH2

Figure 21. Halogenated phenethylamine derivatives from ascidians.
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The monobrominated tyramine moiety, although contiained in the ascidian metabolites

polyandrocarpamide A (96) and diazonamide 8,27 is more typically found embedded within omplex

sponges metabolites such as the bastadins,a'F purpunamines3o and hemibastadinols3l (Figure Z2).

As the 3'-bromotyramine moiety is contained in so many metabolites in multiple phyla, it is curious

this building block has not previously been isolated.

OH

'')-

HO/v

H
,--a.-_/, N

Br

o

Hemibastadinol 1

Brominated B-phenethylamines have been

shown to have some ecologically relevant

activities. The volutamides, which were

isolated from a bryozoan, exhibited

antifeedant activity towards fish and

urchins.32 Ceratinamine33 and the

ceratinamides,s isolated form the sponge

Pseudocerctina purpurea, were found to

exhibit antisettlement activity against cyprids

of the bamacle Balanus amphitrite.

Bastadin 1

Figure 22. Examples of sponge metabolites containing the monobrominated tynmine moiety.

3'-Bromotyramine (91) exhibited mild cytotoxicity to the P388 murine leukemia cell line (lCso 46 pM),

with no detectable activity towards Bacillus subfifib, Escheichia coli, Pseudomonas aeruginosa and

Candida albicans. The analogues, tyramine (92, Sigma) and dibromotyramine (93, prepared;

Scheme 48) were inactive in all assays.
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Preliminary ecological evaluation of 3'-bromotyramine (91) failed to detect any feeding deterrence

against either the echinoderms Patiriella regularis and Evechinus chloroficus or the fish Forsterygion

varium and Acanthoclinus quadridactylus, at either the isolated or elevated levels.3s As 3'-

bromotyramine has a high degree of water solubility, no antifouling trials have been attempted. The

compound may possess potential as an antifouling agent once incorporated into a polymeric support.

Further tH-NMR investigation, of colored pigments from this ascidian that had been semi-purified by

LH20 Sephadex gel column chromatography, suggested the presence of either lamellarins or

rubrolides, as there were numerous uncoupled aromatic signals in the spectrum. However paucity of

the sample prevented further investigation.

4.1.3.3 97MO1-1: This unidentified encrusting purple colonial ascidian (freeze dried weight 39.83 g,

total extract 4.01 g), collected from Momorangi Bay in the Marlborough Sounds was investigated after

analytical HPLC analysis showed the crude extract to contain a dominant metabolite, with a retention

time and UV absorbance suggestive of a methylated purine (14.17 min/267 nm). The crude extract

was found to be inactive in all assays. A portion of the crude extract (200 mg) was subjected to C18

flash chromatography (water through to MeOH)with the aqueous MeOH (30-50%) fraction containing

the compound of interest. The unknown purine was further purified by semipreparative C18 HPLC

{aqueous TFA (0.05%)/MeOH (14:1, 6.0 mUmin)} yielding pure product (89, white solid 7 mg,

equates to 0.35% dry weight). A molecular formula of CTH9N5O was derived from high resolution

desorption electron impact mass spectrometry, suggesting a dimethylated purine derivative. The

observed 1H-NMR spectrum of 89 in deuterated DMSO t6 S.13 (1H, s),4.10 (1.5H, broad

exchangeable, s), 3.65 (3H, s), 3.39 (3H, s)) was quite distinct from that recorded for the earlier

isolated 1,3-dimethylisoguanine (90) (Table 59). The observed 13C-NMR spectrum of 89 in a

deuterated DMSO {6 = 152.02 (s), 151.37 (s), 147.26 (d, J= 9), 142.03 (d, J= 213), 107.43 (d, J=
7), 32.38 (q, J = 143), 29.31 (q, J = 143)) also differed from that observed for 1,3-dimethylisoguanine

(90) (Table 59). There was, however, some similarity in the NMR data and therefore the molecule

appeared to be a closely related dimethylated purine.

As for 1,3-dimethylisoguanine earlier the low resolution desorption electron impact mass spectrum

provided crucial information for structural elucidation of purine 89. The observed low resolution mass

spectrum of 89 was not consistent with that observed for 1,3-dimethylisoguanine (90) confirming we

had isolated a different methylated purine system. In the mass spectrum of unknown purine 89, a

peak corresponding to a mass loss of 55 (m/z 124) was observed. The mass loss of 55 is

characteristic of a guanine-derived purine bearing a methyl group on N-1.1s'36 The peak at mlz 124

confirmed the other methyl substituent was not lost on the characteristic expulsion of the neutral

cyanamide fragment originating from N-1 , C-2 and the attached nitrogen. This retention of one
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methyl group is also seen for 1,3-dimethylisoguanine (90) but this purine fragments to give a

dominant ion at mlz 121 as outlined previously in Figure 19. As shown in Figure 23, 1,3-

dimethylguanine, 1,7-dimethylguanine and 1,9 dimethylguanine can all potentially give rise to the

observed retro-Diels-Alder fragmentation of the unknown dimethylated purine. The mass loss of 55,

characteristically seen for 1-methylguanines, corresponds to the expulsion of N-1 , C-2 and the

attached nitrogen and their substituents with the rearrangement of t hydrogen onto the fragment of

mass 124.15

With rearrangment
of t hydrogen

179

,3-Dimethylguanine

o
-/qi*u
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1 ,9-dimethylguanine

124

Figure 23. Potential fragmentation of 1,3-dimethylgLtanine, 1,7-dimethytguanine and 1,9-

dimethylguanine.

From 1H-NMR chemical shift considerations it was clear that there was no possibility of methyl

substituent on an exocyclic amine, as such an exocyclic methyl would have a much lower chemical

shift (ca. 2.9 ppm)s7 than those observed (3.39, 3.65 ppm),

We were thus left with 3 possibilities; 1,3-dimethylguanine, 1,7-dimethylguanine and 1,9-

dimethylguanine. Comparison of our data for unknown purine 89 and that recorded for 1,7 and 1,9

dimethylguanines3s is shown in Table 59. There are no comparative chemical shifts for 1,3-

dimethylguanine as the compound has not been previously isolated or synthesized. Also shown, for

comparative purposes, is our data for 1,3-dimethylisoguanine and literature values for 3,7-

dimethylisoguanine3e and 1,3,7-trimethylguanine.36 Where assignments of NMR data were not made

in the original reports, these have been made by analogue comparison. Notably, the UV maximum of
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Table 59. Comparison of chemical shifts of

'T^r\j,
,=r,rf gn

Chemicalshift (ppm)

Purine NHz 2 4 5 6 I N-Me N-Me

Unknown purine 89 13Ca

1H" 4.10

151.37 147.26 107.43 152.02 142.O3

8.13

32.38 29.31

3.65 3.39

1,3-Dimethylisog uanine

(e0)

13Ca

tH" 8.40

150.33 149.32 110.52 150.32 149.63

7.42

30_40 30.18

3.45 3.40

3,7-Dimethylisoguanine3s
13cb

tH" 6.88

167.2 150.3 1',12.1 156.4 142.2

7.85

33.3 31.2

3.87 3.48

1,7-Dimethytguanine3s 'H" 6.87 7.85 3.84 3.31

1,9-Dimethylguanine3s 13Ca

tH"
7.O1

154.08 149.55 115.50 156.45 138.17

7.64

29.02 27.98

3.53 3.31

1,3,7-Trimethylguanines lscb

'Ho

153.1 148.4 109.8 153.6 145.4

8.1

34.3 33.1 30.0

4.0 3.8 3.5

maximum of the unknown purine, 267 nm, detected by the HPLC photodiode detector at an

approximate pH of 2.5 was close to that reported by Perry and coworkers for 1,3,7-trimethylguanine

at a pH of 1,264 flffi,36 which supported a guanine-based dimethylpurine.

NMR recorded in deutero-DMSO

NMR recorded in deutero-MeOH

From Table 59, the data which most closely matches the observed data for unknown purine 89 is

that of 1,3,7-trimethylguanine, if the more deshielded of the 3 methyl t3C chemical shifts is ignored.

The data for 1,7 and 1,9 dimethylguanines is not

compatible with the data observed for dimethylated

purine 89. This suggested the unknown purine was,

the hitherto unknown, l,3dimethylguanine. A HMBC

experiment in deuterodimethylsulfoxide also

supported purine 89 being l,3dimethylguanine. Key

conelations from N-3-Me were seen to C-2 and C4.

The assignment of these two carbons was further

supported by two further conelations; H-8 to C4 and

N-1-Me to C-2. Observed lJcH conelations in the

HMBC experiment allowed assignment of the two

a

b

roz.agt----\.
Ei;} N, tt

ll,rFj"'
-/ .- -,/(d,J=213J

i 'i (d'J--e) \

.*Hi,T=T*r /
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HMBC conelations
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methyl groups 13C chemical shifts. This allowed total assignment of the molecule as shown (previous

pg.), Finally and conclusively, 1,3-dimethylguanine (89), like 1,3-dimethylisoguanine, could be

partially converted to theophylline by refluxing in concentrated hydrochloric acid for 24 h, confirming

the positions of the two methyl substituents. Comparison of analytical HPLC UV data and retention

times of theophylline (BDH), 1,3-dimethylguanine, and the reaction mixture confirmed the product

theophylline and recovered starting material, 1,3-dimethylguanine. This confirmed we had isolated

the novel purine 1,3-dimethylguanine (1,3,6,7-tetrahydro-2-imino-1,3-dimethyl-6H-purin-6-one, 89).

To the best of our knowledge this is the first report of 1,3-dimethylguanine as either a natural or

synthetic product. Unlike 1,3-dimethylisoguanine, which can exist as the amine rather than the imino

form by tautomerization of the imidazole proton, 1,3-dimethylguanine cannot tautomerize the imine to

the corresponding amine. This possibility is, however, replaced by the ability of the carbonyl group to

enolize with the associated tautomerization of the imidazole proton. The two closest related natural

products are 1,3-dimethylisoguaninelT' 'r8' 3s and 1,3,7-trimethylguanine.36 lnterestingly these two

compounds were isolated from sponges, although we have also isolated the former from two

ascidians. 1,3-Dimethylguanine was detected, by analytical HPLC, in 12 further ascidians in this

survey. ldentified ascidians in which this metabolite was detected included Botryllus sp., Didemnum

candidum and Leptoclinides sp. black. Such a widespread metabolite is likely to play an important

fundamental role in the ascidian physiology and as such warrants further investigation.

4.1.3.4 28581: This bright orange solitary ascidian was collected by dredging on the Chatham Rise,

East of New Zealand. A single specimen (freeze dried weight 1.66 g) was extracted with methanol (3

times) and dichloromethane (once). Analytical HPLC analysis of the extract gave an unprecedented

trace, with a large number of non-polar components which possessed extended UV chromophores

(ca. 205,260 and 360 nm). The crude extract was subjected to C18 flash chromatography (water

through to dichloromethane) with the methanol fraction containing the compounds of interest. The

methanol fraction was further fractionated on a column of Sephadex LH-20, eluting with MeOH. The

last two fractions off the column were of an intense yellow coloration. The first of these two fractions,

by analytical HPLC analysis, was comprised of two compounds. Using the HPLC UV profiles of the

two compounds and mass spectra recorded on the mixture to search the Marinlit database, it became

apparent the two compounds were rubrolides B and C (Figure 24).o0 The rubrolides were separated

by semipreparative C18 HPLC {aqueous TFA (0.05%)/MeOH (1:9,3.0 mUmin)} yielding two yellow

solids; rubrolide C (3.1 mg, 0.19% dry weight) and rubrolide B (9.0 m9,0.54o/o dry weight). Spectral

data of the two rubrolides were consistent with that reported by Miao and Andersen who isolated a

series of rubrolides from the ascidian Ritterella rubra collected near Anthony lsland, British

Columbia.ao Analytical HPLC of the second intense yellow fraction obtained from the Sephadex LH-

20 column indicated the presence of another, near-pure, rubrolide. This fraction was subjected to

C18 flash chromatography (80% aqueous MeOH through to MeOH) with the aqueous methanol (95-



100%) fraction containing the pure rubrolide (17 mg, 1.0% dry weight) as was adjudged by analytical

HPLC. Mass spectrometry on the unknown rubrolide was unsuccessful using a variety of ionization

methods, however 1H and t'C NMR recorded in deuterated DMSO were consistent with Miao and

Andersen's data for rubrolide A.ao

Rubrolide A Rubrolide B

Figure 24. Rubrolides iso/afed from the ascidian coded 28581.

The analytical HPLC trace of the crude extract indicated there were more rubrolides present, as well

as other non-related molecules which possessed extended UV chromophores. Indeed some of these

other metabolites exhibited UV spectra that were strongly suggestive of eudistomins. Eudistomins

have been previously isolated from a New Zealand ascidian Ritterelta sigiltinoidess'6't and it is not

inconceivable that the as yet unidentified ascidian coded 28581 is a Rrfferel/a species. Due to the

small scale of the extraction these other metabolites were unable to be identified despite numerous

attempts. Attempts to gain mass spectral data on the remaining rubrolides, or potential eudistomins,

failed because, like rubrolide A, the molecules could not be detected by the spectrometer.

Miao and Andersen had reported rubrolides A, B and C to be moderate but differential inhibitors of

protein phosphatases 1 and 24.40 Antibacterial activity against Staphylococcus aureus and BacrTlus

subf/is was also reported.ao We found rubrolides A, B and C to have no detectable P388

antileukemic activity, with lC5s values in excess of 25000 pg/mL. In our standard antimicrobial screen

at the University of Canterbury, rubrolides A and B only possessed activity against the bacterium

Bacillus subtl//us at 40 pg/disk (1 mm). At this same loading, rubrolide C inhibited growth of both 8.

subfil/us (4 mm) and Trichophyton mentagrophyfes (2 mm). No antiviral activity was observed at an
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impregnated dose of 100 pg/disk, however all 3 compounds were cytotoxic to the host cell line BSC-

1 . Rubrolide A was submitted for in vitro antitumoral screening at the NCI and was found to possess

no differential antitumoral activity (G150 28 pM, TGI 69 pM, LC50 76 pM).

Perhaps more importantly, halogenated furanones, such as the rubrolides, are inhibitors of the

Acylated Homoserine Lactone (AHL) regulatory system in bacteria.al This regulatory system is

widespread and conserved amongst bacteria. lt therefore is an ideal target for eukaryotic

interference and this is demonstrated by the large number of marine secondary metabolites produced

by eukaryotes which target this system as a means of inhibiting bacterial groMh.al This is important

in regard to the prevention of biofouling where primary colonizers are marine bacteria. There is great

demand for specific antifouling agents to replace the current non-selectively-toxic heavy metal based

antifoulants. One problem we have encountered in testing potential antifouling agents is the inherent

salt water solubility of such compounds which makes the antifouling agent unable to act long enough

to be of use. The rubrolide furanones are reasonably water insoluble and if they are capable of

specific AHL inhibition they may be exciting candidates as antifouling agents. Should further re-

supply of the rubrolides be secured, this is clearly an area of research worthy of closer attention.

4.1.3.5 96TA1-8: This purple/brown Botryllus sp. colonial ascidian (freeze dried weight 45.6 g),

collected off Te Araiawai lsland in the Marlborough Sounds, was investigated due to the potency of

the biological activities observed for the crude extract. The crude methanolic extract possessed

micromolar P388 activity as well as activity against HCT116 and was strongly antiviral against HSV.

The crude methanolic extract was subjected to a modified Kupchan partitiona2 and the antiviral

activity was found to be present in the carbon tetrachloride, chloroform and n-butanol fractions.

These were combined giving a total active extract of 725 mg. A portion of the crude extract (20 mg)

was subjected to C18 flash chromatography (water through to dichloromethane), collecting 4

fractions; (1) aqueous MeOH (50%), (2) MeOH, (3) MeOH/DCM (1:1) and (4) DCM. The methanol

fraction was the only fraction which showed antiviral activity. The methanol fraction was subjected to

LH20 Sephadex gel column chromatography and three fractions were collected. The antiviral activity

was traced to the third fraction. Analytical HPLC analyses of this fraction indicated the major

component to be a sterol, possibly cholesterol, which was unlikely to be responsible for the observed

antiviral activity. However extracting a spectrum of the analytical data, at a

fixed wavelength of 390 nm, indicated the presence of a metabolite, which by

searching Marinlit database was found to possess a uV spectrum suggestive

of a B-carboline chromophore (1,r", 224, 267, 295, 389 nm, see traces in

Experimental section). This, coupled with the fact that B-carboline

derivatives, such as eudistomin K, are known antiviral agents and have been

previously isolated from the New Zealand ascidian Ritteretta sigillinoides,s'6'7

Xestomanzamine B
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suggested the unknown compound responsible for this activity may be a B-carboline derivative. The

observed UV spectra of the unknown component was extremely close to the literature values for the

sponge metabolite xestomanzamine B (1r., 222, 270,298, 388 nm).ot 1H-NMR of the relevant

column fraction was inconclusive due to the small amount of the compound present. Further

attempts to isolate this metabolite in greater mass and purity have been hampered by a lack of

material.

4.1.3.6 96CP1-16: This yellow encrusting Aplidium sp. ascidian collected from Capsize Point in the

Malborough Sounds was investigated after analytical HPLC analysis showed there to be an unusually

large amount of non-polar metabolites. However these metabolites were no longer detectable after

C-18 flash column chromatography had been performed on a portion of the crude extract. A

serendipitous discovery was that one of the column fractions contained 3'-bromotyramine (91) as a

dominant metabolite.

4.1.3.7 96ChR1-18: This ascidian, Botryllus sp., from Chicot Rock located in the D'Urville lslands

possessed very mild P388 activity. A portion of crude extract was subjected to C-18 flash column

chromatography and two column fractions were found to contain a metabolite, or its antipode, that is

currently under investigation by another member of the Copp research group, Norrie Pearce. Pearce

isolated this metabolite from an ascidian (Pseudodisfoma sp.) from Tutakaka.l3 This metabolite, or

its antipode, is also present in the intertidal nudibranch Doriopsis flabellifera (see later) and may

possess antifeedant activity against the important ascidian consumer Evechinus chloroticus. This

metabolite is not responsible for the very mild P388 activity observed for this ascidian.ls

4.1.3.8 96ChR1-1: This very common pink ascidian, Didemnum candidum, from Chicot Rock located

in the D'Urville lslands possessed mild P388 activity, as well as pronounced activity against HSV and

B. subt//us. A portion of crude extract was subjected to C-18 flash column chromatography and a

column fraction was found to contain rubrolide A and rubrolide B in very small amounts. As these

metabolites are unlikely to be responsible for the observed activity further investigation is warranted.

As this ascidian is common, it may represent a viable source for re-supply of the rubrolides for

ecological assessment.

4.1,3.9 968R2-1: This unidentified solitary ascidian, collected at Barretts Reef, Wellington, by

analytical HPLC analysis, possessed very polar metabolites at unusually high levels. The major

metabolite (2.67 minl210 & 262 nm) was purified by a combination of C-18 flash

column chromatography (compound present in water fraction) and semipreparative

C18 HPLC {aqueous TFA (0.05%)/MeOH (9:1,2 mUmin)}. A molecular formula of

CsHsNs was determined by high resolution mass spectrometry. This mass was

tlF-*
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consistent with adenine (6-aminopurine), 2-aminopurine and the sponge metabolite zarzissine.oo The

observed tH-NMR in deutero-DMso was fairly uninformative with four broad signals between 7 and I
ppm. However the 13C-NMR ruled out zarzissine, because of the number of carbon resonances,

leaving the two possibilities adenine (6-aminopurine) and 2-aminopurine. When the observed 13C-

NMR data was compared to that reported for the two purines,as the DNA base adenine was the more

consistent. The chemical shift of C-5, in deutero-DMsO, is especially diagnostic; in 2-aminopurine C-

5 appears at a chemical shift of 125.5 ppm, whereas in 6-aminopurine C-5 appears at 117.6 ppmas

(observed 115.76 ppm). Finally, commercial adenine displayed identical HPLC characteristics and a

coinjection with the unknown compound confirmed that the unknown aminopurine was adenine. lt is

not unheard of for adenine to be contained in a living organism, however when there is such a large

amount of adenine (- 1o/o dry weight), something unusual is clearly occurring. The adenine may have

been "stockpiled" for further chemical transformation such as alkylation, or the molecule itself may

serve some more direct purpose. Further investigation of the role of adenine in this chemically

unusual ascidian is warranted.

4.1.3.10 96C21-5: This unidentified purple colonial ascidian collected at Cape Zach in the

Marlborough sounds, by analytical HPLC analysis was found to possess a large amount of a
methylated purine (13.7 minl205 & 276 nm). The purine was purified by a combination of C-18 flash

column chromatography {purine present in the aqueous methanol fraction (50%)} and semi

preparative C18 HPLC {aqueous TFA (0.05%)/MeOH (7:1,5 mUmin)}. High resolution mass

spectrometry suggested a dimethylated guanine or isoguanine. The observed low resolution mass

spectrum was identical to that observed earlierfor 1,3-dimethylisoguanine (90). The observed 1H-

NMR spectrum confirmed the presence of 90, as well as another dimethylated purine present in a

similar amount. tH-NMR of the other dimethylated purine was suggestive of theophylline,lT which we

have found to be difficult to resolve from 1,3-dimethylisoguanine even by analytical HPLC

chromatography, Due to a lack of material, further characterization, of the inseparable mixture, was

unachievable.

The question remains as to why no absorbance maximum at 290 nm, expected for 90, was observed.

lf the UV spectra observed is a sum of the two individual purine UV chromophores (theophylline UV

maximum 271 nm), as we would expect, there should still be some absorbance present at 290 nm.

One possible explanation is that theophylline is present in a much larger quantity but was undetected

by the mass spectrometer. However, from the relative intensities in the 'H-NMR, one would still

expect to see some absorbance at 290 nm. This led to the, seemingly improbable, supposition that

1,3-dimethylisoguanine (90) was perhaps present in a different tautomeric form (resulting in a
different UV profile) despite the fact an identical isolation procedure, to that previously, had been

used. The only variable factor being the presence of theophylline. As is shown in Figure 25, 1,3-
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dimethylisoguanine (90) can also be present as the tautomeric amine A. Berlinck found, in his as-

yet-unpublished, crystal structure of 1,3-dimethylisoguanine,ls that the tautomer A is the structure

found in the crystalline solid, rather than the imine form in which the structure is usually represented

(90). The presence of theophylline may have induced 1,3-dimethylisoguanine to exist more

exclusively in another tautomeric form, for example the amine isomer A. This tautomerization, or a

relatively higher concentration of theophylline, may be the reason why no UV maximum is observed

at 290 nm, as previously seen for imine 90. Such a tautomerization would appear to be the result of

strong interactions with theophylline in solution.
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Figure 25. One potential tautomer of 1,3-dimethylisoguanine.

Other zwitterionic structures have been proposed for related purines, as these zwitterionic structures,

with the respective charges delocalized over the ring systems, are thought to more adequately

represent the chemical reactivity observed for such compounds.ao The representation of structure A,

in a zwitterionic form, is the di-zwitterionic representation B. Structure C is an attempt to show the

potential charge delocalization (the exocyclic nitrogen can also participate in positive charge

stabilization and this is not adequately represented in structure C). Thus, it is worthy of note that, the

chemical structures typically attributed to these purines may not adequately represent the true

character of the molecule.

Subsequent research on the purines present in this ascidian and indeed on the other ascidians in our

collection, which consistently possess large quantities of these metabolites, may lead to a better

understanding of the tautomeric and electronic characteristics of substituted purines.
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Summary of Section 4.1: Investigations of the Ghemical Diversity of New Zealand

Ascidians

. Biological and chemical evaluation of 29 New Zealand ascidians has been performed. Crude

extracts were examined biologically, in a series of medicinally pertinent assays and chemically, by

analytical HPLC.

The known sponge metabolite 1,3-dimethylisoguanine (90) has been isolated from three

ascidians, including Cnemidocarpa bicornufa. As yet no physiological role has been determined

for this metabolite.

The previously unisolated metabolite 2-(3'-bromo4'-hydroxyphenol)ethanamine (91) has been

isolated lrom Cnemidocarpa bicomuta.3s 91 Was detected, by analytical HPLC, in one further

ascidian, Aplidium sp. yellow.

1,3-Dimethylguanine (89) has been isolated from an unidentified ascidian and this is the first

report of this compound as either a natural or synthetic product. 1,3-Dimethylguanine was

detected, by analytical HPLC, in 12 further ascidians including in this survey. ldentified ascidians

in which this metabolite was detected included Botryllus sp., Didemnum candidum and

Leptoclinides sp. black. Such a widespread metabolite is likely to play an important fundamental

role in the ascidian physiology.

The known ascidian metabolites, rubrolides A, B and C have been isolated from an unidentified

ascidian. Rubrolide A possessed no antitumoral activity in preliminary NCI in vitro evaluation.

Rubrofides A and B are also present in Didemnum candidum and as this species is abundant it

might represent a more feasible source of assessable quantities (> 100 mg) of these metabolites.

The most active ascidian extract 96T41-8, Botryllus sp., has been examined and it seems likely

the observed antiviral activity and cytotoxicity is due to an unidentified eudistomin. Significant

biological activity was detected in another 9 ascidians but the current studies were limited by

small collection quantities. Recollection of these ascidians is clearly a priority.

Overexpressed purine bases have been common throughout the survey, with one unidentified

ascidian, g6BR2-1, possessing extremely large amounts of the DNA base adenine. No

physiological roles for these overexpressed purines are as yet apparent.
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. Our combined screening of NZ ascidians has led to the isolation of many compounds previously

isolated from sponges. Thus any use of such compounds as chemotaxonomic markers would be

highly problematic. The widespread distribution of these metabolites gives credence to the

"common gene" theory: that common metabolite-generating genes are present in both phyla,

presumably due to the evolutionary success of these genes. That is, they contribute to the

eventual reproductive success of the organism concerned.

4.2 Chemical Studies of Common Auckland Intertidal Invertebrates

4.2.1 lntroduction

It is often speculated that the presence of a rich representation of natural products is a reflection of a

high degree of inter-organism competition. This is because regions of high competition, such a coral

reefs, often possess an unusually high representation of natural products. ln these areas of high

competition space is always at a premium, especially for sessile invertebrates which must occupy a

fixed position throughout the organisms lifetime. On the coral reef, space is usually the limiting factor

to life. As light only penetrates water a certain distance and is the source of the energy for the food

chain operating on the reef (reefs are generally an isolated shallow area surrounded by deep water),

a position near the top of the reef is often necessary for an organisms survival. Hence one of the

major problems faced by sessile organisms is establishing and maintaining a position on the

particular substratum the organism inhabits, as inter and intra specific competition for space is

intense. Physical and biological factors limit the zones which the organism can inhabit and these

factors give rise to the familiar zonal patterns observed on most shorelines (and boat hulls) of the

world. The sea-air interface is a region of extremely high biomass and competition. Therefore air-

sea interfaces such as the common rocky shore may represent another untapped region of high

potential for lead compounds for pharmaceutical development. Again space is a limiting factor, as

the majority of organisms found here have a small tolerance to either desiccation or complete

submergence for long periods of time. Natural products isolated from this environment may also

have potential as antifoulants as the rocky shore biofouling closely resembles that found on boat

hulls, Therefore, compounds isolated from this area may be useful lead compounds for antifoulant

development.
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4.2.2 Invertebrate Studies

4.2.2.1 Dozbpsis fl abell ifera

This small (< 30 mm) yellow, occasionally orange, nudibranch was found intertidally in crevasses or

under ledges on the rocky reef between Murrays and Mairangi Bays. The nudibranch was often

found clumped with several more nudibranchs of the same species and was occasionally found on a

cryptic yellow thin encrusting sponge (possibly a Halichondria or Hymeniacidon species). Two

specimens of this nudibranch were initially collected and interest in this nudibranch was initiated after

nudibranchs placed in a community aquarium were seen to elicit an avoidance response by the sea

urchin Evechinus chloroticus. As we had never been able to deter the feeding of this hardy

consumer, we were quite surprised by this observation. The nudibranch however seemed to evoke

mixed responses from the cushion starfish Patiriella regularis. An initial specimen possessed no

deterrent activity and yet individuals collected during egg laying (described later) were found to be

strongly antifeedant towards Patiriella regularis. Egg bundles were also unpalatable to Patiriella

regularis and Evechinus chloroticus. The ability to deter the feeding of the urchin by individual

nudibranchs decreased with time the nudibranch was maintained, without food, in a laboratory

aquarium. This implied the antifeedant compound may have been of dietary origin. The potent

urchin antifeedant response was also present in the crude extract of the nudibranch when the extract

was evaluated at the ecologically relevant level. Urchins were reluctant to touch the food source with

their tube feet and would attempt to dislodge the food source with their spines. The urchin would

initially wildly wave its tube feet, followed by the flattening of its spines where the extract coated food

had rested. Such an urchin would look quite "ill" for several days (little activity, spines flattened)

suggesting the compound responsible may be able to effect long term "fitness" or physiology of the

urchin. A "flight" response was also often observed, whereby the urchin would flee from the food

source. A portion of the crude extract (320 mg) of the two animals was subjected to an aqueous

partition with dichloromethane. A significant amount of the crude extract was insoluble in both these

solvents and remained as solid flocculates at the solvent interface. When no antifeedant activity was

found in either the dichloromethane or aqueous fractions, the insoluble flocculates were investigated.

The flocculate material was further fractionated into methanol soluble and methanol insoluble

material, with the antifeedant activity being present in the methanol soluble material. Analytical HPLC

analysis of this antifeedant positive material indicated the presence of one dominant metabolite

(14.18mini205 &257 nm, laterfoundtobe2of the4possiblestructuresof 106),aswell asasmall

amount of a previously mentioned unidentified metabolite, or its antipode, that Pearce is currently

working on from an ascidian (Pseudodlsfoma sp.) from Tutakaka (which, like Murrays Bay, is on the

east coast but is around 150 km to the north).13 As this Pseudodistoma sp. metabolite is widespread,

being also present in other ascidians in our collection, it was earlier speculated it might possess an



important ecological role. Unfortunately the nudibranch sample containing this compound was too

small for isolation purposes and as such the chirality and antifeedant properties of the pure

compound are unknown. Pearce will undoubtedly assess the, ascidian-isolated, natural product as

an antifeedant against the urchin Evechinus once sufficient pure material is obtained. As the earlier

whole animal antifeedant observations suggested the active compound was of dietary origin, the

Pseudodlstoma sp. metabolite may be implicated.

These nudibranchs are not particularly easy to locate and are only reluctantly subjected to extraction,

as it is not known whether the Murrays Bay population can sustain concerted collection (over a 2 year

period 12 animals and several egg spirals have been collected). Analytical HPLC analysis showed

the crude extract of non-breeding adults to be comprised almost exclusively of two compounds which

possessed almost identical retention times and identical UV spectra (205 & 257 nm). From the

retention time (- 14 min) it was clear these two metabolites were quite polar. However lack of

material, and instability of the compounds on silica gel, prevented the characterization of these 2

compounds. The only compound isolated from the initial 2 animal collection was cholesterol.

A concerted study of the chemistry of this nudibranch was initiated after an opportunistic re-collection

at breeding time yielded more nudibranchs and the previously unexamined egg spirals for

investigation. On December 14, 1996 (3.5 m tide), adult nudibranchs, in groups of 2 or 3, were found

exposed on the top of the seaweed encrusted rocks of the reef laying egg spirals. Notably the

weather was extremely overcast and a period of heavy rain had just ceased. Ten specimens were

collected as well as some egg spirals. Further egg spirals were obtained when several of the

collected individuals laid eggs in a laboratory aquarium, an amazing spectacle. The crude extract of

these ten animals {dry weight of animals 2.86 g (wet 13.85), total crude extract 642 mg} gave

sufficient material for the characterization of the two main metabolites of the adult nudibranchs. A

portion of the crude extract (57 mg) was subjected to C18 flash chromatography (aqueous through to

MeOH) with the aqueous MeOH (50%) fractions containing the two, almost identical, compounds of

interest. A low resolution mass spectrum recorded on the mixture, under desorption electron impact

ionization, showed a peak of mass 250 of relative intensity 60%. Studies by Cimino and other ltalian

collaborators have shown the Mediterranean nudibranch Doris verrucosa to contain 9-[5'-deoxy-5'-

(methylthio)-p-D-xylofuranosyll-adenine [9-(5-S-methyl-5-thio-B-D-xylofuranosyl)-9H-purin-6-amine,

xylosyl-MTA , 102, Figure 261.+t-st Cimino and coworkers found xylosyl-MTA to undergo facile loss of

SMe to give a prominent ion of mass 250.47 This suggested we may have isolated xylosyl-MTA and

an analogue.
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Figure 26. Metabolifes of Doris verrucosa.

Xylosyl-MTA (102) is an analogue of the common metabolite methylthioadenosine (MTA, 103). MTA

is formed when the universal methyl donor S-adenosyl-L-methionine (SAM, 104) is cleaved. From

the 815 animals collected over a three year period the ltalian workers conducted comprehensive

research on this metabolite which is readily available by synthesis.s2 After reporting the isolation of

the xylosyl-MTA (102)47 other researchers went on to determine that xylosyl-MTA was present in the

mollusc in concentrations two orders of magnitude greater than the analogous nucleoside MTA

(103).48 Further research strongly suggested that the xylosyl-MTA is formed from MTA, which

undergoes enzyme-assisted isomerization at the 3'-position.ae This research indicated that the

isomerization occurs via a 3'-oxo intermediate (that is, via oxidation to a ketone at the 3'-position

followed by reduction).ae Moreover it was found that xylosyl-MTA is not recognized by the enzymes

of MTA metabolism, which leads to an accumulation of xylosyl-MTA in the mollusc.as This

accumulation suggests the metabolite may play a role in chemical interactions with other organisms.

The researchers also found that xylosyl-MTA was present in greatest concentration in the

hermaphrodite gland and in laid egg masses but was also present to a lesser degree in the external

parts (mantle and foot) of the mollusc.so Due to this active concentration of xylosyl-MTA in egg

masses, research on the antimicrobial activity of xylosyl-MTA was carried out. Xylosyl-MTA was

found to possess very little antimicrobial activity which led to the authors unlikely speculation that

xylosyl-MTA was merely present as the result of the detoxification of MTA, which was found to be

more toxic.51

The mixture of the two compounds from Doriopsis was further purified by semipreparative C18 HPLC

{aqueous TFA(0.05%)/MeOH 9:1,5.0 mL/min} yielding two clear-white solids, metabolite A (white

solid 3.2 mg, equates to 1,26% dry weight) and metabolite B (white solid 6.3 mg, equates to 2.5% dry

weight). A molecular formula of C11H15N5O4S was derived from high resolution mass spectrometry

(FAB) for both solids, suggesting the compounds to be isomeric sulfur-containing nucleosides. The

observed 1H and "C NMR spectra of the two compounds were very similar with the exception being
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the resonances associated with the diastereotopic protons on C-5'. This suggested the compounds

were diastereomers, differing from one another at one single stereocenter.

The spectral data of these two compounds, while similar, did not match

that reported for xylosyl-MTA or MTA (Table 60).ot From the mass spectra

it was clear the two compounds possessed an extra oxygen in comparison

to xylosyl-MTA (102) or MTA (103). Fitting the mass spectral data,

however, were the two epimers at sulfur of S'-deoxy-S'-

methylsulfinyladenosine (methylthioadenosine sulfoxide; MTAS, sulfinyl-

MTA, 105), which had been previously isolated from a mushroom

Ganoderma lucidum.s3 Sulfinyl-MTA has been well studied medicinally

and has been patented for almost every bioactivity imaginable. Nonetheless, comparison with the

literatures3 tH-NMR data of these two epimers with that observed for lhe Doriopsis metabolites

suggested we had isolated different compounds (Table 61).

Table 60. Comparison of chemical shifts of sulfur containing nudibranch nucleosides.

Position Xylosyl-MTAa7

(02)a

MTA47

(1m)a

Doriopsis

Metabolite "A"b

Doriopsis

Metabolite "B"b

2 8.14 (s) 8.14 (s) 8.52 (s) 8.57 (s)

8 8.24 (s) 8.35 (s) 8.36 (s) 8.40 (s)

1', 5.86 (d, 1,4) 5.88 (d, 5.8) 6.10 (s) 6.13 (s)

z', 4.30 (m, - 0) 4.74 (q,5.1) 4.45 (s) 4.44 (s)

3' 4.00 (m, 3.2) 4.17 (q,3.7) 4.19 (dd, 3.2, 0.8) 4.17 (d,2.2)

4' 4.27 (dt,3.2, 6.8) 4.01 (m) 4.82 (obsc)" 4.77 (obsc)

5'A 2.86 (dd, 13.5, 6.8) 2.87 (dd,13.9, 5.9) 3.41 (dd, 14.0, 4.6) 3.43 (t, 10.6)

5'B 2.74 (dd, 13.5, 6.8) 2.74 (dd,13.9, 6.9) 3.30 (obsc) 3.19 (dd, 13.7,2.6)

6'/SMe 2.10 (s) 2.04 (s) 2.74 (s) 2.74 (s)

NMR recorded in deutero-DMSO.

NMR recorded in deutero-MeOH.

Obscured by HOD signal.

HMBC and COSY experiments on Doriopsis metabolite B were, however, suggestive of an identical

skeletal arrangement of sulfinyl-MTA (Figure 27). Although only one HMBC correlation was seen in

the purine ring system the purine was clearly adenine from comparison to earlier recorded data of

adenine isolated from the ascidian coded 968R2-1 (Figure 27).

a

b

NH,

'*.{pr'r]

J{(v*ii'6 i:F"Ir,
H'l-1'g

l3'2',1
OH OH

Sulfinyl-MTA 105
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Table 61. Comparison of chemical shifts of sulfoxide containing nucleosides.

" NMR recorded in DzO.

o NMR recorded in deutero-MeOH.

" Obscured by HOD signal.

120.06
(m)

146.27
(d,216) (d,221)

2.74

Y.7.76 82.76
(d,"t54)(d,155

OH

Anows represent HMBC conelations

-H8.57

H/
8.40

t

Figure 27. HMBC and COSY derived NMR assrgnments of unknown

Curves represent
COSY conelations

Doriopsis nucleoside B.

Position Sulfinyl-MTA "A"53

({05)a

Sulfinyl-MTA "8"53

(ro5F

Doiopsis

Metabolite ?'b
Donbpsr.s

Metabolite "B€

2 8.31 (s) 8.30 (s) 8.52 (s) 8.39 (s)

I 8.27 (s) 8.27 (s) 8.36 (s) 8.32 (s)

1', 6.11 (d, 4.77) 6.12 (d,5.13) 6.10 (s) 6.12 (s)

2', 4.91 (dd, 5.13,5.13) 4.95 (dd, 5.13, 5.13) 4.45 (s) obsc

3', 4.5a (m) 4.54 (m) 4.19 (dd, 3.2, 0.8) 4.38 (s)

4', 4.54 (m) 4.54 (m) 4.82 (obsc)" 4.73 (obsc)

5'A 3.47 (d,4.02) 3.36 (dd, 13.55,2.93) 3.41 (dd, 14.0,4.6) 3.45 (t, 10.4)

5'B 3.47 (d,6.96) 3.51 (d, 13.55, 9.90) 3.30 (obsc) 3.35 (bd, 14)

6'/SMe 2.76 (s) 2.78 (s) 2.74 (sl 2.83 (s)

NHz

1s0.591114.79

;r/'ir 143.40

ll- hl14s.1gl ll ht
" *fr)p 8'46

8.41
Chemical shifts for

adenine in D2O isolated
from 96BM-1

2-ps
, lJEe)

/
L ,i

13

i / \i
Ir.7-'4aa5t
/' \,

aH
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Surprisingly no HMBC conelations were observed from H4' (E 4.77), however, the HMBC

conelations observed for the remaining sugar ring protons, in conjunction with the observed COSY

conelations, allowed total assignment of the sugar ring's chemical shifts. Two key HMBC

correlations from H-1'(6 6.13) were observed to purine carbons C4 and C-8. lt was thus apparent

that the two unknown Doriopsr.s metabolites possessed the same skeletal structure as sulfinyl-MTA

(105). The 1H-NMR data of the two Doiopsrs metabolites supported the difference between the two

perhaps being the stereochemistry of the sulfoxide, like sulfinyl-MTA. Nonetheless the data for the

sugar ring was not like that seen for the two epimers of sulfinyl-MTA and thus the stereochemistry of

the sugar ring in the Doriop.sis metabolites was perhaps different from that in sulfinyLMTA. Two 1H-

tH-NOESy experiments resolved the stereochemistry of the sugar ring (Figure 28). Both NOESY

experiments were recorded on a nondegassed sample (400 MHz, deutero-methanol), the only

difference between the two being the mixing time (400 and 800 ms). Qualitative distinctions were

able to be arbitrarily made between strong and weak NOE conelations. The NOE correlations,

observed in both NOESY experiments, that allowed determination of the sugar stereochemistry are

outlined in Figure 28, with NOE conelations marked "wk" being qualitatively weaker than other

observed NOE correlations. The NOE between the two diastereotopic protons of C-5'and the NOE

e,onelations from each of these diastereotopic protons to the methyl substituent have been omifted

for clarity.

2.57 A

-\
2.50 A

2.41 A 
{-

2.55 A

05A

a/

Figure 28. Selected NOESY correlations of unknown Doriopsis nucleoside B.
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The structure shown in Figure 28 was generated by a Truncated Newton Conjugate Gradient (TNCG)

energy minimization, on the water solvated molecule, using the Amber* force field (Macromodels).

The minimized structure was then modified, by rotation about the C-1'-N9 and the C-4'-C-5' bonds, to

give a structure consistent with the observed NOE data, followed by re-minimization using the same

TNCG/Amber" parameters to give a localenergy minimum.

From the NOESY correlations it was apparent that the sugar was in fact lyxose-derived (rather than

ribose or arabinose or xylose derived) and therefore the two Doriopsis metabolites are 2 nucleosides

of 9-(5'-S-methyl-5'-sulfi nyl-lyxofuranosyl )-9H-purin-

6-amine (lyxosyl-sulfinyl-MTA, lyxosyl-MTAS, 106,

right). The 4 potential nucleoside structures, from

the NOESY data, are comprised of the two sulfoxide

epimers of each of two possible enantiomers

(ignoring sulfoxide stereochemistry) of lyxosyl-

sulfinyl-MTA. These two possible enantiomers

(shown) are 9-(5'-S-methyl-5'-sulfinyl-SD-

lyxofuranosyl)-9H-purin-6-amine and 9-(5'-S-methyl-

5'-sulfinyl-o-L-lyxofuranosyl)-9H-purin-6-amine. To

the best of our knowledge this is the first report of any of the possible isomers of lyxosyl-sulfinyl-MTA

as either a natural or synthetic product.

Optical rotations of metabolite B {[cr]p = + 5.7o (c 0.315, MeOH)] and metabolite A {[cr]o = - 11.3o (c

0.159, MeOH)) were quite distinct, showing both the isolated metabolites were not racemic mixtures.

lf the two metabolites were oxidized to the corresponding sulfones and the optical rotations of these

two sulfones were identical, we could confirm that the two metabolites were epimers at sulfur and that

the two metabolites possessed the same lyxose unit. However, no distinction of which lyxose, L or D,

unit was actually present would be possible from such an oxidation.

There is the possibility that the isolated sulfoxides are an artifact of the isolation process and due to

time and re-supply constraints this supposition has yet to be addressed. In all the reported work on

the Mediterranean nudibranch, from which MTA was isolated using HPLC-based isolation procedures

similar to our own, no mention of oxidation of either MTA or xylosyl-MTA was reported. This, in

conjunction with other potential arguments such as the strong conditions generally required for the

preparation of sulfoxides from sulfides,6 strongly suggests that these compounds are not an isolation

artifact. As in the case for the Mediterranean nudibranch, where xylosyl-MTA seems to be

accumulated as it is unrecognized by MTA processing enzymes,4e lyxosyl-sulfinyl-MTA (106) epimers

may be yet another way of accumulating similar metabolites which may possess useful properties in

NHr
t-,'T+f-'(,

?'*-r+ry;
.-5..t 3 

Io' s'l 
-o--- |

o'[gH Ho/''
Hrl-1'P

l3' 2'l
HH

B-D-Lyxofuranosyl
106
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an evolutionary context. Research on the Mediterranean nudibranch suggested that the xylosyl-MTA

is formed from MTA, which undergoes enzyme-assisted isomerization at 16" 3'-position via a 3'-oxo

intermediate.ae A similar process could conceivably occur at the adjacent stereocenter in the

generation of lyxosyl-sulfinyl-MTA. As yet no biological evaluation has been performed on lyxosyl-

sulfinyl-MTA due to the paucity of the two samples. As the analogous sulfinyl-MTA has a rich

associated biology, it seems likely that lyxosyl-sulfinyl-MTA epimers will possess numerous activities

and may be potential inhibitors of MTA phosphorylase.ae

Comprehensive HPLC evaluation of various Donopsis flabellifera samples was canied out after the

breeding collection. Notably, egg spirals laid made the sea water they were placed in yellow and foul

smelling. Some eggs were removed and extracted, as was the fouled salt water, after dehydration by

freeze drying. Eggs allowed to remain in aerated salt water hatched into free swimming larvae which

were released into the ocean at the collection site.

Analytical HPLC analysis of the salt water from which the eggs had been temporarily stored, showed

that the water contained small amounts of the two unknown isomers of lyxosyl-sulfinyl-MTA (106), as

well as Pearce's unidentified Pseudodistoma sp. metabolite, or its antipode. The major compound

present, however, was another compound which eluted after 19.5 min, with 1.r", of 229 and 281 nm.

This compound has yet to be identified and we speculate it may be a derivative or degradation

prod uct of lyxosyl-sulfi nyl-MTA.

Analytical HPLC analysis of freshly laid eggs, showed the eggs to contain almost exclusively a

metabolite which possessed an identical UV spectrum to that of lyxosyl-sulfinyl-MTA (106) but with a

slightly different retention time of 16.3 minutes (cf. lyxosyl-sulfinyl-MTA -14 min). This metabolite is

almost certainly lyxosyl-sulfinyl-MTA, as this different retention time was also seen for the crude

extract of another individual adult Doriopsis and a tH-NMR spectrum recorded of the semi-purified

crude of this adult showed the peak to be due to lyxosyl-sulfinyl-MTA. This difference in retention

time may be due to column overloading, whereby a compound with strong self-affinity will elute more

slowly if the column is overloaded.

Over the period from which eggs are laid until when they hatch, the eggs completely lose the initially

intense yellow pigmentation and become almost translucent. Old eggs, devoid of color, which were

close to hatching were examined by analytical HPLC. A small amount of lyxosyl-sulfinyl-MTA

isomers were present as was Pearce's unidentified Pseudodistoma sp. metabolite, or its antipode.

The major compound present, however, was the compound which was previously found to be the

dominant unidentified compound in the salt water from which the eggs had been temporarily stored

(19.5 min/229 and 281 nm). The composition of old eggs therefore is almost identical to the
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composition of salt water in which the eggs have been stored. The dominant compound (19.5

minl229 and 281 nm) has yet to be identified. lt seems logical that it may be a derivative of lyxosyl-

sulfinyl-MTA present in the fresh eggs as no other feedstock is present in the freshly laid eggs in

sufficiently large amounts. For the observed UV profile (229 and 281 nm) any modification almost

certainly occurs on the purine.

An individual adult Doriopsis, which had just finished laying eggs in a laboratory aquarium and

appeared to be carrying no more eggs internally, was also examined by analytical HPLC. This animal

contained approximately a 1:1 mixture of lyxosyl-sulfinyl-MTA and the unknown compound previously

seen in egg masses (19.5 minl229 and 281 nm) as dominant metabolites. As this compound is not

seen in traces of fresh eggs (only old eggs) it seems likely the compound is present in the adult

rather than some remaining internal egg mass.

ln addition to the nucleosides discovered in the nudibranch Doris verrucosa by ltalian workers,

nucleosides have been isolated from three other Dorididae nudibranchs. Fuhrman and coworkers

isolated isoguanosine and 1-methylisoguanosine from Diaulula sandiegensis and Anisodoris nobilis

respectively.ss Cimino and coworkers have also isolated adenosine from the nudibranch Aglaia

depicta.ss Thus overexpressed nucleosides may play some vital role in the evolutionary success of

these organisms.

Due to concerns related to depletion of the local population, re-supply poses an issue and as such

many questions have been left unanswered. Clearly more research is required to complete this

project.

4.2.2.2 Cliona celata

This yellow boring sponge was collected from the exposed Auckland west coast beach, Maori Bay.

The sponge seems quite resistant to predation and is often dominant under overhangs on exposed

northern coasts. Crude extract of the sponge was found to be antifeedant against the cushion

starfish Patiriella regularis. However this activity diminished with time, and fractionation, due to the

decomposition of the active compound(s). The chemistry of Cliona celata has been studied in some

detail by Anderson, who reported the major metabolite clionamide to be quite unstable during normal

purification procedures.56 As it was feasible the observed antifeedant activity was due to clionamide,

no further action was taken.
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4.2.2.3 C ry ptocon c h u s porosus

This very large green, brown or orange butterfly chiton is unusual in that its (protective?) valves have

been all but completely covered by the leathery girdle. This chiton is present on both Auckland

coastlines and is a known consumer of ascidians such as Pseudodistoma novaezelandiae.sT As in

molluscs, loss or semi-loss of a protective shell usually equates with chemical defense it was thought

this chiton may have defensive natural products. While individuals were resistant to predation by

assorted echinoderms in a community aquaria, the crude extract of the organism had no detectable

antifeedant activity. The leathery girdle may therefore be implicated, perhaps in a synergistic

capacity, in defense against predation. Analytical HPLC analysis of the crude extract showed a

dominant metabolite (17.6 min/281 nm) which may also be present in the ascidian 96Tut1-2 from

Tutakaka. The metabolite could be concentrated by C18 flash chromatography (aqueous through to

methanol), with the aqueous methanol fraction (4}o/o) containing the compound of interest. 1H-NMR

of this metabolite was ambiguous and no further action was taken.

4.2.2.4 O n ch idella n ig ri ca ns

This pulmonate slug of aberrant morphology is found in large numbers, freely roaming, on rocks at

the barnacle and oyster level at Murrays Bay. Morton and Miller, in their landmark book on the New

Zealand sea shore, noted that "the thick rubbery integument contains protective glands whose

secretions gives immunity from predators."S8 This was supported by observations that live animals

were rejected by Patiriella regularis and were not attacked in a community aquarium. lreland and

Faulkner reported a metabolite, onchidal, that is the main component of the defensive secretion of

the opisthobranch mollusc Onchidella binneyi.ss Faulkner later stated that onchidal was present in

several other species of the Onchidetta genus.6o However, we found no evidence for the presence of

onchidal in Onchidella nigricans. A green oil, seemingly resistant to purification, was isolated using

conventional or reverse phase C18 column chromatography. The observed IH-NMR spectrum of this

oil was ambiguous due to the broad nature of all the observed resonances. Analytical HPLC on the

crude extract showed the major, almost exclusive, metabolite to be a non polar compound {27.6

min/238 & 275 (shoulder) nm). No further action has, as yet, been taken. Antifeedant assays on sea

birds would be relevant for this consistently exposed slug. To my knowledge no antifeedant work on

birds has been attempted and therefore such experiments may be quite novel.

4.2.2.5 Pleu robranchea novaezel and iae

This elusive, elegant naked pleurobranch collected at Murrays Bay was found to be resistant to

predation by Patiriella regularis and Evechinus chloroficus in laboratory aquarium. As only two small
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juveniles were ever collected, analysis was restricted to HPLC and 1H-NMR spectroscopy, with the

later being uninformative. Analytical HPLC indicated a large amount of homarine (87). While

possessing minor antifeedant activity against P. regularis, homarine has no antifeedant activity

against E. chloroticus or the fish Forsterygion varium. lt is therefore likely another defensive

metabolite is present in small quantities. lnterestingly the HPLC trace also suggested the presence

of fyxosyf-sulfinyl-MTA (106) (- 14 min/205 & 257 nm), isolated from Doriopsis flabellifera from the

same location. Notably lyxosyl-sulfinyl-MTA was the dominant metabolite in a fractionated sample of

D. flabellifera that was found to be antifeedant to E. chloroticus.

4.2.2.6 Lamellaria ophione

This internal-shell-bearing prosobranch lamellariid, collected at Murrays Bay, feeds on colonial

ascidians such as Distaplia fasmeriana and Drplosoma listerianum.ut This organism was resistant to

predation in an aquaria containing Patiriella regularis, Sfegnasfer inflatus and Evechinus chloroticus.

lndeed the organism was capable of inflicting pronounced "splaying" and "burnt" responses (see

Chapter 3) when escaping from P. regularis. Due to an extremely small collection (2 animals),

investigation was restricted to analytical HPLC. Previously isolated ascidian metabolites were

present in detectable amounts. Observed metabolites were 1,3-dimethylguanine (89) as well as

Pearce's unidentified Pseudodistoma sp. metabolite, or its antipode. On debatable HPLC evidence,

lyxosyl-sulfinyl-MTA (106) may also be present. There was no HPLC UV spectral evidence for the

presence of the lamellarian class of alkaloids, thought to be sequestered from ascidian prey, that are

commonly seen in related molluscs.62'63 A dichloromethane soluble fraction of the crude extract,

prepared by aqueous fractionation possessed no antifeedant activity.

4.2.2.7 Miscellaneous Observations

The crude extract of the soft coral Alcyonium aurantiacum collected at Maori Bay possessed no

antifeedant activity against Patiriella regularis.

Crude extracts of the Murrays Bay limpets Tugali elegans and Scufus breviculus, both of which have

vestigial shells, possessed no P. regularis antifeedant activity. These two limpets both contained

homarine by analytical HPLC.

The nudibranch Aphelodoris luctuosa, collected by SCUBA south of the Leigh Wharf gave a HPLC

profile that suggested the presence of phenolic compounds that are also commonly present in our

ascidian collection.
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The nudibranch Archidois wellingtonensis collected at Maori Bay, like Donbpsis flabeilifera, is a
consumer of sponges Hatichondia and Hymeniacidon.s8 However HPLC analysis of this nudibranch

showed the nudibranch to possess a very different metabolite profile to that observed for Donopsis

flabellifera. Apart from the homarine, present in large amounts, no other metabolites were

identifiable. Unlike other nudibranchs investigated, this species possessed a large number of non-

polar components.

A single unidentified small (5 mm x 15 mm) dark purple intertidal (Murrays Bay) sea cucumber gave

an unusual HPLC profile but insufficient sample prevented further analysis.
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Summary of Section 4.2: Chemical Studies of Gommon Auckland Intertidal

Invertebrates

r Preliminary investigation into the chemistry of the nudibranch Donbpsrs flabellifera has led to the

isolation of 2 optically active 9-(5-S-methyl-5-sulfinyl-lyxofuranosyl)-9H-purin-6-amine (lyxosyl-

MTAS) nucleosides. This is the first report of any lyxosyl-MTAS nucleoside as either a natural or

synthetic product. Further HPLC studies suggests that these nucleosides may also be present in

the naked pleurobranch Pleurobranchea novaezelandrae collected from the same location.

o HPLC-based screening of various Auckland-collected invertebrates has led to the compilation of a

small library of metabolite profiles which may be useful in elucidating ecological interactions

between organisms.
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Experimental for Work Described in Ghapter 4

See Chapter 2for general experimental details.

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 Chris Battershill.

o Non-ascidian material was collected by hand from intertidal shallows unless otherwise stated.

Specific identifications of non-ascidian material were made by the author and Professor Michael

Miller (University of Auckland).

General Procedure For Extraction

The material to be extracted was freeze dried and extracted with either: (1) Methanol, followed by

methanol/dichloromethane (4:1 ) or (2) methanol/dichloromethane (9:1 ) or (3) methanol for 72 h. The

combined extracts were filtered and the solvent removed under reduced pressure at temperatures

less than 40 oC.

Work on Cnemidocarpa bicornuta

The ascidians were freeze dried (dry weight 16.97 g) and extracted with methanol/dichloromethane

(10:1, 170 mL) Ior72 h, afterwhich the extractwas filtered and the solvent removed under reduced

pressure (total extract after desalting once with methanol; 980 mg). A portion of the crude extract

(213 mg) was subjected to C18 flash chromatographyla (aqueous through to methanol) with the

aqueous methanol (A-25%) fraction containing the compounds of interest. This fraction was further

separated on a column of Sephadex LH-20, eluting with methanol to give 1,3-dimethylisoguanine

(90) (fraction 3) in near purity. 1,3-Dimethylisoguanine was further purified by semipreparative HPLC

{aqueous TFA(0.05%)/ methanol (10:1, 5.5 mL/min)} yielding pure product (white solid 21 mg; 0.48%

dryweight). Sephadex column fraction 4 was further purified on a reverse phase C18 flash column

(aqueous through to methanol) with the aqueous methanol (25-50%) fraction containing impure 2-(3'-

bromo-4'-hydroxyphenol)ethanamine (91), which was further purified by semipreparative C18 HPLC

{aqueous TFA (0.05%)/methanol (1:1, 2.0 mUmin)} yielding 2-(3'-bromo4'-

hydroxyphenol)ethanamine as the TFA salt (2.35 mg, 0.015% dry weight).
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1,3-Dimethylisoguanine (90)

t- , MS: DEr m/z (%) i7g (M+, 100), 150 (60), 13s (s), 121 (30),94 (20), Bs (5),68
)N--PN*' ,.'t 1 ) \,5),53 (15),45 (25). Anal. (exact mass, HREIMS) calcd for CTHeN5O m/z

otT^il'n 1zg.oeo7, found 179.0805;

lR: vrr, (smear) 2921 ,2855, 1679, 1462, 1201 , 1 1 36, 803, 720 cm-1;

UV (CH3OH): 1,", (log e) 201.2 (3.7),294.8 (3.3);
tH NMR (400 MHz, cD3oD) 6 = 7.s3 (1H, s, H-g, HMBG c-4, c-s), 3.s6 (3H, s, N-1-Me, HMBC c-2,

C-6), 3.52 (3H, s, N-3-Me, HMBC C-2, C4);
ttc NMR (100 MHz, CD3OD) 6 = 152.51 (obsc, C-2), 152.51 (obsc, C-6), 151.39 (d, J = 203, C-8),

150.07 (s, C-4), 111.58 (m, C-5), 31.54 (q, J = 142, N-1-Me), 31.18 (q, J = 142, N-3-Me),
1H NMR (400 MHz, (CD3)2SO) 6 = g.40 (1H, broad s),7.42 (1H, s, H-g),3.45 (3H, s, N-1-Me),3.40

(3H, s, N-3-Me);
ttc NMR (100 MHz, (cD3)2so) 6 = 1s0.33, 150.32, 149.63, 14g,32,110.s2,30.40, 30.1g.

2-(3'-Bromo-4'-hydroryphenol)ethanami ne (91 )

oH MS: DEI m/z(%)2171215 (M+; 1:1, 15), 188 (60), 187 (30), 186 (60), 185 (30), 135

u,#f.Pt (10), 102 (40), 10s (25),91 (10),78 (40),77 (90),63 (30), s1 (100),46 (60),39 (30).

u'V'' Anal. (exact mass, HREIMS) calcd. for C6HlsNO81Br m/z 216.9925, found 216.9917.

, \ ., Anal. (exact mass, HREIMS) calcd for CsHlsNOTeBr m/z 214.9946, found 214.99M;

t{Hz lR: vr"* (smear) 3147 (broad),2924,1673, 1499, 1381, 1203, 1177,1131,838, 815,
91 8oo,T22 cm-1;

UV (CH3OH): I,", (log a) 202.7 nm (4.4), 282.7 (3.3);
tH NMR (400 MHz, cD3oD) 6 = 7.3g (1H, d, J = 2.1, H-2', HMBC c-2, c-4', c-3', c-6') , 7.07 (iH,
dd, J = 8.3, 2.1, H-6', HMBC C-2, C-4', C-2', C-5'), 6.87 (1H, d, J = 8.3, H-5', HMBC C-3', C-l'), 3.11

(2H, t, J = 7.7, H-1, HMBC C-2, C-1'),2.84 (2H, t, J = 7.7, H-2, HMBC C-1, C-2', C-6')'
ttc NMR (100 MHz, cD3oD) 5 = 154.76 (0, c-4'), 134.36 (1, c-2'), 1s0.24 (0, c-1'), 130.02 (1, c-6'),

1 17.66 (1, C-5'), 11 1.16 (0, C-3'), 42.00 (2, C-1), 33.36 (2, C-2);
t3C NMR (Synthetic material 100 MHz, CD3OD) 6 = 154.69 (m, C-4'), 134.34 (dm, J = 162, C-2'),

130.29 (m, C-1 '), 130.03 (dm, J = 160, C-6'), 117 .65 (d, J = 162, C-5'), 111 .13 (m, C-3'), 41 .99 (t, J =

144, C-1), 33.33 (J = 127, C-2).
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2-(3',5'-Dibromo-4'-hydroryphenol)ethanamine (93)

Prepared as detailed in reference 22.

MS: FAB m/z (Yo) 29812961294 (M+; 1:2:1 , 100), 289 (40), 28112791277 (1:2:1, 4O).

Anal. (exact mass, HRFABMS) calcd. for CgH16NO81Br2 m/z 2gZ.g08B, found

297.9111. Anal. (exact mass, HRFABMS) calcd for CeH1gNO81B/eBr m/z

NH, 295.9109, found 295.9117. Anal. (exact mass, HRFABMS) calcd for C6H1sNO7sBr2

m/z 293.9129, found 293.9121;

UV (CH3OH/H20(TFA 0.05%) 1:1): 1.,",205.4 nm,290.4;
THNMR(400MHz,D2O) 6 =7.51(2H,s,H-2'andH-6'),3.25(2H,t,J=7.2,H-1),2.g3 (2H,t,J=
7.3,H-2):
t3c NMR (100 MHz, D2o) 5 = (c-4'not observed), 1gz.4s ('t, c-z' and c-6'), 1g1.g7 (0, c-1'),

1 10.95 (1, C-3' and C-5'), 40.08 (2, C-1), 31 .09 (2, C-2).

Work on 97MO1-l

The ascidians were freeze dried (dry weight 39.83 g) and extracted with methanol/dichloromethane

(10:1,220 mL) for72 h, followed by methanol (250 mL) for 24 h. The combined extracts were filtered

and the solvent removed under reduced pressure (total extract after desalting once with methanol;

4.01 g). A portion of the crude extract (200 mg) was subjected to C18 flash chromatography

(aqueous through to methanol) with the aqueous methanol (30-50%) fraction containing the

compound of interest. 1,3-Dimethylguanine (89) was further purified by semipreparative C18 HPLC

{aqueous TFA(0.05%)/methanol (14:1,6.0 ml/min)} yielding pure product (white solid 7 mg, equates

to 0.35% dry weight).

1,3-Dimethylguanine (89)

? _ . MS: DEt m/z (%) 1Tg (M+, 100), 1s0 (20), 137 (s), iz4 (20),110 (s), 9s (20), 82

)r,r P\' ,| | 1 ) i5), 68 (25), 57 (10), 53 (10), 45 (20). Anal. (exact mass, HREIMS) calcd for

Hr.rf ryA$s cTHeNso m/z 179.0807, found 179.0808;

UV (CH3OH):I,", (log e) 200.8 (3.7), 262.8 (3.3);
1H NMR (400 MHz, (cD3)2So) 6 = g.13 (1H, s, H-g, HMBC c-4, c-s),4.10 (1.5H, broad s),3.65 (3H,

s, N-3-Me, HMBC C-2, C-4),3.39 (3H, s, N-1-Me, HMBC C-2, C-6);
ttcNMR(100MH2,(cD3)2so) 6=152.02(s,c-6), 1s1.37 (s,c-2), 147.26(d,J=g,c-4), 142.03

(d, J= 213, C-8), 1A7.43 (d, J= 7, C-5),32.38 (q, J= 143, N-3-Me),29.31 (q, J= 143, N-1-Me);
tH NMR (400 MHz, cDcl3/cD3oD) 6 = 7.g3 (1H, s, H-g),3.g4 (3H, s, N-3-Me),3.s6 (3H, s, N-1-Me);
ttc NMR (100 MHz, cDcr3/cD3oD) D = 151.7s (c-2), 1s1.Ts (c-6), 146.99 (c-4), 141.30 (c-8),

107.80 (C-5), 32.67 (N-3-Me), 29.51 (N-1-Me);
tH NMR (200 MHz, D2o) 6 = g.14 (1H, s, H-g),3.g5 (3H, s, N-3-Me),3.60 (3H, s, N-1-Me).
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Work on 28581

A single ascidian specimen was freeze dried (dry weight 1.66 g) and extracted with methanol (3 x 15

mL) and then dichloromethane (15 mL) (each extraction 24 h). The combined extracts were filtered

and the solvent removed under reduced pressure. The crude extract was subjected to C18 flash

chromatography (aqueous through to dichloromethane, via methanol) with the methanol fraction

containing the compounds of interest. The methanol fraction was further fractionated on a column of

Sephadex LH-20, eluting with methanol. The last two fractions off the column were an intense

yellow. The first of these two fractions contained rubrolides B and C and these compounds were

separated by semipreparative C18 HPLC {aqueous TFA(0.05%)/methanol (1:9, 3.0 mUmin)} yielding

two yellow solids; rubrolide C (3.1 mg, 0.19% dry weight) and rubrolide B (9.0 mg,0.54o/o dry weight).

The second intense yellow fraction obtained from the Sephadex LH-20 column contained rubrolide A.

This fraction was subjected to C18 flash chromatography (aqueous methanol 80% through to

methanol) with aqueous methanol (95-100%) fraction containing rubrolide A (17 mg, 1.0% dry

weight).

Rubrolide A

UV (CH3OH/H20(TFA 0.05%) 9:1): 1"r", 205.4 nm,257.2,357.2:
1H NruR (400 MHz, (cD3)2So) 6 = 10.50 (1H, broad s, oH),8.07

(2H, s, H-2" and H-6'),7.79 (2H, s, H-2'and H-6'),6.63 (1H, s, H-

H 2),6.36 (2H, s, H-5);
13c NMR (100 MHz, (cD3)2so) 6 = 167.78 (c-1), 1s4.99 (c-3),

152.90 (c-4'),151.66 (1, c-4"), 146.46 (c-4),134.19 (c-2" and c-6"), 132.41 (c-2'and c-6'), 127.30

(C-1"), 123.35 (C-1'), 114.29 (C-2),112.18 (C-3'and C-5'), 111.94 (C-3" and C-5"), 110.20 (C-5).

Rubrolide B

Anal. (exact mass, HRFABMS)

m/z 627.6737, found 627.6740:

MS: DEI m/z e/") 6341632163016281626 (M+; 341821100158/18;

theoretical 311811100/60/14), 538 (12), 5311529 (1:1 , 25l- Anal.

(exact mass, HRFABMS) calcd. for C17H7Oa81Br.teBr3sCl m/z

631.6705 and C17H7o ottBr2TnBr2t'Cl m/z 631.669b, found 631.6695.

Anaf. (exact mass, HRFABMS) calcd. for C17H7O outBrr'nBrr3'Cl m/z

629.6725 and C17H7O.81BrtsBrr3',Cl m/z 629.6716, found 629.6718.

calcd. for clTHTooslBrtnBrrtucl m/z 627.6746 and C17H7oa7eBro37cl

UV (CH3OH/H20(TFA 0.05%) 9:1): 1","* 214.8 nm,262.0, 357.2;
tH NMR (400 MHz, (CD3)zSO) 6 = 10.60 (1H, broad s, OH), g.06 (2H, s, H-2" and H-6'), 7.74 (2H, s,

H-2'and H-6'),6.33 (1H, s, H-5);

'3c NMR (100 MHz, (cD3)2so) 6 = 163.40 (s, c-1),1sz.gz(m, c-4') 1s1.g (broad, m, c-4"), i47.18
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(m, C-3),145.13 (d, J = 10, C4), 134.27 (dm, J = 165, C-2" and C-6"), 13279 (dm, J = 169, C-2' and

C-6'), 126.69 (m, C-1 "), 120.91 (m, C-1 '), 1 17.69 (s, C-2), 112.09 (broad/obsc, C-3' and C-5'), 112.09

(broad/obsc, C-3" and C-5"), 111.39 (broad/obsc, C-5).

Rubrolide C

Br

MS: DEI Nz (Yo) 44014381436 (M+; 1:2:1,100), 303/301 (1:1, 8),

29412921290 (1:2:1, 10). Anal. (exact mass, HRFABMS) calcd. for

C17H1sOa81Br2 m/z 439.8905, found 439.8913. Anal. (exact mass,

HRFABMS) calcd. for C17H16Oa81B/eBr m/z 437.8925, found

437.8951. Anal. (exact mass, HRFABMS) calcd. for C17H16O o"Br,
m/z 435.8946, found 435.8912;

UV (CH3OH/H20(TFA 0.05%) 9:1): l"r"* 214.8 nm, 262.0, 357 .2;

tH NMR (400 MHz, CDCI3/CD3OD) S = 7.96 (2H, s, H-2" and H-6'), 7.43 (2H, d, J = g.5, H-2' and H-

6'),6.93 (2H, d, J = 8.4, H-2'and H-6'),6.20 (1H, s, H-2),6.18 (1H, s, H-5);
ttc NMR (100 MHz, cDcl3/cD3oD) 5 = 170.70 (d, J = g, c-1), 161.23 (m, c4') 160.31 (s, c-3),

149.04 (d, J= 9, C-4"),145.13 (d, J= 10, C4), 135.39 (dt, J= 168,7,C-2" and C-6"), 131.30 (dd, J=
160, 8, C-2' and C-6'), 128.82 (s, C-1"), 122.28 (d, J = 9, C-1'), 117.01 (dd, J = 160, 5, C-3'and C-

5'), 113.02(d,J=183,C-2),112.26 (d,J=3,C-3"andC-5"), 112.04 (dt,J=160,5,C-5).

Work on 96TA1-8

The ascidians were treeze dried (dry weight 45.6 g) and macerated with methanol and the extract

was filtered and the solvent removed under reduced pressure. The crude extract was subjected to a

modified Kupchan partition.az The antiviral activity, present in the crude extract was found to be

present in the carbon tetrachloride, chloroform and n-butanol fractions. The active fractions were

combined (total active extract of 725 mg) and a portion of the active crude extract (20 mg) was

subjected to C18 flash chromatography (aqueous through to dichloromethane, via methanol).

Antiviral activity was found exclusively in the methanol fraction ant this was subjected to LH20

Sephadex gel column chromatography and three fractions were collected. The antiviral activity was

traced to the third fraction. Analytical HPLC traces of this fraction are shown on the next page.

6"
,o
4

OH
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Work on 96BR2-1

The ascidians were freeze dried (dry weight 1 .1 g) and extracted with methanol for 24 h. The extract

was filtered and the solvent removed under reduced pressure (total extract 166 mg). The crude

extract was subjected to C18 flash chromatography (aqueous through to methanol) with the aqueous

fraction containing adenine. Adenine was further purified by semi preparative C18 HPLC {aqueous

TFA(0.05%)/methanol (9:1,2 mUmin)) which yielded a white solid (9 mg, equates to 0.82o/o dry

weight).

Adenine

MS: DEI m/z (%) 135 (M+, 100), 108 (35), 81 (15), 54 (15). Anal. (exact mass, HREIMS) catcd for

CsHsNs m/z 135.0545, found 135.0550;

UV (H20(TFA 0.05%)): l.*",262.0 nm;
tH NMR (400 MHz, (CD3)2SO) 6 = 8.13 (2H, broad), 7.51 (1H, broad),7.3g (1H, broad), 7.2g (1H,

broad);
t3c NMR (100 MHz, (cD3)2so) 6 = 1b8.41 (c-6), 1b8.13 (c-2), 157.80 (c-4), 139.73 (c-8), 115.76

(c-5);
tH NMR (200 MHz, D2o) 6 = 8.46 (1H),8.41 (1H);
ttc NMR (100 MHz, D2o) 6 = 1s0.s9 (c-6), 149.14 (c-b), 14s.18 (c-z), 143.40 (c-B), 114.79 (c-5).

Work on Doriopsis flabellifera

Nudibranch material was freeze dried and extracted twice with methanol/dichloromethane (4:1) for 24

h. The extract was filtered and the solvent removed under reduced pressure. The crude extract was

subjected to C18 flash chromatography (aqueous through to methanol) with the aqueous methanol

(50%) fraction containing the two nucleosides of lyxosyl-sulfinyl-MTA (106). The two nucleosides of

lyxosyl-sulfinyl-MTA were separated by semipreparative C18 HPLC {aqueous TFA(0.05%)/methanol

(9:1, 5.0 ml/min)) which yielded two clear-white solids, lyxosyl-sulfinyl-MTA nucleoside A (white solid

3.2 mg, equates to 1.26% dry weight) and lyxosyl-sulfinyl-MTA nucleoside B (white solid 6.3 mg,

equates to 2.5o/o dry weight).

Lyxosyl-sulfinyl-MTA nucleoside B (Arbitrarily drawn as a B-D-lyxofuranosyl.)
MS: FAB m/z(%) 314 (M+, 100), 165 (80). Anal. (exact mass, HREIMS) calcd for

C11H16N5OaS m/z 314.0923, found 314.0907;

UV (CH3OH/H20(TFA 0.05%) 1:9): 1"r"" 205.4,257.2 nm:

[a]o = + 5.70 (c 0.315, CH3OH);
tH NMR (400 MHz, cD3oD) 6 = 8.57 (1H, s, H-2, HMBC c-6), g.40 (1H, s, H-g),

6.13 (1H, s, H-1', HMBC C4, C-8, C-2', C-3'), 4.77 (1H, obsc, J = 9.9, H-4'),4.44

(1H, s, H-2', HMBC C-1', C-3', C4'), 4.17 (1H, d, J = 2.2, H-3', HMBC C-1', C-2',

Tn't*{-f-ru.{
g r(,u.!lo-ry1*

,.s_., t l-6' 
lffi*"-;rl'.
Hrl-frg

l3' z'l
HH



NHrt-

j5Ti'
6';'Fr"rt

HH

C-3'), 3.43 (1H, t, J = 10.6, H-S'a, HMBC C4'), 3.19 (1H, dd, J = 13.7, 2.0, H-s'b, HMBC C-6'),2.74
(3H, s, SMe/H-6', HMBC C-S');
ttc NMR (100 MHz, cDsoD) 6 = 1b2.41 (m, c-6), 149.76 (m, c-4), 146.24 (d, J = 216, c-z\,144.31

(d, J = 221, C-8), 120.06 (m, C-5), 92.35 (dd, J = 189, 4, C-1'), B21O (d, J = 1SS, C-2'), 79.96 (dm, J

= 152, C4'), 77 .76 (d, J = 154, C-3'), 55.55 (t, J = 176, C-5'), 39.41 (q, J = 183, SMe/C-6');

NOESY (400 MHz, CD3OD, non-degassed, mixing time (d8) 800 ms (the same correlations are also

apparentwith a mixing time of 400 ms)) 6 = H-9: H-1'(weak); H-1': H-g (weak),H-2',H-4';H-2'i H-

Z: H-1', H-3'; H-3'; H-2',H-4', H-S'b (weak); H-q; H-1', H-3', H-S'a (weak), H-5'b; H-|'ai H4'
(weak), H-s'b, H-6' (weak); H-5'b; H-3' (weak), H-4', H-5'a, H-6' (weak): H8; H-S'a (weak), H-S'b

(weak).

Lyxosyl-sulfinyl-MTA nucleoside A (Arbitrarily drawn as a B-D-lyxofuranosyr.)
MS: FAB m/z (%) 314 (M+, 100), 250 (20). Anal. (exact mass, HRETMS) calcd for

CjrHl6NsOqS rn/z 314.0923, found 314.0916;

UV (CH3OH/H20(TFA 0.05%) 1:9): 1.,", 205.4,257.2 nm;

[a]o = - 11.30 (c 0.159, CH30H);
tH NMR (400 MHz, cD3oD) 6 = g.52 (1H, s, H-2), g.36 (1H, s, H-g),6.10 (1H, s,

H-1'),4.82 (obsc, H4'), 4.45 (1H, s, H-2'), 4.19 (1H, dd, J = 3.2, 0.8, H-3'), 3.41

(1H, dd, J = 14.0,4.6, H-5'a) 3.30 (obsc, H-s'b), 2.74 (3H, s, SMe/H-6');
13c NMR (100 MHz, cD3oD) 6 = 1s3.28 (c-6), 147.g2(c-4), 147.s1(c-2), 143.93 (c-B), 1zo72 (c-
5),92.60 (C-1'), 82.43 (C-2'),79.19 (C-4'),77.77 (C-3'), 53.11 (C-S'),38.53 (SMe/C-6').
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Appendix 4. lH and 13c NMR spectra of selected Natural products

1,3-Dimethylisoguanine (90, (CD3)2SO).
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1,3-Dimethylguarrine (89, (CD3)2SO).
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2-(3'-Bromo-4'-hydroryphenollethanamine (9i, CD3OD).



I lTa- \'/ \/\l \/

Rubrolide A ((CD3)2SO).

258



8.5

Rubrolide B ((CD3)2SO).
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Rubr.olldeC(0u_-O/CDaOD).
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Lyxosyl-sulfinyl-MTA nucleoside B (106, CD3OD).
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Lyxosyl-sulfi nyl-MTA nucteoside A (1 06, CD3OD).
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