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ABSTRACT
The search for potential anti-tumour compounds from marine sources has
covered many areas of research.
Initial investigations were made to ascertain any drug mode of action
information contained in the readings of our in-house antiviral/cytotoxicity
assays. These results, utilising clinical drugs with known modes of action,
failed to indicate any obvious correlations.
The extract of a New Zealand ascidian, Aplidium species D, was studied
because extracts prepared from it always exhibited a wide range of biological
activities. Bioassay directed fractionation led to the isolation of a novel
metabolite cts-5-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane, trtthiane A. The structure was solved by extensive use
of mass and NMR spectroscopy. The compound was found to be stable in
acidified solutions, but under alkaline conditions was observed to
interconvert to the 4-epi derivative, trithiane B and to decompose to 2vanilloyl imidazole. Two competing base catalysed mechanisms were
proposed to account for these observations. The relative stereochemistries
of trithiane A and B were established by 1 H NMR NOE experiments,
application of the modified Karplus equation and molecular mechanics
modelling. Numerous attempts were made to crystallise trithiane A and to
make crystalline derivatives. Only one reaction, oxidation to the monosulphoxide, gave any isolable products. The trithianes were found to be
cytotoxic to both BSC monkey kidney cells and P388 leukemia cells and
modestly inhibitory to bacteria and fungi. No efficacy against in vitro viruses
was observed.
A study based upon the chemical modification of discorhabdin C was carried
out in order to produce compounds with more effective in vivo activity than
discorhabdin C and to explore the structural features that could be
responsible for the observed bioactivities of the discorhabdins. To this end,
a new discorhabdin, E, was isolated and identified and six new derivatives
were synthesised and characterised. Analysis of the biological activities of
the discorhabdin derivatives suggested that structural features of ring E and
possibly electron distribution changes in the iminoquinone moiety were
responsible for the observed bioactivities.
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1.1 Cancer.
Cancer is not a single disease. Cancer is simply a word that is used to cover
a number of different diseases which have a diverse range of causes. The
word cancer still evokes much fear, in some cases far more than it should.
Extensive world-wide research, both government and private funded, is
being conducted into the causes of cancer and how to fight it. Here in New
Zealand, the Cancer Society of New Zealand has a wide range of
investigations underway into cancer and related subjects.l,2,3 These
projects cover a wide range of technical fields including possible dietary
and environmental factors that can lead to a higher incidence of cancers,
genetic expression that can cause cancer, and anticancer drug design and
development. Such a broad-based multi-disciplinary approach is required
for a well balanced investigation of cancer since the more that is known
about the causes and proliferation of cancers in humans, the greater the
likelihood that new methods will be developed for its prevention and cure.
Cancer occurs when some cells in the body become abnormal and act in an
uncontrolled way. Localised regions of cancer cells are termed a tumour,
and can be caused by processes that include dietary factors, chemical
carcinogens and genetic mutations. When the cell mutates, it becomes
cancerous, and multiplies at an ever increasing rate. Left unchecked, the
organ in which the cancer growth resides is prevented from functioning in
the proper manner. Quite often the cancer cells will break away from the
primary tumour and travel through the bloodstream to other remote parts of
the body. Here they may settle and form new colonies called metastases.
These too can inhibit the correct functioning of their 'host' organ.
The human body is made up of at least IQ15 cells, of which there are
hundreds of different cellular types. Since each of these cell types can
potentially mutate and turn cancerous, it subsequently follows that there are
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numerous different types of cancer, for example breast cancer is a different
disease from cancer of the brain. In turn, a single organ is comprised of
many different types of cells so there is the possibility of different types of
cancer occurring within the same organ.
Despite the apparently overwhelming task of finding methods of arresting
the advance of cancerous diseases, three methods are currently available.
These are the surgical removal of the cancerous lesion, radiotherapy and
chemotherapy. The type and location of an individual patient's cancer
growth(s) may however preclude the use of some of these methods. In
order to completely remove all the cancerous cells from the patient. a
typical treatment regime will involve a combination of treatment methods,
for example, surgery followed by radiotherapy or chemotherapy.

1.2 The Chemotherapy of Cancer.
The term chemotherapy was first used by Paul Ehrlich (1854-1915) who
defined it as "the use of drugs to ~njure an invading organism without
injuring the host".4 In the specific case of cancer chemotherapy, the goal is
to destroy only those mutant cells that are inhibiting the correct functioning
of the patient's body and to leave all other cells untouched. A brief look at
the history of cancer chemotherapy shows that most of the progress to date
has occurred within the last 10 to 15 years.

1.2.1 The Past.
Despite the use of chemotherapy in diseases caused by parasites, bacteria
and fungi being available since the 1890's, the attempted control of cancer
by chemotherapy did not come into being until the medicinal use of the
chemical warfare nitrogen mustards in the 1940's.5,6 It was found that
these compounds were of value in treating Hodgkins Disease and various
other diseases of the lymph glands. 7 Subsequent progress was slow until
chemotherapy's "coming of age" in 1974 with the introduction into clinical
use of the drug doxorubicin. 8 This compound, an antibiotic produced by a
streptomyces microorganism, has proven to be the first truly broad
spectrum anticancer drug. The finding of doxorubicin and the subsequent
chemical modification program will be discussed more fully in Section 1.3.
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By the mid-1970's, chemotherapy, on its own or in combination with other
methods, had helped to extend the life (and in some cases effected an
actual cure), of many cancer patients. The diseases most readily put into
remission were leukemias, Hodgkins Disease and testicular I ovarian
cancers.2,9 As an example of the progress achieved, it is pertinent to note
that in 194 7 children with acute leukemia had a 2 to 4 month life
expectancy but by the late 1970's over half of such patients had at least a 5
year survival rate. 9

1.2 .2 The Present.
The majority of cancer chemotherapy drugs available today are either
natural products or the result of years of synthetic modifications to natural
products. This is typified by the range of cancer chemotherapy drugs
available at the end of 1988 in New Zealand.10,11 These drugs and their
sources are summarised in Table 1. 1. Of the 28 drugs available, 11 are
natural products or minimally modified derivatives. The 17 remaining
compounds are either extensively modified natural products or purely
synthetic compounds arising from the synthetic modification studies of but
a few anticancer compounds i.e. lead compounds. This highlights the
importance of chemically modifying a novel active compound in order to
elicit from it the maximum chemotherapeutic benefit.
A common feature of many tumours is their high rate of cell proliferation.
This phenomenon is exploited by most of the existing anticancer drugs. 12
The drugs target the deoxyribonucleic acid (DNA) of cells and interfere
with its synthesis or expression and in this way stop cell replication. Due
to their fast replication, the cancer cells have little time to effect any
repairs to the damaged DNA, however, normal slowly replicating cells have
time enough to repair their DNA and so suffer little disturbance from the
anticancer drugs.
The modes of action of the 28 anticancer drugs available in New Zealand
each fall into one of four broad classes: antimetabolites, alkylating agents,
intercalators and mitotic inhibitors (see Table 1.1).
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Table 1.1

Anticancer drugs available in NZ, their original sources and
modes of action.

Drug

Structure

Origin

Mode of action a

5-fluorouracil

1.1

Synb

AMe

6-mercaptopurine

1.2

Actinomycin D

1.3

Syn
N.p. c

AM
Alkf

Aminoglutethimide

1.4

Syn

AM

Amsacrine

1.5

Syn

DNAg

Bleomycin

1.6

N.p.

DNA

Busulphan

1.7

Syn

Alk

Carboplatin

1.8

Syn

Alk

Carmustine
Chlorambucil

1.9

Syn

AM

1.10

Syn

Cyclophosphamide
Cytosine arabinoside

1.11

Daunorubicin
Dihydro busulphan
Epirubicin

1.13

Syn
Syn
N.p.

Alk
Alk

1.14

Syn
M.n.pd

Etoposide

1.15

M.n.p

DNA
DNA

Hydroxy urea

1.16

Syn

AM

N.p.

AM

Syn
Syn

AM
AM

1.12

L-asparaginase

AM
DNA
Alk

Lomustine
Melphalan

1.17

Methotrexate

1.19

Mitoxantrone

1.20

Syn
M.n.p

Teniposide
Thio-Tepa

1.21

M.n.p

DNA

1.22

Syn

Alk

Thioguanine

1.23

Vinblastine

1.24

Syn
N.p.

AM
Mrh

Vincristine

1.25

N.p.

MI

Vindesine

1.26

N.p.

MI

1.18

Alk
DNA

a see text; b Syn: Synthetic; c N. p: Natural product;
d M.n. p: Modified natural product; e AM: Antimetabolite;
f Alk: DNA alkyaltor; g DNA: DNA intercalator; h MI: Mitotic inhibitor.
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1.2 6-mercaptopurine

1.1 5-fluorouracil
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0
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1.11 Cyclophosphamide

0

1.12 Cytosine arabinoside

OH
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0

1.13

CH3
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CH2 0H

(R)-OH
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0

----t

1.15

0
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s

1.21

8

1.16 Hydroxy urea

1.19 Methotrexate

1.20 Mitoxantrone

1.22 Thiotepa

1.23 Thioguanine

9

R'

R"

1.24 R= -CH3
1.25

R:::: -CHO

1.26

R= -CH3

-OH

Antimetabolites are compounds that closely resemble substrates used in

cellular function and/or replication. However, when these compounds are
used by the cells in place of the correct substrate, they do not perform the
same function and hence disrupt the correct functioning of the cell.
Examples of antimetabolites include 5-fluorouracil (1.1), which is used to
interfere with processes involving uracil (which include DNA replication)
and methotrexate (1.19), which disrupts DNA replication by stopping the
production of the necessary pyrimidine bases.
Alkylating agents act by forming covalent bonds between strands of DNA,
which inhibits cellular replication and subsequently causes cell death.
Intercalating drugs are generally planar molecules which interfere with DNA
replication by 'sliding' between the DNA base pairs. Another part of the
drug then binds electrostatically to a proximate region of the DNA strand
thereby locking the DNA strand and preventing its replication.
Intercalating drugs can also interfere with enzymes involved with the
replication of cellular DNA. i.e. Topoisomerase inhibitors.
Mitotic inhibiting drugs are just that, they prevent the chromosomes in the
cells from segregating in preparation for mitosis (cell replication),
subsequently leading to the death of the cell.
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Unfortunately, there are regions of rapidly dividing cells present in a
normally functioning human body, for example hair follicles, teeth gums,
gastrointestinal tract and bone marrow. These cells are attacked
indiscriminately by the anticancer drugs, leading to the loss of functioning
of these cells and hence the well known side effects of cancer
chemotherapy which include hair loss, internal bleeding and immune
system depression.
For a variety of reasons the types of cancer most studied have been the
leukemias and progress is being made in that area. The types of cancer
under the least amount of control are the solid tumours. These tumours
occur in remote body sites and contain large numbers of slowly dividing
cells, for example as in the lungs, colon, and brain. Recent research2 has
shown solid tumours to possess several unique features compared to
normal cells, including poor blood drainage, lower pH and prolonged
oxygen starvation (hypoxia). Keeping in mind these unique features,
rational drug design is being applied in the Auckland Cancer Research
laboratories in an attempt to produce drugs that are selectively toxic to
solid tumour cells.3,12,13

1.2.3 The Future.
With the good curative activities obtained against tumours possessing fast
replicating cells, more attention is now being paid to the chemotherapy of
solid tumours. This is the result of two demands. The first is the very poor
curative activity of currently available anticancer drugs to solid tumours.
This is in part due to the different architecture of solid tumours as opposed
to fast replicating tumours. The second demand is for anticancer drugs
that do not produce the deleterious side effects common to today's cancer
chemotherapy drugs.
The requirements for new compounds possessing novel mechanisms of
cancer toxicity must be met by a combination of natural product and
synthetic chemistry studies. The continued screening of the diverse range
of compounds isolated from natural sources against solid tumour cell lines
will inevitably yield compounds possessing the desired solid tumour
toxicities. These new lead compounds and their synthetic derivatives will
undoubtably constitute the arsenal of future cancer chemotherapy regimes.
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1.3 Daunorubicin: an Anticancer Drug Case Study.
An exemplacy case of the realisation of the full chemotherapeutic potential

of a natural product is the histocy of the anticancer drug daunorubicin
(1.13). In the mid 1950's, Farmitalia, an Italian pharmaceutical company,
introduced a program to study novel compounds produced from new strains
of microorganisms isolated from samples of soil collected from all over the
world.l4
One particular strain of microorganism, Streptomyces peucetius, gave a red
coloured antibiotic that was named daunomycin (1.13) (the name was later
changed to daunorubicin). The overall chemical structure of daunorubicin
was determined by Arcamone et al. in several steps. The first two steps
involved the separate structural determinations of the aglyconel5 and the
associated amino sugarl6 by a combination of spectral and chemical
modification methods. The position of the glycosidic linkage and the overall
stereochemical assignment were established several years later.l 7 · 18
Initial biological testing of daunorubicin indicated vecy promising potential
as an anticancer drug, despite the observation of high levels of dose related
toxicity to heart cells. 8
Concurrent with the biological evaluation of daunorubicin, a new variant of
Streptomyces peucetius called S. peucetius var. caesius, yielded a closely
related compound called adriamycin (1. 2 7). 19 This compound was
subsequently renamed doxorubicin.

1. 27 Doxorubicin (Adriamycin)
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Extensive clinical evaluationS indicated doxorubicin to be about twice as
effective an anticancer agent as daunomycin and this was despite the only
structural difference between the two compounds being a hydroxyl group at
C-14. That such different anticancer properties were the result of one
minor structural alteration indicated that a program of synthetic
modification of daunomycin might result in the discovery of more active
anticancer drugs. The other main goal of any synthetic modification study
was to remove the dose-related cardiotoxic effects of both daunorubicin
and doxorubicin. Accordingly, a world-wide research program aimed at the
improvement of the anthracycline anticancer drugs by synthetic methods
was initiated.
Investigation of the modes of action of both daunorubicin and doxorubicin
have shown them to be DNA intercalating drugs. X-ray crystallography and
NMR studies have shown the planar anthracyclone portion of the molecules
to bind between the base pairs of DNA, the amino sugar portion projects
into the minor groove and the 9-hydroxy group hydrogen bonds to an
adjacent guanine base.20
Theories as to the cause(s) of the cardiotoxicity of these natural products
have ranged from structural features of the molecules, for instance the
composition and stereochemistry of the amino sugar moiety and the
presence of oxygen atoms at positions C-4, C-6, C-11, C-13 and C-14, to
the suggestion that metabolic breakdown fragments of the molecules are
cardiotoxic. 21 ,22 ,23 ,24
Both epimerisation of the amino sugar hydroxyl group at position C-4', to
give epirubicin (1.14). and its complete removal gave less cardiotoxic
derivatives. 21
An extensive series of modifications. designed to ascertain the importance

of the presence of the amino sugar moiety to the observed anticancer
properties of daunorubicin, involved the replacement of the sugar with
amino and alkylamino substituted side chains.22,25 This study resulted in
the introduction of the new anticancer drug mitoxantrone (1.20) which
possesses much lower dose related cardiotoxicity than either daunorubicin
or doxorubicin. 26
Synthetic studies to produce deoxy-daunorubicin derivatives have indicated
that there must be a hydroxyl group at C-9 and the configuration of C-9
must be (S) for the molecule to be biologically active. 21 Oxygen atoms at C-

13
4, C-6 and C-11 are not required as these deox:y-anthracycline derivatives

all possess anticancer properties.5,21,24,27,28
The chemical modification of anthracyclines such as daunorubicin is
continuing world-wide in an attempt to fully exploit the cancer
chemotherapeutic potential of the naturally occurring compounds.

1.4 Studies at the University of Canterbury.
Since its founding in 1975, the University of Canterbury Marine Chemistry
Group has had as its main goal, the isolation and structural determination
of potential antitumour and antiviral compounds. Examples of the
biologically active metabolites isolated in the past by members of this group
are the compounds 1.28 and 1.29,29,30,31 which are antiviral indole
alkaloids similar in structure to the eudistomins (see Section 3.1).
discorhabdins A (1.30) and B (1.31).32 which are cytotoxic sponge
metabolites (see Chapters 5 and 6) and more recently, mycalamide A
(1.32), an antiviral and antitumour sponge metabolite.33

N.,,,')

R

&

~

R'

1.28 R

=

H; R'

=

lone pair

1.29 R= Br; R' = 0

1.30 Discorhabdin A

1.31 Discorhabdin B
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OH

H

,, .. ~OH
OH

1.32 Mycalamide A
The work presented in this thesis has covered many areas of research.
Attempts were made to ascertain any drug mode of action information
contained in the readings of our in-house antiviral/cytotoxicity assays. The
extract of a New Zealand tunicate, Aplidium sp. D, was studied because
extracts prepared from it always possessed a wide range of biological
activities. A novel bioactive metabolite was isolated from the extract.
Further investigation of the chemistry of this new compound afforded its
epimer and several other degradation products.
A survey of seventeen different species of Aplidium and Pseudodistoma
ascidians was undertaken to assess the distribution of this novel compound
and other natural products, including nucleosides.
A highly cytotoxic sponge metabolite, discorhabdin C, was re-isolated and
chemically modified in an attempt to determine the structural feature(s}
responsible for the observed biological activities. The biological evaluation
of these six derivatives, and of the new naturally occurring discorhabdin, E,
indicated several key structural requirements.

CHAPTER TWO

Bl L

IC L ASSAYS

2.1 Introduction.
The use of natural products as medicinal elixirs is well recognised in most
civilisations. As a consequence, many drugs used today are either terrestrial
plant or microorganism derived metabolites or directly related to such
natural products. Morphine, aspirin and penicillin are just a few of the
more obvious examples of these compounds.
With the oceans covering nearly three-quarters of the earth's surface and
harbouring a large diversity of life, with an estimated 400,000 species of
flora and fauna, man's attention is now being drawn inexorably to the sea as
· a source of new pharmaceutically useful compounds.
The efforts to locate these new compounds generally fall into one of two
categories. The first type is chemistry-driven screening, which involves the
extraction of a marine species, with the main compounds obtained being
purified and characterised. Subsequently, these compounds are screened
for a variety of biological activities.
The second approach is bioactivity-driven screening. As before, the
extraction of a marine species yields a complex mixture of compounds.
However, this time the compounds are purified in conjunction with
bioactivity assays in an attempt to determine the component(s) which are
responsible for the extract's biological activities.
Systematic bioactivity-based screening for marine-derived metabolites
started in the late 1950's with the first serious efforts to locate
antimicrobial extracts.34 Since then, many internationally based
enterprises have searched for marine-derived pharmaceuticals, including
Roche, Harbor Branch/SeaPharm and PharmaMar. The most recent large
scale screening program was initiated by the National Cancer Institute (NCI)
of the United States and involves a world-wide natural product collection
program. 35 This program includes a major investigation of marine
organisms as a source of new compounds for the development anti-HIV and
selective anticancer drugs.
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The range of biological activity screens currently available is very diverse,
including antitumour, antiviral, antimicrobial, cytotoxic, enzyme inhibitory,
insecticidal, immunomodulatory, antiinflammatory and antifouling.

The

work described in this thesis has primarily involved the use of in vitro
screens for antiviral, antileukemic (P388) and cellular (BSC) cytotoxic
properties.
The potential of a marine-derived extract as a source of useful biologically
active compounds is determined by combined in vitro and in vivo primary
screens. Until recently. these primary screens were based upon the mouse

leukemia models Ll210 and P388.

These tumour cell lines, which are

composed of rapidly dividing cells (see Section 1.2). have resulted in the
detection of compounds with activities only against human cancers which
themselves possess rapidly dividing cells.

As a corollary to this, these

compounds generally exhibit poor curative activities when applied to slow
growing solid tumours.
The latest primary screening protocols currently in use by the NCI involve
a panel of human tumour cells cultured in vitro.

The assays used are

designed to be sensitive to compounds that inhibit the growth of particular
tumour types, with special emphasis being laid upon solid tumour growth
inhibition. This disease orientated panel, which includes newly developed
assay techniques that require the excision of actual human tumour cells and
subsequent cloning in vitro,36,37 is expected to identifY "at least several
interesting agents with selectivity against slow growing solid tumours".37
The rationale for using predominantly in vitro assays for the primary
screening of extracts, as opposed to in vivo testing, is based upon the rapid
turnover possible with in vitro assays, their increased sensitivity and
generally lower costs.
Once the structure of the active component(s) present in the extract is
known, further secondary screening is employed to define the potential of
that component for use as a drug. These evaluations are typically in vivo
extensions of those used in the primary screens. In vivo models are
required as they help indicate such things as drug deactivation by
metabolic processes, the ability of the drug to reach the required site of
action and to evaluate any undesirable side effects on other body systems,
such as bone marrow.
If the drug scores good responses in the secondary screening it will be
advanced to Phase I clinical trials where the maximum non-toxic human
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dose of the drug is determined. Subsequent Phase II trials determine the
most beneficial dose regime against various human cancers.
This chapter surveys the assays used for primary screening for the present
investigations, and describes a 'cytotoxicity type' parameter observed in the
antiviral cytotoxicity assay. The potential relationship between this
parameter and the mode of action of a variety of clinical drugs is then
explored.

2 .2 Primary in vitro Screening Methods.
The screening assays used in this thesis are of four types, namely antiviral,
cytotoxic, in vitro antileukemic and antibacterial/ antifungal.

2.2.1 The Antiviral/Cytotoxicity Assay.
The aim of the antiviral/ cytotoxicity assay is to provide data on the antiviral
and cytotoxic activities of compounds present in a test solution. The assay
is based upon the BSC continuous cell line of African Green monkey kidney
cells.38 Wells containing the cellular monolayer in a 96 well-tray are
infected with either Herpes Simplex type 1 virus (a DNA virus) or the Polio
virus strain PVI (RNA). The wells are then overlaid with a layer of methyl
cellulose. Paper discs of 6 mm diameter are impregnated with the desired
amount of the test solution and then air dried for 20 minutes at room
temperature. The discs are then pushed through the well's methyl
cellulose overlay so that they sit directly on the virus-infected cells.
Appropriate virus and cell controls are also included with each assay run.
Incubation then proceeds for 24 hours at 35°C in a 5o/o C02-enriched
atmosphere.
After this time, the wells are inspected using an inverted microscope for
the size of the antiviral and/ or cytotoxic inhibition zones. Antiviral and
cytotoxicity results are tabulated as the excess radius from the disc at
which antiviral or cytotoxic effects are observed, as in Table 2.1
Monolayer cells which have died due to the cytotoxic effects of active
compounds present in the test solution have their cellular appearance
noted. These subjective "cytotoxicity type" designations are scored as in
Table 2.2.

18
Table 2.1

±
+
2+
3+
WW

no discernible AV or cytotoxic effect.
minor effects located under the disc.
AV/cytotoxic zone 1-2 mrn excess radius from disc.
AV /cytotoxic zone 2-4 mrn excess radius from disc.
AV/cytotoxic zone 4-6 mrn excess radius from disc.
AVI cytotoxic zone over the whole well.

Table 2.2

C1
C2
C3
C4
C5
C6
C7
C7*
C8
C9
C 10
C 11

Interpretation scale for AV/cytotoxic results.

Cytotoxicity type designations.

Defined nuclei.
Cells are long and "stringy".
Cells are a mixture of round and elongated. Appear "scruffy".
Cells are rounded but separate from each other.
Cells are rounded and clump together.
Cells are greatly increased in size.
Cells appear granular.
Distinct cells but appear misty.
Cells are elongated and have prominent nuclei.
Cells are rounded with ragged edges and prominent nuclei.
Cells are very small and shrunken.
Cells are enlarged, squared ends and form a mosaic pattern.

Unless otherwise stated, antiviral/ cytotoxic activity is reported in this thesis
in the form HSV score, PV1 score, cytotoxicity plus the optional cytotoxicity
type and the weight of the sample that was impregnated on the disc, usually
in micrograms. '?' means the activity could not be determined.

2.2.2 The in vitro P388 Antileukemic Assay.
The aim of this assay is to determine the concentration of sample required
to reduce P388 leukemia cell growth by 50%, the ID5o value. A series of
eight 2-fold dilutions of the test solution are added to wells containing the
leukemia cells. 38 Media, solvent, cell and positive controls are also
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included in each assay run. The wells are then incubated at 35°C for three
days.
In order to determine the number of healthy leukemia cells present in the
wells, MIT (2 .1) is added to the wells and incubated for a further four
hours. Healthy leukemia cells metabolise the yellow MIT to the purple
formazan product (2.2). The amount of formazan (2.2) present in each of the
wells is then determined by measuring the light absorbance at 540 nm.

Q
NH

_

k

8

CHs

o-~-N=N-(x
N

CHs

2.2

2.1

This absorbance is expressed as a percentage of the cell control (leukemia
cells, media, MIT but no test solution) absorbance. A plot of these
absorbances versus the logarithm of the sample concentrations is made,
from which the antilog of the 50% value gives the ID5o value.
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Log of concentration (ng/ml)
Figure 2. 1 A typical plot obtained from the P388 assay results,
which is used to calculate the IC50 of the sample.
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2.2.3 The Antimicrobial Assay.
This assay is used to determine if the test solution contains compounds
which inhibit the growth of gram positive (Bacillus subtilis) and gram
negative (Escherichia coli, Pseudomonas aeruginosa) bacteria and a fungus
(Candida albicans). The bacteria or fungus are mixed with agar and poured
into a petri dish so that a lawn of bacteria/fungus will grow over the dish
when incubated. 38 Paper discs of 6 mm diameter are impregnated with the
desired amount of the test solution and then air dried at room temperature
for at least 20 minutes. The test discs, as well as solvent and antibiotic
control discs, are placed on the surface of the seeded agar dishes and left to
incubate at 35°C for 18 hours.
Mter this time. the dishes are inspected for the amount of growth inhibition
caused by any antimicrobial compounds present in the test solution. The
size of any zone of inhibition is measured in millimeters as the excess radius
from the edge of the paper disc. Other visual parameters are recorded, as
· shown in Table 2.3.
Table 2.3

GE
GR
x

Interpretation scale for the antimicrobial assay.

Growth enhancement of bacteria.
Growth retardation of bacteria.
No inhibition of bacterial growth.
Size of inhibition zone, in millimeters from disc edge.
HM Hazy margin at inhibition zone edge.
SM Sharp margin at inhibition zone edge.

2.3 Clinical Drug Testing.
Since the introduction of the antiviral/ cytotoxicity assay as a primary screen
for biologically active extracts investigated by the University of Canterbury
marine chemistry group, eleven different cell morphologies have been
observed in the results. These so-called cytotoxicity types cover a wide
range of cellular appearances and are subjectively scored according to the
criteria presented earlier in Table 2.2. Two factors that point to the nonrandom nature of these cytotoxicity types are that analysis of the cytotoxicity
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types observed for the 738 active species tested by the marine chemistry
group, as of January 1989, show a higher incidence of types Cl, C3, C4 and
C7 /C7* (Figure 2.2), and that repeated assaying of the same extract sample
always resulted in the same cytotoxicity type being observed.
140
120
100
80

60
40
20
0
1

2

3

4 5 6 7 8 9 10 11
Cytotoxicity type

Figure 2.2 A plot of the number of species versus their extract
cytotoxicity type Indicates the

non~random

nature of the

cytotoxicity type parameter.
It was proposed that the cytotoxicity type observed for an extract might be a

direct indication of the mechanism of cell death caused by the biologically
active components present in the extract. If this could be supported by
experimental evidence, then the cytotoxicity types observed would provide a
rapid and cheap method of evaluating the modes of cytotoxic action of
marine~derived natural products.
To explore the possibility that the
cytotoxicity type was related to the mechanism of cytotoxic action, several
registered clinical drugs, possessing a wide range of known in vivo modes of
action, were assessed in the AV /Cytotoxicity assay.39
The initial assays of each of the twelve drugs involved the testing of .a wide
range of sample loadings so as to determine the cytotoxicity type associated
with each drug and to establish if the cytotoxicity type observed varied with
the concentration of drug present. The results obtained (Table 2.4)
indicated that no clear correlation existed between the mode of drug action
and the observed cytotoxicity type. Indeed, the same cytotoxicity type, +*
C7, was observed for drugs with such varied modes of action as DNA
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intercalation, DNA alkylation, protein synthesis inhibition and enzyme
inhibition. '1\vo drugs, mitoxantrone and bisantrene, also exhibited loading
related changes in cytotoxicity type, again indicating the apparently variable
nature of the cytotoxicity type assay parameter.
Table 2.4

The Initial assay results observed for the clinical drugs.

Drug name

Mode of action

AV/Cytotoxic response

Doxorubicin

DNA Int. a

WWWW+*

C7

4.0
0.4

Mitomycin C

DNA Int.

- - +*

C7

2.0
0.1

Etoposide

Topo nb

ww ww +*

C7

40.0
0.5

Mitoxantrone

Topo II

? ? 3+
WW- +*

C4
C7

20.0
5.0

Bisantrene

DNA Int.

? ? 2+
WW WW +*

C3

106.0
40.0

C7

Amsalog

DNA Int.

3+- +*

C7

80.0
2.0

Amsacrine

DNA Int.

??'WW

C4

40.0
0.2

Fusidic Acidc

P.S.I.d

WWWW+*

C7

?

Nitracrine

DNAAlk.e

??WW
??WW

C8
C8

20.0
5.0

Methotrexate

AM.f

WW2++
WW--

C4

10.0
0.05

Fluorouracil

AM.

-- 2+

C3

20.0
0.1

SN 16686

70.0

a DNA Int.: intercalater; b Topo II: topoisomerase II enzyme inhibitor;

c Sample assayed by Dr N.B. Perry; d P.S.I.: protein synthesis inhibitor;

e DNA Alk.: alkylater; f A.M.: antimetabolite: g A. H.: antihormonal.
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Further investigation of the cytotoxicity type parameter involved the
inspection of the assay results over a longer time span than that normally
used. These results (Table 2.5) showed that the cytotoxicity type varied
with time and that the resultant cytotoxicity type was usually C3 or C4.
Again. no clear correlation existed between the mode of drug action and the
cytotoxicity type observed after 45 hours.
Table 2.5

The variation of drug cytotoxicity type with time.

drug
Doxorubicin
Mitomycin C
Etoposide
Mitoxantrone
Bisantrene
Amsalog
Amsacrine

17 hours
+* C7
+* C7
+* C7
+* C7
+* C7
+* C7
3+ C4

24hoursa
+* C7
+* C7
+* C7
+* C7/C4
+* C7/C3
+* C7
3+ C4

45 hours
WWC3
+* C7
2+ C4
3+ C4
2+ C3
2+ C3
3+ C4

a The AV/Cytotoxicity assay is usually inspected after 24 hours.
A final experiment, involving a repeat of these assays but this time with no
virus inoculation, indicated that the results shown in Table 2.5 were
reproducible and that the cytotoxicity type observed was independent of the
presence of PVI or HSV virus.

2.3. 1 Concluding Remarks.
This study concluded that there was no immediately evident correlation
between the mode of cytotoxic action of clinical drugs and the cytotoxicity
type observed in the AV/Cytotoxicity assay. Further evaluation will take the
form of a collaborative programme with the Developmental Therapeutics
Group of the National Cancer Institute. The cellular changes associated with
these morphological changes will be determined in the first instance by
scanning electron microscopy. Such morphological changes are currently
being studied in the DTP programme in both the anti-HIV and cancer
research areas.

CHAPTER THREE

STUDIES

F

PLIDIUM SPECIES D

3.1 Introduction.
The world-wide screening of marine organisms for biologically active
extracts has indicated a high incidence of activity associated with organisms
from the phylum Chordata. The distribution of active extracts over the
various phyla found on such international collection trips as the Alpha Helix
Baja and Caribbean Expeditions (AHBE in 1974, AHCE in 1978)40,41 has
been mirrored by the results obtained from the screening of various New
Zealand collected specimens.42 These results, which are summarised in
Table 3.1, indicated the phylum Chordata to be the richest source of
extracts that were inhibitory against the murine leukemia P388 and also
antimicrobial.
Table 3.1

Incidence of In vitro activity versus phylum for New Zealand
collections.

Phylum

Chordata
Porifera
Bryozoa
Mollusca
Echinodermata
Chlorophyta
Rhodphyta

Cytotoxicitya
%
n
35
47
45
24
74
33
42

165
563
45

17
19
12
45

P388b
%

n

64
52
39
42

79

33
17
45

275

28
12
12
12
29

Antimicrobialc
%
n
41
28
19
8
38
17
27

a Either antiviral or cytotoxic response. See Section 2.2.
b Inhibition of the replication of in vitro P388 leukemia cells.
c Inhibition of E. coli, B. subtilis, C. albicans or P. aeruginosa.

80
302
27
12
13
12
22
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In evolutionary terms, the subphylum urochordata falls between the
primitive sponges (porifera) and the more highly evolved vertebrates.
Vertebrata
Urochordata

Annelida

Arthropoda

~
Mollusca
Bryozoa

Echinodermata

Coelenterata
Porifera

Protozoa
Figure 3.1 The animal kingdom evolution tree.

Urochordates, also commonly called tunicates or sea squirts, and
vertebrates are both members of the same phylum, chordata, because both
urochordates and vertebrates have larval stages that possess a nerve cord.
The majority of the some 1300 species of tunicates described are sessile
animals that are attached to substrate at one end, with the other end
having two openings for filter feeding functions.43 The external tunic of
the tunicates is composed of cellulose-like polysaccharides and acts as a
shield to predation. The blood vascular system is driven by a heart which
supplies all the organs and the tunic with nutrients. Some ascidians, which
are a sub-type of tunicates (phylum chordata, subphylum urochordata, class
ascidiacea), possess a type of blood cell (vanadocytes) within which
vanadium has been sequestered from the surrounding sea water. These
cells pass into the tunic where the vanadium compounds function in the
deposition of cellulose.
Most ascidians are hermaphrodites, with
fertilisation occurring externally or within the filter feeding inlet.
Included in the more than 200 species of tunicates found in New Zealand
waters, are approximately 40 species of ascidians of the genus Aplidium 44
The bioassay directed fractionation of a previously undescribed ascidian,
Aplidium species D, led to the isolation of a novel metabolite (3.86), cis-5-
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hydrox:y-4-(4'-hydroxy-3'-methox:yphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane.
The structure was solved by extensive use of mass and NMR spectroscopy.
The compound was found to be stable in acidified solutions, but under
alkaline conditions was observed to interconvert to the 4-epi derivative,
trithiane B (3.93) and to decompose to 2-vanilloyl imidazole (3.81). Two
competing base catalysed mechanisms were proposed to account for these
observations. Numerous attempts were made to crystallise trithiane A and
to make crystalline derivatives. Only one reaction, oxidation to the monosulphoxide, gave any isolable products. The trithianes were found to be
cytotoxic to both BSC monkey kidney cells and P388 leukemia cells and
modestly inhibitory to bacteria and fungi. No efficacy against in vitro viruses
was observed.
Also isolated from the extract was homarine (3.65), a commonly found
nitrogenous marine natural product. Two other polar, active compounds
present in the extract were concentrated and their chromatographic
properties determined, but they could not be purified for identification.

3.2 Previous Studies of the Phylum Chordata.
Tunicates continue to provide a rich source of biologically active
compounds, some of which possess potentially useful medicinal properties.
These findings have prompted further world-wide investigations of tunicatederived extracts, as is evidenced by the steady stream of compounds
reported in. the scientific literature. There have been many excellent
reviews of the literature pertaining to tunicate-derived metabolites, 45-51 so
only an overview of some of the more interesting, structurally and
biologically. of these metabolites is presented here.

3.2.1 Tunicates.
3.2.1.1 Cyclic Peptides.
The didernnins, A(3.1), B(3.2} and C(3.3) are depsipeptides isolated from
the Caribbean tunicate Didemnum solidum 40 They were isolated by bioassay
directed purification techniques with the subsequent structural elucidation
made primarily by field desorption mass spectroscopy. Subsequent
synthetic studies 52,53 have replaced the (3S,4R)-statine group in the
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structure with (3S,4R,5S)-isostatine. Although the didemnins are closely
related structurally, they have markedly different biological activities40,54
with didemnin B (3.2) being approximately 10-fold more active than A (3.1).
They are potent inhibitors of L1210 leukemia cells in vitro (didemnin B
IC5o of O.OOlJ.Lg/ml) and are also active in vivo against P388 leukemia
(didemnin B T/C of 199% at 1 mg/kg) and B16 melanoma. Antiviral activity
against various RNA and DNA viruses and immunosuppressive properties
have also been reported. 54
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The didemnid tunicate Lissoclinum patella collected from Palau, Western
Caroline Islands, has afforded several closely related lipophilic cytotoxic
cyclic peptides. Ulicyclamide (3.4) and ulithiacyclamide (3.5) were isolated
as major components of the methanol extract of the tunicate. 55 The
originally proposed structure of ulicyclamide (3.4) was later corrected by
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synthetic studies, 56 whereas synthetic studies confirmed the structure
proposed for ulithiacyclarnide (3.5).57 Subsequent investigation of the same
tunicate, collected at a different location, afforded 6 more closely related
compounds, patellarnides A (3.6), B (3. 7), C (3.8)58 and lissoclinarnides 1
(3. 9), 2 (3 .1 0) and 3 (3. 11). 59 The structures originally proposed the
patellarnides have subsequently been shown to be incorrect by an extensive
series of cyclic peptide syntheses. 60-62 The correct structures are those
shown in (3.6)-(3.8). Of these cyclic peptides, ulithiacyclarnide exhibits the
strongest in vitro Ll210 antileukemic activity (IC5o 0.4~g/ml) while the
patellarnides all have similar but slightly lower levels of activity, namely A
(Ll210 IC5o 3.9~g/rnl), B (2.0 ~g/rnl) and C (3.0 ~g/rnl).58

X

3.4
3.9
3.10
3.11

Ulicyclarnide
Lissoclinamide 1
Lissoclinamide 2
Lissoclinamide 3

thiazole
thiazole
thiazoline
thiazoline

R1
L-Ile
L-Val
D-Ile
n-Ile

R2
D-Ala
D-Ile
D-Ala
L-Ala
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Ulithiacyclamide
3.6 Patellamide A
3.7 Patellamide B
3.8 Patellamide C
3.12 Ascidiacyclamide

3.5

R1
Me
H

Me
Me
Me

R2
D-Leu
D-Val
D-Ala
D-Ala
D-Val

R3
L-1/2 Cys
L-Ile
L-Leu
L-Val
L-Ile

R4
D-Leu
D-Val
D-Phe
D-Phe
D-Val

R5
L-lf2 Cys
L-Ile
L-Ile
L-Ile
L-Ile

Ulithiacyclamide (3. 5) and a new, closely related cyclic peptide,
ascidiacyclamide {3.12), were obtained from an unidentified species of
Australian ascidian.63 The structure of (3.12) was initially proposed by
NMR spectroscopy and this was later confirmed by synthesis64 and by a
single crystal X-ray diffraction study.65
3.2.1.2 Indole Alkaloids.
The eudistomins are an extensive group of alkaloids isolated from the
tunicate Eudistoma olivaceum. The structures of eudistomins A-T (3.133.30) fall into five structural categories, all of which are based upon the pcarboline substructure. 66-68
Other related compounds, including
eudistomin K-sulphoxide, have been isolated from the New Zealand tunicate
Ritterella sigillinoides. 69 The structural elucidations of the eudistomins
have been based upon spectroscopic and synthetic studies.66,70,71 The
structure and conformation of the oxathiazepine ring present in
eudistomins C (3.24), E (3.25), K (3.26) and L (3.27) has been confirmed
recently by a single crystal X-ray diffraction study. 72
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The tunicate Dendrodoa grossularia has afforded two new indole derived
alkaloids. The structure of dendrodoine (3.31) was determined by a single
crystal X-ray diffraction study carried out on the N-acetate derivative.73
Dendrodoine was found to be cytotoxic to L1210 leukemia cells in vitro at an
unspecified level.
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3.31 Dendrodoine

A subsequent reinvestigation of the extract resulted in the isolation of a
new metabolite grossularine (3.32). 74 No biological activity data was
reported for this compound.

3.32 Grossularine
A brominated indole derivative, citorellamine (3.33), was isolated from the

tunicate Polycitorella mariae.75 The initially proposed structure was shown
to be incorrect by chemical syntheses.76

2HC1
Br

2
3.33 Citorellamine

3.2.1 .3 Polycyclic Alkaloids.
The segoline series of alkaloid metabolites have been reported from a
Eudistoma species of tunicate. 77 The structural elucidation of segoline A
(3.34). isosegoline A (3.35). and norsegoline (3.36) were based on an X-ray

crystallographic study of (3.34) and NMR spectroscopy. Further studies of
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the same tunicate led to the isolation of the symmetrical, heptacyclic
aromatic alkaloid eilatin (3.37). The structure of eilatin was also determined
by a single crystal X-ray diffraction study.78 No biological activities were
reported for these compounds.

CH3 0

I

I

O~N.AO
H

3.34 Segoline A

3.35 Iso segoline A

OCH3

3.36 Norsegoline

3.37 Eilatin

The lamellarins A-D (3.38-3.41) are a class of alkaloids originally isolated
from a Lamellaria species of mollusc79 but have recently also been reported
from the tunicate Didemnum chartaceum. 80 The structure of lamellarin A
(3.38) was determined by an X-ray diffraction study. At concentrations of 19
Jtg/ml, lamellarin D (3.41) caused a 78% inhibition of cell division in the
fertilised sea urchin egg assay, while lamellarin C (3.39) gave only 15%
inhibition. Lamellarins A (3.38) and B (3.40) were found to be inactive. The
original finding of the lamellarins in the Lamellaria species of mollusc has
now been attributed to the mollusc feeding upon Didemnum or similar
species of tunicates. 80
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2-Bromoleptoclinidinone (3.42) was isolated from a Leptoclinides species81
while ascididemnin (3.43) was reported from the extract of a Japanese
Didemnum species of tunicate.82 The publication of (3.43) prompted the
reinvestigation of the structure of 2-bromoleptoclinidinone which has led to
the corrected structure (3.42) being proposed.83 Further structural
confirmation was achieved by the conversion of (3.42) to (3.43). Both
metabolites were found to be cytotoxic in vitro against leukemia cells (IC5o
0.4 J.tg/ml (P388) and 0.39 J.tg/ml (Ll210) respectively).

R

3.42 2-Bromoleptoclinididone R

3.43 Ascididemin

=

Br

R= H
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The cystodytins A (3.44), B (3.45) and C (3.46) are in vitro antileukemic
polycyclic alkaloids isolated from an Okinawan tunicate Cystodytes
deUechiqjei. 84 Structural determination was made by the use of long range
NMR techniques. The reported in vitro (Ll210) IC5o's for (3.44) and (3.45)
were 0.22 and 0.24 J.Lg/ml respectively.

3.44 Cystodytin A R =

RNH

BR=\~

3.45

~

l.,.oH

CR=\~

3.46

Shermilamine (3.47) was isolated from a Trididemnum species of tunicate
collected in Guam.85 The structure was solved by a single crystal X-ray
diffraction study. No biological activity data was reported.
0

HN~

:~

H

3.47 Shermilamine

3.2.1 .4 Nucleosides.

The only previously reported marine sources of 2'-deoxynucleosides had
been starfish, until a recent survey of Mediterranean colonial tunicates
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located several nucleosides in the extract of Trididemnum cereum. 86 Of
the metabolites (3.48), (3.49), (3.50) and (3.51), 2'-deoxythymidine (3.48)
was found to be the most abundant (0.009% wet weight). No biological
activities were reported for these metabolites.
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3.2. 1.5 Miscellaneous.

The major reducing blood pigment of the ascidian Ascidia nigra was
identified as tunichrome B-1 (3.52).87,88
OH

3.52
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The five year study involved the sacrificing of 6000 ascidians and yielded
0.5 mg of pure compound. Due to the air and moisture sensitivity of the
compound, all experimental procedures were made under a dry atmosphere
of argon.
Isolated from a didemnid tunicate were the didemnenones, A(3.53), B(3.54),
C(3.55) and 0(3.56).89 These are a series of nonnitrogenous C11
cyclopentanone metabolites found in the ethyl acetate extracts of
Trididemnum c.f. cyanophorum collected in the Bahamas and Didemnum
voeltzkowl collected from Suva, Fiji. The basic structural frame and relative
stereochemistries were solved by a single crystal X-ray diffraction study.
Didemnenones C(3.55) and D(3.56) inhibited in vitro Ll210 leukemia cells
(IC5o 5.6J,tg/ml) while A(3.53) and B(3.54) exhibited antifungal and
antibacterial properties.
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3.53 Didemnenone A
3.54
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3.55 Didemnenone C

3.56 Didemnenone D

Eudistoma c.f. rigida was the source of two strongly Ll210 cytotoxic

macrolides, iejimalides A (3.57) and B (3.58).90 The structures were solved
by extensive NMR spectroscopy and were reported as having in vitro
leukemia (Ll210) cytotoxicity (IC5o 62 and 32 ng/ml respectively).
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The pseudodistomins A (3.59) and B (3.60) are piperidine alkaloids isolated
from the Okinawan tunicate Pseudodistoma kanoko.91 Their structures and
relative stereochemistries were determined by NMR spectroscopy. Both
(3.59) and (3.60) were found to be cytotoxic to in vitro Ll210 leukemia cells
. {ICso 2.5 and 0.4 !J..g/ml respectively), in addition to being potent
calmodulin antagonists (ICso 3xlo-5 M).

~NH2
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, •••

H

3.59 Pseudodistomin A

3.60 Pseudodistomin B

The polyandrocarpidines A (3.61), B (3.62), C (3.63) and D (3.64) are novel
guanidine derivatives isolated from a red encrusting tunicate of the genus
Polyandrocarpa. 92 They were isolated as 9: 1 mixtures of homo logs with
each homolog being a mixture of geometric isomers. The initially proposed
structures for the polyandrocarpidines were later corrected to the isomeric
y-methylene-y-lactams,93 as shown. The metabolites were found to exhibit
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potent antibacterial and mild Ll210 cytotoxic properties (IC5o of 3.61 was
4.8 J.Lg/ml).
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The methylated base homarine, (3.65), has been reported from many varied
sources. These include bryozoans,94 sponges95 and tunicates.96 In
tunicates, homarine is located in the renal vesicles, where it appears to play
a role in osmotic regulation.

3.65 Homarine

3.2.2 Previous Studies of the Genus Aplidium.
J

The initial investigations of the genus Aplidium were in the mid 1970's, and
reported the isolation of geranyl hydroquinone (3.66) and its quinone (3.67)
from an undescribed Aplidium species. 97 These metabolites, present in the
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extract at about 7% of the dry tunicate weight, were shown to offer
protection against leukemia and tumour development in test animals.

OH

0

3.66

3.67

Geranyl hydroquinone and its chromene (3.68) were found in the extracts of
both Aplidium constellatum and A. antillense.98,99 The compounds were
found to be active against gram positive bacteria and exhibited in vitro
leukemia (P388) cytotoxicity (ICso 34 ng/ml and 500 ng/ml respectively).

3.68
Aplidium californicum, a colonial ascidian collected from the San Francisco

Bay area, yielded several closely related compounds, prenylhydroquinone
(3.69). prenylquinone (3. 70) and 6-hydroxy-2,2-dimethyl chromene
(3. 71).100 Both (3.69) and (3. 71) were found to give reduction in the effects
of carcinogens and mutagens, while (3.69) was active against P388 in vivo
(T/C 138% at a dose rate of 3.12 mg/kg).

~ol(

HO~·
OH

3.69

0

3.70

3.71

An unidentified Aplidium species collected in French Atlantic waters near

Ile Verte, Brittany, yielded the first examples of linear diprenylquinones of
the neryl type, verapliquinones A (3.72), B (3.73), C (3.74) and D (3.75),101
No biological activities were reported for these compounds.
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3.72

3.73

3.74

3.75

An unidentified Aplidium species of ascidian gave aplidiasphingosine (3. 76)

by bioassay directed isolation methods.I02 The structure was determined
·by NMR spectroscopy and chemical degradation studies, while the
stereochemistries and absolute configuration resulted from synthetic
studies.I03-I06 Aplidiasphingosine was reported active against L1210
leukemia cells in vitro (ICso= 1.9 Jlg/ml), cytotoxic to monkey kidney cells
and inhibited both bacteria and fungi at unspecified levels.I02

3. 76 Aplidiasphingosine
The Australian ascidian, Aplidium pliciferum. has afforded 2 novel thiazole
metabolites (3. 77} and (3. 78) and the closely related imidazole derivative, 2vanilloyl imidazole.
0

OCH3

3.77

OH

riHr)
HO~
OCH3

3.78
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The structures were proposed from spectral observations with the
structures of (3.77) and (3.78) being confirmed by synthesis.l07
The first naturally occurring 2'-deoxynucleoside uronic acids (3. 79) and
(3.80) were recently reported from the aqueous extract of Aplidium juscum
(Drasche, 1883).108

3.79 R= H

HOOC

3.80 R= CH3

OH

3.3 Aplidium species D.
Aplidium species D is a colonial ascidian found in the shallow waters off

Kaikoura, New Zealand.

The colonies exist as small, cherry coloured
'

spheres, up to 4 em in diameter.· The top layer of the test, or tunic, is
tough and cartilaginous with many white test cells.
Extracts of separate collections of the ascidian invariably possessed a wide
range of biological activities, as observed in pre-screening tests.
Table 3.2

Biological assay results observed for different extracts of

Aplldium species D.
HSva

PVla

Cy@

P3ssa

82U276-02

3+

2+

NTb

Yes

84K13-03

?

?

4+
4+

84Kl4-02
88K2-02

?

?

?

?

NT
NT
Yes

Yes
Yes
Yes

Extract

a see Section 2.2; b NT: not tested.

4+
4+

Antimicrobiata
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Previous work on Aplidium sp. D had been undertaken by Steven J. Lewis in
1985 as a BSC Honours project.l09 From this study it was concluded that
the biologically active components, though not structurally identified, were
very polar.
Due to the high polarity of the metabolites, it was decided that all column
chromatography carried out in this new investigation should be on reverse
phase solid support. An initial methanol-toluene extract of the ascidian
afforded 7 g of yellow solid. Reverse phase flash chromatographyllO of this
crude extract yielded samples (BC2 2.x series, Figure 3.2) which, upon
biological testing, indicated that the active components were spread over
many fractions. The subsequently dried column fractions proved difficult
to re-dissolve in methanol-water solvent mixtures, so a standard procedure
was adopted of concentrating the samples and storing them as aqueous
solutions. Repetitive flash chromatography and reverse phase HPLC of the
more active of these fractions yielded fractions that unaccountably showed
complete loss of biological activity. One of the more non-polar fractions
collected (BC2 28.6) did however contain an interesting metabolite, the
structure of which was further investigated.
Aplidium sp. D
7 g extract
?, ?, WW40
RP Flash chromatography

CHC13

2·5
-, -, + 40

500mg

-, -, 2+ 40

?, ?, WW40

RP Flash chromatography

I
.

I

17·1

7·2 1

I

I

I

I

._I7_·_3_ _ _7_·4_ _ _7_·...,.5_ _ _7_·6__.l

CHC13
I

I 7· 7

7· 8

I

7· g-w I

?, ?, + 5

300 mg

-, -, - 40

I

?, ?, 2+ 5

30 mg sub-sample
. RP HPLC
I

28·1

15 mg

I

128·2

1

I

28·3

4mg

I

28·6
1.5 mg

-, -, ±

Figure 3.2 The separation tree outlining the Initial bioassay directed
investigation of an extract of Aplldium species D. For an explanation
of the biological activity notations, refer to page 18.
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3.3.1 2-Vanilloyl imidazole (3.81).
The 1H NMR spectrum of the new compound indicated the presence of a
1,3,4 substituted phenyl fragment, an aromatic methoxyl and two
chemically equivalent olefinic protons (Figure 3.3 and Table 3.3). The
methoxyl group was located at position 3 on the phenyl ring by observation
of an NOE effect between the methoxyl (3. 75 ppm) and the phenyl proton
at 7.61 ppm.
The detection of a 45 nm bathochromic shift in the ultraviolet/visible
spectrum suggested the presence of a conjugated phenol,lll The 13c
NMR spectrum confirmed a methoxyphenol substructure, with other
resonances indicating a ketone (179.80 ppm) and a symmetrical aromatic
heterocycle (145.23 ppm quaternary, 124.68 ppm protonated).
High resolution mass spectroscopy was unavailable to confirm the
molecular formula, so an X-ray diffraction study was undertaken, with
suitable crystals obtained from a methanol-water solution.

This study

established the structure as 2-vanilloyl imidazole ((3.81) see Figure 3.4).
The only unusual feature of the crystalline structure was the observation
that the imidazole ring assumed a 32° angle to the methoxyphenol ring.
Intramolecular hydrogen bonding between the phenolic proton and the
adjacent methoxyl oxygen was indicated by their close proximity (2.18A)
while the small intermolecular distance of 1.9A between H-1" of one
imidazole and N-3" of another adjacent molecule suggested intermolecular
hydrogen bonding was also present (Figure 3.5).
Electron impact (EI) mass spectroscopy was eventually obtained for the
compound, confirming the molecular formula as CnH1oN203.
2-Vanilloyl imidazole was found to be devoid of any detectable biological
activity against in vitro P388 leukemia cells, viruses (HSV, PV1), a selection
of Gram positive and Gram negative bacteria and a fungus.
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•

Carbon

0

Hydrogen

(]D Nitrogen

®

Oxygen
Figure 3.4 The crystal structure of 2-vanllloyllmldazole (3.81 ).
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Figure 3.5 Unit cell packing diagram of 2-vanllloyllmidazole
showing Intermolecular hydrogen bonding.
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Table 3.3

1H and 13c NMR data (CD30D) summary of 2-vanllloyl
imidazole (3.81).

H

H

H

~~NJ(H
c
2"

~

1

N

c

H

4"

H

()H

1

179.80

2'

7.97 (d, 2.0)

1'

128.23

5'

6.89 (d, 8.5)

2'

114.04

6'

8.04 (dd, 2.0, 8.5)

3'

149.74

7'

3.93 (s)

4'

155.16

4", 5"

7.31 (bs)

5'

116.55

6'

127.57

7'

2"

56.81
145.23 a

4", 5"

124.68

a Observed in d6-DMSO solvent.

3.3.1.1 0-Methylated 2-vanilloyl imidazole (3.83).
Compounds with structural features similar to 3.81 have been found to be
antiviral, 112 for example, HBB (3.82).
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3.82 HBB

Subsequent structure-activity studies have shown the importance of the
benzimidazole portion of the molecule to the observed biological
activity.113 Most of the derivatives made in that study were low in polarity,
so in an attempt to reduce the polarity of 3.81 and possibly activate some
latent antiviral activity, the phenol was methylated with ethereal
diazomethane.
The 1H NMR spectrum of the single product, formed in high yield, was
observed to contain two aromatic bound methox:yl groups (3.98 and 3.99
ppm) as well as 1,2,4 substituted phenyl and C-2" substituted imidazole
rings. This data was consistent with the product being 0-methylated-2. vanilloyl imidazole (3.83).
H

H

H

TI~NJ(H
c
2"

1

~

N

7'

CH3 0

4"

H

H

~

Figure 3.6 0-Methylated 2-vanllloyl imidazole (3.83) and the
NOE effects observed that were used to assign the methoxyl
protons of 3H-7' and 3H-8'.

Most of the signals observed in the 1H NMR spectrum of 3.83 were
assigned by direct comparison with 3.81. However, the assignments of the
two methox:y signals were based upon the results of 1 H NOE
experiments114 (Figure 3.6). Irradiation of the phenyl proton H-2' (8.12
ppm) gave an NOE effect of 2.1% to the 3.99 ppm methox:yl signal, which
was consequently assigned as 3H-7', whereas irradiation of H-5' (6.98 ppm)
enhanced the 3.98 ppm signal by 1.8% and so this methox:yl signal was
assigned to 3H-8'.
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Table 3.4

l Hand 13c NMR data (CDCI3) summary of 0-methylated
2-vanilloyllmldazole 3.83.

H

H

H

"-4NJ(H
c

CH30
8'

2"

1

.

N

7'

c
1
1'
2'
3'
4'
5'
6'
7'
8'
2"
4"
5"

~

4"

H

H

179.98
128.41
112.79
148.78
153.81
110.20
126.76
56.03
56.08

2'
5'
6'
7'
8'
1"

4"
5"

8.12, d, 1.5
6.98. d, 8.5
8.59, dd. 1.5, 8.5
3.99, s
3.98, s
10.71, bs
7.38a, bs
7.27a, bs

no.b
131.57a
119.45a

a Values interchangeable within columns;
b n.o.: not observed.
The reverse experiment involving the irradiation of the methoxyl
resonances and observing NOE effects to the phenyl protons was not
attempted due to the near equivalence of the methoxyl chemical shifts
precluding the possibility of 'clean' signal irradiation.
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The 13c NMR spectrum of 3.83 was assigned with the aid of a lH_l3c
heteronuclear correlation NMR experiment (HETCOR) and by comparison
with the data observed for 2-vanilloyl imidazole and the calculated 13c
chemical shifts for methylated vanillin.ll5 No HETCOR correlations were
observed for the imidazole carbons C-4" and C-5", so their assignment must
remain equivocal.
0
126.73

130.05

H

110.33

CH3 0
CH3 0

Figure 3.7 Comparison of the 13C NMR data (ppm) observed
for methylated vanillin (left) and the phenyl ring carbons of
methylated 2-vanllloyl Imidazole (right).

Methylated 2-vanilloyl imidazole was found to be biologically inactive in our
assay system.

3.3.1.2 The Thioketal Derivative of 2-vanilloyl imidazole (3.84).
As a further exploration of the chemistry of 2-vanilloyl imidazole and to

provide an NMR and mass spectroscopic model structure of compounds to
be discussed later in Section 3.3.2, the thioketal derivative of the ketone
3.81 was synthesised. The reaction of 2-vanilloyl imidazole (3.81) with
ethanedithiol and boron trifluoride etherate in glacial acetic acid yielded the
thioketal derivative (3.84) in 70% yield. The lH NMR spectrum of the
product (Table 3.5} showed signals expected for a -CH2-CH2- fragment, as
well as an upfield chemical shift change of all the phenol ring protons,
consistent with the loss of the ketone group. The 13c NMR spectrum
(Table 3.5) showed the presence of a new aromatic quaternary carbon
(149.32 ppm, C-4'), an alkyl quaternary resonance at 68.80 ppm (C-1) and
sulphur bound methylenes (C-3, C-4) at 42.59 ppm.
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1H and 13c NMR data CCD30D) summary of the thloketal

Table 3.5

derivative 3.84.

c
1

H

OH

3, 4

3, 4

68.80
42.59

3.47, m

1'

129.98

2'

2'

112.36

5'

7.18, d. 2.3
6.75, d, 8.3

3'

149.64

6'

6.65, dd, 2.3, 8.3

4'

149.32

7'

3.83, s

5'

116.48

4", 5"

7.51, s

6'

121.45

7'

56.81

2"

148.64

4", 5"

121.31

3.73, m

A bathochromic shift in the ultraviolet/visible spectrum of 11 nm was
consistent with the loss of conjugation between the aromatic ring and the
ketone. 111 A detailed high resolution mass spectral study of the novel
thioketal derivative 3.84 confirmed the molecular formula as C13H14N202S2
and also indicated a major ion at m/z 234.0460 (CuH1oN202S requires
234.0463). assigned as the thione derivative of 2-vanilloyl imidazole (Figure
3.8). The thioketal derivative was found to be devoid of biological activity in
our assay system.

l+
~'(N)rH
s

H

N~

H

202.0722
CuHlON202

Figure 3.8 Mass spectral fragmentation ions
observed for the thioketal derivative 3.84.
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3.3.2 Trithiane A (3.86).
Subsequent to the structural elucidation of 2-vanilloyl imidazole (3 .81)
described here, that compound, as well as two other closely related thiazole
derivatives (3. 77) and (3. 78), were reported in the literature as naturally
occurring metabolites isolated from the Australian ascidian Aplidium
plictjerum.l07 In order to determine whether 2-vanilloyl imidazole was in
fact the major component of an extract of Aplidium sp. D. and to obtain a
fresh supply of the more polar active components, a fresh extraction was
undertaken.
Partitioning the crude extract between water and
dichloromethane resulted in all the activity being located in the aqueous
phase (Figure 3.9). Immediate analytical reverse phase HPLC of the aqueous
extract failed to indicate the presence of 2-vanilloyl imidazole, suggesting
that it was not in fact a naturally occurring metabolite of Aplidium sp. D.
The analytical trace showed the major component of the extract to be more
non-polar than (3.81). Fractions obtained by a reverse phase flash
chromatography column of the extract were dried immediately to prevent
any solvent-induced decomposition of the major component. Biological
testing subsequently showed the activity to again be spread over many
fractions. Partitioning of one of the more non-polar active column fractions
(BC2 77. 7) by semipreparative HPLC localised most of the activity in the
more polar fractions, and yielded a sample of the major extract component.
Aplidium sp. D extract

CH2 C12 soluble

H 2 0 soluble
?, ?, WW C8 (20j.tg)
H2o

-. -. - (20j.tg)

RP flash column

1

'~7~J·~l-----~7~J·~2-----~7}~·3~J
?, ?, 2+ 20

CHC13

'~7_}_4___7_}_.5____7_}.~6!
?, ?,

BC2 sJ.l
96 mg
?,?,WW

ww 20

J.2
20 mg
?, ?, 2+

77}11 1
?, ?,

I

83·3

Bmg

?, ?, +

ww 20

·, ·, - 20

IRP HPLC (80% CH30H-H20)
td·4 d·5
sd·s
15 mg
t

1

50 mg
?, ?, 2+

8 mg
' 0 "o "

Figure 3.9 The separation tree outlining the fractionation of a new
Aplidium sp. D extract, leading to the Isolation of trlthlane A (BC2 83.5).
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The lH NMR spectrum of the new compound (Figure 3.10) possessed
similar features to those observed for 2-vanilloyl imidazole, namely two
chemically equivalent olefinic protons (7.41 ppm), a 1,2,4 substituted
phenyl ring (6.99, 6.87 and 6.81 ppm) and an aromatic methoxyl group
(3. 76 ppm). The upfield chemical shifts observed for the phenyl protons
indicated the absence of the electron withdrawing carbonyl group present
as in (3.81). Additional proton resonances at 3.05, 3.49 and 5.37 ppm
indicated the presence of a -CH2 -CH(X)- system, which was confirmed by a
lH-lH connectivity COSY NMR ex:periment,ll6
The 13c NMR spectrum (Figure 3.11) again possessed features similar to
the ketone (3.81) which were consistent with the presence of 3-methoh..y-4hydrox:y phenyl and C-2 substituted imidazole rings. The absence of phenol
conjugation in the new metabolite was indicated by several experimental
results. Firstly, the lack of any 13c resonances in the spectral region
associated with carbonyl resonances indicated the absence of a ketone
functional group. Comparison of the 13c resonances observed for vanillin
and vanillyl alcoholll 7 (Figure 3.12) indicated that loss of phenol
conjugation decreases the chemical shift of the hydroxyl-bearing ring carbon
C-4 by about 10 ppm.
OH

0
126.3

119.7

129.0

H

I

CH
'H

110.7

HO

HO
CH3 0
Vanillin

3.85 Vanillyl alcohol

Figure 3.12 Comparison of the 13c NMR data (ppm) of vanillin (left) and
vanillyl alcohol (3.85) showing that the loss of phenol conjugation causes
an upfield chemical shift change to be observed for both C-4 and C-6.

The 13c resonance observed for carbon C-4' in 2-vanilloyl imidazole, 3.81,
(155.16 ppm) was absent in the spectrum of the metabolite and a new
quaternary signal was observed near 147 ppm, consistent with the loss of
phenol conjugation. The final confirmation of the loss of conjugation was
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made by the observation of only a small (7 nm) bathochromic
ultraviolet/visible shift, similar in magnitude to that observed earlier for the
thioketal derivative (3.84).
The main differences observed in the 13c NMR spectra of the ketone and
the new metabolite centered upon the signals due to the -CH2-CH(X)fragment. 13c signals associated with this fragment were observed at 40.13
and 84.35 ppm, in addition to a quaternary carbon resonance at 68.09 ppm.
The assignment of the protonated 13c resonances of the new metabolite
was made by a HETCOR NMR experiment, while the ring bound quaternary
carbons were assigned by direct comparison with 2-vanilloyl imidazole
(3.81) and vanillyl alcohol (3.85). This led to the identification of four substructural fragments.
H

X

H

H

I
I
-c-cI
I
H
HO

"

CH30

H

)-

I
I

-c-

-<xH
N

H

H

Figure 3.13 The four sub-structural fragments of the new

Aplidium sp. D metabolite, as defined by 1H and
13
C NMR experiments.

Recent advances in NMR spectroscopy presented a new technique, named
HMBC for 1H detected multiple bond correlation,118 which can be used for
determining long range 1H_l3c heteronuclear correlations. Whereas the
older XCORFE and COLOC long range heteronuclear correlation NMR
experiments functioned by direct detection of heteronuclear resonances,
HMBC monitors the effect of the more intense proton signals on the
heteronuclear resonances. 119 The HMBC pulse sequence readily
determines those proton and carbon resonances that possess small
magnitude heteronuclear coupling constants. With 2- bond JcH coupling
constants averaging 3 to 5 Hz and 3- bond couplings usually 4 to 9 Hzl20
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both 2- and 3-bond correlations are observed experimentally.
Differentiation between 2- and 3-bond couplings is usually difficult. In order
to enhance the observation of 3-bond couplings over 2-bond couplings, the
NMR experiment is optimised to observe approximately 8 Hz coupling
constants.
This 3-bond experimental optimisation has been used
throughout the work described in this thesis. A feature of the HMBC
technique that can limit its usefulness to individual experiments is that it is
most difficult to observe long range correlations from carbon resonances to
proton signals that have a broad, poorly resolved multiplet structure.

...

,
.... ,

,

,.

OCH3

Figure 3.14 The long range reverse detected 1H- 13C correlations CHMBC)
observed for the four substructural fragments (Intra-fragment ·------- ~,
Inter-fragment
), leading to a new substructural fragment.
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This is due to the correlation being spread over the whole proton multiplet
signal thereby reducing the apparent signal-to-noise ratio of the correlation
and subsequently making its detection very difficult.
The HMBC experiment carried out on the new metabolite detected many
intra- and inter-fragment correlations wWch. when combined, established a
new substructural fragment (Figure 3.14).
High resolution electron impact mass spectroscopy indicated a molecular
formula of C13H14N20sSs. wWch was supported by the appropriate Ss
isotope pattern.
Table 3.6

Theoretical versus observed mass intensities for the S3
isotope pattern of trithiane A.
theory(%)

342
343
344

100
17.7
15.4

observed(%)

100
17.5
15.6

Low resolution EI MS observations of ions corresponding to three
successive losses of 32s from the parent ion. 342 (M+). 310 (M+-s). 278
(M+-2S) and 246 (M+-3S) established the presence of a trithiane fragment
in the molecule. The most prominent ion observed in the low resolution
mass spectrum of the trithiane was at m/z 234, the same as observed for
the thione ion present in the mass spectrum of the thioketal derivative
(3.84).

The differences between the molecular formula observed and the
substructural fragments determined by NMR spectroscopy amounted to
three sulphurs, one proton and one oxygen. The presence of an alcohol
substituted methine carbon, as opposed to a thiol substituent. was suggested
by the 13c chemical shift observed (84.35 ppm), while the chemical shifts
of the quaternary (68.09 ppm) and methylene (40.13 ppm) carbons were
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consistent with sulphur substitution. This led to the structure of trithiane
A as being (3.86). 5-hydrox:y-4-(4'-hydrox:y-3'-methoxyphenyl)-4-(2"imidazolyl)-1 ,2,3-trithiane.

/'NH

\ __;::.j
s-s
N~~
\

cv

~

OH
OCH3
7'

3.86

. Very few 1,2,3-trithiane compounds have been previously reported. This
represents the first report of a marine occurring 1 ,2,3-trithiane
metabolite.

3.3.2.1 Previously Reported 1,2,3-Trithiane Derivatives.
A CAS on-line search for the 1,2,3-trithiane substructure revealed only four
different compounds, two of which were known to be naturally occurring.
5-methylthio-1 ,2,3-trithiane (3.87), isolated from the green alga Chara
globularis, was found to be responsible for the characteristic odour of the

alga and to possess photosynthetic inhibiting properties.l21 The structure
was later confirmed by synthesis.l22

s

s

Q

Q
SCH3

3.87

COOH

3.88

3.89
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In a wide ranging structure-activity investigation, 3.87 was found to be
insecticidal against several different genera of pests.l23,124 The
mechanism of toxicity was proposed as being the blocking of cholinergic
receptors, with the sulphur chain being the main toxophore and the 5substituent playing an important secondary role.
A closely related compound, 5-dimethylamino-1,2,3,-trithiane (3.88), of
unpublished origin has been patented as an insecticide, and indeed most of
the references recovered by the on-line search involved insecticidal
patents of this compound in combination with acidic secondary
components. No other non-insecticidal biological activities have been
reported for these compounds.
The other naturally occurring trithiane derivative reported in the literature
was 1,2,3-trithiane-5-carboxylic acid (3.89), which was isolated from
asparagus shoots.l25 The low resolution mass spectral fragmentation of
this compound included ions at m/z 196 (M+), 164 (M+-s). 131 (164-HS)
and 99 (131-S), consistent with the presence of a trithiane ring and as
seen earlier for trithiane A (3.86).
Radioactive labeling studies have indicated that the possible biosynthetic
precursors of the dithiolane asparagusic acid (3. 90) are L-valine and/ or
isobutyric acid.l26 The 1,2,3-trithiane analogue possibly arises from a
similar pathway.

y

~NH2

y

COOH

COOH

COOH

L-valine

3.90

Isobutyric acid

5-Hydrox:y-1,2,3-trithiane (3.91) was reported as a synthetic intermediate
to several naturally occurring 1, 2-dithiolanes.l2 7 The structure was
confirmed by a single crystal X-ray diffraction study carried out upon theNmethyl-carbamate derivative (3.92).

s

Q
OR

3.91

R= H

3.92

R

=

CONHCH 3
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3.3.3 Trithiane B (3.93).
A sample of trithiane A in D20 was observed by NMR spectroscopy to slowly
convert to a new compound, such that a 1: 1 mixture of the two compounds
was achieved after one month. In order to determine whether this
conversion was due to the pH of the NMR solvent, the acid-base stability of
trithiane A was evaluated by adding either 4% v /v TFA or 0.05% w /w NaOH
to separate NMR samples in methanol. No change was observed over a one
month period for the acidified sample. In the case of the alkaline sample
however, 1H NMR signals attributable to two new compounds were observed
to increase over a five day period. The new compound present in higher
concentration was separated from the mixture by reverse phase HPLC and
examined.
The lH NMR spectrum of the compound indicated the presence of a 1,2,4
substituted phenyl ring, an aromatic methoxyl, a symmetrically substituted
imidazole ring and a -CH2-CH(X)- fragment, similar to that observed earlier
for trithiane A. This data suggested that this new compound, named for
convenience, trithiane B, and trithiane A were closely related. The main
differences observed were associated with the -CH2-CH(X)- fragment and
the two ortho phenyl protons H-2' and H-6'.
Table3.7

Comparison of 1H NMR dataa (ppm, Hz) observed for
trithlane A and trithlane B.

H

Trlthlane A

Trlthiane B

5
6

5.37,
3.05,
3.49,
6.99,
6.87,
6.81,

4.99,
3.16,
3.24,
6.72,
6.79,
6.30,

2'
5'
6'
7'
4", 5"
a D20 solvent.

t,5.8
dd,5.8,11.4
dd,5.8, 11.4

d,2.2
d,8.5

dd,2.2, 8.5

3.76, s
7.41, s

dd,3.8, 10.2
dd,3.8, 14.5
dd,10.2, 14.5

d,2.4
d,8.5

dd,2.4, 8.5

3.75, s
7.60, s
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Direct comparison of the 13c nmr spectra (Figure 3.15) of the two
compounds again confirmed that they were closely related, while the long
range 1H_l3c connectivities observed for trithiane B, by an HMBC
experiment, were the same as those correlations observed earlier for
trithiane A (3.86) and confirmed the same molecular framework was
present in both compounds (Figure 3.16).

Ill
II
160

135

110

85

60 PPM

35

Figure 3.15 Comparison of the 13C NMR spectra in CD30D
solvent of trithiane A (top) and trithiane B (bottom).

H

OCH3

Figure 3. 16 Trithiane B substructural fragment as determined by
1H, 13c and long range correlation (HMBC) NMR experiments.

Mass spectroscopy confirmed that the compounds were isomeric. The low
resolution EIMS (70 eV) spectrum of trithiane B indicated a weak parent
ion at m/z 342, with ions due to the loss of 32s at 278 (M+-2S) and 246
(M+-3S) also observed. The most intense ion detected was at m/z 234, the
thione derivative of 2-vanilloyl imidazole, as seen earlier for trithiane A
(3.86) and the thioketal (3.84).
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Figure 3. 17 The mass spectrometric fragmentations observed for trlthiane B.
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High resolution mass spectroscopy confirmed the parent ion molecular
formula as being C13H14N203S3. while high resolution analysis of the
fragmentation ions observed confirmed the sequential losses of mass 32
were in fact due to losses of 32s and not some other isobaric ion (Figure
3.17). These results substantiated the presence of a 1,2,3-trithiane ring in
trithiane B and indicated that trithiane A and trithiane B were isomeric.

3.3.4 Stereochemical and Conformational Analysis of
Trithianes A and B.
The presence of two asymmetric centers, at C-4 and C-5, in the planar
structural representations of trithiane A (3.86) and trithiane B, presented
the possibility of four stereoisomers. As both trithianes were optically
active, it was concluded that their respective structures represented one
enantiomer of each of the two diastereoisomers. Close examination of the
13c NMR spectra of both compounds indicated the greatest chemical shift
differences were centered upon C-4 (Figure 3.18), implying the relationship
between the two compounds was stereochemical inversion at C-4.

Figure 3. 18 The absolute value of the differences observed
in the 13C NMR chemical shifts (ppm) of trithiane A and
trlthiane B indicate the structural differences are centered
upon C-4 (~ 7.3).

In a situation that is analogous to substituted cyclohexane compounds,
previous studiesl27 have shown the preferred conformation of 1,2,3trithiane compounds to be the chair form (Figure 3.19).
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Carbon
O Hydrogen
@)Nitrogen
®Oxygen
€) Sulphur
Figure 3. 19 The crystalline structure of
1,2,3-trithlan-5-yl N-methylcarbamate (3.92).

As a consequence of this finding, the four possible stereoisomers of
trithianes A and B would be expected to be present in solution
predominantly in the chair form, as indicated by structures 3.93 to 3.96.

Ph

~H ~H ~H ~H
Ph

Im

Im

3.93 (48,58)

Ph

3.94 (4R,5S)

Im

lm

3.95 (4S,5R)

Ph

3.96 (4R,5R)

In an attempt to define the relative stereochemistries of the two trithiane
compounds and to model their preferred solution conformations, use was
made of 1H NOE NMR experiments, application of the modified Karplus
equationl28 and molecular mechanics modelling.l29
The NOE enhancements observed for trithiane B in an undegassed D20
solution (Figure 3.20) placed several constraints upon the stereochemistry
and possible solution conformations. These observations were used in tum
to eliminate several of the possible stereoisomers 3.93-3.96. The
observation of NOE effects between H-5 and the phenyl protons H-2'
(10.5%) and H-6' (5.2%) indicated that a trans-diaxial arrangement of H-5
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and the phenol ring was not dominant, as no NOE's could result from this
orientation of substituents. hence eliminating stereoisomer 3.94.

s
113.16

/ " "

, ..,.. H-C-H

S

I

2.4% ~

' ' ....
,

I

.

H
H

H

Figure 3.20 The NOE effects observed for
the methine proton H-5 of trithiane B.

The other constraint implied by the observed NOE's was that a
conformation with H -5 bisecting the methylene protons (2H -6) could not be
dominant because this would require two approximately equal-sized NOE
effects, whereas only one strong enhancement (2.4%) was observed. This
eliminated stereoisomers 3.95 and 3.96 as possible trithiane B structures.
The vicinal coupling constants of 3JH5,H6 3.8 and 10.2 Hz observed for
trithiane B required the -CH2-CH(OH)- dihedral angles to be about 670 and
1690 for a fixed conformation.
The structure 3.93 best satisfies both the observed NOE and dihedral
angular requirements of the -CH2-CH(OH)- fragment, for which MODEL129
calculations yielded an energy-minimised structure of energy 14.5 kcal.
moi-l (Figure 3.21) and calculated vicinal coupling constants of 4.1 and 11.4
Hz. Having established that the most likely dominant conformation of
trithiane B was 3. 93, the situation was explored further by considering the
alternative chair conformation 3.97. Further calculations indicated that this
other chair conformation (3.97) was also an accessible local energy minima
with an energy of 15.2 kcal.mol-1.
To ascertain whether the vicinal coupling constants for trithiane B were due
to an averaging caused by the rapid interconversion of the two chair
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conformations, variable temperature 1H and 13c NMR experiments were
performed.

3.93

3.97

Figure 3.21 The two chair conformations of trlthlane B.

As no signal splitting or broadening was observed over the temperature
range of 213 to 353K, it was concluded that the energy barrier between the
conformations was low, or that there was less than 10% of one of the
contributing structures.l30 Previous studies of substituted 1,2,3-trithiane
ring systems have concluded that the barrier to chair interconversion is less
than 1 kcal.mol-1.131,132
Assuming solution populations of 76% and 24% for conformations 3.93 and
3.97 respectively, as calculated by use of the Boltzmann equationl28 the
averaged values of the vicinal coupling constants are 3.5 and 9.8 Hz, in good
agreement with the observed values. The dominance of conformation 3.93
is also consistent with the observed NOE effects described above. This
allowed the assignment of trithiane Bas trans-5-hydroxy-4-(4'-hydroxy-3'methoxyphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane (Table 3.8).
The situation for trithiane A was more complex and it has not been possible
to come to a satisfactory conclusion as to the solution conformations of this
compound.
The NOE effects observed for trithiane A (Figure 3.22) were similar to those
seen earlier for trithiane B.
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1Hand 13c NMR data summary of trithlane B (3.93).

Table 3.8

HO

CHaO-n
~
7'

...

••

I S-S\

N0•L
NH

'I

OH

c

Oca

H

4

60.78

5
6
1'

74.47
40.13
130.62

5
6

2'

0Hb

4.99, dd, 3.8, 10.2

2'

3.16, dd, 3.8, 14.5
3.24, dd, 10.2, 14.5
6.72, d, 2.4

111.74

5'

6.79, d, 8.5

3'
4'

149.71
149.52

6'

5'
6'

117.03
121.63

4", 5"

6.30, dd, 2.4, 8.5
3.75, s
7.60, s

7'

56.82

2"

146.85

4", 5"

121.63

2JcH. 3JcH correlations:

7'

H5 --+ 60. 78, 146.85
2H6 --+ 60. 78, 7 4.47
H2' --+ 121.63, H5' --+ 130.62
H6'--+ 111.74, 149.52, H7'--+ 149.71
H4", 5"--+ 146.85

a CD30D solvent; b D20 solvent.
Strong signal enhancements were observed between H -5 and the two ortho
phenyl protons H-2' (5.8 o/o) and H-6' (4.0o/o). Also observed was a strong
NOE effect (4.5%) between H-5 and H-6 (3.69 ppm) and a very weak NOE
(1.3%), detectable in one direction only, between H-6 (2.94 ppm) and H-5,
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indicating that H-5 was not equidistant from, and hence not bisecting, the
methylene protons at C-6.
20%

Figure 3.22 The NOE effects observed for trithiane A.

The basis of the problem for the solution conformation(s) of trithiane A
centered on the magnitude of the vicinal coupling constants between the H5 and H-6 protons. Irrespective of solvent, the 1H NMR spectrum of
trithiane A always showed the methine proton H-5 to be a triplet with
equivalent vicinal coupling constants greater than 5Hz. If H-5 bisected the
C-6 methylene protons, H-5 would be observed as a triplet with 3JH5H6 -3
Hz, but the NOE effects and the coupling constants observed clearly indicate
that this proton-proton orientation was not present in trithiane A.
However, there is an alternative arrangement that would achieve equivalent
coupling constants of about 7 Hz for the vicinal system and satisfy the
observed NOE effects. The required dihedral angles of about 400 and 1440
are met by a skew boat conformation (Figure 3.23). Previous theoretical
calculations have shown the skew-boat conformation of 1,2,3-trithiane to be
an accessible local energy minimum.133 This conformation met the
conditions imposed by the NMR experiments and MODEL calculations
confirmed that it was indeed a local energy minimum. The MODEL energy
for this conformation, 27.6 kcal.moi-1, was however very much higher than
those calculated for the chair conformations (3.98, 3.99) which were of the
order of 14 to 15 kcal.mol-1, This large, calculated difference in energy
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from the chair conformations prompted a reexamination of potential chair
conformations.

Figure 3.23 The energy minimised skew-boat conformation of trlthlane A.

Application of the Boltzmann equation showed the two chair conformations
of trithiane A (3.98 and 3.99) would be present in a solution at levels of 55%
and 45% respectively.

3.98

3.99

As seen earlier for trithiane B, variable temperature lH and 13c NMR
experiments of trtthiane A, run over the temperature range of 213 to 353K,
failed to show any signal splitting or broadening, indicating that any
interconverting conformations only had very low energy barriers to
surmount or that there was only a minor contribution from one of the
conformations.l30
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Table 3. 9 1H and 13c NMR data (CD30D) summary of trlth!ane A (3.86).

f'NH

\

~I

I s-s\ s

N~·.····-.,~

)?
OCH3
7'

c

ac

4

68.09

5

5.25, t, 7.2

5

84.35

6

2.94, dd, 7.2, 11.0

6

40.13

1'

127.65

2'

6.96, d, 2.3

2'

111.96

5'

6.79, d, 8.4

3'

149.89

6'

6.61, dd, 2.3, 8.4

4'

149.34

7'

3.82, s

5'

117.07

4", 5"

7.53, s

6'

121.95

7'

56.83

2"

147.96

4", 5"

121.09

lJcH correlations:

H

OH

3.69, dd, 7.2, 11.0

40.13 --+ H6, 56.83 --+ 3H7',84.35--+ H5
111.96 --+ H2', 117.07--+ H5'
121.09 --+ H4", H5", 121.95--+ H6'

2JcH. 3JcH correlations:

H5--+ 121.76, 147.96,
2H6--+ 68.09, 84.35
H2'--+ 121.95, 127.65, 149.34
H5' --+ 127.65, 149.89
H6' --+ 111.96, 149.34, H7' --+ 149.89
H4", 5" --+ 121.09, 147.96
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The averaged vicinal coupling constants for these populations was calculated
to be 2.8 and 7.7 Hz. So, for trithiane A there is a choice between a skew
boat conformation (Figure 3.23) which satisfies the NMR data but has an
impossibly high calculated energy and the chair conformations, which
individually do not meet the NMR conditions but which have lower
calculated energies. Of the two alternatives presented here it is accepted
that the rapid interconversion of 3.98 and 3.99 is more likely, due to the
favourable, low conformational energies involved, than the existence of a
single, skew-boat conformation of higher energy. Furthermore, by allowing
a variation of so to 1oo in the dihedral angles for these conformations leads
to calculated coupling constants of 5.5 and 5.5 Hz, which are not
inconsistent with the observed values. This indicated that trithiane A was
cis-5-hydroxy-4-(4'-hydroxy-3'-methoxyphenyl)-4-(2"-imidazolyl)-1,2,3trithiane (Table 3.9).
The definitive answer to the conformational
assignment of trithiane A will have to await the determination of a crystal
. structure, attempts at which are discussed in Section 3.3.4.4.

3.3.4 The Chemistry of Trithiane A.
3.3.4. 1 The Base Catalysed Rearrangements of Trithiane A (3.86).
Trlthiane A (3.86) had previously been seen to be stable in acidified
solutions. but in slightly alkaline conditions slowly transformed to a mixture
of trithiane A, trithiane B and another unidentified compound. To establish
the structure of the third solution component, the alkaline reaction was
repeated but this time after five days of standing at room temperature the
solution was acidified with trifluoroacetic acid (TFA) to stop any further
sample rearrangement. A 1H NMR spectrum of a subsample, with 20Jll of
TFA (4%) added, showed that the sample now contained equal amounts of
trithianes A and B, as well as the new component.
lH, 13c and heteronuclear correlation NMR spectroscopy of the product
mixture indicated that the new component was very similar to 2-vanilloyl
imidazole (3. 81). implying the presence of a conjugative electron
withdrawing group at C-1 (Table 3.10).
These NMR signals gradually diminished in intensity over two days to be
replaced by signals assignable to 2-vanilloyl imidazole. Upon opening the
NMR tube pungent fumes of H2S were detected.
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Table 3.10

Comparison of the NMR data (ppm) observed 2-vanllloyl
Imidazole (3.81) and thione (3.100).
3.81

3.100

3.81

3.100

8lfl

OH

c

Oca

8c

1

179.80

2'

7.97

7.63

1'

128.28

n.o.
n.o.

5'

6.90

6.97

2'

114.04

113.76

6'

8.05

7.65

3'

149.74

149.49

7'

3.92

3.91

4'

155.16

155.55

4",5"

7.32

7.55

5'

116.55

116.67

6'

127.57

127.52

7'

56.81

56.82

2"

n.o.

n.o.

4",5''

124.68

123.96

H

a Observed in CD30D + 4% TFA solution.
The structure of the transient intermediate was proposed as being the
thione derivative (3.100), though all attempts to isolate it by HPLC resulted
in the isolation of the ketone derivative (3.81). This is consistent with the
low stability of thiones to aqueous acidic solutions,l34 as employed in the
attempted HPLC purifications.
H

H

H

"-4N)H
c

HO

1

2"

~

N

7'

4"

H

CH3

3.100

In order to explain the C-4 epimerisation of trithiane A to trithiane B, a
mechanism was proposed (Figure 3.24) that involved intermediates formed
by the removal of either the phenolic or the imidazole protons. Typical pKa
values for phenols (pKa- 10) and imidazoles (pKa- 7-8) suggest that loss of
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the NH 1" imidazole proton of trithiane A would be more facile. These
intermediates, formed from either the phenoxide or imidazole anions,
would allow subsequent ring closure to give both C-4 epimers.

Figure3.24

The proposed base catalysed mechanism for the

lnterconverslon of trithlane A and trithlane B via a dlazafulvene or
a quinone methlde Intermediate (3.101).

Attempts to determine the relative stabilities of trithianes A and B by letting
a mixture of the two compounds fully equilibrate took such a long time that
decomposition products began to predominate in the solution. The rate of
equilibration was clearly a slow process given that to reach a 1: 1 mixture of
epimers the initial D20 sample took one month and the solution with 0.05%
w /w KOH took five days.
Several experimental observations suggested that the intermediate (3.101)
was present in the solution only at very low levels. Firstly, no 1 H NMR
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signals attributable to the quinone methide135 nor the diazafulvene were
ever observed in an equilibrating sample.
Methods reported for the trapping of quinone methide and diazafulvene
intermediates include addition of a nucleophile, typically water or methanol,
with catalytic amounts of acid, 135,136 to give a phenolic Michael addition
product. The expected phenolic product (3.102) formed from the addition
of acid and methanol to the diazafulvene or quinone methide (3. 1 0 1)
intermediates would possess a very different 1 H NMR spectrum to that of
trithiane A due to the free rotation now possible for the -CH2-CH(OH)fragment.
H2C-S3H

HJCH

I

C-OCH3

HO

>--NH

Ny.LH

CH3

H

102

In competition with this intermolecular Michael addition of methanol.
would be the intramolecular Michael addition of the nucleophilic sulphide
anion. This ring closure, to give back the parent trithiane structure, would
be driven by entropy factors and so would be expected to dominate any
acidified Michael addition reaction products. No new products were ever
observed when an equilibrating sample of the trithianes in methanol was
acidified, indicating that the proposed quinone methide intermediate was
present at a very low concentration.
The final piece of experimental evidence that indicated a low concentration
for the diazafulvene/quinone methide intermediate was that the
equilibrating, non-decomposing solution remained clear and colourless.
Calculations and observations of the absorbance spectra of conjugated
quinone methides have indicated an absorbance maxima of approximately
370 nm with an extinction coefficient of 30,000,137 while no data could be
found for diazafulvenes. The presence of any quinone methide would thus
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colour the solution yellow, but since the equilibrating solution remained
colourless, it was implied that a very low concentration must have been
present.
The addition of 20% w /w KOH to a methanolic solution of trithiane A
resulted in the observation of another decomposition reaction pathway. An
intense pink colouration, Amax of 550 nm, formed immediately and took
several days to fade. The .1 H NMR spectrum of this pink solution showed
the trithiane was still present, though slight upfield chemical shifts were
observed for most of the signals. Over a ten hour period, 1H NMR signals of
the thione (3.100) were observed to increase in intensity and then
subsequently decay to 2-vanilloyl imidazole over the next two days. 1H NMR
signals attributable to a -CH2-CH(OH)- fragment were observed at 4.95 ppm
(dd, J=2.0, 5.0 Hz), 3.51 ppm (dd, J= 5.0, 10.6), and 3.30 ppm, a multiplet
that was obscured by the solvent signals. These signals, which increased
over a five to six hour time span, after which they disappeared with no other
. NMR multiplets being formed, could have been due to the C2 fragment
liberated by the decomposing trithiane molecules. The identity of the C2
fragment or its rearrangement products remain undetermined.
At no time during this strong base decomposition of trithiane A were 1H
NMR signals attributable to trithiane B observed, which led to two
important conclusions. Firstly, the mechanism could not have proceeded
via the diazafulvene/ quinone methide intermediates as this would have led
to the formation of some trithiane B, which was not observed. Secondly, the
time scale involved for complete decomposition of the trithiane sample, two
days, was significantly more rapid than the equilibration reactions observed
previously.
When trithiane B was reacted with 20% w /w KOH in methanol. the only
detectable reaction product was the thione (3.100) which gradually
decomposed to the ketone (3.81). No trithiane A was observed, implying a
similar mechanism for both trithiane compounds was in operation.
A possible mechanistic route (Figure 3.25) for the alkaline decomposition of
the trithianes requires the abstraction of the C-5 hydroxyl proton. The
subsequent heterocyclic fragmentation reaction 138 gives the thione
intermediate (3.100) and the C2 fragment. In the alkaline conditions
present the thione decomposes further to the isolated compound 2-vanilloyl
imidazole (3.81).
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OCH3

OCH3

+ c2 fragments

?

Figure 3.25 The proposed mechanism of heterocyclic fragmentation
of both trithiane A and trithlane B to give the thlone derivative and
eventually 2-vanilloyl imidazole.

In order to test the validity of the two mechanisms of C-4 epimerisation and
decomposition, it was desirable to effect the selective alkylation of the
phenol and alcohol groups present in both trithiane compounds.

3.3.4.2 Attempted Alkylation and Acylation of Trithiane A (3.86).
The mechanism proposed for the C-4 epimerisation of trithiane A required
the removal of either the phenol proton to give the quinone methide
intermediate, or the imidazole proton to give the diazafulvene intermediate.
If the phenolic moiety could be derivatised in some way then the
mechanism suggests that the equilibrium concentration of the quinone
methide intermediate would be lower and hence the trithianes would resist
C-4 epimerisation. No attempts were made to derivatise the imidazole.
Most of the methods currently available for alkylating phenols involve
alkaline solutions to deprotonate the phenotl39 None of these methods
were attempted due to the poor stability of both trithiane compounds to
alkaline solutions.
Phenolic methylation of trithiane A was attempted by reaction with a freshly
prepared ethereal solution of CH2N2. After five minutes reaction the sample
was dried under reduced pressure. The lH NMR spectrum of the reaction
product mixture, now soluble in CDCl3, showed it to be a complex mixture
of components.

Purification by reverse phase HPLC failed to yield any
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products with 1H NMR spectra resembling a methylated phenol derivative
of trithiane A.
In another attempt to methylate the phenol, trithiane A was reacted with
tetrabutylammonium fluoride and methyl iodide,140 in DMSO solution, for
two hours at room temperature, yielding an orange oil that upon work up
failed to contain any recognisable products.
Attempts to acetylate the phenol by reaction with acetyl chloride or acetic
anhydride, in DMSO solution, resulted in the formation of acetylated 2vanilloyl imidazole. The product was not purified from the crude reaction
mixtures, but was identified by the observation of 1H NMR signals similar to
the methylated derivative (3.83) synthesised earlier.
No further attempts at protecting the phenol of trithiane A were attempted.
To reduce the rate of alkaline decomposition of trithiane A, derivatives of
the C-5 alcohol were required. As seen earlier (Section 3.3.2.1), other
workers have prepared the N-methyl carbamate derivative of 5-hydroxy1,2,3-trithiane (3.92). No reaction was observed when trithiane A and Nmethyl-isothiocyanate were stirred for four hours at room temperature in
DMSO solvent. Monitoring a repeated reaction by analytical HPLC showed
all the trithiane had reacted after seven days, but no recognisable
components were detectable. 1H NMR spectroscopy of the worked-up
reaction mixture indicated a complex mixture of components, so the
reaction was not pursued further.
Reaction of trithiane A with 30% H202/formic acid141 failed to yield the
expected hydroxyl formylated sulphoxide product.
Analysis of space filling models of various conformations of trithiane A
suggested that the apparent unreactivity of the C-5 hydroxyl group was due
to steric crowding caused by the adjacent aromatic rings.
3.3.4.3 Oxidation Reactions of Trithiane A (3.86).
The oxidation, to a ketone, of the secondary alcohol of trithiane A was
attempted by reaction with Jones reagent.142 The trithiane was stirred for
five minutes in aqueous acetone solution with freshly prepared Jones
reagent, after which TLC showed all of the trithiane had been removed
from solution. Upon work up, a complex and intractable mixture of
components was observed by 1H NMR spectroscopy and HPLC.
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A method available for the oxidation of water soluble sulphur compounds to
the respective sulphoxide or sulphone compounds is the use of sodium
metaperiodate, Nai04.143 The reaction of trithiane A with Nai04 in D20
was monitored by 1H NMR spectroscopy. Two new products, of equal
amount, were formed immediately, with all trithiane signals being lost after
ten minutes. The reaction was followed for an hour, during which time the
NMR signal-to-noise ratio, for a set number of acquisition transients, was
observed to decrease indicating both products were ·gradually being
removed from solution. No other products however, were seen to form.
The reaction was repeated for ten minutes and yielded, after reverse phase
HPLC, 5 mg (10% yield) of an inseparable, 1.1: 1 mixture (determined by 1H
NMR integration) of the two new products (3.103 and 3.104).
Assignment of the 1H NMR spectrum of the mixture of compounds was
made with the aid of a COSY NMR experiment and by direct comparison
with the 1H NMR data observed for trithiane A (3.86).
Table 3.11

1H NMR dataa (ppm, Hz) for trlthlane A and compounds
3.103 and 3.104.
trlthianeA

H-5
H-6
H-2'
H-5'
H-6'
3H-7'
H-4", H-5"

5.25
3.69
2.94
6.96
6.79
6.61
3.82
7.53

(7.2)
(7.2, 11.0)
(7.2, 11.0)
(2.3)
(8.4)

(2.3, 8.4)

3.103

5.85
3.68
3.54
7.07
6.82
6.63
3.85
7.54

(4.1, 11.0)
(4.1, 13.4)
(11.0, 13.4)

(2.5)
(8.4)

(2.5, 8.4)

3.104

5.35
4.61
3.07
6.92
6.81
6.59

(6.8, 9.2)
(6.8, 13. 7)

(9.2, 13. 7)
(2.4)
(8.4)

(2.4, 8.4)

3.82
7.58

a Observed in CD30D + 4% TFA solution.
The geminal coupling constants of the H-6 protons of 3.103 and 3.104 were
observed to have increased from the 11.0 Hz for trithiane A. to 13.4 and
13.7 Hz respectively. Previous studies of the effect of sulphur oxidation, to a
sulphoxide; upon the geminal coupling constants of adjacent methylene
groups have shown increases from 11 Hz to approximately 13.5 Hz,124, 143
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but if the methylene group is not adjacent to the sulphoxide, the geminal
coupling constant remains close to 11 Hz (Figure 3.26). Oxidation of
sulphur to a sulphone increases the geminal coupling constant of adjacent
methylene groups to about 15 Hz.l44
OH
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I
I
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11.5

4.60

R =oxygen

3.07
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13.1
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.. .......... ,..,,.....He
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R
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= lone pair
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2.92

Ha
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3.54

3.54

JAB
13.0

s

I
I

~,.....-R

s

I

R'

He
3.59

Ho
4.09

Jco
11.0

Hx
5.42

3.85

3.44

11.0

5.33

Figure 3.26 1H NMR data (o: ppm; J: Hz) observed for various dithlolane
and dithiolane sulphoxides.124, 143

The obsenration that both 3.103 and 3.104 contained 2H-6 methylene
geminal coupling constants of approximately 13.5 Hz indicated that both
compounds possessed sulphoxides at position S-1. This was further
confirmed by the 13C NMR spectrum of the mixture, which showed the
presence of two new protonated carbon signals at 65.13 and 67.80 ppm,
consistent with the chemical shifts expected for methylene carbons
adjacent to a sulphoxide.l43 Due to the small sample size only protonated
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carbons were observed, and unequivocal carbon resonance assignment by a
HETCOR NMR experiment was not possible.
Table 3.12

Protonated 13c NMR dataa (ppm) for trlthiane A and
compounds 3.103 and 3.104.
t:rltbf.ane A

3.103

3.104

C-5

84.35

81.81b

81.28 b

C-6

40.13

65.13

67.80

C-2'

111.96

112.69

112.03

C-5'

117.07

116.96

117.16

C-6'

121.95

122.39

122.16

C-7'

56.83

56.89

56.77

C-4", C.-5"

121.09

121.54

121.54

a Observed in CD30D + 4% TFA solution.
b Values for 3.103 and 3.104 may be interchanged within rows.
The determination of the oxidation states of the two other sulphurs in these
compounds could only be made by mass spectroscopy experiments.
Unfortunately, these services were not available at this time and so the
complete characterisation of compounds 3.103 and 3.104 could not be
made. The NMR data presented here suggest however, that the two
compounds are the cis and trans isomers, relative to the adjacent C-5
hydroxyl group, of the S-1 sulphoxide of trithiane A.

H

3.103

3.104

83

3.3.4.4 Other reactions and crystallisation attempts of trithiane A (3.86).
Attempts to dehydrate the secondary alcohol of trithiane A by reaction with
concentrated sulphuric acid and to nitrate the phenol with fuming nitric
acid to form the analogous nitrodienone compound both resulted in no
recognisable products being detectable in the 1H NMR spectrum of the
worked-up product mixtures.
The earlier determinations of the stereochemistries of both trithianes A
(3.86) and B (3.93) did not reveal their absolute configurations so it became
highly desirable to obtain crystals, of either C-4 epimer, which were suitable
for an X-ray diffraction study. Crystallisation attempts were centered upon
two methods, namely solvent evaporation and metal complexation.
Numerous two solvent systems were used, including methanol-water,
methanol-chloroform, methanol-ethyl acetate and methanol-diethyl ether,
but the trithiane used always oiled out of solution.
Previous work in this department has involved the formation of copperimidazole complexes.145 A crystallisation attempt of trithiane A with CuCl2
in ethanol failed to yield any crystalline material. Sulphur-mercury
complexes have been the target of research groups in this department.146
The hydrochloride salt of trithiane A was added to HgCb in HCl/CH3CN and
stored at 5°C for several months. Again, no crystalline material was obtained
by this method.

3.3.5 Biological Activities of the Trithianes and Derivatives.
The absence of biological activity for 2-vanilloyl imidazole indicates that the
biological activity loci of trithiane A and B is the trithiane ring system. The
stereochemical orientations of the groups at C-4 and C-5 of the trithiane
ring clearly have no great influence upon the observed biological activity of
the compound as is evidenced by the near equivalence of activity observed
for the C-4 epimers trithiane A and trithiane B (Table 3.13).
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Table 3. 13 Biological activities of the trithianes A and B and related
compounds.

AV/eyta

P388b

2-vanilloyl imidazole (3.81)

Nod

ND

ND

methylated derivative (3.83)
thioketal derivative (3.84)
trithiane A (3.86)

ND

ND
ND

ND

?*, ?*, 3+ C8

13±1

0, 3, 0, 5
0, 1, 0, 1e

trithiane B (3.93)

?*, ?*, 2+ C8

12

sulphoxides 3.103, 3.104

?*, ?*, 1+ C8

40

0, 4, 0, 7
0, 1, 0, 1e
NTf

ND

ND

a loading of 20j..tg/ disc. See Section 2.2 for details.
b in vitro murine leukemia ICso in j..tg/ml.
c Loading of 20j..tg/ disc against E. coli, B. subtilis, P. aeruginosa and C.
albicans.

d ND: not detectable; e Retested results; f NT: not tested.
The similar levels of activity observed for both trithiane epimers suggested
that the same mode of action was in effect for both compounds. The
features common to both structures were the trithiane ring and the
mechanisms of alkaline epimerisation and decomposition, all of which could
be the source of the biological activity. If alkaline epimerisation and
decomposition of the trithianes is occurring in situ in the assays then the
potentially reactive metabolites being formed include the
diazafulvene/ quinone methide (3 .1 01) intermediates and the c2
fragment(s).
Quinone methides are known to be biologically active, with the proposed
mechanism of toxicity being the alkylation of biologically important thiol
groups.l47 Under similar alkaline conditions the thioketal derivative (3.84)
could be expected to form a quinone methide (3.105) or diazafulvene
intermediate (3.106), which would cause cellular toxicity.
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However, the observation that the thioketal derivative (3.84) was devoid of
biological activity suggested that either no quinone methide was produced in
vitro by this derivative or that the in vitro formation of a quinone methide
does not contribute to cellular toxicity.
If the alkaline decomposition of the trithianes is the cause of their observed
toxicity then the active components are either the thione (3.100) or the
liberated C2 fragment(s). The thione was not considered important here
due to the closely related ketone (3.81) being found to be devoid of
biological activity. The nature of the C2 fragment(s) released by the
trithianes during decomposition remains unknown, but they are clearly very
reactive species since only transient NMR signals were ever observed and at
no time were they isolated. The release of these reactive compounds inside
living cells may result in alkylation of DNA and/or enzymes and lead to
subsequent cell death.

3.3.6 Other Compounds Isolated from the Extract.
The major component of the polar fractions collected from the reverse
phase flash chromatography column of the Aplidium sp. D extract was
identified as homarine (3.65). The chemical shifts and lH-lH coupling
constants observed in the lH NMR spectrum suggested a 2-substituted Nmethyl pyridinium compound, reminiscent of homarine. The identity was
confirmed by comparison of the ultraviolet (Amax 270.6 nm, pH
independent) and infrared spectra of the metabolite with those previously
reported. 96,148 Homarine has previously been reported from ascidians that
contain waste storage organs called renal vesicles. Close inspection of
Aplidium sp. D showed it also to possess renal vesicles. 44
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Present in the non-polar flash chromatography fractions was the sterol,
cholesterol (3.107), which was identified by comparison of the observed 13c
NMR spectrum with that of an authentic sample.

3.107 Cholesterol

Previously, in the isolation of trithiane A, the majority of the biological
activity was located in the most polar HPLC fractions. Further purification of
these active component(s) was attempted by using size exclusion gel
(PGM2000) chromatography with water eluent. The resultant fractions
(Figure 3.26) contained two main areas of biological activity - a high
molecular weight fraction possessing high BSC cytotoxicity and low P388
cytotoxicity and a lower molecular weight fraction possessing antiviral
activity and strong P388 cytotoxicity.
Active polar fractions
70 mg
PGM 2000

H 2 0 eluent

----8---------

12

2.6mg
?, ?, WW CB (5 j.tg}
10% P388 inhibition
at 5 j.tg/ml

13

3.1 mg
WW, WW, + C7 (20 j.tg}

90% P388 inhibition
at 5 j.tg/ml

Figure 3.26 The separation tree outlining the use of size exclusion
chromatography to separate the two polar active components
present in the extract of Aplidium species D.
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Analytical reverse phase HPLC of these fractions using water-water/acid
eluent combinations indicated both to be complex mixtures, with little
chance of direct purification by HPLC.
The use of ion exchange chromatography was investigated by determining
whether the active components were stable to the various pH solvents used
in the technique. All activity was lost when samples of both active fractions
were dissolved in either pH 8 buffer or 0.1 N NaOH prior to assay, but
activity was retained when the assay solvent was 0.1 N HCl. The loss of
activity associated with alkaline solutions was found to be irreversible, as
active samples that were dissolved in pH 8 buffer or 0.1 N NaOH, left for 30
minutes and then acidified and assayed were also found to be devoid of
activity.
Derivatisation of both active fractions by acetylation (pyridine-acetic
anhydride) and methylation (CH2N2), in an attempt to reduce the polarity of
the components and potentially allow easier sample purification, again
resulted in the complete loss of observed biological activity. The product
mixtures obtained were still complex mixtures. Due to this lack of
progress, further work on these active components of Aplidium sp. D was
discontinued.

CHAPTER FOUR

AS

IDIAN SURVEY

4.1 Introduction.
A large number of metabolites with diverse structures have been isolated
from marine ascidians, some of which were discussed earlier in Chapter 3.
Recently, three simple phenolic compounds (4.1, 4.2 and 4.3) were
reported as naturally occuring metabolites from the Australian ascidian
Aplidiwn pliciferum.l07 However, the isolation and structural elucidation of
cis-5-hydroxy-4-(4'-hydroxy-3'-methoxylphenyl)-4-(2"-imidazolyl)-1,2,3trithiane (4.4), trithiane A, as the predominant biologically active
component of Aplidium sp. D and the observation that this metabolite
undergoes base-catalysed decomposition to give (4.3), suggested that
compounds (4.1) and (4.2) may in fact be due to the base-catalysed
decomposition of a thiazole analogue of (4.4).
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In order to establish that this might be the case, a survey of New Zealand
ascidians was undertaken to locate the thiazoles (4.1 and 4.2), and to
determine the number of ascidians that possessed trithiane A, which could
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be used as additional sources of the novel metabolite. Each ascidian extract
was also screened for the presence of other components showing activity
against viruses, leukemia cells, bacteria and fungi.
Fifteen different Aplidium and two Pseudodistoma species of ascidians were
examined in the survey. All of the extracts were found to contain
biologically active components. Preliminary partitioning of an extract of
Aplidium sp. E led to column fractions which were strongly inhibitory
against the P388 leukemia cell line (IC5o < 200 ng/ml). The extracts of
Aplidium sp. D and Aplidium sp. 14 were found to contain trithiane A (4.4).
with the biological activity observed for Aplidium sp. 14 being derived solely
from the presence of trithiane A. No thiazole compounds were detected in
any of the extracts. The 2'-deox:ynucleoside, ~-thymidine (4.5), was
identified in eleven of the eighteen ascidians surveyed and represents the
first reported occurence of this metabolite in an ascidian of the genus
Aplidium.

4.2 The Survey.
The following ascidian survey was based upon specimen samples held by the
University of Canterbury Marine Chemistry Group. Of the more than 50
different species available, only seventeen had been identified, either
tentatively or definitely, by the Group's zoologist, Dr C.N. Battershill. These
seventeen samples, which had a wide geographical distribution (Figure 4.1),
formed the basis of the survey. Voucher samples of all ascidians examined
are kept by the Marine Chemistry Group. The extract partitioning and
metabolite identification protocol used for each extract was as follows. A
frozen specimen (lOOg) was soaked in methanol-water solvent mixtures and
filtered repeatedly over two days until the filtrate was clear and colourless.
Each filtrate was immediately dried under reduced pressure to prevent any
possible solvent-induced sample decomposition. The combined filtrates
were added to a 100g C18 reverse phase flash chromatography column as
either a water based suspension or precoated onto C 18 reverse phase
adsorbant. The extract was partitioned by using a steep solvent gradient
consisting of 500 ml of H2 0 followed successively by 250 ml of 20%
CHsOH/H20, 250 ml of 40% CHsOH/H20, 250 ml of 60% CHsOH/H20, 250
ml of 80% CHsOH/H20 and 500 ml of CHsOH and CH2Cl2.
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Haurakl Gulf

Marlborough
Kaikoura

Chatham Islands

----lliD-

Otago

Stewart Island
Figure 4.1 Map of the ascldlan collection sites.
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Table 4.1
1

2

Summary of the ascidian survey.
3

5

4

Aplidium adamsi

4530
N.T.
N.T.
N.T.

193

161

>25
0,0,0,0

>25
0,0,0,0

137
-,-,± C4
23
0,0,0,0

Aplidium amphibolum

3888
N.T.
N.T.
N.T.

91
>25
0,0,0,0
P-thym.

33

23

' '
>25
0,0,0,0

>25
0,1,0,4

45
>25
0,0,0,0
P-thym.

(831202-04)
59
?,?,WWC8
3.3
0,1,0,2

50
?,?,WWC8
3.5
0,0,0,2

' '

42

' '
>25
0,0,0,0

>25
0,1,0,0

>25
0,2,0,0

>25
0,0,0,0

242

-.-.-

46

35

36

(84K13-02)
68

>25
0,0,0,0
P-thym.

>25
0,0,0,0

' '
>25
0,0,0,0

18
0,0,0,0

' '
22
0,0,0,0

(88TH 1-05)
37
?*,?*,2+ C8
2.3
0,0,0,0

330
? ,?*,WW C8
1.0
0,0,0,2

Aplidium knoxi

2830
N.T.
N.T.
N.T.

>25
0,0,0,0

177

24

Aplidium gilvum

5690
N.T.
N.T.
N.T.

(87TO 1-0 1)
321
-,?,+ C4
17
0,0,0,0

(880H03-0 1)
35
93

Aplidium benhami

5300
N.T.
N.T.
N.T.

6

27
>25
0,0,0,0
P-thym.

17
?*,?*,+ C8
>25
0,0,0,0

17
? ,?*,+ C8
>25
0,1,0,0
111

111
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Table 4.1
1

Summary of the ascidlan survey- continued.

2

3

4

5

6

176
15
0,0,0,0

64

23

29

(86P4-03)
63

>25
0,0,0,0

>25
0,0,0,0

' '
>25
0,0,0,0

19
0,0,0,0

Aplidium notti

4540
N.T.
N.T.
N.T.

~-thym.

Aplidium phortax (orange)

3240
N.T.
N.T.
N.T.

64

34

>25
0,0,0,0

' '
>25
0,0,0,0

27
WW,WW,+*C7
3.9
0,1,0,0

Aplidium phortax (yellow)

3350
N.T.
N.T.
N.T.

34

21

' '
>25
0,0,0,0

20.5
0,0,0,0

42
?*,?*,2+ C8
12.9
0,1,0,1

(88WIN1-05)
27
121
>25
0,1,0,0

(87HG6-02)
34
?*,?*,2+ C8
1.9
0,0,0,1

' '
2.5
0,0,0,0

65
?*,?*,2+ C8
1.2
0,0,0,0

~-thym.

25

11

13

20.0
0,0,0,0

18.0
0,1,0,0

>25
0,0,0,0

(88POH3-16)
126
37
-,-,+ C6
'
>25
1.5
0,0,0,0
0,0,0,0

93.0
?,?,WWC8
1.8
8,8,8,3

20.4
?,?,3+ C8
4.7
7,7,6,2

(88K02-02)
18.5
?,?,WW C8
9.6
6,5,6,0

trith. A

trith. A

trith. A

Aplidium scabellum

2912
N.T.
N.T.
N.T.

.

~-thym.

Aplidium sp. D

5194.0 1318.0
N.T.
?,?,2+ C8
N.T.
10.9
N.T.
0,1,2,2
trith. A

27.1
>25
0,1,0,0
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Table 4.1
1

Summary of the ascldlan survey- continued.

2

3

4

5

6

16
?,?,WWC4
<0.2
0,1,0,1

(83J038-02)
31
-,-,± C4
13.4
0,0,0,0

39
?,?,2+ C3
4.1
0,0,0,0

40
?"',?"'.+ C9
7.7
0,3,0,1

(87LC1-04)
65
?"',?*,+ C9
17.1
0,1,0,0

Aplidium sp. E

3130
N.T.
N.T.
N.T.

101
?,?,WWC4
0.8
0,0,0,0

22
?,?,WWC4
0.7
0,0,0,0

~-thym.

Aplidium sp. 3

5350
N.T.
N.T.
N.T.

33

19

' '
>25
0,0,0,0

>25
0,1,0,0

164
10.9
0,0,0,0

~-thym.

Aplidium sp. 9

3084
N.T.
N.T.
N.T.

54
' '

>25
0,0,0,0

34

30
-,-,-

>25
0,0,0,0

>25
0,1,0,0

(87TP04-02)
51
55
?,?,+ C9
14
8.3
0,2,0,0
0,0,0,0

~-thym.

>25
0,2,0,2

88
2+,3+,+ C8
13
0,3,0,5

30
?,-,+ C8
>25
0,2,0,2

(87U01-02)
17
-,?,+ C8
>25
0,2,0,1

trith. A

trith. A

trith. A

trith. A

Aplidium sp. 14

4103
N.T.
N.T.
N.T.

100

' '
>25
0,1,0,0

23

17

23

(880H01-04)
25
92

>25
0,0,0,0

>25
0,0,0,0

>25
0,2,0,0

' '
>25
0,1,0,0

Aplidium sp. 18

3211
N.T.
N.T.
N.T.

102

~-thym.

' '
5.9
0,0,0,0
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Table 4.1
1

2

Summary of the ascidian survey - continued.
3

4

Aplidium sp. 19

3524

86

50

39

N.T.
N.T.
N.T.

>25
0,0,0,0

>25
0,0,0,0

23.0
0,0,0,0

-.-.-

..

..

Pseudodistoma aureum

3520

105

N.T.
N.T.
N.T.

-,-,-

>25
0,0,0,0

63
?*,?*,+ C8
11.5
2,1,0,3

66
?*,-,+ C8
18.0
1,3,0,3

Pseudodistoma sp. 2

3450

N.T.
N.T.
N.T.

33

..

>25
0,0,0,0

22

17

-,-.-

-,-,-

>25
0,0,0,0

>25
0,1,0,0

5

(880H1-12)
29
-.,-.,13.0
0,0,0,0

(87FR1-07)
153
?*,?*,2+ C8
7.7
1,1,0,3

(880B2-02)
34
-,-,>25
0,0,0,0

6

40
..., ... ,2.3
0,0,0,0

108
-,-,-

12.7
0,0,0,0

81
2.3
0,0,0,0

TABLE KEY:

1 to 6 column fraction numbers
Species name
(collection i.d.)
Column fraction weight (mg)
AV /Cytotoxicity assay results (see Section 2.2)
P388 in vitro ICso (!-Lg/ ml)
Antimicrobial assay inhibition zone sizes (mm)
N.T.: not tested
Compounds identified: 13-thym.: 13-thymidine; trith. A: trithiane A (4.4).
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Each fraction was dried immediately after elution from the column in order
to prevent any possible solvent-induced sample decomposition. Fraction 1
of each extract was withheld from further analysis as the major component
was always salt. The presence of salt had the effect of broadening the 1H
NMR signals to such an extent as to make interpretation of the spectrum
extremely difficult.
Homogeneous subsamples taken from fractions 2 to 6 were submitted for
biological testing at a concentration of 2mg/ml. The biological properties
evaluated included the ability to inhibit viral replication (20J.Lg loading),
cytotoxic effects to BSC cells (20J.Lg loading), the ICso for the P388 in vitro
leukemia cell line and the inhibition of gram positive and negative bacteria
and a fungus at 60J.Lg loading (see Section 2.2 of this thesis for further
experimental details of the biological testing used). ,
Fractions 2 to 5 of each extract were examined by 1H NMR spectroscopy
(D20 or D20/CDsOD solvents) to determine the presence of trithiane A
(4.4), 2-vanilloyl imidazole (4.1), the related thiazole compounds (4.2 and
4.3) or any other interesting metabolites.
The biological testing and 1H NMR spectroscopic analysis results from the
fractions collected from the reverse phase flash chromatography column of
the ascidian extracts are summarised in Table 4.1.

4.2. 1 Aplidium adamsi.
Aplidium adamsi (Brewin, 1946) 149 was collected from shallow waters off

Tutukaka, Northland in February, 1987.

4.2.2 Aplidium amphibolum.
Aplidium amphibolum 149 was collected from Fifth Bay, Kaikoura in

December 1983 and was stored frozen as sample 831202-04. 1H and 13c
NMR examination of the polar column fractions failed to indicate the
presence of the survey target compounds trithiane A and related
compounds, but did indicate that fraction 2 was predominantly a single
component. This component was further purified by C8 reverse phase
HPLC (80% CHsOH/H20). 1H, 13c, COSY and HETCOR NMR experiments,
in D20 solvent, established the presence of three isolated structural
fragments in this new metabolite.
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1.75
12.37

J\);CHs
138.31

B

I

112.21

-cI

85.88
39.34
71.29
87.34
62.03
c----r-----~--~~--~-----+----0

D

H7.55

F

Figure 4.2 The three substructural fragments of the new metabolite, and
chemical shifts (ppm), as determined by 1H and 13c NMR spectroscopy.

The 13c NMR chemical shift of 71.29 ppm suggested that group E was a
hydroxyl functionality, while· the chemical shift observed for the methylene
carbon (62.03 ppm) was reminiscent of C-5' of a pentose sugar, making
group G a hydroxyl group as well. The chemical shift observed for the
anomeric carbon C-1' (85.88 ppm) indicated an ether linkage to C-4' (87.34
ppm). However, functional group C was deduced to be a nitrogen since two
oxygens bound to an anomeric carbon give rise to a carbon chemical shift of
approximately 100 ppm.150 This suggested that the metabolite was in fact a
2'-deox:ynucleoside.
The new metabolite was shown to be ~-thymidine (4.5) by direct comparison
of the lH and 13c NMR data with an authentic sample.l51 The configuration
of the ribose fragment was determined to be (D-) by comparison of the
sample's circular dichroism and optical rotatory properties with those
observed for the authentic sample of ~-D-thymidine.

HO

OH
4.5

~-thymidine
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TWs is the first reported isolation of ~-D-thymidine from an ascidian of the
genus Aplidium. Previously, tWs compound has been reported from the
ascidian TTididemnum cereum. 86

4.2.3 Aplidium benhami.
Aplidium benhami (Brewin, 1946)149 was collected from Otago Harbour in

February 1988 and kept as sample 880H3-0 1. The metabolites identified
and column fraction biological activities observed are summarised in Table
4.1. ~-Thymidine was identified in fraction 2 and upon subsequent
purification by reverse phase HPLC, was shown to have the D- configuration,
as seen for A. amphibolum.

4.2.4 Aplidium gilvum.
Aplidium

gilvum (Millar,

1952)149 was collected from the waters

surrounding Seal Reef, Kaikoura in July, 1984. ~-Thymidine and trace
amounts of other related compounds were detected in fraction 2 by 1H
NMR. No attempts were made to determine the specific configuration of
the ~-thymidine or the structures of the other compounds. The column
fraction biological properties observed for this extract are summarised in
Table 4.1.

4.2.5 Aplidium knoxi.
ApZidium knoxi (Brewin, 1956) 149 was collected from shallow waters

surrounding Titi Island in the Marlborough Sounds in April, 1988 and kept
as sample 88TH 1-05.

4.2.6 Aplidium noffi.
Aplidium notti (Brewin, 1951)149 was collected from shallow waters off the

Otago Peninsula in March 1986 and kept as sample 86P4-03. The biological
activities and metabolites detected in the fractions from the reverse phase
column of the ascidian extract were similar to those observed earlier for A.
gilvum (Table 4.1).
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4.2. 7 Aplidium phortax.
Two specimens of Aplidium phortax (Michaelson, 1924) 149 were
investigated. The first sample, coded 88WIN 1-05, was orange in colour and
was collected from the Eastern Wangamoe Inlet of the Chatham Islands in
March 1988. The biological profile of the column fractions indicated that
mild P388 inhibitory and potent antiviral activity were located solely in the
medium polarity fraction 4 (Table 4.1).
The second specimen of A. phortax (Michaelson, 1924) was light yellow in
colour and was collected from Orakei Pyles in the Hauraki Gulf in February,
1987 and kept as sample 87HG6-02. In direct contrast to the previous
specimen, strong cytotoxic and P388 inhibiting activity was observed in
fractions 4, 5 and 6 and ~-thymidine was detected in fraction 2 (Table 4.1).
Since these two ascidian specimens had been identified as being A. phortax,
it was expected that their extracts would produce similar activity and
metabolite profiles. However, the dissimilar nature of the extracts suggests
that a mistake may have been made in their respective taxonomic
identification. Indeed, the sample 88WIN 1-05 was initially identified as the
ascidian Didemnum candidum.

4.2.8 Aplidium scabellum.
Aplidtum scabellum (Michaelson,

1924)149 was collected as sample
88POH3-16 from the Port Hurt, Chatham Islands in March, 1988. Biological
testing and 1H NMR spectroscopic analysis results of the fractions collected
from the reverse phase flash chromatography column of the ascidian extract
are summarised in Table 4.1.

4.2.9 Ap/idiumspecies D.
Aplidium sp. D, as discussed in Chapter 3, is an undescribed ascidian

collected from shallow waters off the Kaikoura Coast. The sample used in
this survey was collected in August, 1988 and kept as sample 88K2-02. The
biological activity was observed to be very strong and spread over reverse
phase column fractions 2 to 5. Trithiane A was detected by lH NMR
spectroscopy in fractions 2 to 5. No other related compounds, thiazole
derivatives, or nucleosides were detected in any fractions (Table 4.1).
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4.2. 10 Aplidium species E.
Aplidium sp. E was collected from shallow waters off the Otago Peninsula in

October, 1983 and kept as sample 83J038-02. This species remains
undescribed in the taxonomic literature. Zooids are similar to those of A.
oamaruensis149 but the colony is longer and more erect in morphology.
All fractions collected from the reverse phase flash chromatography column
were found to be cytotoxic to both normal and P388 leukemia cells (Table
4.1). Fraction 4, with an IC5o of less than 200 ng/ml, was the most potent
of any extract fraction collected in this survey. Further examination of this
fraction by 1H NMR spectroscopy only showed the presence of very broad,
indistinct signals.

4.2.11 Aplidium species 3.
Aplidium sp. 3 was collected from Leigh Cove, Northland in February, 1987

and was kept as sample 87LC 1-04. The species remains undescribed in the
taxonomic literature. It is a large ascidian of distinctive appearance, and a
full description is provided elsewhere.152 The biological testing and 1H
NMR spectroscopic analysis results of the ascidian extract are summarised
in Table 4. 1.

4.2.12 Aplidium species 9.
A collection of Aplidium sp. 9 was made from waters off Takatu Peninsula,
Northland in February, 1987. The type specimen of this ascidian is kept as
sample 84K6-02. This species remains undescribed in the taxonomic
literature. It is distinctive as it forms a thick folded mat, up to 6mm thick,
impregnated with sand.
The biological activities observed for the reverse phase flash
chromatography column of the ascidian extract indicated that all the activity
was concentrated into the non-polar fractions 5 and 6.
Mild
antiviral/cytotoxic (?*, ?*,+ C9), modest P388 inhibitory activity (IC5o 8.3
J.tg/ml) and inhibition of the gram positive bacteria Bacillus subtilis were
observed for fraction 5.
These biological results are similar to those reported earlier for prenylated
quinonoid compounds isolated from ascidians of the genus Aplidium 97-100
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Examination of the 1H NMR spectrum (in CDCls) showed weak resonances
in the chemical shift range of 6.0 to 6.6 ppm, indicative of these conjugated
metabolites. No further follow-up was undertaken due to these compounds
being routinely reported from Aplidium ascidians.

4.2. 13 Aplidium species 14.
Aplidium sp. 14 was collected from the shallow waters surrounding Ulva

Island, Patterson Inlet of Stewart Island in October 1987 and kept as
sample 87UO 1-02. The species remains undescribed in the taxonomic
literature. The zooids are comparatively long and are unusual in having only
a small number of brachial rows~
The biological activity profile of the fractions collected from the reverse
phase flash chromatography column of the ascidian extract indicated that
the active component was concentrated in fraction 3, with some residual
activity spilling over into fractions 4 and 5 (Table 4.1). 1 H NMR
spectroscopy confirmed the major component of fraction 3 to be trithiane A
(4.4). Further purification of the sample by CIS reverse phase HPLC
produced a sample that was identical in all respects (1 H. 13c NMR. UV, IR.
CD and ORD) to that previously isolated from A. species D. No other
fractions collected from the HPLC purification of trithiane A displayed any
biological activities, indicating that trithiane A was the sole source of the
observed biological activities of A. species 14.

4.2. 14 Aplidium species 18.
Aplidium sp. 18 was collected in February 1988 from shallow waters in

Otago Harbour and kept as sample 880H 1-04. The species remains
undescribed in the taxonomic literature. It is very similar in appearance to
A. phortax 149 but turns dark brown upon exposure to the air. The colony is
only thinly encrusting.

4.2. 15 Aplidium species 19.
Aplidium sp. 19 was collected from shallow waters in Otago Harbour in

February, 1988 and kept as sample 880H1-12.

The species remains
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undescribed in the taxonomic literature. It is similar to Aplidium
quadriscul.catum 149 although the colony and zooids are longer.

4.2. 16 Pseudodistoma aureum.
Pseudodistoma aureum 149 (Family Polyclinidae, Order Euherdmaniinae)

was collected from the waters surrounding Fairchild Reef, Northland in
February, 1987. Biological testing and 1H NMR spectroscopic analysis
results of the fractions collected from the reverse phase flash
chromatography column of the ascidian extract are summarised in Table
4.1.

4.2. 17 Pseudodistoma species 2.
Pseudodistoma sp. 2 remains undescribed in the taxonomic literature. It is

similar in appearance to P. novaezealandiae 149 but colonies have a much
more diffuse appearance. The specimen used in this survey was collected
from shallow waters off Opane, Ocean Bay in the Chatham Islands in March,
1988 and kept as sample 880B2-02.

4.3 Concluding Remarks.
It is interesting to note that all of the ascidian samples studied in this

survey were found to contain biologically active components. Two of the
extracts, A. notti and A. gilvum, possessed similar biological activity profiles
which suggests that either the same or closely related biologically active
compounds were present in both extracts. Due to the nature of the
biological profiles observed for several of the species surveyed, further
investigation of these ascidian species is clearly warranted. These species
include the readily recollectable ascidians A. phortax (orange) and A.
scabellum, which were found to possess the highly desirable bioactivities of
mid-polarity, P388 cytotoxicity and limited or no BSC cytotoxicity. P.
aureum and A. sp. E should be the target of future studies due to their wide
range and strength of bioactivities. Recollection of these two species,
especially A. sp. E, may be a problem as few recent sightings of these
ascidians have been made.

CHAPTER FIVE
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5. 1 Introduction.
Three species of sponges belonging to the genus Latrunculia du Bocagei
(family Latrunculiidae, order Hadromerida) are commonly found in New
Zealand waters over latitudes ranging from the sub-tropical north to the
sub-antarctic Islands. In the screening of extracts from marine organisms
collected from around New Zealand the extracts prepared from sponges of
this genus invariably showed very strong activity against a variety of
microorganisms and were strongly inhibitory against the P388 leukemia cell
line in vitro. These biological activities have been found to be due to a series
of cytotoxic alkaloids, the discorhabdins A (5.1),32 B (5.2),32 C (5.3),153 and
D (5.4).154 The structure of discorhabdin C was determined by a single
crystal X-ray diffraction study, while the remaining discorhabdin structures
were established by comparison of the observed NMR data with those
observed for discorhabdin C. Discorhabdins A and D have also been
reported from marine sponges of the. genus Prianos
(family
Hymeniacidonidae, order Halichondrida), collected in Japanese
waters.154,155
Other related compounds, prianosins B (5.6), C (5. 7) and D (5.8), have been
recently reported from the Okinawan sponge Prtanos melanos. 156 The
aminophenol structures of (5.7) and (5.8) were proposed as a result of NMR
studies carried out upon the acetylated natural products. Recent work
however, has indicated that the structures of prianosins C and D should be
represented as 3-hydrox:y discorhabdin D (5.5) and discorhabdin D (5.4)
respectively, and that acetylation with pyridine/acetic anhydride proceeds
via iminoquinone reduction, the mechanism of which remains uncertain.l5 7
Subsequent reexamination of the Latrunculia extract that had previously
afforded discorhabdin D (5.4) showed 3-hydrox:y discorhabdin D (5.5) to be
present at very low levels.l57
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All of the discorhabdin and prianosin alkaloids exhibit marked cytotoxicity
against the in vitro P388 and L1210 cell lines (discorhabdin A, IC5o=O.O 1
J.Lg/ml; B 0.02 J.Lg/ml; C 0.04 J.Lg/ml; D 1.2 J.Lg/ml; prianosin B 2.0 J.Lg/ml; C
0.15 J.Lg/ml and D 0.18 J.Lg/ml). The in vivo evaluation of the discorhabdins
against P388 leukemia showed that both A (5.1) and C (5.3) were toxic at
doses of 2 mg/kg and gave no life extension. Discorhabdin B displayed very
mild selectivity (T/C of 117% at 0.25 mg/kg) while discorhabdin D (5.4) had
significant biological activity with a life extension of 132% at a dose of 20
mg/kg. 32,154
A study based upon the chemical modification of discorhabdin C was carried
out. The aims of this study were to produce compounds with more effective
in vivo activity than discorhabdin C and to be an exploration of structural
features that could be responsible for the biological activities of the
discorhabdins.
To this end the acid catalysed dienone-phenol
rearrangement of discorhabdin C yielded the phenol (5.12) as the major
product in high yield. This product was subsequently methylated with
diazomethane, giving discorhabdin C-anisole (5.14). The dienone moiety of
discorhabdin C was reduced, by treatment with sodium borohydride, to the
dienol (5.15) which, upon dissolving in concentrated sulphuric acid, yielded
discorhabdin C-benzene (5.17). Nitration of discorhabdin C-phenol yielded
two products, discorhabdin C-nitrophenol (5.19) and discorhabdin Cnitrodienone (5.21). While isolating the discorhabdin C to be used in the
modification study, a new discorhabdin, E (5.9), was isolated.
The biological properties observed for all the natural and synthetic
discorhabdins described in this chapter are summarised in chapter six.

5.2 Discorhabdin C.
A sample of the sponge Latrunculia c.f. bocagei, that had previously afforded
discorhabdin C, 153 was extracted with methanol/water. Thin layer
chromatography showed the red coloured extract contained a high
percentage of discorhabdin C. This was further purified by a combination of
reverse phase flash and low pressure column chromatography. The identity
of discorhabdin C was confirmed by comparison of the 1H and 13c NMR
spectra with those previously reported. 153
The complete assignment of the 13c NMR spectrum of discorhabdin C had
previously been reported in d5-DMSO solvent while the 1H NMR spectrum
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was assigned in CD30D. Due to the difficulties associated with the handling
of DMSO samples, it was decided that all the derivatives of discorhabdin C
arising from the modification study should have lH and 13c NMR spectra
measured in CD30D solvent.
The 13c NMR spectrum of discorhabdin C, in CD30D solvent, showed 6
strong signals (153.05, 128.09, 45.60, 39.82, 35.50, 19.73 ppm) which
were directly assigned to C-1/C-5, C-14, C-17, C-8, C-7 and C-16
respectively by comparison with their observed dG-DMSO chemical shifts.
Of the lower intensity quaternary carbon signals observed, C-3, C-6, C-11
and C-20 had distinct enough chemical shifts to allow their assignments to
be made unequivocally by comparison with the dG-DMSO values. To confirm
these structural assignments and to assign the remaining quaternary carbon
signals, a reverse detection long range heteronuclear correlation
experiment (HMBC) was performed.
The correlations observed are
summarised in Figure 5.1.

Figure 5. 1 The long-range reverse detected 1H- 13c correlations
CHMBC) observed for dlscorhabdln C (5.3).

The 13c resonance at 121.67 ppm was correlated to proton resonances for
H-14, 2H-16 and 2H-17, thereby allowing assignment of this resonance as
C-15.
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Table 5.1

Discorhabdin C (5.3) NMR data CCD30D) summary.

Br

0

c

Oc

H

OH

1

153.05

1

7.73, s

2

124.50

5

7.73, s

3

173.09

7

2.12, t, 6.0

4

124.50

8

3.73, t, 6.0

5

153.05

14

7.22, s

6

46.45

16

2.90, t, 7.0

7

35.50

17

3.79, t, 7.0

8

39.82

10

154.07

11

166.75

12

125.09

14

128.09

15

121.69

16

19.73

17

45.60

19

156.55

20

93.44

21

125.44

lJ CH correlations:

H1/H5-+ 153.05, 2H7-+ 35.50
2H8 -+ 39.80, H14 -+ 128.09
2H16 -+ 19. 73, 2H17 -+ 45.60

2JcH and 3JcH correlations:

2H16, 2H17, H14-+ 121.69
H1/H5 -+ 173.09, 153.05, 124.50
H14, 2H16 -+ 125.44, 2H17 -+ 156.55
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The 1H NMR signal due to H-1/H-5 was correlated to the carbon signals at
173.09 ppm (C-3), 153.05 ppm (C-1/C-5) and 124.50 ppm, which was
therefore assigned as C-2/C-4. This left the assignments for C-12/C-21
(125.09, 125.44 ppm) and C-10/C-19 (154.07, 156.55 ppm). Correlations
were observed between signals for H -14 and 2H -16 and a resonance at
125.44 ppm (C-21) in the 13c spectrum. Thus C-12 was assigned to the
125.09 ppm resonance. To confirm the assignments of C-10 and C-19, a
correlation was observed between the 2H-17 signal and a 13c resonance at
156.55 ppm. Thus C-19 was assigned to 156.55 ppm, which left C-10 to be
assigned to 154.07 ppm. No 3JcH correlation was observed between the C10 and 2H -8 resonances.

5.3 Discorhabdin E.
Analytical reverse phase HPLC indicated a minor component, very close in
polarity to discorhabdin C, was also present in the extract. This minor
component was purified by semipreparative reverse phase HPLC and
characterised as the trifluoroacetate salt.
High resolution FABMS
established the molecular formula as C1sH15Ns02Br, while the UV, IR, 1H
and 13c NMR spectra showed many similarities with those for discorhabdin
C. The differences present in the 1H NMR spectra centered on the
resonances arising from the dienone system. The H-1/H-5 singlet (7.73
ppm) observed in the 1H NMR spectrum of discorhabdin C had been
replaced by an AMX coupled system.

The requirements of the molecular

formula in conjunction with the observation of the coupled three proton
system led to the assignment of discorhabdin E (5.9) as the monodebromo
derivative of discorhabdin C (5.3).

5.9 Discorhabdin E
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Discorhabdin E (5.9) NMR data (CD30D) summary.

Table 5.2

0

c

Oc

H

1

152.84

1

7.70, d, 2.8

2

126.97

4

6.55, d, 9.9

3

178.98

5

7.19, dd, 2.8, 9.9

4

129.87

7

2.05, m

5

153.22

8

3.70, t, 5.5

6

44.25

14

7.18, s

7

35.74

16

2.87, t, 7.5

8

39.86

17

3.77, t, 7.5

10

154.08

11

166.93

12

125.13

14

128.01

15

121.65

16

19.77

17

45.51

19

156.60

20

94.02

21

125.50

1JcH correlations:

OH

152.84--. H-1, 129.87--. H-4
153.22 --. H-5, 128.01 --. H-14
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The 1H NMR chemical shifts and proton-proton coupling constants of the
bromodienone system of discorhabdin E were comparable with those
reported for a monobrominated tyrosine metabolite (5.10) from a Verongia
sponge.158

7.52 H

H 7.08

J=2.8

J=2.8, 10.0

Br

H 6.21

0

J=10.0

7.70 H
J=2.8

H 7.19
J=2.8, 9.9

H6.55
J=9.9

5.10

Figure 5.2 Comparison of the 1H NMR data (o, J) for
the model compound 5.10 and discorhabdin E (right).

The 13c NMR signals due to C-1, C-4, C-5 and C-14 were assigned by a
heteronuclear correlation (HETCOR) NMR experiment while the remaining
13c NMR resonances were assigned by direct comparison with discorhabdin
C (5.3). Like many brominated tyrosine metabolites from verongid
sponges51,158 discorhabdin E (5.9) was found to be racemic.
A feature of the 1H NMR spectrum of discorhabdin C (5. 3) was the
observation of rapid. exchange between two enantiomeric conformations.
These enantiomeric conformations were first observed as a pair in the unit
cell for discorhabdin C in the solid state.153 This equilibration is indicated
by the equivalence of H-1/H-5 and the appearance of 2H-7, 2H-8, 2H-16
and 2H-17 as simple triplets.153 These two solid state conformations, with
C-7 above or below the plane of the iminoquinone chromophore, are related
as enantiomers, but are readily interconverted in solution by inversion of the
half chair rings B and D. An analogous situation of rapid conformational
exchange is possible for discorhabdin E (5.9) and the observation of 2H-8,
2H-16 and 2H -17 as simple triplets confirms this is indeed occurring.
Unlike discorhabdin C, C-6 of discorhabdin E is chiral. Not unexpectedly in
this circumstance, 2H-7 of discorhabdin E is not a simple triplet despite
the rapid conformational isomerisation.
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5.4
The Acid-Catalysed
Discorhabdin C.

Rearrangement

of

The aromatlsation of discorhabdin C via the acid-catalysed dienone-phenol
rearrangement159 can lead to two possible products (5.11) and (5.12), as
shown in Figure 5.3. Previously, when discorhabdin C was dissolved in
concentrated sulphuric acid, a single major product was isolated. The
structural proof of this compound was based on 1H and 13c NMR. 2D
HETCOR and XCORFE NMR experiments and mass spectrometry.157 This
phenol (5 .12) arises from alkenyl (C-20) migration. The alkyl (C-7)
migration (5.11) product was not observed in the product mixture.
In other examples of dienone-phenol rearrangements, aryl migration was
observed with the proaporphine phenolic alkaloids,160 whereas the
eupodienones rearranged by alkyl migration.161 The 13c NMR spectrum of
the phenol (5.12) had previously been assigned in d6-DMSO solvent but in
keeping with the other discorhabdin derivatives made in this study it was
necessary to fully assign the spectrum in CDsOD solvent.
All protonated carbons (C-5, C-7, C-8, C-14, C-16 and C-17) were assigned
by comparison with the chemical shifts previously assigned in d6-DMSO.
Three of the quaternary carbon signals (C-11, C-15 and C-19) were assigned
by direct comparison with discorhabdin C 13c NMR data. In order to
confirm these assignments and to assign the remaining quaternary 13c
NMR resonances, a reverse detection long range 1H_l3c correlation
experiment (HMBC) was performed (Figure 5.4).
Correlations were observed between the signal for H-14 and carbon
resonances at 125.26 and 124.50 ppm, arising from carbons C-12 and C-21.
These 13c NMR resonances were distinguishable, however, by observing a
correlation between signals for 2H-16 and for the carbon at 124.50 ppm.
This enabled the assignment of C-21 to 124.50 ppm and hence C-12 to
125.26 ppm.
The 13c NMR resonances observed at 152.66 and 153.10 ppm were
distinguished as C-3 and C-10 respectively by observing a correlation
between the resonances for H-5 and the carbon signal at 152.66 ppm (C-3).
No correlation was observed between the C-10 and 2H-8 resonances.
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. Figure 5.3 The acid catalysed dlenone-phenol rearrangement mechanism.
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Figure 5.4 The long-range reverse detected 1H-13c NMR
correlations observed for dlscorhabdin C-phenol (5.12).

The remaining carbons (C-1, C-2, C-4 and C-6) were assigned by
comparison with data from the model compound 2,6-dibromo-4-methyl
phenol (5.13).162

OH

OH

Figure 5.5 Comparison with the 13c NMR data (ppm) of the model
compound (5. 13) confirmed the assignment of the phenyl ring
carbons of dlscorhabdin C-phenol (right).

In order to confirm the coincidence of the 13c NMR resonances of C-1 and
C-5, an "attached proton test" (APT) NMR experiment was run.163 The
experiment, which can be used to show only those 13c resonances that are
non-protonated, revealed a quaternary 13c resonance at 132.76 ppm,
confirming the 13c chemical shift coincidence of the protonated carbon C-5
and the non-protonated quaternary carbon C-1.
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Table 5.3

Dlscorhabdin C-phenol (5. 12) NMR data

(CD30 D)

summary.

Br

HO

c

Oc

H

DH

1

132.76

5

7.45, s

2

112.43

7

2.95, ddd,1.0, 5.0, 14.0

3

152.66

4

115.69

5

132.76

6

138.18

14

7.23, t, 0.8

7

33.85

16

2.96- 3.02, m

8

52.63

17

3. 73, dt, 8.5, 8.5, 14.0

10

153.10

11

168.97

12

125.26

14

127.95

15

121.32

16

19.84

17

44.82

19

158.09

20

99.13

21

124.50

2JcH and 3JcH correlations:

3.24, m
8

3.46, bdd, 10.5, 15.0
3.98, ddd, 2.0, 5.0, 15.0

3.90, dt, 6.5, 6.5, 14.0

H5 -+ 132.76, 152.66, 33.85
H14-+ 125.26, 2H16-+ 44.82
H14, 2H16 -+ 121.32, 124.50
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5.5 The Methylation of Discorhabdin C-Phenol.
To determine the effect of the polar hydroxyl functionality upon the
observed activity of discorhabdin C-phenol, the less polar 0-methyl
derivative, discorhabdin C-anisole (5.14), was prepared by treating a
methanol solution of the phenol with an ethereal solution of freshly
prepared CH2N2. The lH NMR and 13c NMR spectra of 5.14 showed the
presence of signals characteristic of an aromatic methoxyl moiety (C-22,
61.17 ppm; 3H-22, 3.89 ppm) as well as changes in the C-1 and C-6 signals
consistent with phenol methylation.164, 165
The downfield chemical shift of the aromatic methoxyl carbon was
consistent with the carbon being exposed to the deshielding cone of the
aromatic ring. This exposure is due to the non-planarity of the aromatic
ring-methoxyl system caused by the steric hindrance created by the two
adjacent bromine atoms.
Prianosin A (discorhabdin A, 5.1) had previously been reported to methylate
at N-13 when treated with diazomethane.155 However, this was not
detected in the methylation of discorhabdin C-phenol.

5.6 The Reduction of Discorhabdin C.
The dienol (5.15) was prepared with two purposes in mind. Firstly, to gain
a measure of the importance of the ring E ketone to the biological activity of
the discorhabdin series, and secondly, as a further entry point into the 1H2,3-dihydro-azepine system via the dienol/benzene rearrangement.166 To
this end discorhabdin C (5.3) was reduced with NaBH4 in methanol. The
red colour of the solution changed to yellow, presumably due to the
reduction of the iminoquinone chromophore. Subsequent aerial oxidation,
achieved by swirling the solution open to the air, caused the return of the
red colour to the solution. From this a single major product was recovered.
Comparison of the 1H NMR spectrum of this new compound with that for .
discorhabdin C indicated a 1.3 ppm upfield shift in the H-1, H-5 signal and a
new singlet signal (H-3) at 4. 79 ppm. This is consistent with the
conversion of the dienone (5. 3) to the dienol (5 .15) when compared to
other examples of this reaction.166
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Dlscorhabdln C-anlsole (5.14) NMR data (CD30D) summary.

Table 5.4

22

Br

CH3 0

c

~

H

OH

1

130.12

5

7.54, s

2

119.09

7

3.01, ddd,1.0, 4.8, 14.2

3

155.74

4

122.78

5

133.34

6

142.97

14

7.23, s

7

33.99

16

2.99, bdd, 7.0, 8.7

8

52.27

17

3.74, dt, 8.7, 8.7, 14.2

10

153.16

11

168.78

12

125.28

14

127.93

15

121.32

16

19.81

17

44.80

19

158.16

20

98.52

21

124.44

22

61.17

3.30, m
8

3.46, bdd, 11.0, 15.0
4.00, ddd, 1.6, 4.8, 15.0

3.91, dt, 7.0, 7.0, 14.2
22

3.89, s
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The lH NMR signals observed for 2H-7, 2H-8, 2H-16 and 2H-17 were again
simple triplets, implying rapid solution conformational isomerism was also
present in tWs discorhabdin derivative.

H A= -1.09

Figure 5.6 The chemical shift of the new methlne proton (ppm) and the
changes In chemical shift of adjacent protons (ppm) upon reduction
of a dienone to a dienol; model (left) 166 and dlscorhabdln C (right).

The chromatographic properties and the 1H NMR data implied that the
reduction of the dienone had been highly stereospecific with the production
of one dienol isomer only. TWs is highly unlikely as the faces of the dienone
(5.3) are diastereotopic. Confirmation that the reduction had not been
100% stereospecific came from the 13C NMR spectrum where 'twinning' of
some resonances, including all those for the ring E. were observed in an
approximately 3: 1 ratio.
Although extensive 1H NMR NOE experiments were undertaken, it was not
possible to unambiguously assign the stereochemistries of the major and
minor dienols. This is perhaps understandable if the 1,4 cyclohexadienon3-ol system of 5.15 is independently undergoing ring inversion, in addition
to the enantiomeric interconversion formed in the system by the
conformational inversion of rings Band D.

5.7
The Acid-Catalysed
Discorhabdin C-Dienol.

Rearrangement

of

The acid catalysed dienol-benzene rearrangement of the dienol (5.15) could
lead to two possible benzene products 5.16 and 5.17166 as shown in Figure

5.7.
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Table 5.5

Dlscorhabdln

C~dlenol

(5.15) NMR data (CD30D) summary.

Br

c

Oc

Boa

H

OH

135.55

1

6.46, s

3

4.79, s

5

6.46, s

7

1.99, t, 5.8

1

136.41

2

125.77

3

73.10

4

125.77

5

136.41

135.55

8

3.59, t, 5.8

6

43.93

44.62

14

7.17, s

7

36.60

35.55

16

2.89, t, 7.4

8

39.80

39.00

17

3.84, t, 7.4

10

153.60

11

167.16

12

125.13

14

127.90

15

121.56

16

19.87

17

45.57

19

156.49

20

97.87

21

125.48

72.21

a Chemical shifts of other "twinned" signals observed in the 13c NMR
spectrum. See text.
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Figure 5. 7 The acid cata lysed dienol-benzene rearrangement mechanism.
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The reaction gave, however, only a single product in high yield. The
presence of two aromatic protons possessing long range couplings (J=2.0
Hz) in the lH NMR spectrum confirmed the product was a benzene
derivative. The methylene components of the 1H NMR spectrum were
assigned by comparison of the chemical shifts and homonuclear correlation
(COSY) data with those observed for discorhabdin C-phenol (5.12). That the
product obtained was 5.17. due to alkenyl migration, and not the alkyl
migration product (5.16), was established by observing an NOE effect
between the signals for H-5 (7.49 ppm) and 2H-7 (3.04 and 3.30 ppm). No
NOE effects between the H-3 (7.84 ppm) resonance and any other proton
absorptions were observed (Figure 5.8).

Figure 5.8 Long range 1H- 13C NMR correlations
(XCORFE
) and NOE's ( -----..- )
observed for discorhabdin C-benzene (5.17).

The majority of 13c NMR resonances were assigned by direct comparison
with the data obtained for the phenol. The assignments of C-1 through C-6,

however, were based upon the 1H_l3c heteronuclear correlations observed
by HETCOR and XCORFE NMR experiments (Figure 5.8), and the chemical
shift changes expected for the loss of the hydroxyl moiety from a phenol
(Figure 3.9).115
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Dlscorhabdin C-benzene (5.17) NMR data

Table 5.6

(CD30 D)

summary.

Br

c

Oc

H

1

131.74

3

7.84, d, 2.0

2

126.81

5

7.49, d, 2.0

3

136.40

7

3.04, bdd,4.0, 14.2

4

123.99

5

131.97

6

148.03

7

34.61

14

7.23, s

8

52.08

16

2.99, bdd, 6.2, 8.8

10

153.12

17

3. 75, dt, 8.8, 8.8, 14.3

11

168.72

12

125.29

14

128.00

15

121.35

16

19.83

17

44.86

19

158.03

20

98.05

21

124.46

lJ CH correlations:

OH

3.30, m
8

3.47, bdd, 11.1, 14.6
4.03, bdd, 4.0, 14.6

3.94, dt, 6.2, 6.2, 14.3

128.00 --. H14, 131.97 __. H5
136.40--. H3

2JcH and 3JcH correlations:

123.99, 126.81, 131.97 --. H3
123.99, 131.74, 136.40--. H5
121.35, 124.46, 125.29 __. H14

121

+9.9

+7

·2
+13

R

-1.0

+14.4

R

Figure 5.9 The expected (left) and observed (right) changes in

13c NMR chemical shifts when R = OH is transformed to R = H.

5.8 The Nitration of Discorhabdin C-Phenol.
As the phenol (5.12) was stable to strongly acidic solutions the introduction

of a nitro grouping into this skeleton was a distinct possibility. The
.introduction of a nitro group was considered desirable for several reasons.
The first was for the reintroduction of a dibromodienone moiety into the
discorhabdin molecular frame by forming a 4-nitro-2,5-dienone adduct.
This would give a similar dibromodienone moiety to that present in
discorhabdin C. However. inspection of Dreiding models suggested that it
would be at a different angle to the iminoquinone chromophore than the
76 ° found in discorhabdin C.l53 This chemical modification would
subsequently provide biological information about the spatial importance of
the dibromodienone moiety present in discorhabdin C. The second reason
for nitrating the phenol (5.12) was to examine the possibility of rearranging
the 4-nitrodienone product to a nitrophenol. This nitrodebromination
would open further possibilities to chemical modification including
reduction of the nitro group to the amine derivative, which could be further
derivatlsed.
The phenol was nitrated in a standard mannerl62 by adding fuming nitric
acid to a solution of the phenol in glacial acetic acid. and stirring for 5
minutes at 0°C. Analytical reverse phase HPLC showed the final product
mixture to contain two new major components in addition to some of the
phenol (5.12) starting material. The two new components were purified by
semipreparative reverse phase HPLC.
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5.8.1 Discorhabdin C-nitrophenol.
The more non-polar component isolated from the nitration reaction
product mixture possessed a lH NMR spectrum very similar to that
observed for discorhabdin C-phenol (5.12). The connectivities of the
methylene protons of the new derivative were established by a COSY NMR
experiment while the assignment of the protons was made by comparison
with the phenol derivative (5.12). Of the two olefinic protons observed, the
7.26 ppm signal was assigned as H-14 by comparison with the H-14
chemical shifts observed for the other discorhabdin derivatives and by the
observation of an NOE between it and and the resonance for 2H-16 (2%)
(Figure 5.10). The other olefinic proton signal, at 8.03 ppm, was assigned
to the resonance of H-5 due to the observation of an NOE effect (3%)
between it and the H-7 resonance at 3.13 ppm.

Figure 5.10 Long range 1H- 13C NMR correlations
(HMBC
and NOE's ( ______ ....,..)
observed for dlscorhabdln C-nitrophenol (5.19).

The downfield chemical shift of H-5 suggested the presence of an ortho
positioned nitro group,167 as shown by comparison of the lH NMR chemical
shifts observed for the new derivative and those observed for the model
compound, 2-bromo-4-methyl-6-nitro phenol (5.18) (Figure 5.11).
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Hs.o3

H7.77

7.ssH

Br

OH

OH

Figure 5.11 Comparison of the 1H NMR chemical shifts (ppm) for the
model compound (left) and dlscorhabdin C-nltrophenol (right).

The 13c NMR spectrum of the new derivative was also similar to that
observed for the phenol derivative (5.12), with the differences observed
being located solely with the phenol ring resonances. The assignment of
carbons C-7 through C-21 was made by direct comparison with
discorhabdin C-phenol (5.12). In order to assign the remaining aromatic
ring carbons C-1 to C-6, comparison was made with the 13c NMR chemical
shifts observed for the model compound (5.18).

OH

OH

5.18

Figure 5.12 Comparison of the 13c NMR chemical shifts (ppm) observed
for the model compound (left) and dlscorhabdln C-nltrophenol (right).

The model allowed the unambiguous assignment of C-1, C-2 and C-3,
confirming the structure of the new derivative to be discorhabdin Cnitrophenol (5.19). Due to C-4 and C-6 being too close in chemical shift to
be assigned unequivocally, an HMBC NMR experiment was performed in an
attempt the distinguish between the two resonances. It was hoped to
observe a correlation between signals for 2H-7 and C-6, hence allowing the
assignment of C-6. As shown in Figure 5.10, no such correlation was
observed so the assignment of C-4 and C-6 must remain equivocal.
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Dlscorhabdin C-nltrophenol (5.19) NMR data CCD30D)

Table 5.7

summary.

N02

c

Sc

H

OH

1

142.33

5

8.03, s

2

117.78

7

3.13, bdd,4.8, 14.3

3

152.94

4

135.22a

5

124.13

6

136.58a

14

7.26, s

7

34.02

16

3.01, bdd, 6.3, 8.6

8

51.97

17

3. 77, dt, 8.6, 8.6, 14.0

10

153.64

11

168.31

12

125.35

14

128.23

15

121.50

16

19.80

17

44.94

19

158.13

20

99.12

21

124.42

2JcH and 3JcH correlations:

3.35, m
3.51, bdd, 10.8, 14.8

8

4.02, ddd. 1.0, 5.2, 14.8

3.95, dt, 6.3, 6.3, 14.0

H5 ....-. 34.02, 142.33, 152.94
H14 ....-. 121.50, 124.42, 125.35
2H16

a Assignment may be reversed.

....-+

121.50
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5.8.2 Discorhabdin C-nitrodienone.
The more polar component obtained by HPLC from the nitration reaction
product mixture was a red crystalline solid. The 1H NMR spectrum of the
derivative showed many similarities to that observed for discorhabdin C.
Four discrete methylene signals were observed between 2.5 and 4.0 ppm, in
which one signal at 2.99 ppm was a triplet. With discorhabdin C, all
methylene 1H NMR signals had been observed as triplets. The 1H _1 H
connectivities of these methylene signals were established by a COSY NMR
experiment and their respective positions on the discorhabdin skeleton
made by direct comparison of the chemical shifts observed with those
observed for discorhabdin C (5.3). The downfield region of the spectrum
contained two singlet signals, one at 7.52 ppm and the other at 7.25 ppm.
The olefinic signal at 7.25 ppm was shown to be H-14 by observing an NOE
effect (2%) between it and 2H-16 (2.95 ppm) whereas a strong NOE (5%)
between the 1H NMR resonance at 7.52 ppm and 2H-7 (2.45 ppm)
demonstrated this olefinic proton to be H-5 (Figure 5.13).
0

,
,,

, ,H'

I

I

I
I
I
I

''

' ...

Br

' ....
0

Figure 5.13 Long range 1H- 13C NMR correlations
) and NOE's ( ·-----...-)
(HMBC
observed for discorhabdin C-nitrodienone (5.21).

The chemical shift of H-5 (7.52 ppm) was comparable with the 1H NMR
chemical shift of H-3 in a previously reported 4-nitro-2,5-dienone168
(5.20). suggesting the presence of a 4-nitrodienone moiety in ring E (5.21)
(see Figure 5.14).
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H7,52

Br

Br

0

Figure 5.14 Comparison of the 1H NMR chemical shifts (ppm) for the
model compound (left) and discorhabdln C-nltrodlenone (right).

The 13c NMR spectrum observed for the new nitrodienone derivative was
very similar to that obtained for the phenol (5 .12), with the differences
present being centered upon the resonances comprising ring E. All of the
13c NMR resonances observed, except for those from C-1 to C-6, were
assigned by either a HETCOR NMR experiment or by direct comparison
with those resonances observed for discorhabdin C-phenol (5.12). The
presence of a dienone moiety in ring E of the derivative was confirmed by
observing a 13c NMR resonance at 173.18 ppm (discorhabdin C C-3 =
173.09 ppm), assigned to the carbonyl carbon, C-3, of the dienone. The
assignment of C-6 to the resonance at 78.16 ppm was based on chemical
shift considerations for a nitro-bearing quarternary carbon.l62,169 In order
to assign the remaining carbons, an HMBC experiment was performed (see
Figure 5.13). Due to the HMBC experiment showing only 2JcH and 3JcH
proton-carbon correlations, the correlations observed between H-5 and
carbon resonances at 153.30 and 121.76 ppm, necessitated these
resonances to be C-1 and C-4 respectively, as C-3 and C-6 had already been
unequivocally assigned. A correlation with C-2 is not expected as this
carbon is 4 bonds removed from H-5. The assignment of C-1 to the 153.30
ppm signal and C-4 to the resonance at 121.76 ppm was further confirmed
by comparison with the chemical shifts observed in discorhabdin C for C-1
(153.05 ppm) and C-4 (125.00 ppm). C-2 was assigned the 13c NMR
resonance at 128.50 ppm due to no correlations being observed for this
carbon and by comparison with the C-2/C-4 chemical shift observed for
discorhabdin C (124.50 ppm).
Not unexpectedly, the nitrodienone derivative obtained was racemic.
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Table 5.8

Discorhabdin C-nitrodienone (5.19) NMR data (CD30D)
summary.

Br

0

c

Sc

H

OH

1

153.30

5

7.52, s

2

128.50

7

2.48, dt, 7.5, 7.5, 15.9

3

173.18

4

121.76

8

3.51, dd, 3. 7, 7.5

5

154.51

14

7.25, t, 0.9

6

78.16

16

2.99, td, 0.9, 8.0, 8.0

7

44.49

17

3.80, dt, 8.0, 8.0, 14.4

8

42.28

10

154.08

11

167.34

12

125.41

14

128.28

15

121.40

16

19.75

17

44.99

19

156.47

20

99.08

21

124.12

IJ CH correlations:

2.58, dt, 3.7, 3.7, 15.9

3.93, dt. 7.3, 7.3, 14.4

19.75-+ 2H16, 44.49 -+ 2H7
44.49 -+ 2H7, 44.99 -+ 2H17

2JcH and 3JcH correlations: H5-+ 121.76, 153.30, 173.18
2H7-+ 42.28, 78.16, 2H8-+ 78.16
H14-+ 121.40, 124.12, 125.41
2H16 -+ 44.99, 121.40,
2H17-+ 19.75,121.40
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5.8.3 Mechanisms of Formation of Nitrophenol (5.19) and
Nitrodienone (5.21 ).
Discorhabdin C-nitrophenol (5.19) and -nitrodienone (5.21) were most
likely the result of direct nitration of discorhabdin C-phenol (5.12), with
ortho phenol nitration leading to the nitrophenol derivative and para phenol
nitration giving the nitrodienone product.
a) Ortho nitration.

..,..,.I
N02 +
Br

..,..,.
•

I
.J'V'

Br

...

N02

- N02+ Br

- Br+
____....
Br

N02

o,
5.22

H

5.24

5.23

b) Para nitration.

Br

Br

- N02+

Br

Br

5.25

5.26

Figure 5.15 The two mechanisms possible for the ortho and para nitration
of discorhabdin C-phenol.

The characteristics of this reaction are well understood, with the process
normally resulting in overall aromatic substitution. The unstable Wheland
intermediate (5.23) formed by ortho nitration of the phenol (5.22) can
undergo loss of NOz+ to give back the phenol starting material or else lose
Br+ to give the nitrophenol (5.24). The nitro-debromination phenomenon
has been widely studied and experiments suggest that the loss of Br+ is
more facile than loss of NOz+,l70,171 The Wheland intermediate formed
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from para attack on the phenol (5.25) can either lose N02+ to give back the
phenol starting material or else it can lose the hydroxyl proton to give the
para nitrodienone (5.26).
The reported findings that 4-nitrodienones rapidly rearrange in a wide
range of solvents to give, among other products, the 2-nitrophenol
derivatives,l72,173 suggested that discorhabdin C-nitrophenol (5.19) may
have been formed indirectly via rearrangement of the nitrodienone (5.21).
The two currently favoured theories as to the possible mechanism(s) of
rearrangement are radical dissociation-recombinationl74 (Figure 5.16) and
acid catalysed 175 (Figure 5.17).

Br

Br

0·

Br

OH
Figure 5.16 The radical dissociation-recombination mechanism for
the aromatisation of 4-nltro-2,5-dienones.

To ascertain if the nitrophenol derivative was formed via a free radical
dissociation-recombination rearrangement of the nitrodienone, a sample of
the nitrodienone was dissolved in the free radical rearrangement promoting
solvent mixture of 80% CDCl3/CD3CN.174 After standing for one week at
room temperature, the sample was shown, by 1H NMR spectroscopy, to be
unchanged. It was therefore concluded that discorhabdin C-nitrophenol
(5.19) could not have been the product of a free radical aromatlsatlon of the
discorhabdin C-nitrodienone (5.21}.
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Br

------

Br

Figure 5. 17 The acid catalysed mechanism for the aromatlsation of
4-nltro-2,5-dlenones.

The acid stability of the nitrodienone (5.21) was tested by dissolving a
sample of it in glacial acetic acid, and stirring at room temperature for one
month. When the nitrodienone was recovered quantitatively from the
reaction mixture, it was concluded that discorhabdin C-nitrophenol (5.19)
was not formed by acid catalysed aromatisation of discorhabdin Cnitrodienone (5.21). Further examination of the acid stability of the
nitrodienone was made by dissolving a sample in concentrated sulphuric
acid and letting the reaction proceed for five minutes at room temperature.
Upon work up, the major product ( greater than 90% by reverse phase
analytical HPLC and 1 H NMR) identified in the product mixture was the
dibromophenol (5.12) while no nitrophenol (5.19) could be detected. This
denitration reaction probably proceeded via the same mechanism proposed
for the nitration process (Figure 5.15).
The experimentally observed resistance of the nitrodienone to undergo
aromatisation via free radical and acid catalysed mechanisms indicated that
discorhabdin C-nitrophenol (5 .19) was formed via a mechanism of
nitrodebromination of the phenol starting material (Figure 5.15). It should
be noted that only one of the two theoretically possible nitrophenol
products was isolated from the reaction mixture. This observation can be
rationalised by considering how much more sterically hindered the C-2
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position of the phenol is to electrophilic attack by N02+, in relation to the
comparatively unhindered site of C-4.

5. 9 Other Reactions Attempted.
Several other reactions of discorhabdin C were attempted, but they resulted
in either no reaction being observed, or the formation of intractable
mixtures. These reactions are briefly summarised below.

5.9.1 Hydrogenation of Discorhabdin C.
In order to determine the effect of ketone conjugation in ring E on the
observed biological activities of the discorhabdins, it was considered
desirable to hydrogenate the spirodienone system present in discorhabdin
C (5.3). This was attempted by using 5% palladium on charcoal under a
hydrogen atmosphere, in methanol solution. After 5 hours reaction,
discorhabdin C was recovered quantitatively from the reaction solution. The
reaction was repeated in methanol solvent with the more reactive Adams
catalyst (Pt02) and was followed by analytical HPLC. The substrate
disappeared over 2 hours to yield a green solution. The subsequent analysis
of this solution (analytical HPLC and lH NMR spectroscopy) indicated that
no single component had been formed in good yield.

5.9.2 Methylation of Discorhabdin C.
Discorhabdin C is the most polar of the naturally occurring discorhabdins
and yet has the lowest in vivo efficacy. In order to reduce the polarity of
discorhabdin C and to investigate any effect upon the observed biological
properties, attempts were made to N-methylate discorhabdin C. This was
initially attempted by using an excess of freshly prepared CH2N 2 with
cuprous cyanide catalyst. I 76 The analytical HPLC trace and 1 H NMR
spectrum of the product mixture, however, showed it to be an intractable
mixture.
Methylation involving methyl iodide and KOH in DMSO solventl77 was also
attempted. The subsequent work up of this reaction also yielded an
intractable mixture of components, as determined by 1H NMR spectroscopy
and analytical HPLC.
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5.9.3 The Vilsmeier Formylation of Discorhabdin C.
In an effort to measure the importance of ring A to the biological activity of
discorhabdin C, the formylatlon at C-14 was attempted in the usual manner
using dimethylformamide and phosphoryl chloride.l 78 After allowing the
reaction to proceed overnight, analysis of the worked up product mixture by
1 H NMR spectroscopy and analytical HPLC showed it to be a complex
mixture of unidentified products. No further follow up was attempted.

5. 9.4 The Reduction of Discorhabdin C-nitrophenol.
As an attempt to define the biological properties of further derivatives of

discorhabdin C-phenol (5.12), it was considered desirable to reduce the
nitrophenol (5.19) to the corresponding aminophenol derivative (5.27).

5.27 Discorhabdin C-aminophenol

The reduction was attempted using methanolic hydrochloric acid (1:3) and
stannous chloride.I79 Work up after 30 minutes yielded a 1:1 mixture of
the aminophenol product and the nitrophenol starting material. The lH
NMR spectrum of the mixture showed a new olefinic resonance at 7.27
ppm, attributable to H-5 of the new aminophenol product. Further reaction
of the product mixture for two hours yielded an intractable mixture of
unidentifiable compounds. As no further supplies of discorhabdin Cnitrophenol were readily available, no further attempts at this reaction were
made at this time, but further work will be attempted in the future.

CHAPTER SIX

ICAL A TIVITIES
THE Bl L
F THE DIS ORHABDINS
6.1 Introduction.
The isolation of discorhabdin C (6.3) from the sponge Latrunculia c.f. bocagei
represented the first report of a new class of naturally occurring alkaloids,
the discorhabdins.153 These cytotoxic sponge pigments, which now also
include discorhabdins A (6.1), B (6.2) and E (6.5), embody, for the first time,
a tetracyclic iminoquinone and an a-bromo-a.~-cyclohexenone ring in the
same molecule.
lminoquinone alkaloids have been reported as biologically active
components from a wide variety of sources. Ascididemin (6.6),82 2bromoleptoclinidinone (6.7)81,83 and the cystodytins A (6.8), B (6.9) and C
(6.10)84 were reported from ascidians and all were found to be cytotoxic to
in vitro leukemia cells, with IC5o values of 0.39 (6.6), 0.40 (6. 7), 0.22 (6.8)
and 0.24 ).Lg/ml (6.9). Amphimedine (6.11)180 and petrosamine (6.12)181
were both isolated from sponges, with (6.11) being cytotoxic to leukemia
cells (IC5o 2.8 ).Lg/ml). The structure of neocalliactine (6.13), a reaction
product of the sea anemone metabolite calliactine, was proposed on the
basis of NMR spectroscopic studies.182 The final example of naturally
occurring iminoquinone compounds is sampangine (6.14), which was
reported from the stem bark of Cananga odorata.183
0
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0

OH

6.13 Neocalliactine

6.14 Sampangine

a.-Bromo-a.~-unsaturated

ketones have been found as the cytotoxic and
antimicrobial components of marine sponges, typically in the order
Verongida.51 The metabolite (6.15) was found to be active against B.
subtilis, E. coli, and P. aeruginosa (but not C. albicans) 184 and to be cytotoxic
at an unspecified level. 51
0

6.15
As an exploration of the structural features that could be responsible for the

bioactivity of the discorhabdins, each of the derivatives of discorhabdin C
obtained in the synthetic study (Chapter 5) were assayed for both cytotoxic
and antimicrobial properties. These results are discussed and related to
structural features and possible electron distribution changes in each of the
derivatives.

6.2 Biological Activities of the Discorhabdins.
Each of the derivatives of discorhabdin C was assayed for cytotoxicity against
BSC and P388 cell lines and for antimicrobial efficacy against a range of
gram positive and negative bacilli and a fungus. Samples of discorhabdin C
(6.3), dienol (6.16), phenol (6.17), benzene (6.18) and nitrodienone (6.19)
were also sent for more extensive primary screening at the NCI. The
results of this testing were not available at the time of writing.
Direct comparison of the bioactivity results obtained for the discorhabdin
derivatives (Table 6.1) allowed the evaluation of the effect of single
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structural feature changes upon the observed biological activities of the
derivatives. The importance of ring E to the observed bioactivity of
discorhabdin C is indicated by comparison with the activities observed for
discorhabdin E (6.5), the dienol (6.16) and the ring expanded phenol (6.17)
derivatives. All three derivatives, which differ from discorhabdin C by
having one less bromine atom, conversion of the dienone to a dienol and
formation of an aromatic phenyl ring respectively, have diminished
cytotoxic and altered antimicrobial activities. Further modification of the
phenol ring of (6.17) by preparation of the methylated phenol (6.20),
benzene- (6.18) and nitrophenol- (6.21) derivatives indicated that
cytotoxicity was dependent upon the presence, or absence, of electron
withdrawing substituents, such as a nitro group, on ring E. This is clearly
demonstrated by comparison of the phenol (6.17) and nitrophenol (6.21)
derivatives, where the replacement of an a-bromine atom by the electron
withdrawing nitro group reduced the observed P388 cytotoxicity by a factor
. of 2 to 3, and left the nitrophenol devoid of antimicrobial activity. The
similarity in the BSC cytotoxicity observed for these two compounds (Table
6.1) suggests that either the P388 cytotoxicity assay is more sensitive to
discorhabdin structural changes than the BSC assay, or that two or more
different mechanisms of cellular toxicity are being exhibited.

Br

Br

6.16

6.17

6.18

Br

6.19

6.20

HO
6.21
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Table 6.1

Compound

The in vitro biological activities of the discorhabdlns.

Cytotoxicity a
j.lg/disc activity

6.1 b

6.2 b

6.3

0.2

4+

0.05

3+

0.2

2+

0.05

1+

0.2

3+

0.05

2+

Antimicrobial a

Ic50a
ng/ml

Ec

Bs

Pa

ca

10 ± 1

1

6

0

0

18 ± 4

1

3

0

0

40 ± 10

2

8

0

0

1150 ±50

0

0

0

0

0.02
6.4 b

6.5

0.2

3+

0.05

3+

0.2

2+

206 ± 25

6

4

0

1

20.0

4+

530 ± 15

4

5

0

0

5.0

2+

3050 ± 600

0

9

0

3

4000 ± 500

0

8

0

0

1700 ±50

1

9

0

2

385 ± 10

2

3

0

0

8500 ± 400

0

0

0

0.05
6.16

0.2
6.17

6.20

20.0

3+

5.0

1+

5.0

4+

2.0

2+

0.5
6.18

2.0

4+

0.5

1+

0.05
6.19

6.21

2.0

2+

0.5

1+

20.0

3+

10.0

3+

5.0

1+

a See Section 2.2; b Results obtained by Dr N.B. Perry.

0
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Previous studies have shown that the observed cytotoxicity and antimicrobial
activity of a.-bromo-a..~-unsaturated ketone structural fragments, as present
in discorhabdins A (6.1), B (6.2), C (6.3), E (6.5) and nitrodienone (6.19),
could be due to their ability to inhibit cellular Na+-K+-ATP'ase activity,
though the exact mechanism of inhibition is uncertain.185 Michael-type
additions of sulphydryl bearing macromolecules to the a.-bromo-a..~
unsaturated ketone moiety, as demonstrated previously for quinone methide
and a-methylene lactone inhibitors, 147 are another possible cause of this
structural fragment's biological activities. The derivatives that are devoid of
the a.-bromoenone moiety, discorhabdin D (6.4), discorhabdin Cphenol(6.17), -anisole (6.20), -benzene (6.18) and -nitrophenol (6.21), show
less cytotoxicity to the various cell lines suggesting the importance of this
structural moiety to the cytotoxic properties of the discorhabdins.
Each of these discorhabdin derivatives arose from structural changes in ring
E of the discorhabdin skeleton. However, concomitant changes of up to 2.2
ppm in the chemical shift of carbon atoms comprising the iminoquinone
moiety were also observed. These changes in chemical shift could be
ascribed to two possible factors. Firstly, differences in the sample
concentration used for the acquisition of the 13c NMR spectra can lead to
variations in chemical shift. However, most of the 13c NMR spectra used in
this study were acquired with similar solution concentrations, of
approximately 20 to 30 mg/ml.
Secondly, the chemical shift of the iminoquinone carbons would also be
expected to vary if there were changes in the electron distribution of the
iminoquinone chromophore. Using the changes in the chemical shift of
carbon C-11 as a measure of the change in iminoquinone electron
distribution, a correlation (R=0.83) was observed between the P388 in vitro
cytotoxicity of the derivatives and the iminoquinone electron distribution
(Figure 6.1). This tentatively suggests that the structural changes taking
place in ring E of the discorhabdins are also altering the electron
distribution of the adjacent iminoquinone chromophore and that it is this
change in electron distribution that contributes to the observed variations of
P388 in vitro cytotoxicity.
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Figure 6. 1 The plot of the in vitro P388 cytotoxicliy (ICSQ) of the
discorhabdin derivatives versus the chemical shift of the
imlnoquinone carbon C-11.

A significant number of naturally occurring biologically active compounds
contain either a quinone or iminoquinone moiety, and a wide range of
biological activities including cytotoxicity, antimicrobial and antileukemic
properties are typically exhibited by these compounds. Recent evidence
suggests that quinone compounds have many possible modes of biological
activity and that in most cases multiple or combined modes of toxicity are
exhibited.l86
The generally accepted modes of toxicity of quinones fall into three broad
categories, namely, DNA intercalaters, DNA alkylaters and redox reactions.
DNA intercalating drugs, as discussed in section 1.2, are generally planar
molecules that interfere with DNA replication by sliding between the DNA
base pairs and locking the DNA strand by the formation of electrostatic
bonds. Typical examples of these drugs are the anthracyclines daunorubicin
and doxorubicin. To explore the possibility that the planar iminoquinone
fragment of discorhabdin C contributes to the observed cytotoxicity by way
of intercalating with DNA, a sample was sent for testing to the Auckland
Laboratory of the Cancer Research Society. Due to staffing problems in the
Auckland laboratory, the sample has not been investigated yet.
The toxicity of DNA alkylating drugs is due to their ability to form covalent
bonds between strands of DNA, which inhibits cellular replication.
Quinones, which possess an appropriately positioned leaving group, can
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form ortho quinone methides in vivo upon enzymatic reduction.l87 These
reactive species can subsequently form covalent bonds to the cellular DNA.
Typical examples of this type of drug include mitomycin C and 1,4napthoquinone derivatives.
0

X

Reduction

OH

OH

0
DNA

OH

DNA

OH

Figure 6.2 The proposed mechanism of DNA inactivation by alkylatlng drugs.

As no appropriately positioned leaving groups are present in the
discorhabdin skeleton, the formation of ortho quinone methides can not be
considered a significant source of the biological activities of the
discorhabdins.
The third category of toxicity of quinones involves the formation of free
radical intermediates. The facile enzymatic one-electron reduction of a
quinone gives a free radical semiquinone, the in vivo formation of which has
been demonstrated by electron paramagnetic resonance (EPR)
studies.l88,189 By further electron-transfer reactions utilising the drug
semiquinone radical, oxygen present in cells is converted to superoxide and
hydroxyl radicals. If the semiquinone free radical drug intermediates are
sufficiently stable to enter the cell nucleus and bind to the DNA, the
resultant close proximity of the indiscriminately reactive radical species to
DNA can cause cell death. The radicals can also attack membrane lipids
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leading to peroxide formation, which has the effect of altering the
permeability of the cell membrane and ultimately causing cell death.

NADPH

:Q:
o-

ATP.Feii
0

NADP

:¢:

OH· OH-

0

Figure 6.3 The enzymatic reduction of quinones leads, in the presence
of molecular oxygen, to the generation of reactive oxygen species.
These can cause damage to cellular macromolecules.

Efforts have been made to determine the magnitude of the contribution of
the planar iminoquinone fragment to the cytotoxicity of the discorhabdins.
In vitro testing indicated that both discorhabdins A (6.1) and C (6.3) were
easily reduced to semiquinone radicals and that high rates of hydroxyl
radical formation, with accompanying deoxyribose oxidation, were
sustained.l90 Both compounds were found to be significantly cytotoxic in
the in vitro P388 assay (Table 6.1) while in vivo testing showed them both
to be too toxic to warrant further biological evaluation, perhaps as a direct
result of the facile formation of Wghly toxic hydroxyl radicals.
It is interesting to note that the only discorhabdin compound known to
exhibit in vivo antileukemic efficacy, discorhabdin D (6.4), is relatively nontoxic in the in vitro P388 leukemia assay (ICso l.1J.Lg/ml). Any such
correlation between the rate of semiquinone and hydroxyl radical formation
and the observed in vitro and in vivo cytotoxicity of the discorhabdins will
be confirmed by further collaborative work that is being initiated with the
Christchurch Clinical School.
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6.3 Concluding remarks.
By systematically preparing derivatives of discorhabdln C (6.3) and
quantifying the biological activities of the series it was concluded that the
dienone system in ring E is important to the biological activity of the parent
series. Changes in the ele.ctron distribution of the adjacent imlnoquinone
moiety were also observed, suggesting that analysis · of the biological
activities for each of the discorhabdin derivatives must take into account
contributions from both ring E, present as either a cyclohexadiene or
aromatic phenyl moiety, and the iminoquinone fragment of rings A. B and C.
With the conversion of the dienone system to the ring-expanded lH-2,3dihydro azepine system most of the antimicrobial activity of interest (gram
negative and antifungal) was lost, but the P388 cytotoxicity of the derivatives
could be manipulated, potentially in a predictive sense. This is an
important observation as a limiting feature in the potential of the
. discorhabdins as antineoplastic agents has been the high toxicity against
test animals. The potential to be able to manipulate the biological activity of
the discorhabdin series will be of great value in making value judgements for
the selection of candidates for future in vivo trials.

CHAPTER SEVEN

EXPERIMENTAL
7.1 General Experimental Methods.
Mass spectra were recorded on either a Finnegan VG7070 or a Kratos
MS80RFA mass spectrometer.

Melting points were recorded in open

capillaries on an Electrothermal Melting Point Apparatus and are
uncorrected. Ultraviolet-Visible spectra were run as methanol solutions on
a Varian DMS 100 UV /Visible spectrophotometer.

Infrared spectra were

run as smears on either a Shimadzu IR-27G or a Pye-Unicam SP3-300
spectrophotometer, with the 1603 cm-1 absorption band of polystyrene
being used as the reference.

Optical rotation and circular dichroism

measurements were made on a Jasco J-20C automatic recording
spectropolarimeter.1 H and 13c NMR spectra were recorded on a Varian
XL300 spectrometer operating at 300 MHz and 75 MHz for 1H and 13c
nuclei respectively. All chemical shifts are expressed as parts per million
(ppm) relative to the solvent reference used: D20: 1H 4.70 ppm, 13c 67.40
ppm dioxan internal reference; CD30D: 1H 3.30 ppm, 13c 49.30 ppm; d6DMSO: 1H 2.60 ppm, 13c 39.60 ppm; CDCl3/TMS: 1H 0.00 ppm (TMS).
13c 77.01 ppm. The shifts are quoted as position (8), relative integral,
multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; b,
broad), coupling constant (J, Hz) and the assigned atom label. Difference
nuclear Overhauser effect (NOE) spectra were performed on undegassed
solutions in an arrayed experiment with the decoupler offset 10000 Hz for
the control experiment, and then low power cycled over the multiplet
peaks of the desired proton for irradiation.114 They are reported as Hobserved {H-irradiated}, x%, with the numerical percentages being the
percentage increase in the intensity of the observed hydrogen resonance.
Two dimensional correlation spectra were recorded on a Varian XL300
spectrometer. Typical acquisition parameters for each of the various 2-D
experimentsutilisedwere: 1H- 1Hcorrelation(COSY),acquisition time (AT).
0.117s;acquisitiondelay(D 1).1s;spectral width (SW, SW2).
number of increments (NI). 256.

1400 Hz;

1H-13c heteronuclear correlation
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(HETCOR); AT, 0.12s; D 1. 1s; a proton spectral width of 900 Hz, a carbon
spectral width of 17000 Hz; Nl, 64; and optimised for lJ CH of 140.0 Hz
(J1XH). Long range 1H_l3c heteronuclear correlation (XCORFE); AT,
0.148s; D1, 1s; a fixed evolution delay (T) of 0.07s; a refocussing delay (D3)
of 0.05s; a carbon spectral width of 12000 Hz; NI, 40 and J1XH, 140.0 Hz.
Long range reverse detected 1H_l3c heteronuclear correlation (HMBC);
AT, 0.117s; D1, 1.5s; a carbon spectral width of 7600Hz; NI, 152; J1XH of
145.0 Hz and a long range coupling optimisation (JNXH) of 8.3 Hz.
Processing involved zero filling to 512 data points (FN, FN2) and the use of
pseudo-echo weighting functions in both dimensions.

All data was

presented in the absolute value mode. Data symmetrisation was also used
in the processing of the COSY experiments.
Preparative scale chromatography was achieved by using nitrogen
pressurised, "flash". column chromatography. The solid phases used were
either Davisil 35-70j.L silica gel or C-18 reverse phase material prepared by
the method of Evans, Dale and Little.l91
High pressure liquid
chromatography was performed on a Varian 5000 Liquid Chromatograph
using a Varian UV-50 variable wavelength detector, and a Hewlett Packard
3390A Integrating recorder.
for all HPLC work.

Methanol-water solvent mixtures were used

Semipreparative reverse phase chromatography was

carried out on either an Alltech C-8SP, C-18SP or Cyano-propyl (CN)
columns (250x10 mm) or a Rainin Dynamax C-18SP column (250x21.4
mm). Analytical reverse phase chromatography was carried out on either
an Alltech C18 column (250x4.6 mm) or a Brownlee Labs Spheri-5 system
using C-18, Phenyl or CN column cartridges (220x4.6 mm).

All solvents

used were either of analytical grade (AR) or were purified and dried
according to standard procedures.

7.2 Work Described in Chapter 3.
7 .2.1 2-Vanilloyl imidazole (3.81 ).
The frozen ascidian (100 g) was extracted with methanol-water (2L) and
the yellow solution left at room temperature for one month. The extract
was then subjected to repeated reverse phase HPLC whereby 37.7 mg of 2vanilloyl

imidazole,

as

the

trifluoroacetate

Recrystallisation was achieved from methanol-water.

salt,

was

isolated.
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Analytical HPLC (C18SP, 80% CH30H-H20 (0.05% TFA), 5 ml/min, 5.9 to
6.2 minute retention time);
HRDEIMS M+ 218.0679, CuH1oN203 requires 218.0691;
Mp 232-40C;
A-max (CH30H) 240 nm (e 2300), 291 (2400), 324 (2600);
A-max (CH30H-KOH) 369 nm (e 4300);
Vmax (KBr) 3450, 1680, 1600, 1510, 1390, 1360, 1120, 780 cm-1;

1H-NMR (D20, 300 MHz) 7.76 (lH, dd, J=2.3, 8.4, H-6'), 7.61 (1H, d,
J=2.3, H-2'). 7.29 (2H, bs, H-4", H-5"), 6.70 (1H, d, J=8.4, H-5'), 3.75 (3H,
s, 3H-7');
1H-NMR (d6-DMSO, 300 MHz) 8.40 (lH, dd, J=l.9, 8.5, H-6'), 8.21 (1H, d,
J=1.9, H-2'). 7.54 (1H, bs, H-4" or H-5"), 7.36 (1H, bs, H-5" or H-4"), 7.02
(1H, d, J=8.5, H-5'). 3.94 (3H, s, 3H-7');
13C-NMR (CD30D, 75 MHz) 179.80 (C-1), 155.16 (C-4'). 149.74 (C-3'),
128.23 (C-1'), 127.57 (C-6'), 124.68 (C-4", C-5"), 116.55 (C-5'), 114.04 (C2'), 56.81 (C-7'). C-2" was not observed;
13C-NMR (d6-DMSO, 75 MHz) 179.02 (C-1), 152.10 (C-4'), 147.25 (C-3'),
145.23 (C-2"). 130.55 (C-4" or C-5"), 127.33 (C-1 '), 126.19 (C-6'). 121.08
(C-5" or C-4"). 114.94 (C-5'), 114.18 (C-2'), 55.73 (C-7');

Crystallographic Measurements of 2-vanilloyl Imidazole.
The complete X-ray crystallographic study was done by Dr Ward T.
Robinson and Ms Nicolla Kinzett.

Colourless crystals were obtained from

methanol-water solution. A specimen of dimensions 0.76x0.23x0.30 mm3
was selected for the X-ray measurements.

The cell parameters were

determined by least squares refinement of 22 accurately centered
reflections in the range 12<2Ek32o.
10.407(1), b = 9.661(1), c = 10.461(1)

Crystal data: CuH 10N203 , a=

A.

P=102.51(9)0, U=1026.8(8) A3,

Dcal=l.406 g.cm-3 , space group monoclinic, P21jn (Z=4), F(000)=455.91.
Using 29 ro-scans at a scan rate of 14.650 .min-1, and a background scan
ratio of 0.1, 1608 reflections were collected over a scan range of 4<29<500
at a temperature of 173K.

Of these reflections, 1200 were unique and all

were ultimately used in the structure refinement.

Crystal stability was

monitored by recording three check reflections every 100 reflections and
no significant variations were observed. The data was corrected for Lorentz
polarisation effects. Direct methods using the program SOLV revealed the
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positions of the C, N and 0 atoms and these were refined by blocked
cascade least-squares techniques. Hydrogen atoms were inserted at
calculated positions using a riding model with thermal parameters equal to
1.2U of their carrier atoms. Anisotropic thermal parameters were assigned
to

non-hydrogen atoms and the refinement on

152 least-squares

parameters converged with R=0.0387, wR=0.0416 and a maximum leastsquares shift error of 0.006.
was 1: ro( IF 0 I -IF c I )2 where ro

The function minimised in the refinement

= [a2

(F 0 ) + 0.00121 F 0 2]-1. All programs

used for the data collection and structure solution are contained in the
SHELXTL (Version 4. 0) package.l92

Table 7.1

Bond angles (O) for 2-vanllloyl imidazole.

C(2')-C(1')-C(6')

119.7 (2)

C(2')-C(1')-C(l)

117.9 (2)

C(6')-C( 1')-C( 1)

122.2 (2)

C( 1')-C(2')-H(2')

120.1 (1)

C(l')-C(2')-C(3')

119.8 (2)

H(2')-C(2')-C(3')

120.1 (1)

C(2')-C(3')-C(4')

120.3 (2)

C(2')-C(3')-0(3')

125.6 (2)

C(4')-C(3')-0(3')

114.1 (2)

C(3')-C(4')-C(5')

119.7 (2)

C(3')-C(4')-0(4')

121.3 (2)

C(5')-C(4')-0(4')

119.0 (2)

C(4')-C(5')-H(5')

119.8 (1)

C(4')-C(5')-C(6')

120.5 (2)

H(5')-C(5')-C(6')

119.8 (1)

C(l')-C(6')-C(5')

120.0 (2)

C(l')-C(6')-H(6')

120.0 (1)

C(5')-C(6')-H(6')

120.0 (1)

C( 1')-C( 1)-0( 1)

121.6 (2)

C(1')-C(1)-C(2")

119.7 (2)

0( 1) -C( 1)-C(2")

118.7 (2)

H(7'A) -C (7')-H(7'B)

109.5 (1)

H(7'A) -C (7')-H(7'C)

109.5 (1)

H(7'B) -C(7')-H(7'C)

109.5 (1)

H(7'A) -C(7')-0(3')

105.5 (1)

H(7'B) -C(7') -0(3')

110.1 (1)

H(7' C)-C(7') -0(3')

112.7 (1)

C(3')-0(3')-C(7')

116.6 (2)

C(4')-0(4')-H(4')

111.1 (14)

C( 1)-C(2")-N( 1")

121.8 (2)

C(l)-C(2")-N(3")

127.5 (2)

N( 1")-C(2")-N(3")

110.7 (2)

H(5")-C(5")-C(4")

127.0 (1)

H(5")-C(5")-N( 1")

127.0 (1)

C (5")-C (4")-N( 1")

106.0 (2)

C(5")-C(4")-H(4")

124.8 (1)

C(5")-C(4")-N(3")

110.4 (2)

H(4")-C(4") -N(3")

124.8 (1)

C (2")-N( 1") -C(5")

107.4 (2)

C(2")-N( 1")-H(1")

126.3 (1)

C(5")-N( 1")-H( 1")

126.3 (1)

C(2")-N(3")-C(4")

105.4 (2)
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Table 7.2

Atom
C-1
C-1'
C-2'
C-3'
C-4'
C-5'
C-6'
C-7'
C-2"
C-4"
C-5"
H-2'
H-5'
H-6'
H-7'A
H-7'B
H-7'C
H-4'
H-1"
H-4"
H-5"
N-1"
N-3"
0-1
0-3'
0-4'

Atomic coordinates (xl Q4) and Isotropic thermal
parameters <A2xl o3) tor 2-vanilloyl imidazole.
X

2790 (2)
2193 (2)
2870 (2)
2291 (2)
1036 (2)
390 (2)
956 (2)
4069 (2)
2415 (2)
1711 (2)
2110 (2)

y

z

u

4893 (2)

5808 (2)
4738 (2)
3736 (2)
2659 (2)

21 (1)
22 (1)

5850 (2)
6080 (2)
6856 (2)
7429 (2)
7230
6436
6504
4991
5654

(2)
(2)
(3)
(2)
(2)

4321 (2)

2570 (2)
3575 (2)
4654 (2)

(1)
(1)

24
23 (1)
25 (1)
24 (1)

1608 (2)
7080 (2)
8753 (2)
8985 (2)

37 (1)
21 (1)
30 (1)
28
32

45
51 (8)
27
34

3733
-457

5699
7644

494
4251
4009
4765
1027 (25)

6291
6718
5518

3799
3527
5344
768
1697

6855
8314 (26)

2286
907 (25)

2953
1347

3033
6217

7809
9342

2070
2577 (2)
1899 (2)

3776
3917 (2)
6075 (2)

9743
7930 (2)
7570 (2)

3571 (1)
2828 (2)

3988 (1)
7132 (2)
8179 (2)

5650 ( 1)
1610 (1)
1513 (2)

440 (2)

23

30 (1)

26
45
45

35
23 (1)
26 (1)
25 (1)
31 (1)
30

(1)
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Table 7.3

Bond lengths CA) for 2-vanilloyl imidazole.

C(1')-C(2')

1.402 (3)

C(1')-C(6')

1.392 (3)

C(1')-C(1)

1.480 (3)

C(2')-H(2')

0.960 (1)

C(2')-C(3')

1.378 (3)

C(3')-C(4')

1.403 (3)

C(3')-0(3')

1.361 (3)

C(4')-C(5')

1.379 (3)

C(4')-0(4')

1.355 (2)

C(5')-H(5')

0.960 (1)

C(5')-C(6')

1.386 (3)

C(6')-H(6')

0.960 (1)

C(l)-0(1)

1.229 (3)

C(1)-C(2")

1.468 (3)

C (7')-H(7'A)

0.960 (1)

C(7')-H(7'B)

0.960 (1)

C(7')-H(7'C)

0.960 (1)

C(7')-0(3')

1.427 (3)

0(4')-H(4')

0.980 (29)

C(2")-N(1")

1.352 (3)

C(2")-N(3")

1.330 (3)

C(5")-H(5")

0.960 (1)

C(5")-C(4")

1.359 (3)

C(5")-N( 1 ")

1.356 (3)

C(4")-H(4")

0.960 (1)

C(4")-N(3")

1.356 (3)

N(1 ")-H(l ")

0.960 (1)

7.2 .2 0-Methylated-2-vanilloyl imidazole (3.83).
2-Vanilloyl imidazole (13 mg) was dissolved in CH30H (1 ml) and an excess
of an ethereal solution of freshly prepared diazomethane was added. The
reaction was left for ten minutes and then stopped by drying the solution.
This yielded 14 mg of 0-methylated-2-vanilloyl imidazole, which was
characterised as the trifluoroacetate salt.
LREIMS M+ 232, C12H12N203 requires 232.0848;
Mp 135-6°C;
"-max (CH30H) 235 nm (e 12670). 295 (16450), 320 (17210);
"-max (CH30H-KOH) 230 nm (e 13760), 327 (17670);
Vmax (smear) 3500, 1640, 1600, 1520, 1420, 1390, 1320, 1270, 1140,

1020, 820, 780 cm-1;
lH NMR (CDCl3, 300 MHz) 10.71 (1H, bs, H-1"), 8.59 (lH, dd, J=l.5, 8.5,
H-6'). 8.12 (1H, d, J=l.5, H-2'). 7.38 (1H, bs, H-4" or H-5"). 7.27 (1H, bs,
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H-5" or H-4"), 6.98 (1H, d, J=8.5, H-5'), 3.99 (3H, s, H-7'), 3.98 (3H, s, H8');

13c NMR (CDC1 3 , 75 MHz) 179.98 (C-1), 153.81 (C-4'), 148.78 (C-3'),
131.57 (C-4" or C-5"), 128.41 (C-1'), 126.76 (C-6'), 119.45 (C-5" or C-4"),
112.79 (C-2'), 110.20 (C-5'), 56.08 (C-8'), 56.03 (C-7'), C-2" was not
observed;
lH NOE (CDCl3, 300 MHz) 3H-7' {H-2'}, 2.1%; 3H-8' {H-5'}, 1.8%.

7.2.3 2-Vdnilloyl imidazole thioketal derivative (3.84).
The ketone, 2-vanilloyl imidazole (10 mg), was dissolved in glacial acetic
acid (5 mls). To this stirred solution was added ethanedithiol (1 ml) and
BF3.etherate (1 ml). The brown solution was stirred for 2 hours at room
temperature, by which time no starting material could be detected by TLC.
The sample was dried under vacuum to give a red solid. This was purified
by HPLC to yield the trifluoroacetate salt of 3.84 as a pale red solid (7 mg).
HREIMS m/z 294.0490, C13H14N2S202 requires 294.0496; 277.0779,
(C13H13N20S2 requires 277.0469), 266.0179, (C11H1oN202S2 requires
266.0184), 265.0081, (C11H9N202S2 requires 265.0105), 249.0121
(CuHgN20S2 requires 249.0156), 234.0460, (CuH1oN202S requires
234.0463), 233.0375 (CuHgN202S requires 233.0385), 219. 0230,
207.0306,

202.0722

(C11HioN202 requires 202.0742),

111.0003

(C4H3N2S requires 111.0017);
Amax (CH30H) 205 nrn (e 15300), 282 (1900);
Amax (CH30H-KOH) 213 nm (e 13800), 259 (4500), 293 (2800);
Vmax (smear) 3180, 1670, 1600, 1520, 1425, 1290, 1200, 1140, 1030,
845, 800, 725 cm-1;
lH-NMR (CD30D, 300 MHz) 7.51 (2H, s, H-4", H-5"), 7.18 (1H, d, J=2.3,
H-2'), 6.75 (1H, d, J=8.3, H-5'), 6.65 (1H, dd, J=2.3, 8.3, H-6'), 3.83 (3H,
s, -OCH3), 3. 73 (2H, m, H-4, H-5), 3.47 (2H, m, H-4, H-5);
13C-NMR (CD30D, 75 MHz) 149.64 (C-3'), 149.32 (C-4'), 148.64 (C-2"),
129.98 (C-1'), 121.45 (C-6'), 121.31 (C-4",C-5"), 116.48 (C-5'), 112.36 (C2'), 68.80 (C-1), 56.81 (C-7'), 42.59 (C-3, C-4) ppm.
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7.2.4 Trithiane A (3.86).
The frozen ascidian (100 g) was extracted with methanol-water (3L) to give
7.0 g of yellow solid. Initial partitioning was made by C18 reverse-phase
flash chromatography using a stepped solvent system of 2 column volumes
of water, followed by 20% CH30H, 40% CH30H, 60% CH30H, 80% CH30H
and methanol. Trithiane A was concentrated in fractions 3 to 5. Further
purification was made by C18RP HPLC, to give cis-5-hydroxy-4-(4'-hydrox:y3'-methox:yphenyl)-4-(2"-imidazolyl)-1,2,3-trithiane (yellow gum,

48 mg)

as the trifluoroacetate salt.
HPLC Analysis C18RP, 80% CH30H-water (0.05% TFA), 5 mljmin, 12 to 13
minute retention time:
HREIMS M+ 342.0161, C13H14N203S3 requires 342.0166;
Amax (CH30H) 283 nm (e 3900);
lvmax (CH30H-KOH) 255 nm (e 8100), 290 (5800);
Vmax (smear)

3400, 1680, 1600, 1525, 1390, 1180, 1130, 800, 730 cm-

1.

•

[a]23 (A,)

oo

(280 nm), +5400° (296), 0° (319), -44000 (360) (c 0.1 mg/ml

in CH30H);
CD (CH30H) lvext 300 nm (Ae 0), 325 (-0.5);
lH-NMR (CD30D + 4% TFA, 300 MHz) 7.53 (2H, bs, H-4" and H-5"), 6.96
(1H, d, J=2.3, H-2'), 6.79 (1H, d, J=8.4, H-5'). 6.61 (1H, dd, J=2.3, 8.4, H6'), 5.25 (1H, t, J=7.2, H-5), 3.82 (3H, s, -OCH3), 3.69 (1H, dd, J=7 .2,
11.0,

H-6~).

2.94 (1H, dd, J=7.2, 11.0, H-6a);

lH-NMR (D20. 300 MHz) 7.41 (2H, s, H-4" and H-5"), 6.99 (lH, d, J=2.2,
H-2'), 6.87 (1H, d, J=8.5, H-5'), 6.81 (1H, dd, J= 2.2, 8.5, H-6'), 5.37 (1H,

t, J=5.8, H-5), 3. 76 (3H, s, -OCH3), 3.49 (1H, dd, J=5.8, 11.4,

H-6~).

3.05

(1H, dd, J=5.8, 11.4, H-6a);
lH-NMR (d6-DMSO, 300 MHz) 7.69 (2H, s, H-4" and H-5"), 7.09 (1H, d,
J=2.3, H-2'), 6.88 (lH, d, J=8.4, H-5'), 6. 70 (1H, dd, J=2.3, 8.4, H-6'), 5.35
(1H, t, J=6.6, H-5), 3.86 (3H, s, -OCH3), 3.69 (1H, dd, J=6.6, 11.0,

H-6~).

3.08 (1H, dd, J=6.6, 11.0, H-6a);
13C-NMR (CD30D + 4% TFA, 75 MHz) 149.89 (m, C-3'), 149.34 (m, C-4'),
147.96 (m, C-2"), 127.65 (m, C-1'), 121.95 (dd, J=8, 160, C-6'), 121.09
(dd, J= 11,202, C-4", C-5") 117.07 (m, C-5') 111.96 (dd, J=8,156, C-2'),
84.35 (dd, J=5,153, C-5), 68.09 (m, C-4), 56.83 (q, J=145, C-7'), 40.13 (t,
J=146, C-6) ppm.
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13C-NMR (d6-DMSO, 75 MHz) 147.70 (C-3'), 147.31 (C-4'), 145.07 (C-2"),
126.27 (C-1'), 120.44 (C-6'), 120.23 (C-4", C-5") 115.59 (C-5') 111.19 (C2'), 81.66 (C-5), 66.77 (C-4), 56.85 (C-7'), 39.50 (C-6) ppm.
1H NOE (D20, 300 MHz) H-5 {H-2'}, 5%, {H-6'}, 5%; H-2' {H-5}, 6%; H-6'
{H-5}, 4%; H-6p {H-5}, 4%; H-5 {H-6p}. 5%; H-6a {H-6p}. 22%;

H-5 {H-

6a}, 1.5%; H-6P {H-6a}, 18%.

7.2.5 Trithiane B (3.93).
A freshly prepared ascidian extract (100 g) was allowed to stand in solution
at room temperature for one week, after which time trithiane B was
isolated by the same method as described previously for trithiane A. HPLC
gave trans-5-hydro:xy-4-(4'-hydro:xy-3'-metho:xyphenyl)-4-(2"-imidazolyl)1,2,3-trithiane (3.93) as the trifluoroacetate salt (8.2 mg). An alternative
method of preparation was to add KOH (0.02% w/v) to a solution of
trithiane A, yielding 50% trithiane B after one week.
HPLC Analysis C18RP, 80% CHsOH-water (0.05% TFA), 5 ml/min, 14 to
15 minute retention time;
HREIMS M+ 342.0133, C13H14N203S3 requires 342.0166; 278.0745
(1.7), (C13H14N203S requires 278.0726); 234.0444 (100), (CuH1oN202S
requires 234.0492); 201.0638 (11.8), (C11H9N202 requires 201.0664);
167.0167 (10.6),

(CsH702S requires

167.0167);

151.9904 (8.5),

(C7H402S requires 151.9932); 123.0452 (3.0), (C7H702 requires
123.0446); 110.9998 (10), (C4H3N2S requires 111.0017); 107.9691 (1.6),
(C2H40S2 requires 107.9704); 44.0256 (5.5), (C2H40 requires 44.0262);
"-max (CHsOH)

220 nm (e 10300), 283 (3400);

"-max (CHsOH-KOH) 213 nm (e 10900), 289 (5200);
Vmax (smear) 3180, 1680, 1600, 1520, 1440, 1200, 1140, 840, 800, 720
cm-1;

[a]23 (A,) oo (227 nm), +41500 (245) (c 0.1 mg/ml in CHsOH);
CD (CHsOH) A-ext 280 nm

(~e

0), 290 (-0.5);

1H NMR (300 MHz, D20) 7.60 (2H, bs, H-4", H-5"), 6.79 (1H, d, J=8.5, H5'), 6. 72 (1H, d, J=2.4, H-2'), 6.30 (1H, dd, J=2.4, 8.5, H-6'), 4.99 (1H, dd,
J=3.8, 10.2, H-5), 3.75 (3H, s, 3H-7'), 3.24 (1H, dd, J=10.2, 14.5, H-6a),
3.16 (1H, dd, J=3.8, 14.5, H-6p);
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13c NMR (75 MHz, CDsOD + 4% TFA) 149.71 (C-3'), 149.52 (C-4'), 146.85
(C-2"), 130.62 (C-1'). 121.63 (C-4", C-5", C-6'). 117.03 (C-5'), 111.74 (C2'), 74.47 (C-5). 60.78 (C-4), 56.82 (C-7'), 40.13 (C-6);
lH NOE (D20, 300 MHz) H-6~ {H-5}, 2.4%; H-6' {H-5}, 5.2%; H-2' {H-5},
10.5%.

7.2.6 2-Vanilloyl imidazole thione derivative (3.1 00).
A sample of trithiane A (3.86) (100 mg) was allowed to equilibrate in
alkaline (0.02% w/v NaOH) solution to give trithiane B (3.93) and another
new component. All attempts to isolate the thione by HPLC resulted in the
isolation of the ketone, 2-vanilloyl imidazole.
lH NMR (300 MHz, CDsOD + 4% TFA) 7.65 (1H, dd, J=2.0, 8.5, H-6'), 7.63
(IH, d, J=2.0, H-2'), 7.55 (2H, bs, H.:4", H-5"), 6.97 (1H, d, J=8.5, H-5').
3.91 (3H, s, 3H-7');
13c NMR (75 MHz, CD 3 0D + 4% TFA) 155.55 (C-4'), 149.49 (C-3'), 127.52
(C-6'), 123.96 (C-4", C-5"), 116.67 (C-5'). 113.76 (C-2'). 56.82 (3H, C-7'),
no signals were observed for C-1, C-1' and C-2".

7.2.7 Sulphoxides of trithiane A (3.103 and 3.104).
A sample of trithiane A (3.86) (50 mg) was dissolved in H20 (2 mls), Nai04
(20 mg) added and the reaction left for 10 minutes.

The yellow-brown

solution was then added to a 20g C18 reverse phase flash chromatography
column and flushed with 6 column volumes of water. The retained material
was eluted off the column with CHsOH to give a mixture of the sulphoxides.
This was further purified by semipreparative HPLC to yield a clean,
inseparable mixture of the two sulphoxides 3.103 and 3.104 (5 mg).
Ymax (smear) 1680, 1520, 1440, 1220, 1150, 850, 810, 740 cm-1;

lH NMR (300 MHz, D20) 7.58 (2H, bs, H-4", H-5", 3.104), 7.54 (2H, bs, H4", H-5", 3.103), 7.07 (1H, d, J=2.5, H-2', 3.103), 6.92 (1H, d, J=2.4, H-2',
3.104), 6.82 (1H, d, J=8.4, H-5', 3.103), 6.81 (1H, d, J=8.4, H-5', 3.104).

6.63 (1H, dd, J=2.5, 8.4, H-6', 3.103), 6.59 (1H, dd, J=2.4, 8.4 Hz, H-6',
3.104), 5.85 (1H, dd, J=4.1, 11.0, H-5, 3.103), 5.35 (1H, dd, J=6.8, 9.2, H-

5, 3.104). 4.61 (1H, dd, J=6.8, 13.7, H-6, 3.104), 3.85 (3H, s, 3H-7',
3.103), 3.82 (3H, s, 3H-7', 3.104), 3.68 (1H, dd, J=4.1, 13.4, H-6, 3.103).

3.54 (1H, dd, J=11.0, 13.4, H-6, 3.103). 3.07 (1H, dd, J=9.2, 13.7, 3.104):
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13c NMR (75 MHz, CD30D + 4% TFA) 122.39, 122.16 (C-6'), 121.54 (C-4",
C-5"), 116.96, 117.16 (C-5'), 112.69, 112.03 (C-2'), 81.81, 81.28 (C-5),
67.80, 65.13 (C-6), 56.89, 56.77 (C-7'), no signals were observed for the
quaternary carbons C-4, C-1', C-3', C-4' and C-2".

7.3 Work Described in Chapter 4.
The extract partitioning and metabolite identification protocol used for
each extract was as follows.

A frozen specimen (100g) was soaked in

methanol-water solvent mixtures and filtered repeatedly over two days
until the filtrate went clear and colourless. Each filtrate was immediately
dried under reduced pressure to prevent any possible solvent-induced
sample decomposition. The combined filtrates were added to a 100g C18
reverse phase flash chromatography column as either a water based
suspension or a precoated C18 packing material slurry. The extract was
partitioned by using a steep solvent gradient consisting of 500 ml of H20
followed successively by 250 ml of 20% CH30H/H20, 250 ml of 40%
CH30H/H20, 250 ml of 60% CH30H/H20, 250 ml of 80% CH30H/H20 and
500 ml of CH30H and CH2Cl2.
Each fraction was dried immediately after elution from the column in order
to prevent any possible solvent-induced sample decomposition. Fraction 1
of each extract was withheld from further analysis as the major component
was always salt. The presence of salt had the effect of broadening 1H NMR
signals to such an extent as to make interpretation of the spectrum
extremely difficult.
Homogeneous subsamples taken from fractions 2 to 6 were submitted for
biological testing at a concentration of 2mg/ml. The biological properties
evaluated included the ability to inhibit viral replication
cytotoxic effects to BSC cells

(20~g

(20~g

loading),

loading), the P388 in vitro leukemia

ICso and the inhibition of gram positive and negative bacteria and a fungus
at

60~g

loading (see Section 2.2 of this thesis for further experimental

details of the biological testing used).
Fractions 2 to 5 of each extract were examined by 1H NMR spectroscopy
(D20 or D20/CD30D solvents) to determine the presence of trithiane A, 2vanilloyl imidazole, the related thiazole compounds or any other interesting
metabolites.
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7.4 Work Described in Chapter 5.
7.4.1 Discorhabdin E (5.9).
Specimens of Latrunculia

c.f. bocagei sponge were collected by SCUBA

diving off the Auckland Islands in May, 1986.

A voucher specimen,

86AKI06-02, is held at the Department of Chemistry, University of
Canterbury, Christchurch, New Zealand.

The sponge (550 g) was blended

and extracted with CH30H to give a red solid (44 g). This was partitioned
on a reverse phase column to give a number of fractions containing both
discorhabdin C and the new discorhabdin E. Discorhabdin E was further
purified by three stages of semipreparative HPLC, yielding 7 mg of a red
solid. This was characterised as the trifluoroacetate salt.
HPLC CN analytical column, 80% CHsOH-water (0.05% TFA), 1 ml/min,
220 nm detection, 13.5 minutes retention time. Relative retention time to
discorhabdin C, 1.05:
HRFABMS MH+ 386.0341, C1sHI5Ns0279Br requires 386.0348;
"-max (CHsOH) 201 nm (e 14500), 244 (18000), 360 (7300), 551 (1000);
A-max (CHsOH-KOH)

213 nm (e 15700), 337 (7500);

Umax 3235, 1675, 1585, 1535, 1410, 1325, 1015 cm-1;

[u]23 =

oo (c

1.0 in CHsOH, A-=250 - 700 nm);

lH-NMR (CDsOD, 300 MHz) 7.70 (1H, d, J=2.7, H-5), 7.19 (1H, dd, J=2.7,
9.9, H-1), 7.18 (1H, s, H-14). 6.55 (1H, d, J=9.9, H-4), 3.77 (2H, t, J=7.5,
H-17), 3.70 (2H, t, J=5.5, H-8), 2.87 (2H, t, J=7.5, H-16), 2.06 (2H, m, H7);

13C-NMR (CDsOD, 75.5 MHz) 178.98 (C-3), 166.93 (C-11), 156.60 (C-19),
154.08 (C-10), 153.22 (C-5). 152.84 (C-1). 129.87 (C-4), 128.01 (C-14).
126.97 (C-2), 125.50 (C-21), 125.13 (C-12), 121.65 (C-15), 94.02 (C-20),
45.51 (C-17), 44.25 (C-6). 39.86 (C-8), 35.74 (C-7), 19.77 (C-16);

7.4.2 Discorhabdin C-phenol (5.12).
A sample of discorhabdin C

(10.0 mg) was dissolved in concentrated

H2S04 (5 mls) and left for five minutes to react.

The solution was

neutralised by the addition of solid NaHCOs. The green solution was then
added to a 20g C18 reverse phase flash chromatography column and
flushed with 6 column volumes of water. The retained material was eluted
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off the column with CH30H to give discorhabdin C-phenol (5.12) as a green
solid. This was further purified by semipreparative HPLC to the
trifluoroacetate salt, (10 mg).
HPLC CN analytical column, 80% CH30H-water (0.05% TFA), 1 ml/min,
220 nm detection, 12.5 minutes retention time. Relative retention time to
discorhabdin C, 0.8;
lH NMR, Vmax and A-max the same as previously observed.l57
13C-NMR (CD30D, 75.5 MHz)

168.97 (C-11), 158.09 (C-19), 153.10 (C-

1 0), 152.66 (C-3). 138.18 (C-6), 132.76 (C-1 and C-5), 127.95 (C-14),
125.26 (C-12), 124.50 (C-21). 121.32 (C-15), 115.69 (C-4), 112.43 (C-2),
99.13 (C-20), 52.63 (C-8), 44.82 (C-17), 33.85 (C-7), 19.84 (C-16).

7.4.3 Discorhabdin C-dienol (5.15).
A sample of discorhabdin C (4. 7 mg) was dissolved in CH30H (2 mls) and
NaBH4 was added until the red solution went yellow. This solution was
swirled in the air for five minutes after which time the colour had reverted
back to red. The sample was dried and the red solid taken up in 1%
CF3COOH-H20. This was applied to a 20g C18 reverse phase flash
chromatography column and flushed with 6 column volumes of water to
remove any salt residues from the sample. The retained material was eluted
off the column with CH30H to yield the dienol (4.0 mg) as a red solid. This
was further purified by semipreparative HPLC to yield discorhabdin Cdienol (5.15) as the trifluoroacetate salt.
HPLC CN analytical column, 80% CH30H-water (0.05% TFA), 1 ml/min,
220 nm detection, 12.0 minutes retention time. Relative retention time to
discorhabdin C, 0.8;
HRFABMS MH+ 465.9582, C1sH1679Br8lBrN302 requires 465.9589;
A-max (CH30H) 239 nm (e 23700), 351 (6030), 551 (740);
A-max (CH30H-KOH) 350 nm (e 6300);
Umax (smear) 3225, 1670, 1585, 1540, 1325, 1200, 1130 cm-1;
[a]23

oo (c 1.0 mg/ml in CH30H, A-=250 - 700 nm);

lH-NMR (CD30D, 300 MHz) 7.17 (1H, s, H-14), 6.46 (2H, s, H-1 and H-5),
4.79 (lH, s, H-3), 3.84 (2H, t, J=7.4, 2H-17}, 3.59 (2H, t, J=5.8, 2H-8).
2.89 (2H, t, J=7.4, 2H-16), 1.99 (2H, t, J=5.8, 2H-7);
13C-NMR (CD30D, 75.5 MHz)

167.16 (C-11), 156.49 (C-19), 153.60 (C-

10), 136.41 (C-1 and C-5), 127.90 (C-14), 125.77 (C-2 and C-4), 125.48
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(C-21), 125.13 (C-12),

121.56 (C-15), 97.87 (C-20), 73.10 (C-3), 45.57 (C-

17), 43.93 (C-6), 39.80 (C-8), 36.60 (C-7), 19.87 (C-16);

7.4.4 Discorhabdin C-anisole (5.14).
A sample of discorhabdin C-phenol (15 mg) was dissolved in CHsOH (2 ml)
and an ethereal solution of CH2N 2 was added. The reaction was left to react
for 10 minutes and then dried to yield 5.14 as a green solid. This was
further purified by semipreparative HPLC to yield the anisole derivative as
the trifluoroacetate salt, (12 mg).
HPLC CN analytical column, 80% CHsOH-water (0.05% TFA), 1 ml/min,
220 nm detection, 13.8 minutes retention time. Relative retention time to
discorhabdin C, 0.9;
HRFABMS MH+ 477.9574, C19H1679Br8lBrNs02 requires 477.9590;
A-max (CHsOH) 209 nm (e 38900), 249 (20000), 310 (12600), 562 (1200);

Amax (CHsOH-KOH) 214 nm (e 33790), 332 (11870);
Umax

(smear) 1675, 1550, 1440, 1340, 1200, 1140, 800, 730 cm-1;

lH-NMR (CDsOD, 300 MHz) 7.54 (1H, s, H-5), 7.23 (1H, s, H-14), 4.00
(1H, ddd, J=l.6, 4.8, 15.0, H-8), 3.91 (1H, dt, J=14.2, 7.0, H-17), 3.89
(3H, s, OCH3), 3.74 (1H, dt, J=14.2, 8.7, H-17), 3.46 (1H, bdd, J=11.0,
15.0, H-8), 3.3 (1H, m, H-17), 3.01 (lH, ddd, J=l.O, 4.8, 14.2, H-7), 2.99
(2H, bdd, J=7.0, 8.7, 2H-16);
13C-NMR (CD30D, 75.5 MHz) 168.78 (C-11), 158.16 (C-19), 155.74 (C-3),
153.16 (C-10), 142.97 (C-6), 133.34 (C-5), 130.12 (C-1), 127.93 (C-14),
124.44 (C-21), 125.28 (C-12), 122.78 (C-4), 121.32 (C-15), 119.09 (C-2),
98.52 (C-20), 61.17 (C-22), 52.27 (C-8), 44.80 (C-17), 33.99 (C-7), 19.81
(C-16);

7.4.5 Discorhabdin C-benzene (5.17).
A sample of discorhabdin C-dienol (23.0 mg) was dissolved in concentrated
H 2 S 0 4 (3 mls) and left for five minutes to react.

The solution was

neutralised by the addition of solid NaHCOs. The green solution was then
added to a 20g C18 reverse phase flash chromatography column and
flushed with 6 column volumes of water. The retained material was eluted
off the column with CH30H to give discorhabdin C-benzene (5.17) as a
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green solid. This was further purified by semipreparative HPLC to yield the
trifluoroacetate salt, (23 mg).
HPLC CN analytical column, 80% CH30H-water (0.05% TFA), 1 ml/min,
220 nm detection, 15.6 minutes retention time. Relative retention time to
discorhabdin C, 1.03;
HRFABMS MH+ 447.9467, C1sH1479Br8lBrN302 requires 447.9485;
A-max (CH30H) 207 nm (e 26500), 248 (11500). 302 (7900). 565 (740);
A-max (CH30H-KOH) 212 nm (e 11900). 333 (6100);
'Umax 1680, 1550, 1440, 1340, 1200, 1140 cm-1;
lH-NMR (CD30D, 300 MHz) 7.84 (1H, d, J=2.0, H-3), 7.49 (1H, d, J=2.0,
H-5). 7.23 (1H, s, H-14), 4.03 (1H, bdd, J=4.0, 14.6, H-8), 3.94 (1H, dt,
J=14.3, 6.2, H-17). 3.75 (1H, dt, J=14.3, 8.8, H-17). 3.47 (1H, bdd,
J= 11.1, 14.6, H-8), 3.3 (1H, m, H7), 3.04 (1H, bdd, J=4.0, 14.2, H-7). 2.99

(2H, dd, J=6.2, 8.8, 2H-16);
13C-NMR (CD30D, 75.5 MHz) 168.72 (C-11), 158.03 (C-19), 153.12 (C10). 148.03 (C-6). 136.40 (C-3), 131.97 (C-5). 131.74 (C-1). 128.00 (C14), 126.81 (C-2), 124.46 (C-21). 125.29 (C-12), 123.99 (C-4). 121.35 (C15). 98.05 (C-20). 52.08 (C-8). 44.86 (C-17). 34.61 (C-7). 19.83 (C-16);

7.4.6 Nitration of discorhabdin C-phenol (5.12).
A sample of discorhabdin C-phenol (10 mg) was dissolved in CH3COOH (5
mls) and stirred at

ooc.

Fuming nitric acid (1 ml) was added dropwise over

oo

for 5 minutes. The solution was

then neutralised with solid NaHC03.

Semipreparative HPLC of the

30 seconds and the solution stirred at

resulting red solution gave two products.

7.4.6.1 Discorhabdin C-nitrophenol (5.19).
The less-polar product isolated from the mixture was discorhabdin Cnitrophenol (5.19). which was characterised as the trifluoroacetate salt (1
mg).
HPLC CN analytical column, 80% CH30H-water (0.05% TFA), 1 ml/min,
220 nm detection, 15.7 minutes retention time. Relative retention time to
discorhabdin C, 1.27;
HRMS: not available at time of writing;
A-max (CH30H) 205 nm (e 18500), 248 (10100). 374 (7900), 551 (530);
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Amax (CHsOH-KOH) 212 nm (e 16800), 237 (12800), 359 (6200);
Umax

3150, 1675, 1600, 1550, 1400, 1200, 1140, 840, 800, 725 cm-1;

1H-NMR (CDsOD, 300 MHz) 8.03 (1H, s, H-5), 7.26 (lH, s, H-14), 4.02
(1H, ddd, J=l.O, 5.2, 14.8, H-8A). 3.95 (1H, dt, J=14.0, 6.3, H-17A), 3.77
(1H, dt, J=14.0, 8.6, H-17B), 3.51 (1H, bdd, J=10.8, 14.8, H-8B). 3.35 (lH,
m, H-7A), 3.13 (1H, bdd, J=4.8, 14.3, H-7B), 3.01 (2H, bdd, J=6.3, 8.6,
2H-16);
13C-NMR (CDsOD, 75.5 MHz) 168.31 (C-11), 158.13 (C-19), 153.64 (C10), 152.94 (C-3), 142.33 (C-1). 136.58 (C-6 or C-4), 135.22 (C-4 or C-6),
128.23 (C-14), 125.35 (C-12), 124.42 (C-21), 124.13 (C-5), 121.50 (C-15).
117.78 (C-2). 99.12 (C-20), 51.97 (C-8). 44.94 (C-17), 34.02 (C-7), 19.80
(C-16).

7.4.6.2 Discorhabdin C-nitrodienone (5.20).
The more polar product was found to be discorhabdin C-nitrodienone
(5.20). This was characterised as the trifluoroacetate salt (7 mg).
HPLC CN analytical column, 80% CHsOH-water (0.05% TFA), 1 ml/min,
220 nm detection, 11.1 minutes retention time. Relative retention time to
discorhabdin C, 0.9;
HRMS: not available at time of writing;
"-max (CHsOH) 206 nm (e 34000), 247 (18800). 356 (9300), 551 (820);
A-max (CHsOH-KOH) 212 nm (e 28400), 244 (15300), 351 (8700);
Umax 3200, 1680, 1600, 1540, 1440, 1420, 1340, 1200, 1140, 1080,
800, 720, 695 cm-1;
[a]23 =

oo

(c 1.0 mg/ml in CHsOH, A-=250 - 700 nm);

1H-NMR (CDsOD, 300 MHz) 7.52 (1H, s, H-5), 7.25 (1H, t, J=0.9, H-14),
3.93 (1H, dt, J=14.4, 7.3, H-17A), 3.80 (1H, dt, J=14.4, 8.0, H-17B), 3.51
(2H, dd, J=3.7, 7.5, 2H-8), 2.99 (2H, td, J=8.0, 0.9, 2H-16), 2.58 (1H, dt,
J=15.9, 3.7, H-7A), 2.48 (1H, dt, J=15.9, 7.5, H-7B);
13C-NMR (CDsOD, 75.5 MHz) 173.18 (C-3), 167.34 (C-11). 156.47 (C-19),
154.51 (C-5). 154.08 (C-10). 153.30 (C-1), 128.50 (C-2), 128.28 (C-14).
125.41 (C-12). 124.12 (C-21). 121.76 (C-4), 121.40 (C-15), 99.08 (C-20),
78.16 (C-6). 44.99 (C-17). 44.49 (C-7), 42.28 (C-8), 19.75 (C-16).
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