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Inereased antitumour selectivity may be expected from the
combination of radiotherapy and cancer chemotherapy. Radicsensitizing
agents which have been employed for this purpose are reviewed in
the first chapter.

The acridine nucleus with tts purported DNA intercalation
capability has been used in the design of antitumour agents. A
review of the extensive structure-activity relationship studies
in this area is found in Chapter 2.

Irreversible and selective attachments of acridine molecules
to the DNA of cancer cells is expected to inhibit the proliferation
of these cells permanently. Nitrenes are electrophilic species
which may react with nucleophilic centres itn DNA, and can be
generated by irradiation of azido compounds. Azido derivatives of
9-anilinoacridine should therefore prove to be effective irreversible
antitumour radiosensitizing agents. The chemistry and pharmacology
of azides and nitrenes are discussed in Chapter 3.

In the Discussion, the synthestis and characterisation of
9-anilinoacridines are described. Raney nickel-hydrazine hydrate
reduction of nitroanilino derivatives gives the corresponding amines.
Azido derivatives are formed when the para and meta aminoanilino-
acridines are diazotised and reacted with aqueous sodium azide.
Diazotisation of the ortho aminoanilinoacridine affords
9-(benzoiriazol-1-yl)acridine; thermolysis of this compound produces
138-quin[4,3,2-kl]acridine. Photolysis studies of the azides
suggest that their degree of decomposition is proportional to the
irradiation time and inversely proportional to the irradiation
wavelength.

L1210 mouse leukaemic cell culture is selected as the
biological model for the detection of photosensitization by aaides.
The growth characteristics of L1210 cells are presented in Chapter 6.
The additional cytotoxzicity of the photosensitization by azido
compounds ts probably due to the photogeneration of reactive (nitrene)
species since it 18 proportional to the irradiation time of cell
cultures treated with these azido agents. Both the model azide .
azidobenzenesulphonamide and the azidoanilinoacridines exhibit
photosensitization effects. Thorough control experiments demonstrate
and isolate such photosensitization properties.
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Part 1 Introduction

Chapter 1

1.1 Selectivitv in the chemotherapy of cancer

Cancer is a disease of multicellular organisms which is
characterised by the uncontrolled multiplication and spread
within the organism of apparently abnormal forms of the host's
own cellsl. This definition encompasses the three key characteristics
of cancer; namely cellular multiplication, invasiveness and
autonomy.

Cell division and growth in healthy animals and man are
regulated precisely by control mechanisms of the bcdyz. A cell
becomes malignant when it escapes from these control mechanisms3.
As the tumour grows larger and ages, especially in rapidly
dividing tumours, the cells become undifferentiated. Persistent
growth is followed by invasion of surrounding normal tissues and
clumps of cancer cells may break off into the circulaticn and be
carried to distant sites to form metastases4. When the tumour
growth inveolves vital organs, or if the disease has disseminated,
chemotherapy is perhaps the only remaining therapeutic armaments.

There are several reasons for the lack of selective
toxicity6 of drugs used in cancer chemotherapy7. Cancexr cells
have originated from the host and are not truly foreign. Therefore
they do not arcuse an immunological respense as in bacterial
infections. Biochemical and morphological differences between
normal and cancer cells appear to be guantitative rather than
qualitative, and agents which damage cancer cells also harm the
host. Cancer cells rapidly develop resistance to antitumour

8 : : :
agents and further intensive chemotherapy at this stage can often



lead to the emergence of more malignant cell lines. Drugs then
have to be used at higher doses and even become selectively toxic
towards the host. Most available antitumour agents produce a
wide range of untoward effectsg, e.g. immunosuppression, bone
marrow toxicity, nausea and vomiting etc.

Despite this lack of selectivity of the existing antitumour
agents, improved therapeutic results have followed the rational
combination of drugs with different mechanisms of action and
toxicities. This approach has at least partially combatted the
problem of tumour cell resistance to single agents. The correct
timing of pulsed combination chemotherapy allow maximum exploitation
of the differential in recovery times between normal and malignant |
tissues leading to maximum tumour cell kill with minimum of toxicity.
This relative lack of toxicity allows pulsed therapy to be continued
for much longer periods and therefore increases the chance of curelo' 11.

Drugs elicit their biolocgical responses by first reacting
or interacting with the chemical groupings of rigid or semirigid
three dimensiocnal biochemical structures called receptors in Vivo.
These receptors may be specific proteins (e.g. enzymes), nucleic
acids or other cellular macromolecules. Most reacticns between
drug and receptor are reversible and-they are due to binding of
drug and receptor molecules by weak intermolecular forces such as
hydrogen bendings, icnic bondings, hydrophobic interactions and
van der Waals' forceslz.

Covalent binding of drug and receptor molecules are not
unknown, e.g. arsenicals, mercurials and antimonials which act on
parasites by combination with mercapto-groups; penicillins, the
phosphorus-containing anticholinesterases and the nitrogen mustards,

o i . 6
all of which either acylate or alkylate certain receptors .



Covalent bonds are very strong bonds which involwve the sharing of
cne or more pairs of electrons between two atoms. These bonds
can only be broken by heat, reactive chemicals or certain enzymes.
Drugs which evoke their biological response by the formation of
covalent bonds form permanent or irreversible complexes with their
receptors. These drugs are often electrophilic (or they produce
electropnilic species) and react with nucleophilic centres of
cell components. The cellular macromolecules which carry vital
information and possess abundant nucleophilic centres are proteins
and nucleic acids.

The aim of the present werk is to develop new drugs which
are structurally specific - that is, they have specific affinity
for their receptors. This specificity of action should be determined
by a precise combination and steric arrangement of chemical groups
in the drug molecule which could facilitate interaction by chemical
bonding and physical interaction with appropriate receptor
moleculeslB.

It is a further aim of this project to seek chemical agents,

carrying a masked reactive function, which are preferentially

concentrated in tumour cells; these agents should then form
reversible drug-receptor complexes with wvital tumocur cellular
components. The masked reactive function is so chosen that it
may be activated by low doses of penetrating radiation to liberate

a highly reactive electrophilic species. Upcn irradiation of the

tumour treated with these agents, the reactive electrophilic species
should then be generated i1 8itu resulting in irreversible covalent
binding of the drug to its receptor. This process should then
afford a bonus selectivity since only the chemical agents (or

drug-receptor cocmplexes) in the path of the radiation beam are



atfected and surrounding ncrmal cells are spared. Therefore
degree of selectivity results from accurates focusing of the
radiaticn beam as well as the intrinsic selectivity of these
"pro-drug" molecules (determined through structure-activity
relationship considerations) for tumour cells.

The receptors of interest to this work are the nucleic

nigh

acids; the drug moiety which has specific affinity for nucleic

acids employed hexe is the acridine nucleus and the masked reactive

hemical function is the azido group.

1.2 Interplay of radiotherapy and chemotherapy

The inactivation of the proliferative capacity of mammalian

cells by radiation is a complex process. It is represented

schematically in Figure 1. The cellular target may be one of
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the wvital cellular cemponents, e.g. DNA,
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Radiation causes ionisations and excitations in these targets

with resultant alteration to their chemical structures. These
events nave bDeen classifisd as due to the direct effects of
radiation. However, much of the energy absorbed by a cell is

absorbed in water molecules. This ressults in highly reactive frae

ith

-

radical species. These free radicals diffuse to and react

2,

vital cellular molecules leading again to altered chemical structures.
These are the indirect effects of radiationl4. The most important
free radical species generated in the radiolysis of water are H-.,
+CH, and e;é . (For a further review on the radiolysis of chemicals
and biochemicals, see raference 15.)

Both radiation and chemicals are commonly used in the treatment
of malignant diseases. There can be ccnsiderable therapeutic gain
by the combination of chemical and radiaticn therapy. The term

"Radiosensitizar" is defined hers as a chemical agent which increases

the sensitivity of cells to the gytotoxic sffect of radiation in
radictherapy. It may or may not possess antitumour activity in
its own right, but when employed in combination, confsrs a greater

than additive effect of the drug treatment and radiotherapy separately.

100%
Drug plu Drug plus
o : radiation radiation
il O
cell
zopulation
Radiatian Radiaticn
alone alone
(2) (b)
Q% g ;
_ N Increasing BN N Increasing
- {-ray doss X-ray dose



The hypothetical dose-response curves in Figure 2 demonstrate
the two basic mechanisms of combined chemical and radiation effects.
In Figure 2a, addition of drug has changed the slope of the dose-
response curve; this slope is a measure of the radiation sensitivity
of the cell population. The drug increases the sensitivity of
the cells to the effects of radiation. In Figure 2b, the drug
has added to the effect of radiation by acting independently on
the cell populationls.

Most of the chemical agents used in combined chemo- and
radio-therapy shcw both mechanism of action depicted above; it
is the type of agents which show predominantly type 2a mechanism
of aEtion which will be discussed and described here as
radiosensitizers. Bridgesl? has reviewed the earlier development

of radiosensitizing agents.

1.3 Review of radiosensitizing agents

One of the first radiosensitizers investigated was a synthetic
vitamin K substitute, Synkayvit, which is the tetra sodium salt
of 2-methyl-l,4-naphthalenediol diphosphoric acid ester (1.1),
abbreviated MNDP. It was found that MIDP was concentrated to
scme extent selectively in viable maiiqnant cells in relation to
normal cells, in certain types of tumours in man and animalsla.
Mitchell and Simon-Reuss reported significant potentiation of the
effects of XY-radiation by MNDP in inhibiting mitosis in chick
fibroblast cultures and in some patients with sguamous cell
carcinocma of the buccal cavitylg.

In the hypoxic centres within a solid tumour, cells are
resistant to therapeutic ionising radiations such as X- and

A 20,21 :
y-radiaticns” '“". Several methods of overcoming this problem



have been devised. Churchill-Davidson 2t gl. used adjuvant
hyperbaric oxygen treatment in clinical radiotherapyzz. Neutron
and m-meson therapies are expensive and not without disadvantages.
Fractionated X—radiotherapy was shown to allow reoxygenation in
the hypoxic fractions of scme rodent tumour523’24. As tumour
cells die after the doses of radiation given early in the course,
the demand for oxygen is reduced, and as the tumour begins to
shrink the flow and distribution of blood is improved. Thus a
proportion of the cells which were hypoxic beccme oxic and so
more sensitive to the radiation given in the next treatment.

Scme drugs are purported to mimic the radical-forming ability
of oxygen, but are not readily metabolised by the cells in the
tumour through which they diffuse; they are thus able to reach
hypoxic centres in a tumour. This group of electron affinic
radiosensitizexrs incluae:
1-(2-nitro-l-imidazolyl) -3-methoxy-2-propanocl

or Ro-07-0582, Misonidazole --- - -— - CLIS2Y

2-methyl-5-nitroimidazole-l-ethancl

or metreonidazole, Flagyl ---- - (1:3)

(£) -1,2-bis(3,5-dioxopiperazin-1-yl) propane

cr ICRF-159, Razoxane =---—-—-—- e ———————— (1.4)

4-nitroacetophencne

S5-nitro-2-furaldehyde semicarbazone
OF NifrOfUraZONe = e e e e e e (L.8)
N-(5-nitro-2-furfurylidine) -l-aminchydantoin
Or nitrofurantoln === m— s (1.7)
ICRF-159 has anti-mitotic/anti-tumour activity both #n vitro

: 1B Dy 25 ! i
and in vivo ' as well as a radiocsensitizing effect. Miscnidazole



Ot
CHyCHCH, OMe

[jjj:EE/Noz

{1:2)

CHaCHa0f

02N N\[/Me J/\ \ Te / E
| L H CH-CHy-N  H
0

(1-3) (1-4)

0
n
P 02N~ ~O~ CH=N-NHCNH,
0,N ¢ \Tf/ |
AN
Me

e (16)
0
0N | 0 l CHEN P
(] e
H 0



and metronidazole at therapeutic doses have low toxicity and are

21,27,28 in adjuvant radiotherapy of

undergoing clinical trial
semincma of the testis, Hodgkin's disease, supratentorial
glicblastomas and other local tumours. In a study of nitrofurans
as radiosensitizers, Chapman et a3.29 described the necessity of
the electron affinic properties and the nitro functions of
compounds (1.5), (l1.6) and (1.7). Hypoxia was shown to enhance
the rate of radiation-induced binding of nitrofurazone to bovine
serunm albumin, DNA, polynucleotides and whole Chinese hampster

cells. Kinetic studie530’3l

suggest that ionising radiations
elicit the formation of primary reactive species (H*, -OH, e;é)
in hypoxic areas, and cellular components, e.g. DNA, and radio-
sensitizer molecules may react with these species to form radicals.
It is the reactionsbetween radiosensitizer radicals and cellular
component radicals which result in cell deaths. In an oxic
environment, 02 molecules may react with e;q to form the oxygen
radical anion Oj- which then combines with cellular components
resulting in biochemical lesionsBz.

Pyrimidin = 2,4~dicnes substituted in the S-position with
halogen atoms, and their deoxyribosides, may be incorporated
intc DHA in place of the pyrimidine bases and their deoxyribosides
respectively33. Table 1 shows their structures, their names or
abbreviations, and the van der Waals radii of the atoms in the
5-position. The bond disscciation energies of CH3—X are included
for comparison.

Stereochemical ccnsiderations suggest that BUAR is the best
thymidine analogue since the van der Waals radius of bromine is
very close to that of the methyl group; while FUAR is an analogue

of deoxyuridine since the radius of fluorine is much closer to

10



Table 1 Names or van [ Bond
abbreviations der dissociatio

| X . . :
.-\I:;\.a_'_s_M energies
X radii®® | cH3-x

| (R) (Kcal/mole)

n
of

Deoxyuridine

ik
b=+
(3%}

104
Deoxythymidine Me 2.0 g8
FUdR E 1.35 108
CUdRr Cl 1.80 g4
BU4R Br 1.95 70
IUdR 3 2,15 56

the radius of hydrogen in uracil than of the methyl group in
thymine34.

The incorporation of these 5-halcgenc deoxyuridines, namely
S-chlorcdeoxyuridine (CUER), 5-bromodecxyuridine (BUER) and
S5-icdodecoxyuridine (IUGR) were shown to increase cellular

b1 ; . N : i L S
sensitivity to ultra violet and X-radiation im vitro~ " ; +he

; : S s Bl ! 36
lncorperaticn of >-fluorcdeoxyuridine (FUAR) is controversial
and FUCR has insignificant radicsensitizing effect, but it does

inhibit the d2 novo synthesis of thymidylic acid”'. The enhancement

of sensitivity to X-radiation parallels the size of the halogen

&R has greatar racdiosensitizing

datom in these compounds, that is IU

S2ct than 32UdR wheresas CUGR has cthe lsast esfact., The an+<i-

reported that the human bone marrow D98/AG line cells can grow

for an unlimited number of generations at IUJR concentrations
: =5 > ’ o . : : : i
beleow 10 M, 2ut at these same conditions with irradiation by

3l




ultra vioclet or X-radiation, there were significant radiosensitizing
effects as compared with controls. One could speculate that
radiation may cause homolytic fissicn at the carbon-halogen bond;
such dehalogenation releases halogen radical which may inflict

damage to the post-irradiation repair mechanisms. If this is the
explanaticn, it would account for the greater sensitizing effect

of IUAR than BUAR and CUdR and the inactivity of FUJdR, since the
carbon-iodine bond has lower bond dissociation energy than the
carbon-bromine, carbon-chlorine and carbon-fluorine bonds39, as
shown in Table 1.

From the various types of radicsensitizers discussed, the
ideal radiosensitizer in combined chemo/radio therapy should be
concentrated selectively by tumour cells. It may or may not
possess antitumour activity itself, but in the presence of
radiation it should be converted to a noxious reactive species
independent of the degree of oxygenation of the tumour tissue,
and should then cause irreversible damage to vital tumour cell
components. Such a reactive species should preferably be short-
lived so it may cause biochemical injuries only at the immediate
vicinity where it is formed. Surplus reactive species should
then form non-toxic metabonates and/cr metabolites which will
not interfere with surrounding normal tissues.

The development of such agents provide the basis of the
research weork described in this thesis and it will be shown in
variocus parts of this work that even 7n vitro it is possible to
satisfy scme of the criteria some of the time, but very difficult

to satisfy all the criteria at the same time.

12



Chapter 2

2.1 History of acridines

PR ! 40
Graebe and Caro isolated acridine from coal tar in 1870 .

Graebe's system of numbering the acridine ring has been adopted
by IUPAC and it will be used throughout this work. The numbering
of the 9-anilinoacridine (2.1) structure is given here as an

example.

8 1 £24 }

5 10 L

The utilization of acridines in medicine dates back to the
early decades of this century. The outbreak of the first world
war led tc an increased demand for antibacterials. Proflavine
(2.2) and acriflavine (2.3) were considered valuable drugs for
the prevention and treatment of sepsis in wounds. During the
secend world war the neutral form of proflavine was developed and
aminacrine (2.4) hydrochloride was introduced. In 1942, the
shortage of quinine stimulated the widespread use of the anti-
malarial, mepacrine (2.5). The chemotherapeutic activities of
these acridines wers attributed to their interactions with nucleic

acids. The selective toxicities to the parasitic organisms -

13
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that is, bacteria and protozoa etc., were due to the lipophilic-
hydrophilic balance of these drugs and their steric features which
enabled them to cocncentrate in the cells of the parasites to cause
fatal damage to these cells. Excellent reviews on the earlier
studies of antibacterial and antimalarial acridines are provided

4
by Albert41 and by Acheson ¢

2.2 Cellular interactions and DNA intercalation

In the past fifty years, many experiments were carried out
to reveal the site of action of acridine drugs. Acridine orange
(2.6) was found to stain nucleic acids in cells and it could
differentiate deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA) which fluoresce green and red respectively under a
fluorescence microscopqu. Mammalian cells have been observed to
take up aminocacridines and concentrate them.in the nucleus44'45.
Furthermore, the antibacterial action of amino%cridines in vitro
is not lowered by serum protein46 but strongly inhibited by
exogenous nucleic acids47. These results imply an affinity of
acridines for nucleic acids. It has been shown in vitro that
proflavine (2.2) inhibits bacterial DNA polymerase by 85% and
RNA pclymerase by 30%48. The mechanism of action was proposed
to be the binding of proflavine to the DNA starter.

Albert demonstrated that the planarity of the thgee rings
of acridine with a minimum planar area of 38 sg 2 is required
for antibacterial activity. Hydrogenation of one ring of aminacrine
(2.4) to form 9-amino-1,2,3,4-tetrahydroacridine (2.7) practically
eliminated its activitng. Conversely, ethidium bromide (2.8)
which has similar stereocchemical features to proflavine, inhibits

the same two DNA-dependent polymerases by combining with the DNA



templateso'SI. By a spectrophotometric method and by equilibrium

dialysis, Peacocke and SkerrettS2 established that proflavine is
bound to DNA by two mechanisms: (a) a first-order reaction that
reaches equilibrium at one proflavine molecule per four or five
nuclectides; and (b) a weaker, high-order process that leads to
a drug/phosphate binding ratio of l:1. They also observed the
bathochromatic shift induced by aminacrine (2.4) when associating
with DNA, and the absence of such spectral change when the
hydrogenated derivative (2.7) was allowed to mix with DNA under
the same conditions, confirming Albert's assertion that the
bioleogical activities of acridines are correlated with their
stereochemical structures49. The binding process (b) apparently
is due to the adsorption of further acridine molecules ontc those
already attached to the DNA hence forming drug aggregat5553

The intercalation modelS4 of drug/DNA interaction formulated
by Lerman is identified with the binding process (a). This model
suggests that a proflavine molecule is sandwiched between two
layers of nucleotide base-pairs of the Watson-Crick spiral. The
primary amino groups contribute to the binding by forming icnic
linkages with the phosphate residues of DNASS. and are protected
from attack by nitrous acid as adjudged by a greatly reduced rate
of diazotisation. Lerman also showed that the ratio of the
fluorescence intensities of flowing and staticnary proflavine/DNA
solutions agrees with the proposal that the flat acridine ring is
slotted into the DNA structure perpendicular to the helical ax1556.

For intercalation to cccur, the helix should become locally
unwound to accommodate the acridine ring. The proflavine molecules
so intercalated should cause the helix to be extended, stiffened

and straightened which accounts for the threefold increase in

16



viscosity. The DNA~proflavine complex was found to have a lower
sedimentation coefficient than free DNA. This was attributed to
loss of mass per unit length since a proflavine molecule has less
than half the mass of the same volume of DNA. X-ray diffraction
patterns of oriented fibres drawn from the complex were much
simpler than those given by pure DNA. The retention of the

3.4 A meridonal spots as the sole meridonal reflexion suggested
that the acridine molecules cccupy the same 3.4 4 space corresponding
to the separation between stacked layers. The new positions of
the first equatorial reflections indicated that each DNA molecule
was now more closely packed than pure DNA54.

The sheer elegance of Lerman's model of DNA intercalation
and its potential applicability to explain the binding to DNA of
many other drugs were scon appreciated. Criteria are set out to
examine chemicals before they are ascribed as intercalating agents.

The unwinding of the helix can be evidenced by the
censequential removal and reversal of the supercoiling of closed
circular duplex DNA as the drug-DNA binding ratio increases; that
is, the number of right-handed supercoils steadily decreases at
first, then at a critical ratic of added molecules the supercoils
are all removed and the DNA molecule behaves as an untwisted open
circle. As further additions of agents are made, the accumulated
stretching of the DNA ring re-introduces supercoiling, but this
time it is right-handed. This sequence of events in supercoiling
is reflected in characteristic changes in the sedimentation
coefiicient of such drug-DNA complexes57. The predicted extension
of the DNA helix can be inwvestigated by measuring changes in the
viscosity and sedimentation ccefficient of sonicated rod-like DNA

fragments. An intercalating agent, e.g. proflavine, wculd increase

17



the viscosity and decrease the sedimentation coefficient of native
calf thymus DNA58.

Neither of these two techniques alcne is sufficient to
establish unequivecally an intercalative mode of binding, for
non-intercalative unwinding of the DNA helix by steroidal diamines
has been cbserveng’so. Conversely, viscosity enhancement indicative
of helix extension by the antibiotic netropsin has been reported,
though no effect on the winding of the helix could be detectedel'sz'G%
Only when both of these experiments offer positive results should
a compound be justifiably classified as an intercalating agent.

One such compound is the antitumour plant alkaloid, ellipticine64
(2.9). Experimental results on this compound are in accord with

the intercalation mcdel epitomised by the intercalative action of
prcflavineST'Sa. The unwinding angle on binding to supercoiled

DNA is estimated to be 7.90, similar to that of proflavine. Another
study on the ellipticine series of antitumour agent565 suggests

a positive correlation between their DNA affinity66, their optimal

unwinding angles and their antitumour activitiess7.

2.3 Antitumour acridines and structure-activity relationship

The develcpment of antitumour agents containing the acridine
ring has been rscent. The realisation that intercalation into
DNA may constitute the major molecular mode of action of acridine
drugs has provided a satisfacteory basis for their interference
with nucleic acid synthesis vZq distortion of the structure and
functicn of the DNA template, but it nevertheless highlights the
question of their selective toxicity. It is reasonable to assume
that the bicchemical and morphological differences between normal

and tumour cells, however slight and subtle, could be exploited
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to evolve a series of selective antitumour agents by studying the
relationship between their chemical structures and the biological
response they may evoke. This approach has been the foundation
of much extensive work in acridine research.

Peck, 0'Connell and Creech examined the effect of several
9-aminoacridines with monofunctional sulphur mustard or nitrogen
mustard groups linked through an aminocalkyl side chain68. Davis
and Soloway developed a series of neutron-capture agents based on
carborane centaining acridines which were intended for use in the
neutron-therapy of cancersg. More significantly, the work of
Ledochowski's group in Poland and the contribution frem Cain and
colleagues in New Zealand have put acridines very much on the map
of cancer chemotherapy.

The Polish work started in 1960 in a search for antitumour
activity amongst 9-aminocacridines followed by the synthesis of
numerous derivatives resembling the structure of mepacrine (2.5).
' The inhibition of growth of Sarcoma 180 in mice was used as a
primary screen. After much deliberation and many moclecular
modifications, the 3-chloro and 7-methoxy groups were rejected
and a nitro group was.introduced7o. The one compound in this
series which exhibits highest antitumour activity is Ledakrin,
l-nitro-9-(3-dimethylaminopropylamino) acridine dihydrochloride
(2..10) .

In the course of studies on the biclogical activities of
Ledakrin and its nitro iscomers, that is, the 2-nitro (2.11) and
3-nitro (2.12) derivatives, it was cbserved that (2.10) was more
active than (2.12) and (2.1l) was inactive in various cell and
animal cytotoxicity screening systems. This could be positively

correlated to the inhibitory effect on the incorporatiocn of
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(2.10) = 1-NO

Me
+ ./
HN(EH2)3N{-J

y ~Me (2.12) = 3=NO

(2.11) = 2 =NO

(2.13) = 1 -NHOH

tritiated thymidine (a DNA precursor), uridine ( a RNA precursor),
and leucine ( a protein precursor), but a study on the influence

of these compounds on isclated DNA-polymerase and RNA-polymerase
activities, offered contradictory results. A spectrophotometric
analysis of the drug-DNA binding ratio also suggested that Ledakrin
was less efficient in DNA binding than its isomers. However, it

was proposed that the l-nitro group may be more susceptible to
reduction than a 2-nitro or 3-nitro function and the high antitumour
activity of Ledakrin could be due to its reduced product, the
l-hydroxylamino analcgue (2.13)71.

Using the method of Boyland and Wery for the detection of
hydrcxylamines72, it was found that Ledakrin was indeed metabolised
to the hydroxylamine (2.13) by the action of the post-mitochondrial
fraction from mouse liver homogenate. Furthermore, there was
significaht correlation between the amount of hydroxylamine
produced and the biolocgical activity of Ledakrin. This is in
accord with the findings of Konopa et gl. that Ledakrin binds

covalently to DNA of Ehrlich ascites tumour cells in vZvo, but
73
ro ~.
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Ledakrin was admitted for clinical evaluation in 1967 after
careful toxicological studies74; unfortunately, the agent was
reserved only for patients near the terminal stages of their
disease and the clinical studies so far have produced disappointing
results?5'76'77'78.

Cain and his collaborators marked their entry to the acridine
arena with a structure-activity relationship (SAR) study of a
series of coplanar, fully ionised catiocnic agents in 1971. They
proposed that the acridine ring structure enables the agent to
lodge temporarily in the minor groove of the DNA duplex, Figure 3;
subsequent intercalation leads to cell death. They also recognised
that cellular penetration of the agent is the limiting factor and
dependent on the concentration of neutral species - that is, the
rate of passive diffusion is related to high lipophilicity and
low ionisation of the agent at physiological pH. An agent with
the optimal overall lipophilic/hydrophilic balance should then be
able to reach its correct site of action79.

The first acridine derivatives synthesised by Cain had
aromatic groups interspersed with amine and amido functions,
attached to the 9-position of the acridine ring79'80. Mclecular
simplification produced 9-anilinoacridine (2.1}81 and its derivatives.
The 9-anilinocacridine structure (2.1) has since been adopted as
the parent in their series of potential antitumour agents. The
Screening system for antitumour activity consists of inoculatioen
of 105 L1210 cells either (a) intraperitoneally (Zp), (b) sub-~
cutanecusly (sc) above the right axilla, or (c) intracerebrally

82

(te) through a temporal fissure into C,H/DBA hybrid mice .

P
2"1
Ip drug treatment starts 24 hours later and continues for 5 days.

Results are expressed as a % increase in life-span comparing with

untreated animals.
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The elucidation of antitumour activity by SAR is empirical
but effective. Additicn of a substituent to the parent compound
of a drug series would invariably alter the owverall lipophilic/
nhydrophilic balance. Additicnally, this may alter steric,
electronic and hydrophcbic drug-receptor interactions, as well
as affecting the ratas of either metabolic or dirsct chemical
activation and/or deactivation. The basicity of the compound
may also be changed as a :esultaB.

Since corxect lipophilic/hydrophilic balance of a drug is
essential in the delivery of the molecule to its site of action79,
an attempt was made to determine and isoclate its effect from those
due to other factors menticned above. A homclogous series, e.g.
compounds (2.14) to (2.17) in Table 2 was prepared. A plot of
the diolcgical activity of the members of the series against a
measure of their partiticn properties (e.g. -ARm*) will then

vrovide a standard cuzve, Figure 4 .

Bes Figure 4
] rro T ¥ T 3 4
ILS = (*/o% - 100), where “/, is the
I ratio of test animal life-span to
2.0k | those of contxols.
| *=-ARm = change in Rm values compared
log ILS l with parent compound, where
R = leg(*/g- - 1), and R_ values
: o Z
1.8 l are those obtained from reversed
s | phase chromatographyed.
L.6k ]
cptimal
] value
l.ap | L’ 1 1
-0.2 Q 0.2 0.4
S — "Zzﬁﬁn
optimal
range
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2! 4! NHSC,Me
(2.1) |! 5/ (2.14)
HN 6 HN
= |q |
7 S 2 s e
6 N 2 3 N P A
5 10 4
AMSA
Agents | Substituent in (2.1) || Agents Substituent in (2.14)
2.14 4' -NESO,Me 2.29 1-NO,
2.15 4'-NHSO,CHjMe 2.30 3-Cl,7-OMe
416 4'-NESQCj (CHjy) oMe 2.31 3-NOg, 7-CMe
2.7 4'-NE502{C52)3M9 S 3-NHZ,7—OME
Agents | Substituenc in (2.14)]] 2.33 2,6~ (NEAC) ,
2.18 2'-OMe 2.34 3-80,
219 L-Me 2535 3-C1
2.20 2-NO, 2.36 3-3r
2.21 | 2-NH, 237 3-1
222 2-NHAC 2.38 3-CF;
223 2,7-(NHj) 3 2.39 3,6=-(Me) 4
2.24 2=-Me 2.40 3'-OME,B-I,S—OCEECEOECHon
2.25 | l-CMe 2.41 4-NO,
2.26 2-CMe 2.42 3'-NH,
RS =0k 2.43 2'=0Ft
2,28 2=-F 2.44 2'=-Ma

Table
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In order to obtain maximum biological activity, the lipophilic/
hydrophilic balance of an agent must be adjusted to or near the
optimal ARm. This adjustment can be made by additional compensatory
substitution with lipophilic or hydrophilic functions as necessary.

Intercalation has been adduced as being the molecular mode
of action and representative members of this drug series, e.q.

AMSA (2.14) and m-AMSA (2.18) were shown to bind strongly to

double stranded DNA and can unwind closed circular PM-2 bacteriophage
duplex DNA in a manner characteristic of intercalative drugsss.

This is confirmed by equilibrium dialysis, spectrophotometric
methods, fluorescence studies and thermal denaturation studies.
Further, (2.18) inhibits DNA polymerase and RNA polymerase
activities in vitroa7. The DNA synthesis inhibitory action of

(2.18) was also indicated by an inhibition of the incorporatiocn

of labelled thymidine into DNA of L1210 cells both %7 vZuo and

in v'alt:ﬂoaa.

An X-ray crystallographic analysis of (214)demonstrated a
considerable distorticn of the C(9)-N-C(l') bond angle and showed
that the J-anilino function rotated so that the ring plane lay
at right angle to the plane of the acridine systemag. If this
steric arrangement is a requisite for activity84, appropriate
molecular modification by chemical substitution may augment
biological activity by providing an optimal fit of the drug
molecule to its receptor site provided that the correct lipephilic/
hydrophilic balance is maintained. Egually valuable, the information
from these modifications should contribute towards the construction

of a picture of the environment of the receptor site and aid in

future drug design.
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The effect of substitution in the various positions of
9-anilincacridine (2.l1) on its antitumour activity is summarised:

Acridine ring

Positions 1, 2, 7 and 8

There is a lack of bulk tolerance at these positions, and
biological activities of compounds substituted in these positions
are either depressed as in (2.19) - (2.23) or abolished as in
(2.24)- (2.33) %4,

Positions 3 and 6

There appear to be hydrophabic sites corresponding to these

. 84 ; , 90
positicons , but these sites are restricted in size” . Therefore
(2.34) - (2.37) have enhanced activity compared with the parent
(2.14) while (2.38) with its bulky CF3 group exhibits no‘activity.
High activity of the 3,6-disubstituted compound (2.39) suggests
that both these pcsitions correspond to hydrophobic sites in the
receptor.

Positions 4 and 5

There is considerable bulk tolerance for hydrophilic functions
here since the large polar S-substituent of (2.40) affords an
active agentBB. However, a 4-nitro substituent in (2.41)
; : 84
gives a compound of low activity

Anilino ring

Positions 3' and 4'

Only electrcon donating groups here procduce active agents,
RO : ] ] 10 . ; 80
especially those in the 4' position as in (2.14) . An electron
deficient site in the receptor near the 5' position of the drug
20 ; :
molecule was prcposed . Since an electron denating function at
A1

3' will increase electron-density at the 5' position, an agent

such as (2.42) has augmented activity.

26



Position 2'

Substitution at this position with a methoxy group (2.18)
increases dose potency possibly due to reduction of thiolytic
cleavage at the C(9)-N bond by steric inhibition of thiolysisgl,
with full retention of antitumour activitygz. However, this
region of the receptor site tolerates limited bulk since the
larger ethoxy group in (2,43) offers low potency93. It was also
suggested that this region has a polar nature thereby tending to
bind more to the methoxy function of (2.18) than a methyl function
in (2.44), since (2.44) was inactive.

This SAR information has enabled an image of the receptor
site environment to be constructed, Figure 5.

Compound (2.18), also known as Cain's acridine is undergoing
94,95

phase 1 clinical trials and phase 2 studies have alresady
been planned. Responses were observed in patients with adeno-
carcincma of the lung, melanoma, myeloblastic leukaemia and
cvarian carcinoma. The main toxicities of this agent are
haematopeietic, kbut these are readily reversible on cessation
of the drug treatment.

From the evidence presented one can be confident that the
9-anilinoacridine structure has specific affinity for its receptor,
the nucleic acids. This structure has been employed in this work
as the carrier of a masked reactive function, the azido groPp.
Hopefully, subsequent work will show that this combination - of
acridine and azide - will result in compounds which are radio-

sensitizers for tumour cells.
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ChaEter 3

3.1 Arylnitrenes and their solution chemistry

Nitrenes are electron deficient, electroneutral monovalent
nitrogen intermediates in which a nitrogen atom has one covalent
bond to another group (e.g. an aryl group in arylnitrene), one
lone pair of electrons and two non-bonding orbitals containing
two electrons between them. These two orbitals of different

energies may accommcdate the two electrons in different ways :

i 1]

_l,?,%?;; friplef excited singlets

In the triplet nitrene, the two electrons have parallel
spins; when these electrons are spin-paired, the nitrene is a
singlet. Most nitrenes have triplet ground states. The triplet
nitrene Rﬁ- is considered a diradical while the singlet nitrene
RN: behaves as an electrophile,

The nitrenes of special interest are the arylnitrenes.
They may be readily generated by reduction (or cdeoxygenation) of
nitro and nitroso cempounds or oxidation of aminc compounds.
Rose was the first to speculate that the carcinocgenicity and
cytotoxicity of hydroxylamines, amines and amides may be due to
their bio-activation to form nitrene intermediates during metabolic

26
oxidation and reducticn reactiens™ ; subsequent indiscriminate

29



interaction with cellular components may then be responsible for
disorganisation of normal cellular processes. Alternatively,
thermolytic and photolytic decomposition of appropriate aryl-
azides may be employed to produce the corresponding arylnitrenes.
The latter process is particularly useful because relatively
mild conditions are required.

Arylnitrenes are short-lived with a half-life of microsecondsg7
and once they are formed, they must react with nearby molecules
Or rearrange to more stable species. If the nitrene precursor
could be activated after it has been specifically carried to the
Vicinity of vital biomolecules in tumour cells the irreversible
combination of these nitrenes could then cause disruption of
cellular functions and death. An understanding of the chemical
properties of arylnitrenes is therefore important to illustrate
the type of chemical functions with which these intermediates
react and the way these reactions take place.

Some of the typical arylnitrene reactions include electrophilic
attack on nucleopniles, abstracticn (usually of hydrogen from
sclvent molecules), insertion (normally into C-H bonds), and
rearrangement e.g. ring expansionga'gg, The type of reaction
in which the nitrene participates depends on its multiplicity =
that is whether the nitrene reacts as a singlet (an electrophile)
or a triplet (a diradical).

Photolysis of an arylazide substituted with a strongly
electron-withdrawing group in the para position, e.g. p-cyancphenyl-
azide, generates a nitrene (3.l) which exhibits singlet properties
due to the destablising of the cyano group on mesomer (3.2}100.

Thus 1f p-cyanophenylazide (3.3) is photolysed in dimethyl-

amine, a nucleophilic solvent, the substituted hydrazine (3.4)



=0
(1]

Nc@lf\h e NC‘

{31 ((3:2)

is formed in high yield together with a small amount of the

amine (3.5).

/Me
HN-N

N3 \Me NH;
HNMe,
—_—
._N2
CN CN CN

{33 ) (3:4) (735}

However, if the same reaction is carried out in the presence
of xanthen-9-one, a triplet sensitizer, amine (3.5) is the major
product. In this case, the predominating reaction is that of

; : . ; AT lDY
hydrogen abstracticn from the solvent or from the starting azide -

Reaction products

Predominating nitrene species (3.4) (3:5)
L_ SINGLET 70% 5%
TRIPLET 6% 70%
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The singlet nitrxene is responsible for the electrophilic
attack on dimethylamine, while the hydrogen abstraction reaction
is more typically a triplet rsaction. Furthermore, the singlet
may alsc contribute towards ring expansion reactions. This latter
reaction cculd compete with hydrazine (3.4) formation depending
on the wavelength of light used in the photolysis. This dependence
nas Peen ascribed as due to excess excitation by higher energy
irradiation preducing an over-excited "hot" nitreneloz.

The ring expansion reactions result in S5-cyanc-2-dimethyl-
amino- 3H -azepine (3.9) through intermediates (3.6), (3.7), and
(3.8) . This reaction sequence parallels that of the thermolysis

= X WA e
of phenylazide in aniline :

N
N
= H
\\\\ \\\\
% % (36)

(31) benzazirine |

i
\ / CN

aziridine (3+7)
CN
1H-2zepine (3-8)
The amcunt of 3E-~azepine formed through the sequence depicted

also depends on the basicity of the solvent in which the pnotolysis
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is carxied out. Generally, solvent of high basicity tends to

encourage this reaction, but it has been reported that methanol,

a very weak base, resacts in the photolytic decomposition of

’ o et . e s : * . lo4

phenylazide toc afford a 1l0% yield of 2-methoxy- 35 -azepine A
Another type of nitxene reaction is the insertion by

arylnitrene into C-E bonds. This was formerly associated with

the singlet nitrene:

Ari'\]: +

—M—C
>
=
Z‘

It can also be envisaged as a triplet reaction,an initial hydrogen
abstraction followed by radical combination would procduce the

same precduct:

20 3 .
APN-JFI — | APNH —L'l- e—t ArNHCE—-
N

[H]| solvent

Thermolysis oI phenylazide in n-pentane yields aniline (30%)
. ] S D H % i
and 10% N-(n-pentyl) aniline wnicn suggests the possibility
of both singlet as well as triplet reacticns. Another study of



this thermolysis in a cyclohexane-neopentane mixture resolves
this mechanistic contxcversylos. If both mechanisms were operating,
a decrease in the proportion of cyclohexane in the solvent
mixture should result in a decrease in the formation of N-cyclo-
hexylaniline (if it was formed from the singlet) and an increase
in yield in aniline (a known triplet derived product) due to an
increase in the probability of singlet —> triplet intersystem
crossing. Variation in the solvent mixture proportions did not
result in a change in the aniline/N-cyclohexylaniline ratio:
therefore, the triplet must be the reactive species in this case.
This brief review of the solution chemistry of arylnitrenes
likely to take place in the physiological environment should
sexrve to demonstrate the reactivity and versatility of these
intermediates. Further reading on the photochemistry of azides

may be found in references 106 and 107.

3.2 Biolcogical activities of azido compounds

These can broadly be placed into twe categories in which
(a) azido compounds are used as pharmaceutical agents, (consult
Table 3) and (b) azido compounds are used as research tools
(consult Table 4). Considering the diversity of their applications,
it is pertinent to summarise the prevalent rationale for employing
the azido function in each of these two groups of cempounds.

(a) Pharmaceutical agents containing the azido functioen

In these ccmpounds, the inclusion of an azide function in
the drug molecule offers pharmacologically desirable features.
The azido function belongs to a group of substituents
called the pseudochalides, other members of the group are CN, NCO,

SCN etc. They are so called because they all share certain
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Table 3

-

Biological activity

acetamido) -3-azidomethyl-
3-cephem-4-carboxylic acid.

bacterial activity in
the mouse.

Agents References
or use
5-Ethoxyethyl-2-amino- Diuretic activity in man. 108
4-azido-6-phenylpyrimidine.
6-Deoxy-6-azidodihydro- Potent narcotic analgesic los8
isomorphine. in animals and man. 113, 114
6-Deoxy-6-dihydroazido- 3 Experimental analgesic 111
l4-hydroxyiscmorphine. in animals.
6-Deoxy-6-azidodihydro- Experimental analgesic 109
isoccdeine. in animals.
T-Azido-~Ssphanyl- Sedative and agtl- : 110
- : convulsant activities in
1l,4-benzodiazepines. )
animals.

9-Azido-10-methylacridinium Anticholinesterase 112
methosulphate. activity n vitro.
Potassium-6-(D-a-azidophenyl- Antibiotic in man. 115
acetamido) penicillinate.
7-(D-a~-aminophenyl- Broad-spectrum anti- 116




properties with the halogen atoms. N3, like Br, is more electro-
negative than carbon; hence it exerts a negative inductive effect
(=I) in organic compounds. It is also capable of conjugation
through its non-bonding electrons and thus acts as an electron-
donor; that is, it exerts a positive resonance effect (+M).

That the overall electron-withdrawing property of N3 is comparable
to that of Br might be expected from their similar dipole mcmentslzg.
In most of the following drugs, the azido group is just a novel
substituent. Where the information is available, their
pharmacological activity often parallels that of their halogeno
counterpartsllo. From a drug metabolism study in manll4, the
azido function (of azido morphine) was found to be relatively
stable towards enzymatic and chemical change. It was largely
excreted unchanged in the urine, although traces of reduction

preduct, the amine, was alsoc found.

(b) Azides used as research tools

Many biological processes involve the interaction of a small
organic molecule (the ligand) with a biolcgical macrcmolecule, the
receptor. Enzymes catalyse reactions of their substrates and
cofactors; antibodies bind their haptens; hormones interact with
their receptcors; macromolecular carriers transport ligands across
biomembranes; and pharmaceutical agents also seek their sites of
action. These receptor/ligand reactions can be made irreversible
by covalent binding. The isolation of the permanent receptor/ligand
complex and the elucidation of the exact pecint of attachment of
the ligand to the receptor may offer informaticn on their molecular
mode cof interacticnlBD.

All the compounds in Table 4 are azido deriwvatives of

ligands which possess specificity for their appropriate receptors.



Table 4

Agent(s) Biological use Reference
e-(4-Azido-2-nitrophenyl) -L- | To complex with an antibody 1175
(4,5~-"H) lysine, and which has been raised against 118,
e-(5-Azido-2-nitrophenyl) -L~ the 4-azido-2-nitrophenyl 119
(4,5-3Hlesine. function. Subsequent

irradiation of the complex to

result in photo-affinity

labelling of the antibody-

binding site, hence offer

information of the

environment of this site.
Quarternary ammonium Photo-affinity labelling of 120
arylazides. specific acetylcholine~binding

sites on red blocd cell

membranes.
Peptides containing p-azido- Photo-affinity labelling of 121
L-phenylalanine chymotrypsin and amino-

peptidases.
4-Azido-2-nitrophenyl Synthesised as potential 122
glycosides. photo-affinity labels.
[35]N-g- (p-azidoghenyl) Photo-affinity labelling of 123
ethylnorlevorphanol. the cpiate receptors.
Deformamidcazido Photo—-affinity labelling of 124
antimycin A. the antimycin A receptor at

the respiratory chain.
2-Azidoiscopthalic acid, and Photo-affinity labelling of 125
5-azidoisopthalic acid. the active site of glutamate

dehydrogenase.
Ortho azido derivatives of Synthesised as potential 126
estradiol, estrone and photo-affinity labels of
hexestrol. estrogen binding proteins.
Phenacyl-p-azide of Photo-affinity labelling of 127
4-thiouridine. t-RNA binding sites on “the

riboscme (in E. coli).
4-Denitro-4-azido- Synthesised as potential 128

chloramphenicol.

photo=-affinity label of the
reptidyl transferase binding
site at the ribosome.
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They will form reversible receptor/ligand complexes. The azido
function merely serves to generate the appropriate nitreno-ligand
upon photo-irradiation in sttu. The ability of nitrenes to
attack nucleophiles and to inserxt into C-H bonds (to result in
covalent bond formations) has already been discussed. These
nitreno-ligands therefore behave as effective photo-affinity

labelling agents.

3.3 Aims of the present work

In the introduction, it was suggested that nucleophilic
centres in cellular receptors are prone to electrophilic attack.
These nucleophilic centres are electron rich regions; the basic
nitrogen functions such as N(7) of guanine and N(l) of adenine in
nucleic acids are just two of the probable candidatesl3l. The
9-anilincacridine structure described in Chapter 2 will serve as
a carrier to nucleic acids with a not insignificant selectivity
for tumour cells. The nitrene function is a suitable electrophilic
species to react with these nucleophilic centres. Furthermore,
the reactive nitrene may also insert into C-H bonds in the immediate
vicinity where it is generated. The azidc function should serve
as a convenient nitrene precursor since it is chemically stable
under physiological ccndif::-‘_ons132 and would readily generate the
nitrene intermediate upon photo-irradiation. The amalgamation of
these structural and functional ingredients should provide the
makings of a potentially selective antitumour agent with radio-

sensitizing activity ¢f the azido fimction behaves similarly when

> A : : Ry
exposed to penetrative X- and y—irradiation.
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Part 2 Results and Discussion

Chapter 4 Synthesis of acridine derivatives

4.1 Synthesis of substituted 9-anilinoacridines

The advent of antitumour acridine drugs such as m-AMSA (2.18)
and others cited in Chapter 2 stimulated further synthesis of
other derivatives of 9-anilinoacridine (2.1) in the present work.
Nucleophilic substitution of the labile chlorine atom in 9-chloro-
acridine (4.1) with the appropriate arylamines (4.2) produced the
requisite 9-anilinoacridines (4.3). The hydrochloride salts (4.4) -
(4.8) were prepared by heating molar eguivalents of the reactants
in boiling anhydrous methanol for 90 minutes. On addition of
excess ether, the products crystallised from the reaction mixtures

in high yields (Scheme 1).

R

Scheme 1
(4-2)

H“\
ci/(i\f
H
N
(i

P |
N Cl +N

o B
2

(4-1)

HN

/

TZ+
\

(4-3)
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= (4-3)

o
N &
H Cl
Structures R in (4.3)% Structures R in (4.3)2
4.4 4'-—NH2 4.15 2'-—0Me,4'-*NH2
4.5 3'-—NH2 4.16 2'-—0Me,5‘-—NH2
1 = i
4.6 =z -NH2 4,17 4 N2
1 ' . +
4.7 4 -N02 4.18 3 N2
+
e " e
4.8 3 N02 4,19 2 N2
4.9 2'-OME,4'-‘N02 4.20 4'-N3
4,10 2'-0Me,5‘-N02 4.21 3'-N3
4.11 2 -NH2,5 —NO2 4,22 2' -0OMe,d -N3
b ~ 1 e L5
4,12 2 -NH2,5 -N02 4,23 4 N20
413 2'-NH2,4 -N02 4.24 4' - F
4.14° 4' - NH, 4.25 3'-F

a The ionic state (i.e. protonated or unionised), degree of
hydration and other details may be found in the experimental
section.

b (4.12) is the monochydrate of (4.11).

(9]

(4.14) is the dihydrochloride of (4.4).



However, disubstituted anilines appeared less reactive in
these condensations when one of the substituents was ortho to the
amino function. If the above methods were used, 9-acridanone
(4.26) was invariably produced in preference to the required
anilincacridine. Other poclar solvents which were tried as
replacements for methanol such as DMSO and DMF, which presumably
contained traces of water, also promoted hydrolysis. This
interfering hydrolysis (Scheme 2) could be minimised or even
eliminated by employing a different solvent - acetonitrile -

instead of methanol and by reducing the reaction time to 60 minutes.

Compounds (4.9) - (4.12) were synthesised under these conditions.
,/’H
ClL O,_)
N H.0 lilllll N
o e
N :
H

(lf"]) /I i
=5

Scheme 2
|
H
(4-26)
Compound (4.11) has been assigned as substituted with a
2'-NH, and a 5‘-N02 group in the anilino ring. This structure

has not been proved unequivocally. The starting arylamine in
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this case was 3,4-diamincnitrobenzene (4.27) and when coupled with
9-chloroacridine, a mixture of isomers (4.11) and (4.13) might

be expected. Tlc examination of the reaction products revealed

HoN HoN NO?

HN -~ N0 HN

el S

4 2
H H
(4-1) (413)

only one spot. The nitro group in (4.27) with its large (negative)
inductive and mescmeric effects

would reduce the electron

0
N

Q/

density of the 4-amino nitrogen

atom but have a lesser effect

on the basicity of the 3-amino
(4-27) group hence increasing the
probability of coupling at the

3-amine nitrogen to produce isomer (4.11).

4.2 Reduction of nitro-substituted 9-anilinoacridines

Raney nickel-hydrazine hydrate was used successfully in the
reduction of nitroc compounds (4.7), (4.9) and, (4.10) using DMSO

o : ; x :
as sclvent at 160, The crude amine was extracted into chloroform
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at different pH. The purified amine free base was redissolved

43



in a minimum quantity of methanol saturated with HCl gas; the
dihydrochloride salts (4.14) - (4.16) crystallised on addition

of ether. Other reductiocn reagents were also used with unreliable
results: reaction conditions and results are shown in Table 5.

It appears that an alkaline reduction is superior to an acid
reduction in minimising hydrolysis. Proteonation at the N-10
position renders C-9 more prone to nucleophilic attack by hydroxyl

ions (Scheme 3); this explains the acid lability of 9-anilinoacridines,

NS
I

where R = arvl Scheme 3

especially at slevated temperature. A powerful polar solvent
sucn as DMSO was used in order to dissolve the nitro compounds.
The free bases of nitroanilinocacridines were particularly insoluble

in less polar solvents,

4.3 Diazotisation of amino-substituted 9-anilinocacridines

Diazotisation of the primary amino cocmpounds (4.4) and (4.5)

=N
fies



‘UOTAOLEE STGEATENAD O : sInoy gy Toueyla ¥ PTIoR DTIOTUD0IPAY
aanjexadma) woox snoanbe - 2PTAOTYD Snouurls
‘ud moT o3 anp stsArToapiy
‘@3ex UOTjOEB2I MO pue - Toueyla PIoR D2TIOTYD0IPAY
sa3nuTu XnTiax * ; ;
spunoduwod ox3TU JO AJTTTQOTOSUT Rt 13 snoanbe - 2PTIOTYD snouuris
03 a2np uoTlonpax ajardwoodur
*oT3 uo ;
s3jods €1 ‘(0OT°%) UITM aseo a3 sejnutm Of Touella (6°F%) pue (,°v) a”oﬂMMAommwmwxouchz
Uy -~ (o9713) s3jonpoad z saath ‘sanyexadws) woox snoanbe spunoduos 0I3TN B 23 Dﬂ;uw@
skemTe 3nq UOTIONPOX 3ISBJ umtpos snoanby
(OT°F) wWATM uoT3INnTos
ouetau < = . :
sjonpoxd-Aq Auem 3nq ‘ (6°p) pue sa3nutm Of ‘Xnyjyax Amsowwvm %m:MM&M:M M% wu APTIOTYD wNTuodunIe
(L°%) sautmwe Jo pTaTA poog 2 = N snoanbe - outy
"BUCHEDPTAIN-6 FO E9GNE] ke sajnuTw Of ‘ 09T OSHa (01" V.AAHAwmu wcm a3eapAy aurzeapit
Y3aTM BuTme jo proTA poon I o ot v Gl (L) JeapAy auT pAY
spunodmod 013 TN - T2otu Aauey
NIRWDY UOT}TPUOD JUDBATOS a2eIlsqng Juabeay
SAUTPTIOROUT[TUR—F PEIN]TISONS—OIZTU JO UOTIONpay G 219e]

45



in tetraflucrcboric acid and agueous sodium nitrite solution gave

rise to the diazonium tetraflucroborates (4.17) and (4.18). These

4]

compounds were sensitive to light, heat and moisture; they

decomposed gradually even when kept in z refridgerated wvacuunm
desiccator in the dark and the rate of decomposition was greatly
acceleratad if they were left in open air, ambient laboratory
lighting and at room temperature. This decomposition was reflected
in a colouration change and the loss of the characteristic
diazenium absorption peak (at 2260 cm-l) in the infra rsd (ir)
spectrum. The diazotisation of the 2'-amino derivative (4.8) in
hydrochloric acid and aqueocus sodium nitrite solution did not

give the expected diazconium compound (indicated by the absence

of a diazonium peak in the ir spectrum), but 9-(benzotriazol-l-yl)-
acridine (4.28) was produced instsad. The diazonium derivative

(4.19) coculd be envisaged as an intermediate and ring closure

followed spentanecusly,

(4 inframolecular . 1

couplin 5
NZ e e

[ =4 r - e
“hen amines (4.4), (4.5) and (4.15) weres diazotised in
nydrechloride acid and agueous scdiuvm nitrite soluticn, the
corrsponding diazonium chloride soluticns were formed. On addition

(8]

)

o an aqueous scdium azide sclution, the azido derivatives (4.2



(4.21) and (4.22) were produced. If the diazonium salt solution
prepared from the diazotisation of amine (4.4) was treated with

an (ice-cold) sodium hydroxide solution, the diazotate (4.23)
resulted. Similar treatment of the 3'-diazonium salt (4.18) did
not afford an analogous compound. These reactions of the diazonium

ion with the azide and hydroxyl ions are summarised in Scheme 4.

HN v HN

& §/

N
4
: N=N
UNW “oH
oH 5

%
&
N

NaO Haq l NzN\

HN +
Scheme & Na

\

=

Discussicn of the mechanism of reaction between the diazonium ion
and the azide ion, and the kinetics and mechanism of diazotate

rearrangement can be found in reference 133.



4.4 Spectral characterisation of 9-anilinoacridines

9-Anilincacridines have mass spectra, infra red (ir) and
ultra violet (uv) spectra characteristic of these compounds as a
group.

The mass spectra show molecular ions in high abundance and
the common features are the peaks at ®/e 269 (due to the anilino-
acridinium ion often resulting from loss of substituents on the
anilino ring) and M/e 178 (due to the acridinium ion resulting
from the loss of the anilinc fragment). Multiple-dehydrogenation

is often encountered and is

manifested as a cluster of peaks 315
around the molecular ion and M?
(therefore) its fragments. For molecular ion

of amine (4+15)

example, the mass spectrum of
amine (4.15) shows a cluster of

peaks round the meclecular iocn at

M/e 315, The fragmentation of II
the acridinium ion has been

documentedl34. The mass spectra of particular interest in this
work are those of the azides (4.20) and (4.21) and the diazonium
tetrafluorcborates (4.17) and (4.18).

Molecular ions were not observed in the mass spectra of azides
(4.20) and (4.21); a base peak at M/e 283 (M-28) corresponding to
loss of a nitrogen molecule and a peak of high abundance at /e 2885
(M—-26) were found instead. Peaks at M-26 have previously been
observed in the mass spectra of azidopyrimidinesl35 and have been
shown to arise from thermal fragmentation of the azides to give
nitrenes which by H-abstraction give the amine in an overall
process (Mf-Nz) + 2H*. The usual 9-anilinoacridinium ion and

the acridinium ion peaks were present accompanied by other peaks
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of low abundance typical of 9-anilinocacridines; in addition a
fragment at ®/e 256 (M-55) was also found. This latter peak at
M-55 has previously been observed in the mass spectrum of phenyl
azidel36 and was correlated as the loss of HCN from the nitrene
radical ion at M-28. This pattern of mass spectral behaviour is
summarised in Scheme 5.

The mass spectra of the diazonium tetrafluoroborates (4.17)
and (4.18) again showed no molecular ions and base peaks corresponding
to the respective fluorocanilinocacridines (4.24) and (4.25) were
found. The fragmentation of this ion (®/e 287) showed a pattern
typical of S9-anilinocacridines. This suggests that thermal
fragmentation of the diazonium ion occurs possibly in the injection
chamber before reaching the ion analyser of the spectrometer,

This type of thermal collapse of aryl diazonium tetrafluorcborates,
which results in the formation of aryl fluorides, is known as the
Schiemann reaction137.

The infra red (ir) spectra of 9-anilincacridines all possess
numerous absorption peaks in the fingerprint region. The common
features in the spectra of their hydrochloride salts are a strong
absorption around 750 cm_l and another at 1630 cm"l. The broad
band at 2900 cmHl is associated with the protonated hetero nitrogen
function in the acridine ring. Representative ir spectra in

Figures 6 and 7 show these peaks as well as other characteristic

absorptions due to individual functional groups. Details of ir
absorptions of compounds synthesised in this work can be found
in the experimental section.

The ultra violet (uv) spectra of 9-anilincacridines are again
similar amongst members of this group of compounds and are tabulated

(Table 6). As expected for strongly basic compounds of this type
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Figure 7
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=
AN

lscTrenic absoration maxima &f S-ani!incacr!dlne hydrachlorides.

SupstiTuent A= Salvent

Amax (nm) *Infiaxlon
4"=NHz 2 253 422% 420
5" =MH7 a 249 256 336 420 438
2' =NHq : | 256* 262 413 436
~ 249 2°56* 07
4'-M02 3 252 345 362 422
3'=NO2 ] 245 260Q% 342 362 14 .
2' -OMe-4'-NO7 b 248 358 421
c 248 358 421
q 265 335 435
2'=0Ma-37-N07 2 247 358 406
c 247 358 406
d 264 420
2" =NHz=5"-NC2 2 243 210" 411
= 248 278 art
d 263 360 412 435
2'=0Me=4 "' -iHg 5] 251 330 435
c 249 421
d 253 332 421 435
2'-0OMe-5"=NH2 2 249 250 336 412 430%
c 248 340 356 403
d 264 335 422 434%
4! =Na*gE = a 252 262* 3a6* 3J64* 372 403 32!
3'=Na*aF,~ a 247 268 336 424* 439
4'=Ng3 ) 245 265 340 356 414
g 245 257* 340 336 4rd
d 244 265 336 437
3'=N3 B 244 260* 340 356 410
c 244 260%* 340 358 440
d 245 255 335 438
2! -0OMa-d ' =Nz i} 24 282 357 414
c 247 260* 357 407
d 245 265 332 421 435
4'=N>0"Nat 2 250* 256 364 412
Tabla 7 Elsctronlc sbsorotion maxima of 3cridine 2nd 2| 1lad comeounds.
Somgound So{venri Amax (am) *Inflaxion
3=-(benzotriazol=|=-y|)acridline 3 250 344 380 388
c 250 344 360 338
. 4 250 257* 349 384 393 418
{3h-quinls,3,2-xlJacridine | 2 235 247* 261* 284 332 351 370 424 444
! = 209 247T* 26| * 234 332 331 370 424 444
3 G35, | 2Dk 8% T2 T 20h 380 355 433% 458 435
3=amincacridine I 3 261 385% 38| 402 425
3=ciloroacridine : 2 252 346 380 337
3=acriaancne { 2 254 295 307 366* 381 400
acridine 2 250 325% 332* 339* 348* 356 3380*
3clvyents a = 35% sthanol; 3 = a4 7.4 bhuffar (Trils Ia 3C% aguecus athanol);
% =M Buffer: 2and 4 = oH 4 Suffar.
“ar deTalls on These tuffars, 32e noT2s in The sxperimental secticon.
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the uv spectra are pH-sensitive; the cations absorb at longer
wavelengths than the corresponding free bases. Similar features
in the spectra of 9-aminocacridines have been quoted as evidence
that 9-amincacridines are protonated on the ring nitroqenlBB. A
number of reference compounds including acridine itself are
displayed in Table 7 together with 9-(benzotriazol-l-yl)acridine
and 13H-quin[4,3,2-k1]acridine.

The protonated 9-anilinoacridine structure can be expressed

as a hybrid of two resonance forms. This type of hybrid can also

be envisaged in the case of 9-aminocacridine and 9-acridanone.

<

N\

These systems possess substituents which can release a lone-pair

of electrons for conjugation with the acridine nucleus and therefore
impart a strong bathochromic effect on the parent acridine. On

the other hand, no comparable rescnance structures can be established
for 9-chloroacridine which explains the similar absorption maxima

of this compound to acridine itself, The close resemblance between
the spectrum of 9-(benzotriazol-l-yl)acridine and that of 9-chloro-
acridine may suggest that the lone pair of electrons of the N-1
nitrogen of the benzotriazolo function does not contribute

substantially in conjugation with acridine ring.
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Chapter 5 Chemical decomposition studies

5.1 Photolysis of azido-substituted 9-anilinocacridines

The azidoanilincacridines (4.20), (4.21) and (4.22) were
designed for use as radiosensitizers and an understanding of
the conditions necessary for the activation of these azides and
their rate of photolysis was adjudged to be an important prelude
to the study of their biological properties.

Hydrolysis of azidoanilinoacridine hydrochlorides (in
common with other anilinoacridines) takes place very slowly in
water; the hydrolytic products include 9-acridancne (4.26),
9-aminoacridine (2.4) and several unidentified products (tlc).
If a fresh solution (in aqueous ethanol) of an anilinoacridine
hydrochloride is kept in the dark at room temperature there is
no discernible spectral change (uv) after 24 hours and only
minimal hypochromic change after 1 week. Although no guantitative
determination has been carried out, it can be assumed that the
rate of hydrolysis under these conditions is very low. This is
in contrast to the decomposition of these azides in light. If
a similar solution is exposed to sunlight, the solution quickly
changes colour accompanied by a hypsochromic shift in the uv
spectrum.

An attempt was made to isolate the pﬁotolysis products of
the azide (4.20). 500 ml of a solution (100 ug ml >) of this
azide in 50% agueous ethanol was photolysed in an Hanovia photo-
chemical reactor (see notes on instruments for details) for
several days until no further spectral change was observed. The
solution was then concentrated by distillation at reduced pressure.

Tlc examination of the photolysate showed four spots corresponding
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to the amine (4.4), the starting azide and two unidentified
compounds. There was no trace of 9-acridanone suggesting that
hydrolysis was not a competing degradative pathway. Complete
evaporation of the concentrated solution afforded a brown
residue. Tlc examination of this residue showed numerocus spots
indicative of complete degradation of the products. The uv
spectrum of this residue showed a characterless absorption pattern.

It has been proposed in Chapter 3 that arylnitrenes may
be produced during the photolysis of arylazides; these short-
lived intermediates must then react with nearby molecules or
rearrange toc more stable species. From the scanty chromatographic
study of the photolysis products of (4.20), the identification
of amine (4.4) is in agreement with the abstration of hydrogen
atoms from the solvent by a triplet nitrene. It is tempting to
speculate that a nitrene intermediate was generated and the
unidentified compounds revealed by tlc were either the ring
expanded product (5.1) from a singlet nitrene intermediate, or
some triplet-derived products such as azo and hydrazo compounds
analogous to those formed in the photolysis of other arylazidelel'l3g

(Scheme 6). Unfortunately these compounds were not available

as reference samples.
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5.2 Rate of photolysis of azido compounds

In order to quantify the rate of photolysis of azides, a
light box fitted with a fluorescent tube was used to serve as
a light source of constant output (see notes on instruments).
The azide solutions were then photolysed under standardised
conditions (see Experimental Section). Three types of fluorescent
tube were available with emission wavelengths of 253.7 nm, 366 nm
and the visible range. Each compound was photolysed in either
ethanol or one of the three buffers of pH 7.4, pH 4 and pH 1l.
Nine solvent/Airrad. (irradiation wavelength) combinations were
used in each compound to investigate the effect of pH and wave-
length of the applied radiation on the rate of photolysis. The
progress of the photolyses was monitored by recording changes in
their uv spectra.

The photolysis spectrum of the 4'-azido derivative (4.20)
in pH 7.4 buffer (Figure 8) shows a hypsochromic shift from a
peak at 411 nm to two peaks at 353 and 371 nm. This pattern is
alsc seen in the photolysis of the 4'-azido-2'methoxy derivative
(4.22) as shown in Figure 10 where a peak at 412 nm is transformed
to two peaks at 354 and 373 nm. The photolysis of the 3'-azido
compound (4.21) under the same condition shows qualitatively
different behaviour (Figure 9); hypochromic change at 408 nm is
accompanied by hyperchromic development at 355 nm and a general
hyperxrchromic change at wavelengths below 385 nm. This suggests
that the two 4'-azido compounds (4.20) and (4.22) may have a
common mode of photolysis whereas the 3'-isomer (4.21) follows a
different photolytic pathway.

There is close resemblance between the pH 7.4 spectra
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(Figures 8, 9 and 10) and the corresponding pH 1l spectra in

Figure 1l. Evidently these azidoanilinoacridines are substantially
unionised at the physioclogical pH of 7.4. This is in agreement
with the pKa values of this type of compound (Table 8). These

; A 140 .
values were either measured spectrophotometrically or predicted

141
from the Hammett equation e

=
o
N
Table 8 The pKa wvalues of 9-anilinocacridines

pKa values
R= Reference
experimentally determined | predicted
H 7.41 £ 0,02 - 142
4' - NH, - 8.30 142
4' -Cl 7.04 + 0,08 - 142
4' - Br - T el 142
4' - N5 7.07 + 0.44" 7.25 143
3' - N3 7.39 £ 0,77" 6.92 143
| 2'-OMe-4'-N; - 725 143
|

*|this high degree of wvariation is due to the low solubilities of '
these compounds,

Photolysis half-lives of the azides under specified conditicns

were obtained graphically from a plot of log absorbance against
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irradiation time and are summarised in Table 9. From these
results, it is evident that the rate of photolysis of these
azides depends on the irradiation wavelengths - the shorter the
wavelength the more energetic is the radiation and therefore
the faster the rate of photolysis. There is little difference
between photolysis rates at pH 7.4, 8.8 or 11, but at pH 4, an

anomaly* arises. When solutions of the azides in pH 4 buffer

Table 9
A Lrvad half-lives ty, (second)
Solvent outl)

(4.20) (4.21) (4.22)
ethanol (pH 8.8) PEALY 61 55 75
366 192 357 195
visible 1419 2022 1423
pH 7.4 buffer 253 .7 42 29 43
366 153 279 230
visible 667 1374 1087

pH 4 buffer 2537 3 o *
visible 5085 6060 6863
pH 1l buffer 253.7 48 32 60

*see text for explanation.

are photolysed (Airrad. = 253.7 nm) for up to 3 minutes, hypochromic
changes occur and if these solutions are then basified they show

uv spectral patterns resembling the spectra produced when photolyses
are conducted at higher pE. This suggests that the route of
photolysis is the same at all pH values. However if the photolyses
at pH 4 are allowed to continue, hyperchromic changes occur
followed by further hypochromic changes. This irregular spectral

behaviour makes the determination of half-lives impracticable.



The observed irregularities are possibly due to a hydrolytic
process taking place concurrently with photolysis. When solutions
of the azides in pH 4 buffer are photolysed with visible light
(Figure 12), gradual and slow decomposition indicated by a
hypochromic change occurs. The very long half-lives under these
conditions may suggest that these decompositions are due more to
hydrolysis than photolysis at this acidic pH. However this is
not the full explanation because the final uv spectra of these
solutions after prolonged irradiation bear little resemblance to
the spectrum of pure S9-acridanone, the usual hydrolysis precduct.
It is interesting that at pH 4 (visible light) both 4'-substituted
azides (4.20) and (4.22) behave similarly to the 3'-substituted

azide (4.21).

5.3 Decomposition of 9-(benzotriazol-l-yl)acridine

The decomposition of benzotriazoles has long been of interest.
Tsujimoto and co-workersl44 found that photolysis of various
benzotriazoles gave products different from those formed by
thermal decompositions. They concluded that the photochemical
loss of nitrogen from benzotriazoles gave excited-state,
l,3-diradicals, while the thermolytic decompositions afforded
ground-state diradicals.

9-(Benzotriazol-1l-yl) acridine was pyrolysed at 250-300°
under reduced pressure in a vacuum sublimation apparatus; the
cream-white flakes melted to form a black tar which effervesced
vigorously. A yellow sublimate was gradually deposited on the
central "cold finger" leaving a tarry residue. The yellow product
was purified by vacuum sublimation. The mass spectrum of this

vellow product was a fingerprint fit with the spectrum of the
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parent benzotriazole with the exception of the low abundance
molecular ion peak of 9-(benzotriazol-l-yl)acridine at ®/e 296.
The base peak at /e 268 in the spectrum of the triazole was
probably due to loss of a nitrogen molecule which would explain
the effervescence in the thermolysis of the title ccmpound.
Microanalysis of this yellow product further confirmed its
chemical formula of C._H, N_ corresponding to loss of one molecule

19712 2 _
of nitrogen from 9-(benzotriazol-l-yl)acridine (019H12N4).
When a sample of this yellow product was dissolved in
ethanol, the solution fluoresced intensely under uv light. The
uv spectrum of this ccmpound showed bands at considerably longer

wavelength than those of the parent benzotriazole indicative of

a highly conjugated structure.

Electronic absorption maxima Amax (nm)

Parent benzotriazole (4.28)

at pB 11 250 344 360 388
at pH 4 250 257* 349 364 393 4leé

Yellow product

gt pB 1l 285 24 7% 061" 284 332 351 370 424 444
at pE 4 2330 2850% S8R AC DT 2BE 340k 355 433 456 485

=

(* inflexion)

From the evidence presented, the yellow compound was identified
as 13H-quin[4,3,2-kl]acridine (5.4) which was the first example
of a new ring system. This thermo-cyclisation product provided
a good parallel with the formation of phenanthridine (5.3) in the
; ; ; . = 145
thermolysis of l-benzylbenzotriazole (5.2) (Scheme 7). The

optimal vield of this guinacridine (5.4) from the thermolysis of

the parent benzotriazole (4.28) was 60%.
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The photolysis of l-benzylbenzotriazeole (5.2) in protic
solvents has been shown to afford the hydrogen abstraction product
benzylaniline and its dehydrogenated analogue benzylideneanilinel44.
In the present work, the benzotriazole (4.28) was photolysed in
ethanol in an Hanovia photochemical reactor. Tlc examination of
the products showed seven spots which included the unchanged
benzotriazole, quinacridine (5.4) and 9-acridancne (4.26), but
no indication of the expected H-abstraction product— 9-anilino-
acridine. Four spots remained unidentified. Decomposition studies
on anilinoacridines and derivatives in geneégl proved frustrating
mainly due to the diversity and low yields of the various
decomposition products.

Quantitative examinatien of the photolysis of the benzotriazole
(4.28) was carried out in a similar fashion to the photolysis of
azides described in the last section of this Chapter. Solutions
of the substrate in ethanol were photolysed at three different
irradiation wavelengths (Airrad.) and a typical uv change is
shown in Figure 13. Photolysis half-lives of benzotriazole (4.28)

under specified conditicons were obtained graphically from a plot

of log absorbance against irradiation time and are summarised in

Table 10.
Table 10
Airrad. (nm) ti, (second)
25857 85
366 100
visible 1450

From these results, it is deduced that the rate*of photolysis
is inversely proporticnal toc the irradiation wavelengths.
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Chapter 6 Biological cell culture studies

6.1 The L1210 mouse lymphocytic leukaemic cell culture

The L1210 mouse leukaemic cell culture was employved in this
work as a convenient biological system in which the cytotoxicity
of potential antitumour agents could be examined. No pretence is
implied that this in vitro system on its own could offer
information on the %n VZvo antitumour activity of potential agents.
L1210 cells were chosen because they can be easily maintained in
the laboratory; they are robust to handling; their density can be
determined accurate}y and quickly with a Coulter counter; they
multiply rapidly, and, as a cell suspension they can be inspected
while inside a culture flask with an inverted microscope without
any chance of contamination. Indeed, another reason for using
this cell line is its known sensitivity to acridine type compounds
since the im vivo L1210 system is the current primary screening
system for antitumour activity of 9-anilinocacridines at the Cancer
Chemotherapy Laboratory of Auckland, New Zealandaz.

The time taken for the density of a cell population to
double is termed the doubling time; this value is characteristic
of a particular cell line. Figure 14 shows a géowth curve of
L1210 cells grown under favourable conditions (see experimental
for conditions). The doubling time of L1210 cells under the
conditions employed in this work was 10.5 % 0.5 hours. Another
distinctive feature of L1210 cells was that the avarage diameter
of these cells during log phase growth determined using a Coulter
counter or in conjunction with a Coulter channelyser was always
15 T 0.5 u. Periodical determinations of these two parameters

throughout this work served to certify the identity of the stock
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culture. The dose/response relationship of a reference acridine
agent - 9-(4-aminoanilino)acridine (4.14) - was used to check
the sensitivity of L1210 cells to acridine type compounds throughout

the course of this project.

6.2 Effect of DMSO on cell growth

Agents under investigation in this work (in the L1210 cell
system) are quité insoluble in water, therefore, they were first
dissolved in DMSO to prepare serial dilutions before treating the
cells. DMSO was chosen because of its solvent power, its ability
to penetrate cell membranesl46 and carry organic (drug) molecules
with itl47. However DMSO itself does have a cytotoxic effect
against L1210 cells at high concentration. Figure 15 shows the
effect of DMSO concentration cn the growth of L1210 cells. In
view of these results, 50 ul ml_l of DMSO in cell medium was
chosen as a solvent for all subsequent cell culture experiments.

This concentration of DMSO gave only 10% growth inhibition but

was adequate to keep test compounds in solution.

6.3 Effect of 366 nm radiation on cell growth

The photosensitization experiments (to be discussed in the
next Chapter) require a light source which would activate potential
photosensitizing agents. A light box fitted with an 8 W fluorescent
tube was designed for the purpose. Three types of fluorescent
tubes with emission wavelengths of 253.7 nm, 366 nm and the visible-
range were employed. It is evident from Chapter 5 that the
photozensitizers under investigation wers best activated by the
first two irradiation wavelengths (Airrad.) while the visible-
range was too slow in photolysing these agents, since the

irradiation time must be within the €0 minutes allowed for the
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drug treatment (see Chapter 9 for cytotoxicity screening procedures) .
Of the two lirrad. (i.e. 253.7 nm and 366 nm), the ultra violet
253.7 nm radiation was not suitable for use in iIn vitro cell
experiments because (a) the sterile plastic-ware used in these
experiments efficiently absorbed electromagnetic radiation in

the uv region (Figure 16); (b) even the small fraction of uv
radiation which penetrated the plastic-ware afforded a lethal

effect on L1210 cells at exposure time of 1 minute or less.

The blue light fluorescent tube (Airrad. = 366 nm) was the
best compromise with a reasonably short irradiation time required
to photolyse agents completely and the cytotoxic effect of this
Airrad. is moderate. Figure 17 shows the effect of this Airrad.
on cell growth. Irradiation time for cell experiments of not
more than 5 minutes was selected corresponding to a cell growth
inhibition of 5% or less. Both the "test" and "control" cell
suspensions were irradiated for the same period of time under
the same irradiation conditions to nullify this growth inhibitory

effect of this radiation in these experiments.

75



(uu)

y3jbustaaem
oS¥ 0]0) 4 0SE SZE 00¢ GLT 0S¢ S¢c
o°
uu 99¢
- m..o
ol
5
=
m
no
|
(&}
v
e e
9T 2anbT1J =
uothax ITqISTA/IDTOTA BIJFIN
2yl UT 2Iem-oT3seTd saqn] [esI=2ATUN
KAq uotjyeipex orjaubeworlosrs jo uorjdriosqy
J0O°T

76



oc¢

(s23jnutw) 2WT} UOTIRTPRIIT

ST

OT S

T

( suoTjeUTWII232p 8jexedsas ¢ JO ueaw ayjl aae

sTT22 OTZT1 JO yimoah syjz uUo UOTIeTpeRI WU 99f

= K8 i

s3Insax )

JO 30833d

BT NHDm._..m

0Ss

UOTITqTYUT
yamoxb
%

77



Chapter 7 Cytotoxicity and photosensitization

7.1 Cytotoxicity of potential antitumour agents

An ideal antitumour agent should interfere with the
functioning of tumour cells, inhibit their proliferation and
promote their destruction while leaving normal cells substantially
unharmed in vivo. Unfortunately such an agent is not yet available
and cytotoxic agents with only quantitative selectivity for tumour
cells are currently the medicinal agents in use in the treatment
of cancer. One such agent is m-AMSA (2.18). This compound
together with a number of 9-anilinoacridines synthesised in the
present work, doxorubicin (7.2) and daunorubicin (7.3) which are
antitumour antibiotics of the rhodomycin group, and sulphanilamide

~
(7.6), its azido derivative (7.5) and the azepino ring expanded
product (7.7) have been examined in the ¢n v7tro L1210 cvtotoxicity
screening system in this work (see the Experimental section). A
list of these 15 compounds together with their chemical structures
is given in Table 1l. Although an %7 vitro cytotoxicity screening
system alone cannot afford information on the selectivity of
antitumour agents, the inhibition of tumour cell growth is a
desirable biological response in a potential antitumour agent.
The cytotoxicity test results of the 15 agents listed in Table 11

are given in Tables 12-26 and are presented graphically in

FPigures 18-23,

It was cbserved in Figure 18 that the p-nitro compound (4.9)
required a higher dose to achieve the same toxicity level as its
m-isomer (4.10); another m-nitro derivative (4.1l) showed a
similarly shaped dose-response curve to compound (4.l10) but again

was less potent. These nitro compounds were not very soluble in



HoNO, SQR HoNO S~
(7.7}

NH
e
(7.4)
Table 11
Agents Substituents(s) R in structure

2.18 2'-OMe~4 'NHSO,Me 4.3*
4.9 2'-OMe-4'-NO, 4.3*
4.10 2'0Me-5'-N02 4,3*
4,11 2‘—NH2—5'-N02 4.3%
4.14 4'-N32 I
4.15 2'OMe-4'-NH, 4.3*
4.186 2'0Me-5'~NH2 4.3*
4.20 4'-N3 4.,3*
4,21 3'-N3 4,3*%
4,22 2‘—0Me—4'-N3 4.3%
7.2 -~COCH ,0H 7.1
T3 -COMe N
Te5 -NB 7.4
=8 -NH2 7.4
Tatet -

*As hydrochloride salts - see Experimental section.
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Table 12

Cytotoxicity of agent (4.9)

=1
Dose (ug ml ") % inhibition mean  S.D.
3.8l x 10° }93.7 96.4 103.2| 97.8 | 4.9
2
2. 0 |91.7 : ? : i "
38 x 1 ; 87.9 93.5 | 91.0 | 2.9 B, v Tisern [ i)
1.49 x 10° [69.1 0.5 72.41 67223 | 6.1 ,
g3 wior lavd 386 - a1t a3l g, 1D, = 1.035 x 10
5.81 x 1o° |27.0 24.5 25.7 | 25.7 | 1.3 ID,, = 5.5 x 10t
3.63 % 10= | 3.0 1.6 8.7 | ‘4.4
203 it | &9 o0 g ad ket gie
Table 13 Cytotoxicity of agent (4.10)
Dose (ug m1™ ) % inhibition mean , S.D.
3.8t % 16— 99.9 107.8 98.9 | 102.2 | 4.9 L b
2.93 x 10- 78.6  84.9 62.1 5.2 0 1156 | P =22 xR vgm
2.25 x 10 41,9 - $6.3 .30.8 39.6 | 8.2 I =2.4x 10+
1
1.73 % 10l 185600 1690 1083 13:3: 4.5 gt e o
1.33 x 10 7.9 8.6 © G.33 5.9 | 4.9
1.03 x 10% 1.3 6 G237 1.4 | 5.2
Table 14 Cytotoxicity of agent (4.11)
Dose (ug ml-l} % inhibition mean S.D4
9.5 x 10° |102.5 98.9 99.3 | 100.2 | 1.97
1 E )
7.94 % lol 95.4  79.6 - 79.4 | 8ad.8 | 9.2 my = 7.71 % e
6.61 x 10 9.1 Be3  EE.E |V elE {ae.9 3
5.51 x 10 | 42.2 28.1 30.6 | 33.6 | 7.5 Doy = 0:060% 0
4.59 x 100 |Y29.5  14.7 10.4 | 18.2 |10.0 D, = 4.76 x 10t
3.83 x 10~ U T I 7.6 13,3 3.6
3,19 % 1o- 518 104 112 ¥ 0.5 | oy
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Table 15

Cytotoxicitv of agent (4.14)

Dose (ug ml-l) % inhibition mean S.D.
3.33 96.9 91.3 89.1 | 92.4
1.75 79.8 89.5 76.0 | 81.8 !
9.2 x 107" |67, 76.2 ' ei.cl e8.3
4.9 x 10F |46.8 43.6 37.2 | 42.5 | 4.9
2.6 x 10> |23.9 28.4 22.3]| 24.9 | 3.2
x0T 0leaa dee imalboig.a 14
Table 16 Cytotoxicity of agent (4.15)
Dose (ug ml‘l) % inhibition mean 8.D
5.7 95.8 101.2 10l.1 | 99.4 | 3.1
3.8 86.3 91.9 87.7 | 88.6 | 2.9
73.2  80.6 o 5 M Ry S g OB
T 54.5 67.0 60.1| 60.5 | 6.3
’ 3.4 S8 46.3| 47.2 lio.2
7.5 x 107+ |25.6 42.1 33.3,1 83.7 8.3
5.0 x 100 |18.3 24.6 21.5 | 21.5 3.2
i3 xte b lisa 8o 1 S 2.1
2.2 107 |98 o3 3.9 | 4.7 | 4.8
15 x o |9l 3 26| 4l | 22
1.0 x 10°% 6.4 1.7 4.1 4.1 2.4

81

ID

ID

ID

80

50

20

B

= 50

L}

80

50

Yo

L.

1.87 x 10

I

81 ug b

Ty

2

2.90 ug ml
1.20

4.9 x 10+



Table 17

Cytotoxicity of agent (4.16)

ose (g ml ) % inhibition mean , S.D.
3.76 % ot lios = 2 . s
317 % 10 99.7 97.5 99.4 | 98.9| 1.2
.12 & 167 97.5 90.8 94.3 | 94.2| 3.4
1.41 x 10" 93.4 74.6 80.9 | 83.0| 9.6 D
9.4 69.3 76.5 69.9 | 71.9| 4.0 o
: 47.8 55.7 58.3 | 53.9| 5.5
4. 3.6 389 26.7 | 33kl B2 i
32,4 15.8  13.5 | 17,21 4.6
1.9 11.7 7.9 5.6 g.4] 3.1
Table 18 Cytotoxicity of agent (4.20)
Dose (Ug ml-l) % inhibition mean , S.D.
1.43 x 1o° [97.3 1oi.2 89.1 | 95.9| 6.2
7.1 5706 © 618 48.0 | s5.7| 6.9 o
3.6 33.3 42.8 29.7 | 35.3 3 ID
1.8 i 18.5 9.3 6.2 .1/ 13,3 .4 =1
9.0 x 10 10.7 7.6 1.5 6.6 | 4.

Table 19 Cytotoxicity of agent (4.21)

Dose (ug ml ™) % inhibition mean |, S.D.
9.52 x 10- |107.0 105.2 102.3 | 104.8 | 2.4
5.29 x 10- 54.8 82.3 71.5 69.5 | 13.9

1
2.94 x 10~ 37.6 45.7 42.4 41.9 4.1
1
1.63 x 1o~ 5.9 15.9 6.2 9.3 5.7
9.1 2.7 3.2 4.8 3.6 1.3
|

82

80

50

20

80

50

20

ID

ID

80

20

1.23 x 10" ug ol

6.0

2.9

1.09 x I.Ol ug ml-l

5.1

Za

4

6.13 x 10

Jobx lOl

1,99 x lOl

uqml-l



Table 20 Cytotoxicity of agent (4.22)

Dose (ug ml_l) % inhibition mean . S.D.
1.9 x 10° lol4 94.6 '90.6 |'9s5.5 | 5.5 m,, = 1.08 ol
9.5 76.9. 79.0  72.3 | 78.0 | 3.5
4.8 51.3 43.2  38.7 | 44.4 | 6.4 BBy & 24
2.4 24.8 | z2.8° w125 1 19.9.] 6.4 ID,, = 2.5
1.2 5.8 5.4 =25} 29| 4.7

Table 21 Cytotoxicity of agent (7.5)

Dose (pg ml-l} % inhibition mean S.D.
9.52 x 10° 9.7 3.8 &1l 9.1t 5.3
2
5.60 x 102 3.7 1.2 £71 3,51 2.3 I »1 x 103 %o 1
3.30 x 10 1.8 =0.2 5.5 | 2.4 2.9 3
1.94 x 10° 5% Log 81l 40l 42 B0 lex 10
118 % 165 R s i D, >>1 x 10°
6.7 x 10- 1.0 0.3 1.: o8l oM
S0 xies 0.8 -0.3 o (I e 1 R
Table 22 Cytotoxicity of agent (2.18)
Dose (ug ml_l) % inhibition mean = S.D.
1.905 % 10 - | 96.1 99.2 92.6 | 96.0 | 3.3
1.270 x 10> | 93.2 97.6 87.9 | 92.9] 4.9
—) =
8.47 x 10_2 92,3 - 97.8 8%5.4 | 91.B | 8.2 1D, = 6.06 x 1072 ygmit
5.64 x 10 8.4 6.5 “13a birek 4 3
- = |
e | iy 793 eolo | egie | gl Wep T 438 %10
- ot
258 %10 * 48.4 s1.9 41.8 | 47.4] s5.1 ,, = 9.3 x 10 :
187 ‘mior 32:9 do0.6 2351 3.3 8.6
1.4 el 0.7 29,9 25.5 1 25.4 | 4.6
Wadr o 107 Y953 23,5 Arir 17 37} 6.2
8.0 w10 3.1 9.6 2.4 5.0 | 4.0
33 ix'lo - Weois o0 2Nt o Eie
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Table 23 Cytotoxicity of agent (7.2)

Dose (ug ml_l) % inhibition mean _ S.D.
4.76 x 10 - | 94.3 93.9 98.4 | 95.5 [ 2.5 - e
2.38 %10 | 89.3 87.8 83.2 | 86.8 | 3.3| Pgo =1-974 x 10 “ugml
1.19 2 107 | 56.8. 57.7 66.5 | €0.3 | 5.4 D = 1.033 x 107t
~ -2
5.95 x 10—2 17.4  21.9 9858 L 326 . D, = 5.4 x 102
2.98 x 10 11.3 0.9 15.8 5.3 | 7.6
Table 24 Cvtotoxicity of agent (7.3)
5 . i
Dose (ug ml ) % inhibition mean S.D.
=1
1.90 x 10_2 97.6 97.8 96.9 1] 97.4 | 0.5 1Dy = 9.16 x 10 2”ug B
9.52 x 10 90.2 '86.1 81.8 | 86.1 o
3.76 %16 % | 36.3 44.8 42.7 | 41:3 basz| o T 470 %10
2.38 x 10°% |18.9 26.9 =216 | 22.5 | a1 ID,, = 2.48 x 7= Y
%19 % 30 7 -4 4.8 1.5 2.0

Table 25 Cytotoxicity of agent (7.6)

Dose (ug ml-l)

% inhibition

9.52 % 10° -0.02  0.16 4
4.76 x 10° 0.04  0.03 -
2.38 x 10° oua g3 -
1.19's 1% gLt - 0,2 2
60 0.06 0.8 s

30 -0.42 0.5 -

15 GLl3  -Ouk 5

7.4 0.01 .00 >

3.7 0.08  0.12 2
s 007 - 1.4 -

84

No growth-inhibition was
detected at all doses up
o 9,52 x 102 ug mlﬂl



Table 26 Cytotoxicity of agent (7.7)

Dose (ug mldl) % inhibition mean S.D.

9.52 x 10° 6.9 285 17.8l 3.4 aqs

2

4.76 % 102 142 239 4234 139 | 1.0 e SEih e
2.38 x 10 P S ) S (7 Sl R :

1,19 % 10° 4.3 220161 a9l a.a) TR>hx 10

6.0 = 10* 58 .48 2.0 4] 16| I, =5.7x 10°

30 a0t 1304 25 241 ea ¥ 63

1.8 % 10" 3.2 1.9 ool tal 16
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agqueous cell culture medium and often precipitated from the medium
during incubation with L1210 cells. The low solubility of these
compounds might cast doubt on the validity of their cytotoxicity
results since the varying degree of micro-precipitation during
incubation would alter their concentrations.

Amino compounds (4.14) - (4.16) were freely soluble in the
cell culture medium, The two p-amino compounds (4.14) and (4.15)
gave similar dose-response characteristics whereas the m-isomer
(4.16) was less potent (Figure 19). This potency difference was
also found with the azido compounds (4.20) - (4.22) where the two
p-azido derivatives exhibited almost identical dose-response
relationships and the m-isomer was again less toxic (Figure 20).
Similar observations were evident with the 7 viv0 antitumour
activities of some of these compounds. The p-amino derivative
(4.14) was found to be more active than its m-amino counterpart
in the Zn vZvo L1210 screening systemao. The p-azido derivative
(4.20) was shown to be marginally active 77 viU0 against mouse
P388 lymphocytic leukaemia (T/C = 125 at 50 mgKg-l) but the
m-azido compound (4.21) was inactive at the same dosel48.

The azido functions of the substituted anilinocacridines
(4.20)-4.22) themselves were probably not responsible for
Ccytotoxicity per se since a medel azide, 4-azidobenzenesulphcnamide
(7.5) showed very low toxicity in the present studies (Figure 21).

On the other hand, m-AMSA (2.18) 2 known antitumour anilino-

acridine which had been proposed to possess an intercalative mode

., _B6-88
of action

showed high cytotoxicity with high potency

(Figure 22). Indeed, other known antitumour agents which are
149~
allegedly intercalating agents kA0 such as doxorubicin (7.2)
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and daunorubicin (7.3) also elicited high potent cytotoxicity

(Figure 23).
Sulphanilamide (7.6), the metabolic reduction product of
15
azidocbenzenesulphonamide 31, and the azepinone (7.7), the major

1
photolytic product 52, were both found tc be of low toxicity
(Figure 21). These compounds will be discussed in a lateér

section.

7.2 Photosensitizing effect of azido compounds

The aims of the present work were stated in Chapter 3, It
was proposed that the anilinocacridinium structure could serve as
a carrier of an azido function to the immediate vicinity of a

vulnerable target in cells

possibly the nucleic acids. Upoen
irradiation of cells which had been treated with these azidoanilino-
acridines, highly reactive nitrene species might be generated to
react covalently and disorganise the nucleic acids. The cytotoxicity
of these azidoanilinoacridines and the reference azide, 4-azido-
benzenesulphonamide (7.5) in the dark has already been discussed

in Section 7.1; the potentiation of the cytotoxic effects of

these azides by irradiation are now described. The experimental

results are summarised in Tables 27-30 and presented graphically

in Figures 24-27.

These results indicate that radiation enhances cytotoxicity
in all cases, but the very low toxicity of (7.5) in the dark
compared with its high toxicity in light (Figure 27) stimulated
the investigation of the cytotoxicity of the photolysis products
of these azides generated iZm s7tu in RPMI cell culture medium.

If the cytotoxic species was a short-lived nitrene intermediate

it could either react with a cellular component or react with
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Table 27 Cytotoxicity of agent (4.20) with irradiation

Dose (ug ml_l) % inhibition mean S.D.
1.43 i 88.8 99.8 96.4 | 95.0| 5.6 1Dy, = 9.0 x g ' )

7.1 x 10 7.3 7192 683 el 86 o

3.8 % joT+ 48,0 83.0. 4.5 | 48.51 4.2 P22 10

8 x 10 g.5 ‘10,1 18.4]./12.7] ®.0 ID,, = 1.96 x 7 i

90 % 10 5.4 8.7 7.6 .2 b 1.

Tableh28 Cytotoxicity of agent (4.21) with irradiation
-1 ST
Dose (ug ml 7) % inhibition mean S.D.

1.43 % 1ot 100.2 996 100.8 | 100.2 | 0.6 )
7.14 950 ‘gy.8 - 989 | 93.9 | sie| Pee T 2Bl
3.60 54.5 48.3 65.1 56.0 | 8.5 | ID,, = 3.0
1.80 24.3  29.9 20.7 25.0 | 4.6 1, = 1.67
0.89 4.1 9.5 3.1 5.2 | 3.8

Table 29 Cytotoxicity of agent (4.22) with irradiation
Dose (ug ml-l) % inhibition mean . S5.D.
3.8 97.4 94.1 96.8 | 96.1| 1.8 g
3.0 9.6 €9.3 . 18.5°1 75.6 1 5.5 2 Gl R
o8 % 10 r 46.2 3.5 39.3 | 40.0| 5.9 | 10 = 1.09
-1
4.8 x J.o_l 917 38,9 1.6 17.8 L 4.7 m, =5.3% 10 1
2.4 x 10 i 3.6 9.5 | 10.1 | 6.8
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Table 30 Cytotoxicity of agent (7.5) with irradiation

Dose (ug ml-l} % inhibition mean . S.D.
9.52 x 10" 94.5 98.9 96.1| 96.5 | 2.2
6.35 x 1oi 86.9 98.7 92.4| 92.7 | 5.9 Dy, = 434 x e
4.23 x 10 7.6 84.6 76.2| 717.1] 7.0 )
2.82 x 1ot siid gn.e o enidl eaat sind PRep T 840 B8
1.88 x 10° 40.1 46.2 34.3| 40.2 | 6.0| 1D, = 1.17 x 10°
1.25 x 10" 23,0 29,9 14.31 22.% | 9.9
8.4 = IR o A (T ST U G
5.6 1.3 bs8- 3.81| -39} 3.6
3.3 =108 8.6~ coiel 1.6 3.7
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RPMI medium components. Photolyses carried out in RPMI medium

in the absence of cells could only allow the latter reaction to
occur. An investigation of the cytotoxicity of these reaction
products would provide information to show whether the overall
cytotoxic effect was due to (stable) photo-products or (short-lived)
reactive intermediates. Details of these experiments are given

in the Experimental section, their results are reported in

Tables 31-38 and presented graphically in Figures 28-31.

The 4'-azide (4.20) showed cytotoxicity with an ID80 of
10.90 ug ml—l (see Figure 24), but upon irradiation of a cell

culture treated with this compound, the ID, was lowered by over

80
one log-dose difference to 0.90 ug ml‘l. However when azide (4.20)
was first photolysed in RPMI medium before introducing the L1210
cells, the cytotoxicity of the photolysate was found to be lower
than the parent azide with irradiation (Figure 28). This was
probably due to incomplete photolysis of the azide during the

5 minutes in the RPMI medium as suggested by the further increase
in cytotoxicity when the cell cultures treated with the photolysate
were further irradiated. These results implied that cytotoxicity
of this azide with irradiation was at least partially due to

stable photolysis products.

Greater cytotoxicity enhancement was observed with cell
cultures photeo-irradiated with the 3'-azide (4.21) as shown in
Figure 25: similar investigation of the cytotoxicity of the
photolysate of this azide in RPMI medium (Figure 29) showed once
again that the photo-products were cytotoxic, but upon further
irradiation of the cell cultures treated with the photolysate
only a slight increase in cytotoxicity was observed. Similar

results were obtained with the 2'-methoxy-4'-azide (4.22) which
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Table 31 Cytotoxicity of products of (4.20) generated in

w
o
o
™

from photolysis in RPMI medium

iDose (ug ml—l) % inhibition mean 8D
4.76 95.5 94.6 89.0 | 93.0 3.5
2.38 8g0.4 72.0 65.3| 712.6 | 7.6 P =
1.20 4.5 38.5 . 34,3 1" 388 4.4 g, =
6.0 % 10 - g0 - 11.6 3.7 8.1 4.0
i i
3.0 x 10 1.9 e . SR, BN aeizr t 1.8 =

2.8 ug ml-l
1.5

7.8 x 10

Table 32 Cytotoxicity of oroducts of (4.20 generated in Situ

from photolysis in RPMI medium with further

irradiation during the presence of L1210 cells

Dose (ug ml ) % inhibition mean S.D.
4.76 99.0 98.4 99.9 | 99.1 | o.8 o on
Dgo =
2.38 93.3 96.6 99.7 | 96.5 | 3.2
1.20 78,00 82.1  76.11 8.7 | 3.1 o, g
6.0 x 10+ Qiih "5 se.3basia ) 7 D, =
3.0 x 10+ iai0 23,4 ‘6.6 2121 6

1ol

1.2 ug e
5.9 x 10

2.8 x 10



Table 33

Cytotoxicity of products of (4.21) generated in situ

from photolysis in RPMI medium

8

IDS

ID2

(0]

o]

o]

bose (g ml +) % inhibition mean _ S.D.
2.86 x 10 96.7 94.9 98.5 | 96.7
1.90 x lo* 69.1 8l.1 74.6 | 74.9 0.6
1.27 x 10° 44.3 48.8 52.7 | 48.6
8. 28,7 29.8 29.8 | 29.4 0.
15.5 19.0 11.3 | 15.3 3.9
3.8 2.3 5.2 3.2 3.2 1.7
2.5 -1.3 2.8 1.0 o.B3| 2.1
Table 34 Cytotoxicity of products of (4.21) generated in

2.26. % lOl

122 'x 1O

6.6

s1tuU

from photolysis in RPMI medium with further

irradiation during the presence of L1210 cells

Dose (ug ml-l) % inhibiticn mean S.D.
25860 x lOl 101:9 . 1006 89:4 | 100.6 | ¥.4
.90 lOl 89.1 94.7 9253 92.0 2.8
107 e lOl 66.0 642  68.2 T0L5 S 500

8.5 47.2 54.7 48.5 50.1 | 4.0
5.6 25.4 34.1 29.6 297 | 4.4
. 12.0 Gt d .9 el el (SO
.5 303 9.4 7.6 BB N30T

102

ID

ID

80

20

I

1.56 x lolugml'l

8.4

4.5

1



Table 35

Cytotoxicity of products of (4.22) generated in

73]
o
<t
=

from photolysis in RPMI medium

-1
Dose (ug ml 7) % inhibition mean S.D.
7.62 94, : . 3 ; -
6 4,0 99.2 . 69.2 | 94.1 1 8.0 Iy = 4.8 ug @l 1
3.81 74.3 66.8 74.6 | 71.9
1.90 51.9 40.2 45.4 | 45.8 W™ 2.1
9.5 x 107> 2%.5 149 .6 et s, D, = 9.3 x 107t
4.8 x 107> &2 L z2am s |2t 2ie
Table 36 Cytotoxicity of products of (4.22) generated i1 stiu
from photolysis in RPMI medium with further
irradiation during the presence of L1210 cells
Dose (1g m1™ 1) % inhibition mean S.D.
7.62 94.3 98.5 93.7 |95.5| 2.6 Ing, = 4.5 ug e
3.81 76,9 74.1 73.2 | 74.7| 1.9
1.90 49.4 ‘50,0 9.3 | 46.2| 6.0 AR A
5.5 % 107~ 28.67 136 4.3 V218 1.8 ID,, = 9.2 x 3
4,8 w10 > 5.5 1.9 6.1 4.5 1 2.3
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Table 37

Cytotoxicity of products of (7.5) generated i7# Situ

from photolysis in RPMI medium

Dose (ug ml_l} % inhibition mean S.D
9.52 x 10° As | d6.e it 1e.m 4b
5.60 x 10° 8.9 4.5 2.3 5.2 3.4
3.30 x 102 9.3 2.1 1.2 4.2 4.8
1.94 x 10° 10.2 4.8 0.3 5.1 | 5.0
1.14 x 10° 3.6 2.3 "idy 1.6 2.5

6.7 = lo" LB B (T T
3.95 % 10" 25 e i sy ek
2.32 % lo- “9u4 0 =11.9. =126 | -11.0 | 3.2
1.37 x 10t 9.7 =128 2345 bzl 2.4

8.0 608 =129 0 <153 lep. 7 4.4
4.7 6.9 -14.20 ~20:7 | =13 &0

ID8

I]f.?f5

0>>l ® 103 ug ml‘l

3

>>1. % 10

0]

3

>
IDZO L3 10

Table 38 Cytotoxicity of products of (7.5) generated inm situ

from photolvsis in RPMI medium with further

irradiation during the presence of L1210 cells

=4

Pose (ug ml ) % inhibition mean S.Ds
9.52 x 10° 165.6 1043 105.2 f1o5.0| 0.7
5.60 x 10° 106.7 108.8 101.4 | 108.7 1 3.9
3.30 x 10° 99,7 102.1  100.1 [100.6 | 1.3
1.94 x 10° g6.3 99.9 96.7 | 97.6] 2.0
1.14 x 102 83.4 93.4" ess | 885 5.6
6.7 x 1o 56,5 " 65,2 . . 74v8 | 85.51 9.2
3.95 x lo- 34.9 49.6  46.5 | 43.7 | 9.7
2.32 x 10" 21,80 34.m 2A3 || 7831 &k
1.37 x 10" I S U R TS

.0 0.3 12,8 6.9 .7l 623
4. 2d- " 132 5.6 2% | 5.5
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1.89 x lOl
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are presented in Figures 26 and 30 except that this compound

afforded a lesser degree of cytotoxicity potentiation by irradiation.
The fact that the RPMI photolysates of the azides (4.20) -
(4.22) were less toxic compared with the high cytotoxicity of the

corresponding azides in light (see Figures 28-30) suggested that

the overall cytotoxicity might be partly due to direct reactions
of reactive (nitrene) intermediates with cellular components
resulting in cell death. 1In order to investigate this hypothesis,
a non-toxic model azide which afforded non-toxic photo-products
was required. Then it should be possible to establish if short-
lived nitrene species were indeed implicated in cytotoxicity.

The compound 4-azidobenzenesulphonamide (7.5) seemed to
satisfy the mentioned regquirements since this azide in the dark
was non-toxic (Figure 21) and its main photolysis product in an
aqueous medium—— 5-sulphonamido-3HE-azepin-2(1lH)-one (7.7) ——
also exhibited low toxicity (Figure 21). When L1210 cells treated
with azide (7.5) were irradiated during incubation, high cytotoxicity
was apparent (Figure 27): but, if this azide was pre-photolysed
in RPMI medium before treating L1210 cells with the photolysate
low cytotexicity was evidenced (Figure 31), However if these cell
cultures in the photolysate were further irradiated, high
cytotoxicity was again observed. Therefore only when irradiation

was applied did this azide shew high toxicity.

7.3 Photosensitization/irradiation time relationship of

azido ccmpounds

It has been established in Section 7.2 that irradiation of

cells treated with azido compounds afforded photosensitization.



If the cytotoxic species was indeed photogenerated, the degree
of photosensitization should be a function of irradiation time.
A dose for each one of the azido compounds was chosen such that
in the dark this dose of the agent gave a low % growth inhibition,
but the same dose exhibited a high % growth inhibition when the

1

treated cell cultures were irradiated. This dose (in ug ml )

was called Z and was selected from Figures 24-27 to suit the

mentioned criteria. The azide (7.5) allowed the use of three Z
values because of its low toxic effect in the dark.
The experimental details are described in the Experimental

section and the results in Tables 39-42 and are presented graphically

in Figures 32-35. The irradiation time selected for all the

photosensitization experiments in Section 7.2 was 300 seconds.
This time was chosen so that the maximum biclogical response was
reached; further irradiation of the azide-treated cell cultures
gave no further increase in cytotoxicity until the exponential
increase due to damage by prolonged irradiation itself took over
(see Chapter 6, Secticn 6.3). The behaviour of the three azido-
anilinoacridines (4.20) - (4.22) demonstrated that the degree of
photosensitization was indeed proportional to the irradiation time
until a maximum "plateau" level of response was reached. This
maximum level of % growth inhibition was characteristic of the
particular azide and served as a convenient index of the photo-

sensitization ability or potential of that azide (Figures 32-34).

The model azide, 4-azidobenzenesulphonamide (7.5) showed
low toxicity in the dark at doses up to 1 x 103 ug ml_l, but at
>l 102 ug :nl-l in light, this compound elicited 100% growth
inhibition of L1210 cell culture (see Figure 27). By employing

three Z values, it was interesting to discover (Figure 35) that
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Table 39 Photosensitization/irradiation time relationship

of agent (4.20) in L1210 cells

Trradiation time % inhibition
(s) mean = S.D.
0 6.6 12.5 9.8 9.6 3.0
10 2952 38.7 36.9 35.3 5.4
20 43.0 54.8 49.5 49.1 559
30 57.87 67,2 62.0 | 62.4 | 4.7
40 65.8 6520 6853 1{e)5: 5 5.4
50 68.6 785 76.4 74.5 5.2
60 70.7 84,80 8103 78.9 T3
80 83,6 90.3 86.6 86.8 3.4
100 B4 289152 N8 2 87.9 35
150 87.0: 93,5 S0 1 89.9 3.3
200 87.7° 94.9 91,75 91,4 3.6

where 2 = 1.43 ug ot



Table 40 Photosensitization/irradiation time relationship

of agent (4.21) in L1210 cells

Irradiation time % inhibition
(s) mean , S.D.
6] 8.5 10.6 16,2 1122 | 420
10 24.5 26.1 36.9 29.2°| 8.7
20 36.8 39.2 48.6 Jgeo |VL.7
30 46.4 50.8 57:1 SE.4{" 5.4
40 S4.9 61.2 677 | 61.3] 8.4
50 6l.4 76.2 76.8 7 S| B
60 66.2 76.3 85.5 6.8 87
80 176 86.4 9343 85.8 | 7.9
-100 B7.5 O 98.9 92.8 5.7
150 89752 lo0igr 100,33 99,20 |- 1.7
200 9905 10201 WNID5 RN 102 2N 258

where & = 1.43 % 10 wgnl "
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Table 41 Photosensitization/irradiation time relaticnship

of agent (4.22) in L1210 cells

Irradiation time % inhibition
(s) mean , S.D.
0 L.19% © 19.6 4.32 8.4 | 9.9
10 22.3 22,15 24.2 28,9 102
20 25.4 25.9 28.5 2660017
40 315 29.0 36.4 32.3 3.8
60 33.3 6.8 389 36.3 2.8
80 36.4 401 43,3 39.9 3.5
100 41.7 43.1 44.5 43.1 | 1.4
140 42.6 44550 147253 44.8 | 2.4
180 45.9 47.6° 51.7 48.4 3.0
300 47.6 SRR ARS e 506k 257
720 57.9 62,3, 63.4 BL2 2.3

where Z = 1.43 x lol ug ml-l
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Table 42 Photosensitization/irradiation time relationship

of agent (7.5) in L1210 cells

1 =
(a) where 2 = 9.52 x 10" ug ml :

Irradiation % inhibition
time (s) mean , S.D.
0 6.4 3.8 e 4.4 1.8
15 14.9 9.9 1.8 8.9 | 6.6
30 18.3 23.2 26.6 22.7 | 42
45 27.6 32.80 38,7 33.0 | 5.6
60 41.8 42,2 4l1.0 41.7 | 0.6
S0 67.4 64,5 61.2 64.4
120 8l.3 Hile o ST E LT 77.5
180 9755 93.6 93.4 94.8 | 2.3
300 102.5 loi.8 98.9 101.1 1.9

(b) whers Z = 2.857 x 10> ug ml

Irradiation % inhibition
time (s) mean . S.D.
0 14.2 1203 23.7 1e.75] Bk
15 19.6 25.4 32.1 25 1Nes 3
30 43.5 47.8 54.7 48,70 | ST
45 62.3 67.4 71.4 67.0 | 4.6
60 1642 80.5 82.8 ge.l | 3.0
90 94.6 95.6 97.0 9557 | 1e2
120 99.8 102.7 103.2 101.9 1.8
(c) where Z = 9.524 x 102 ug ml--l
Irradiation % inhibition
time (s) mean , S.D.
o] 14.5 13.6 15.8 ) T | K
15 37.5 33.6 42.9 38:0, | 47
30 69.4 64.2 75.8 69.8 5.8
45 93.4 96.5 88.7 92.9
60 99.9 99.8 92.6 97.4 4.2
90 99.8 ®9. 7  102.5 100.7 L.6
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the higher the concentration of this azide in the cell culture

being irradiated, the greater the degree and rate of photosensitization.
This fact together with the knowledge that the photolysis products

of this azide were of low toxicity (see Section 7.2) lent further
support to the proposition that a nitrene intermediate was the

cytotoxic species.

7.4 A further investigation of the cytotoxicity of the

photolysis products of azide compounds

The problem encountered in isolating the photolysis products
of azidoanilinoacridines has been outlined in Chapter 5, Section 5.1,
and the cytotoxicity of products generated iZn siftu in the photolysis
of these azides in RPMI medium were discussed in Section 7.2 of
this chapter. This present discussion is concerned with the
cytotoxicity of the photolysates of azido compounds after prolonged
photolysis in Tris buffer. 1In this pH 7.4 buffer, the photo-
decomposition of the azido compounds should be similar to that in
a biological environment, but the reaction of the proposed nitrene
intermediates would most likely to be that with the solvent, i.e.
water.

The azide solutions were photolysed in sealed glass ampoules
(which allowed the transmission of 366 nm radiation) for 2 hours.
The photolysates were then screened for cytotoxicity. They wére
alsc tested for further photoactivated cytotoxicity. Details of
the experimental methods are given in the Experimental section

and the results are reported in Tables 43-50 and presented

graphically in Figures 36-39. The prolonged photolysis time of

2 hours was expected to be adequate to fully decompose the azides.
This appeared to be the case with azides (4.20)and (4.22) (Fi es

36_and 38), but the photolysate of 3'-azide (4.21) afforded a
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Table 43

Cytotoxicity of products of (4.20) generated in Situ

from photolyvsis in Tris buffer

Dose (Lg m1™t) % inhibition mean _ S.D.
1.91 » 101.2 98.7 97.0| 99.0 21 1Dy = 9.7 x 1ok gt
9.5 x 10 89.9 68.3 79.1| 79.1 | 0.8 b
4.8 x 10+ 61.2 6.5 454l se.s | i) e T4 £I0
2.4 x 10 * 26.6 19.8 16.5| 21.0| 5.2| I, =2.2x [
12 x 107 13.6° 1.8 ‘&3t | as
Table 44 Cytotoxicity of products of (4.20) generated tn situ
from photolysis in Tris buffer with further
irradiation during the presence of L1210 cells
Dose (Lg w1~ Ly % inhibition mean S.D.
1.91 99,7 ‘e9.2 '97.2 | '98.7 | i3 r it
9.5 % 10 " 93 0n kB watice | adtetlaniiie Pga T 818 %30, g
4.8 x 10 * 629 £2.3 8521 | 59.0 [ B0 D, = 4.1 x 107t
-1
2.4 x lo-l 328 "2ty “z3g Y6 iSle D, = 2.1 x 10 1
1,2 % 10 19.1 7.6 8.5 | 11.7 | 6.4
Table 45 Cytotoxicitv of oroducts of (4.21) generated tn situ
from photolysis in Tris buffer
Dose (ug ml 1) % inhibition mean 2 S.D
1.43 % 10° @.1 79.5 @.3 | 8s.0] 4.9 } %
ID =1.29 x 10 ug ml
o 5V, 3 83,7 480 1 5101 259 80
3.6 18,2 236 176 | 1984 5.3 D, = 6.9
1.8 . 6.9 9.9 11.7 9.5 | 2.4 o, = 3.6
9.0 x 10 W 1.4 3.0 3 2

120



Table 46

Cytotoxicity of products of (4.21) generated in Situ

from photolysis in Tris buffer with further irradiation

during the presence of L1210 cells

Dose (ug Al o) % inhibition mean S.D.
1.43 x 10° | 99.8 98.3 99.5 | 99.2 | 0.8 o
7.1 867 "oz 67.2 lies.g [ 2.9 Pae TS Suem
3.6 49,3 Sl o2 44.9 48.5 3.2 ID50 =-3 2
1.8 o Sl.h 28.7 29,8 28.7 1.2 ID20 wie
9.0 x 10 10.6 2.6 5.6 &3 4.0
Table 47 Cytotoxicity of products of (4.22) generated in sttu
from photolysis in Tris buffer
= l i y : .
Dose (ug ml ™) % inhibition mean S.D.
4 96.0 86.6 92.6 91.7 4.8 y
1.9 847, 4.5 m.5l 803l sol o~ i-Fgnl
5.8 ot 50.4 50.2 47.5 | 52.4 6.2 D, = 9.4 x 107t
-1
4.8 x lO_l 3.7 1250 351 19.86 10.6 ID20 o lo-l
2.4 % 10 14,2 0.3 9.4 8.0 o
Table 48 Cytotoxicity of products of (4.22) generated in sttu

from photolysis in Tris buffer with further irradiation

during the presence of L1210 cells

Dose (ug ml“l)

% inhibition mean S.D.

3.8 99.8 94.1 96.8| 96.9 2.9
1.9 92.6 8l.6 82.9| 85.7 6.0
9.5 x 10~ 65.3 57.5 53.3| 58.7 6.1
4.8 x 107" 46.1 19,5 210l 28n | 140
2.4 x 10 23.4 2.7 4.6 | 10.2 | 11.4
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Table 49 Cytotoxicity of products of (7.5) generated in situ

from photolysis in Tris buffer

bose (ug ml ™) % inhibition mean S.D.
9.52 x 10° 101.0 100.5 102.7 | 101.4 | 1.2
3.81 x 10° 89.8 .0 43.6. B33 | st | s
1.52 x 10° 14.5 9.8 7.5 | 17.2 ] 9.2
é.1 'x io 2.6 2.4  12.2 5.7 | 5.6
2.44 x 1o* 14 =2l 4.5 o3 | 2.8

9.8 T PR I TR S e [
3.9 -4.8 1.5 okl w7 e

Table 50 Cytotoxicity of products of (7.5) generated

B84 X 102 uginl-

from photolysis in Tris buffer with further

during the presence of L1210 cells

1

Dose (ug ml ) % inhibition mean S.D.
9.52 x 10° 1015  106.2 116.0'| 108.9 | 4.3
3.81 x 10° 101.1 10l.4 105.5 | 102.7
1.52 x 10° 99.8  99.9 100.6 | 100.1 | 0.4
611 x.20° 85.7 o3& - 986 | 959 | 2.
2.44 x 10° 4.8 800 5.5 5.6

9.8 75,9 35,8 42,0 | 35.9 | 6wl
3.9 5.8 . 17.2 12.3 | Wed | 3
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dose-response curve indicative of incomplete photolysis. After

a further 5 minutes of irradiation of cells treated with this

photolysate, a cytotoxicity level similar to the photosensitised

cytotoxicity level of the parent azide was achieved (Figure 37).
The prolonged photolysis time of 2 hours caused the non-toxic

4-azidobenzenesulphonamide (7.5) to form more toxic products with

an ID__ of 618.2 ug ml-l (Figure 39). The photolysing solution

80
was observed to change from colourless to a dark amber. These
highly coloured by-product5152 might well be responsible for some
of the observed toxicity. The cytotoxicity of the photolysate
was lower than the cytotoxicity of the parent azide in light
(Figure 39). This was considered as indicative of incomplete
photolysis of this azide in Tris buffer after 2 hours. However
another 5 minutes of irradiation of cells treated with the
photolysate afforded high cytotoxicity. This might well be due

to an additive effect of the cytotoxicity of the photolysate and

the cytctoxicity due to photosensitization.

7.5 Conclusion

The objectives of this project have substantially been
realised since the photosensitizing properties of azide compounds
has been established although only ¢#n vitro. A tentative
interpretation of the cytotoxicity results and photosensitization
by the model azide, 4-azidobenzenesulphonamide (7.5) is presented
in Scheme 8 where the involvement of a short-lived nitrene
intermediate is proposed. The position is less clear in
interpreting the nature of the cytotoxic species in irradiated
azidoanilinocacridine-treated L1210 cells since photolysis of

azidoanilinoacridines did produce stable cytotoxic compounds
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low toxicity

4-azidobenzenesulphonamide
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irradiation to generate
active nitrene
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in———>low toxicity
dark

irradiation
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active nitrene

WV
final products including mainly

5-sulphonamido-3H-azepin-2(1H)-one

Vv
high toxicity

A4
cell non-proliferation,
cell shrinkage,

L1210 formation of giant cells
cells and cell lysis.
Scheme 8
A% e ey

low toxicity
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such as the amine (4.4) (see Chapter 5, Section 5.1) which no
doubt contributed to the overall cytotoxicity of these azides in
the photosensitization experiments. The cytotoxic effects of
these azidoanilinoacridines may follow the pattern summarised in
Scheme 9.

It is interesting to speculate about the different photo-
generation pathways of different nitrene species from the azides
examined. A singlet nitrene might be involved in the photo-
sensitised cytotoxicity of 4-azidobenzenesulphonamide (7.5) since
its major photo-product was 5-sulphonamido-3H-azepin-2(1E) -one
(7.7), a singlet~-derived productl52. In a separate preparative-
scale photolysis of 4-azidocbenzenesulphonamide (7.5), the expected
triplet-derived productsgg, sulphanilamide (7.6), the hydrazo

152

compound (7.8) or the azo compound (7.9) were not detected ~

The reactive species involved in the photosensitised cytotoxicity

HoNG,S NH—-NH SOoNHy

the hydrazo compound (7.8)

HoNO7S N=N SO2NH»
the azo compound (7.9)

of azidoanilinoacridines might on the other hand be a triplet
nitrene since photolysis of azidoanilinocacridines gave a triplet-
derived procduct, the amine (4.4).

The "plateau" level (discussed in Section 7.3) of the

photosensitization potential of the examined azido compounds at
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a particular Z dose are summarised in Table 51 together with the

% growth inhibition due to this dose Z in the dark.

Table 51

% growth inhibition

A plateau level at
Azide Z(ug ml ™) dark irradiation time = 200 s
(determined graphically)
4.20 1.43 9.6 * 3.0 92
4.21 14.3 11.8 £ 4.0 100
4,22 14.3 8.4 £ 9.9 50
255 95.2 4.4 1.8 97
285.7 16, 7.56.1 100
952.4 15.0 % 1.7 100

These results suggested that tﬁe azide (7.5) was superior as a
photosensitizer to the azidoanilinoacridines (4.20) - (4.22),
especially if the low toxicity of azide (7.5) was also taken

into account. However, the azidoanilinoacridines might have
higher selectivity for the nucleic acids of tumour cells <Zn vive,
in which case both azides (4.20) and (4.21) may prove more

useful as antitumour photosensitizers. Azide (4.22) on the other
hand appears to have no claim as a photosensitizer of high
effectiveness.

In Section 7.4, solutions of azidoanilinoacridines were
photolysed for a prolonged (2 hour) pericd and the azides were
expected to be completely decomposed to form stable photo-products.
Azides (4.20) and (4.22) did in fact show no further photosensitization

effects (Figures 36 and 38), but the photolysate of azide (4.21)
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retained certain photosensitization potential (Figure 37): a
further 5 minutes of irradiation of cells treated with this
photolysate afforded enhanced cytotoxicity. Since only a period
of 5 minutes was needed to give this enhancement, this was
considered as a further support to the hypothesis that reactive
(nitrene) intermediates were at least partly responsible for
their cytotoxicity. The high photosensitization potential of
the reactive species generated in sifu from the azide (?.é)
further substantiated this inference (Figure 39),.

It is not pretended that antitumour agents with absolute
selectivity have resulted from the present work, however it is
hoped that this series of experiments has demonstrated that
photosensitization or radiosensitization with azido derivatives
of antitumour agents may afford an additional degree of selectivity
to existing therapeutic methods. This type of radiosensitizers
containing an azido function can be activated by radiation
irrespective of the oxygen concentration in the surrounding areas
of the tumour which has been the obstacle in the successful
employment of earlier radicsensitizers described in Chapter 1.
This then paved the wa% and set the target for a more effective
combination of radiotherapy with chemotherapy.

In future work, the metabolism of the azidoanilinoacridines
must be investigated. The model azide, 4-azidobenzenesulphonamide

(7.5) was found to be metabolised in rats tc the aminelsl

sulphanilamide (7.6) which was non-toxic to L1210 cells

(Figure 21 and Table 25), If the azidoanilinoacridines were also
metabolised to the corresponding amines, the selectivity afforded by
radicsensitization using these azides would be modified by the

tumour selectivity of these amines. However, evidence in Chapter 3
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suggested that the azido function itself did not impart undue
114

instability to organic molecules in their metabolism in man
The present <7 Vitro photosensitization experiments have,
of course, to be extended to 7 VIV0 systems. The radiation
employed to activate the azido compounds and generate short-lived
nitrene intermediates was short wavelength visible light (366 nm)
of limited penetrative power; future developments should endeavour
to extend to employing X and Y-radiation to generate active
nitrene intermediates in the treatment of tumour in the deep
viscera. Finally the mode of the antitumour action of the
azidoanilinocacridines must also be elucidated. To this end,
collaborative studies employing DNA-fibre ¥-ray diffraction
technigues have been initiated153. These studies would help to

discover if azidoanilinoacridines do intercalate DNA and form

covalent complexes with nucleotides when activated by radiation.
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Part 3 Experimental

Chapter 8 Chemical Studies

8.1 Svnthesis of substituted 9-anilincacridines

Method A

The appropriate aniline derivative (0.0l mole) was
dissclved in anhydrous methancl (100 ml) and the solution heated
to reflux. 9-Chloroacridine (2.14 g) was then added in small
portions to the refluxing sclution over 30 minutes and the mixture
heated for a further 60 minutes. The solution was then allowed
to cool to room temperature. Excess ether was added to precipitate
the anilinocacridine hydrochloride. The product was collected
and dried in a vacuum desiccator. The yield in most cases
approached theoretical. The compounds were all recrystallised
from ethancl-ether.
(a) 9-(4-Aminocanilino)acridine hydrochloride (4.4),

Reps J04~316° Bidt. . mepe 315-317°) a5 brown £lakes.

-1
N 3320 and 3410 cm (NH

5)

(b) 9-(3-Aminocanilino)acridine hydrochloride (4.5),

80

m.p. 296-298° (Lit., - m.p. 299-301°) as brown flakes.

=
Voas 3290 and 3420 cm (NHz}

(c) 9-(2-Aminocanilino)acridine hydrochloride (4.6),

m.p. 318-321° (@ie.,™ m,p. 320-322°) as amber flakes.
-1
Viiasr 3290 and 3420 cm (NHz}
(@) 9-(4=-Nitroanilino)acridine hydrochloride (4.7),

mM.P. 319-3210, as orange rosettes.
Found C, 64.6; B, 3.9; N, 12.0%;

H, N iires C, 64.9; H, 4.0; 1
C,gH, ,N;0,Cl requiresC, 64.9; ¥, 4.0; N, 12.0%.
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v 133% and 1510 cn * (NO.)
max 2

(e) 9-(3-Nitroanilino)acridine hydrochloride (4.8),
M.pP. 316-3170, as orange rosettes

Found C; 64.5; H, 4.1; N, 11.8%;

Cl9Hl4 2Cl requires C, 64.9; H, 4.0; N, 12.0%

1

v 1350 and 1530 cm ~ (NO
max

N3O

2}

Metﬁod B
The appropriate disubstituted aniline (0.0l mole) was
dissolved in acetonitrile (50 ml) and the soluticn heated to
reflux. 9-Chloroacridine (2.14 g) was then added in small portions
to the refluxing solution over 20 minutes. When all the 9-chloro-
acridine had been added, the mixture was refluxed for a further
40 minutes. The sclution was then allowed to cool to room
temperature and ether (20 ml) added. The precipitated anilinocacridine
hydrochloride was collected and dried in a vacuum desiccator. The
yields were in the range 60-90%. The compounds were recrystallised
from acetonitrile-ether.
(@)  9-(2-Methoxy-4-nitroanilino)acridine hydrochloride (4.9),
m.p. 254-255°, as vyellow flakes.
Found C, 63.0; H, 4.6; N, 11.3%;
C2OHIGNBOBCl requires C, 62.9; H, 4.2; N, 11.0%.
v . 1350 and 1530 cm = (NO,)
1025 o™t (c-0)
(b)  9-(2-Methoxy—-5-nitroanilino)acridine hydrochloride (4.10),
M.pP. 2470, as vellow flakes.

Found C, 682.7; H, 4.1; N, 10.6%;

1 ) - -
C2OH16N303c‘ requires C, 62.9; H, 4.2; N, 11.0%,
) 1350 and 1530 cm—l (NO,)
max 2
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1015 cm * (C-0)

(c) 9=(2=Amino-5-nitroanilino)acridine hydrochloride (4.11),
m.pP. 289-2910, as yellow flakes.
Found C, 62.5; H, 4.2; N, 15.7%;

Cl requires C, 62.2; H, 4.1; N, 15.3%.
1

“19%15M4%5
v 1330 and 1520 cm ~ (NO,)
max 2
3300 and 3450 (NE,,)

(a) 9-(2-Amino=-5-nitroantlino)acridine hydrochloride hydrate (4.12),
m.p. 3060(dec), as red crystals.

FPound C, 59.7; H, 4.1; N, 14.3%;

Cl.1H.O requires C, 59.3; H, 4.4; N, 14,6%.

C19%15M405
v 1330 and 1520 cm (NO..)
max 2

3300 and 3450 cm - (NH, )

2

8.2 Reduction of nitro-substituted 9-anilinocacridines.

Raney nickel-hvdrazine hydrate reduction.

The nitro compound (0.0l mole) was dissolved in a minimum
volume of DMSO (15-20 ml) at reflux temperature with constant
stirring. An excess (= 3 g) of Raney nickel was added to the
stirring soclution. Hydrazine hydrate (5-10 ml) was then added
dropwise to the mixture over a 30 minute period. The hot mixture
was filtered quickly through a celite filter pad. The (red)
amine solution was cocled to room temperature and again filtered.

The amine solution was added to a ten-fold volume of water
(200-300 ml). This sclution was basified with ammonia (to pH 11)
and the amine free base was extracted into chloroform. The agueous
laver was discarded while the chloroform fraction was then
re-extracted into 100 ml of water by acidification to pH 5 (with

loll-hydrochloric acid). This aqueous solution was shaken with
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ether to remove traces of 9-acridanone. The amine base was
liberated by basification of the acid solution and extracted into
chloroform. The chloroform was distilled off to leave an amine
residue which was re-dissolved in a minimum volume of anhydrous
methancl. On removing the methancl, the amine free base was
ocbtained. Alternatively, the methanolic solution could be acidified
with dry hydrogen chloride to give the amine hydrochloride. The
volume of methanol was reduced by evaporation to promote crystallisation
and an equal volume of dry ether was added to complete the precipitation.
The product was collected and dried in a vacuum desiccator. The
yields were 60-70%.
(a) 9-(4-Amincanilino)acridine dihydrochloride (4.14),
m.p. 309-3110, as yellow plates.
Found C, 59.2; H, 5:3; N, 11.0%;
Clng7N3C12.l&320 requires C, 59.2; H, 5.2; N, 10.9%.
()  9-(4-Amino-2-methoxyanilino)acridine dihydrochloride (4.15),
m.p. 240~243°, as amber flakes.

Found C, 56.1; H, 5.0; N, 10.0%;

C20H19N3OC12.2H20 requires C, 56.6; B, 5.4; N, 9.9%.
v___ 1030 em * (c-0)
max
(¢)  9-(5-Amino-2-methozyanilino)acridine dihydrochloride (4.16),

m.p. 258-2600, as brown flakes.
Pound C, 58.2; H, 4.8; N, 9.6%;
C20H19N3OC12.15320 requires'C, 57.8; H, 5.3; N, 10.1%.
v 1010 et (c-0)
max

m

8.3 Diazotisation of amino-substituted 9-anilinoacridine

hydrochlorides and the subsequent synthesis of the azido

derivatives.

The amino compound (0.1 mole) was dissolved in a minimum
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volume of water (50-100 ml) at reflux temperature. The solution

was then cooled in an ice bath to 0-5" and this low temperature

was maintained throughout the preparation. The suspension was
stirred constantly with a magnetic stirrer. 5 ml of 1lOV-hydrochloric
acid (or 5 ml of 40% tetrafluorocboric acid if the diazonium tetra-
fluoroborate was to be isoclated) was added to the suspension. Aan
aqueous solution of sodium nitrite (1.1 mol. equiv., 0.76 g in

5 ml) was then added dropwise to the mixture over a period of

15 minutes. The suspension was allowed to stir for a further

30-45 minutes.

The diazonium tetrafluorchorate was collected and dried
between sheets of filter paper before further drying in a vacuum
desiccator.

(a) é-fﬁ—KAcridin—Q-yZ)amino]phenyldiazonium tetrafluoroborate

hydrotetrafluoroborate (4.17),

m.p. 271-273°(decJ, as brown flakes (from acetonitrile-ether).

Found C, 48.9; H, 3.1; N, 12.0%;
C19H14N432F8 requires C, 48.4; H, 3.0; N, 11.9%.
. T 2260 cm (N2+}
(b)  3-[N-(deridin-9-yl)amino| phenyldiazonium tetraflucroborate
hydrotetraflucroborate (4.18),
m.p. 96-98°(dec) as brown flakes (from acetonitrile-ether).
Found C, 48.0; H, 3.4; N, 11.7%;
N B F_. requires C, 48.4; H, 3.0; N, 11.9%.

€19%14%43,%5

Y - ggow ek gy ¥
max

2 )
(¢)  9-(4-Azidoanilino)acridine hydrochloride (4.20),
m.p. 201-203°{dec} as amber flakes (from methancl-ether).

Found C, 48.0; H, 3.4; N, 11.7%;
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C, g8y sN5C1.140,0 requires C, 60.9; H, 4.5; N, 18.7%.
v 2120 co™* (N.)
max 3

(d) 9-(3-Azidoanilino)acridine hydrochloride (4.21),
m.p. 209-2110(dec) as brown flakes (from methanol-ether).
Found C, 62.3; H, 4.0; N, 19.0%;

C19314N5C1.1H20 requires C, 62.4; H, 4.4; N, 19.1%.
-1
vmax 2130 cm (N3

(e) 9-(4-Azido—2-methoxyanilino)acridine hydrochloride (4.22),

)

m.p. 220—22l°{dec) as vellow flakes (from methanocl-ether).
Found C, 60.5; H, 4.5; N, 17.3%;

OCl.1lE,O0 requires C, 60.7; H, 4.6; N, 17.7%.

Ca0f16Y5 2

v 2150 cm-l (N
X

iy )

3

8.4 Synthesis of 9-(benzotriazol-7/-yl)acridine (4.28).

9-(2-Aminocanilino) acridine hydrochloride (0.0l mol. equiv.,
3.2 g) was diazotised in aqueous hydrcchloric acid as in Section &.3.
The benzotriazolylacridine was precipitated, collected after 1 hour,
washed with a small quantity of cold water and dried in a vacuum
desiccator in the dark. It was recrystallised from aqueous DMF.
m.p. 255-256° (dec) as cream white flakes.
FPound C=77.4; H=4.2; N=18.9%;

C19H12N4 requires C=77.0; H=4.1; N=18.9%.

8.5 Synthesis of sodium 4-[W-(aeridin-9-yl)amino)phenyl

diazotate (4.23).

A solution of 4—@4-(acridin—Q-leamincﬂphenyldiazonium
chloride hydrochloride was prepared as described in Section 6.3.
This was pcured slowly into an ice-cold sodium hydroxide solution

(10N, 100 ml) with continuous stirring. The rate of addition was
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such that the temperature of the mixture never rose above lOO.
The preoduct precipitated out and was washed with a large volume
of water. The diazotate was collected, dried initially between
sheets of filter paper and further dried in a vacuum desiccator
in the dark. The product was of brick-red colcuration and showed

Wi . : =1
a characteristic infra red absorption band Umax 2110 cm

(N20 b
Found: €, 67.37 H, 4.1; N; 16.2%;

C19H13N40Na requires C, 67.9; H, 3.9; N, 1l6.7%.

8.6 Photolysis of azido-substituted 9-anilinoacridines.

The compounds investigated were the three azides (4.20),
(4.21) and (4.22).

The azido derivative (0.01l0 g) was dissolved in DMSOC to
form a 2.0 mg mlfl solution. A sonicator was used to assist
dissolution. This solution was then diluted to 30.0 ug ml-l with
one of the following solvents: (a) pH 7.4 buffer, (b) pH 4 buffer,
(¢) pE 1l buffer, or (d) ethanol. (See Notes on materials for
details on these buffers.)

3 ml of this solution was placed in a (1 cm2 path) quartz
cell and stoppered. Photolysis of the solution was carried out
in a light box fitted with a fluorescent tube. Three tvpes of
fluorescent tubes of different emission wavelengths, namely (a)
253.7 nm, (b) 366 nm and (c) visible range were used. The quartz
cell was positicned 5 cm from the centre of the fluorescent tube.

Nine sets of experimental conditions of different solvent/

irradiation wavelength combinations were employed.
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Solvent Irradiation wavelength X (nm)
ethanol 253.7, 366, visible.
pH 7.4 buffer 253,77, 366, visible.
pH 4 buffer 235.7, visible.
pH 11 buffer 28357,

Ultra violet/visible spectra (275-600 nm) were taken at intervals
until there were no further hypsochremic and hypo/hyperchromic

changes (e.g. Figures 8-10). The analytical wavelength used was

420 nm in all cases except for 3'-azide (4.21) in ethanol, pH 7.4
and pH 1l buffers where the analytical wavelength was 325 nm.

The absorbance of the ;olution at time-zero was taken as
100% relative to the absorbance at time - =« (i.e. when no further
hypo/hyperchromic changes) taken as 0%. Intermediary absorbances
were expressed as a % of the time-zerc absorbance. Half-lives of
the azides in solution under the set conditions were obtained

graphically from a plot of log absorbance against time of irradiatioen.

8.7 Photolysis of 9-(benzotriazol-l-vl)acridine (4.28).

The benzotriazolo derivative (0.010 g) was dissclved in
ethancl to form a 20.0 ug ml-l solution. A sonicator was used to
assist dissclution. This was further diluted to 1.5 ug ml_l in
ethanol; 3 ml of this solution was placed in a 1 cm2 quartz cell
and stoppered. Photolysis of the solution was carriesd out in a
light box fitted with fluorescent tubes of various emission wave-
lengths, namely (a) 253.7 nm, (b) 366 nm, or (c) visible range.
The quartz cell was placed at the same position in each experiment

and was 5 cm from the centre of the fluorescent tube.
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Ultra violet spectra (200-450 nm) were taken at intervals
over a period of time as before (see Figure 13). The analytical
wavelength chosen was 360 nm.

The method for determining the half-lives of the benzotriazolo
derivative under varicus experimental conditions (i.e. different
irradiation wavelengths) were the same as described in the last
section, that is graphically from a plot log absorbance against

time of irradiation.

8.8 Thermolysis of 9-(benzotriazol-l-vl)acridine (4.28).

100 mg of the benzotriazole was vacuum-sublimed in a "cold
finger" sublimation apparatus at 250-300°. The sublimation was
complete after 60 minutes and the yellow deposit on the inner core
was collected. The yellow compound was identified as 73H-quin
(¢, 3, 2-k1] acridine (5.4),

m.p. 270-272° as vellow flakes.

Found C, 84.6; H, 4.8; N, 10.3;

c19512N2 requires C; 85.1; H, 4.5; N, 10.4.
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Chapter S Biological materials and methods

9.1 L1210 mouse lymphocvtic leukaemic cell culture

Medium : RPMI-1640 with 25 mM Hepes buffer, L-glutamine and
10% (V/+) horse serum supplied by Gibco Biocult.

Antibiotics: Penicillin and stretomycin sclution, 5000 units
each ml-l supplied by Gibco Biocult.

Reration: 10% carbon dioxide and 90% air.

Maintenance of the stock culture

The stock was maintained in 10 ml of aerated medium in a
sealed culture flask. The cell density of the stock was not
allowed to exceed 1 x 106 cell ml—l; when this densityv was
approached, the steck was subcultured. 2 x 105 cells were
resuspended in 10 ml of fresh medium, 0.1l ml (i.e. 1% Y/,) of
antibiotics added and the suspension was then aerated for 1
minute. The stock was kept in an incubator at 37°. cell density
in all cell culture experiments was monitored and determined with

a Coulter Counter calibrated for L1210 cells.

Growth of L1210 cells

A calculated number of cells (2 x 106) were taken from the
stock and transferred to a universal tube. They were spun down
in a bench centrifuge to form a pellet and the supernatant
discarded. The pellet was resuspended in 50 ml of fresh medium
in a sterile culture flask at a density of approximately 4 x lO4
cells ml™". Antibiotics (50 ul, i.e. 1% V/,) was added and the

suspension was mixed by vortexing.

Replicates of 2 ml fractions of the suspension were pipetted
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into each of the 24 wells of a Repli dish, this was termed "plating-
cut". Cells in two wells were counted immediately after plating-
out and these figures were taken as the initial density or the
time-zero cell density. The 2.0 ml cell suspension was diluted
with 18.0 ml of Isoton (an isotonic solution) and the diluted
suspension was counted. A volume of 0.5 ml was sucked through
the Coulter counter during counting hence the resultant particle-
number was multiplied by 20 to give the cell density in cells mlhl.
The remaining cell suspensions in the Repli dish were then
incubated in a gassing incubator at 37° in an atmosphere of 10%
carbon dioxide/90% air. Duplicate of 2.0 ml cell suspensions from
the Repli dish were counted every 10-15 hours; the cell density

and the time of counting were recorded. A plot of log cell density

against time gave a sigmoid curve (Figure 14).

9.2 Effect of DMSO on cell growth

A calculated number of cells (2 x 106} were taken from the
stock and transferred to a universal tube. They were pelletad by
centrifugation and resuspended in 14 ml of fresh medium, then
mixed by vortexing. The suspension was then aerated. Meanwhile,
universal tubes with 300 ul of the calculated DMSO/medium solution

were prepared:

DMSO x (u1) O &8 10 B9l T3] 1901 o0 1s0f 175 | 200 225

medium (ul) { 300 [ 275 | 250 | 225| 200 175 ] 150| 125 | 100 75

To each tube 1.0 ml of the cell suspension was added followed by

gentle aeration before these tubes were sealed. These preparations



were incubated at 370 for 60 minutes. At the end of this period,
cells in each tube were pelleted, supernatant removed and 5 ml of
fresh medium plus 50 ul of antibiotics were added and mixed by
vortexing.

The cell suspensions were then plated out in a Repli dish
at 2.0 ml per well and 2 wells per DMSO/medium dilution (i.e. in
duplicate). The 1 ml suspensions left in each tube were then
pocled. A 2.0 ml sample of the pooled suspension was counted
and this value was the initial count, when multiplied by 20 gave
the initial density (which should be around 2.86 x 10° cells ml Y).
The Repli dish of cells was incubated in a gassing incubator at
37° in an atmosphere of 10% carbon dioxide/90% air for 45-50 hours
or when the cell density had reached 6-10 times the initial density.

Each well of cells was then counted as described in the last

section and the result recorded. Final density was expressed as:
final density = (cell count x 20) =- initial density.

Since 300 ul of DMSO/medium solution were added to each of the

1.0 ml cell suspensions, the real DMSO concentration was:

e T T

1000 + 300

% Growth inhibition was a term referred to:

a1

;7 _ £final density of treated :onulaticn) % 100
. final density of control population g

i

A graph of % growth inhibition against DMSO concentration

was plotted (Figure 15).

146



9.3 Effect of 366 nm radiation on cell growth

A number of cells (2 x 106J were taken from the stock,
transferred to a universal tube, centrifuged to form a pellet
and resuspended in 14 ml of fresh medium, then mixed and aerated.
To a series of (twelve) universal tubes 1.0 ml per tube of the
cell suspension was pipetted and 50 ul of DMSO was added to each
tube followed by aeration before these tubes were sealed. The
series of tubes of cells was irradiated for a series of fixed
periods in the specially constructed light box, then incubated
fof a further period at 3?0 in the dark. The sum of the irradiation
time and the incubation period was a total of 60 minutes.

When this irradiation/incubation was complete (i.e. after
the 60 minutes), cells in each tube were pelleted, supernatant
removed and 5 ml of fresh medium plus 50 ul of antibiotics were
added and mixed by vortexing.

The cell suspensions were then plated out at 2.0 ml per
well and 2 wells per sample (i.e. in duplicate) of a particular
irradiation period. Initial density and final densities were
determined as in the last section. % Growth inhibition was
calculated from these values as:

final density of irradiated population

final density of non-irradiated population e

(1 -

A graph of % growth inhibition against irradiation time

was plotted (Figure 17).

9.4 L1210 cytotoxicity screening svstem

A calculated number of cells (2 x 106) were taken from the

stock and transferred to a universal tube. They were pelleted by
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centrifugation and resuspended in 14 ml of fresh medium, then
mixed by vortexing. The suspension was then aerated. Meanwhile,
a series of universal tubes each containing 50 ul of a serial
dilution of a test compound was prepared. To each tube, 1.0 ml
of the cell suspension was pipetted followed by aeraticn before
these tubes were sealed. These preparations were incubated at
370 for 60 minutes (in the dark). At the end of the 60 minutes,
cells in each tube were pelleted, supernatant removed and 5 ml of
fresh medium plus 50 ul of antibiotics were added and mixed by
vortexing.

The cell suspensions were then plated out at 2.0 ml per well
and 2 wells per sample (i.e. in duplicate) of a particular serial
dilution. Initial density and final densities were determined as
described in Section 9.4. % Growth Inhibition was calculated
from these values also as indicated in-Section 9.2. The % Growth
Inhibition against log dose plots were constructed (see Figures
18-23) , these were termed dose/response curves.

The structures of the 15 compounds which have been screened
in this system are given in Table 1l (see also Chapter 8 for the
chemical composition of the anilincacridines). Compound (2.18)

was in the free base form.

9.5 Photosensitizing effect of azido compounds

(a) Cyvtotoxicitv in (366 nm) light

The procedures for investigating the cytotoxicity due to
test compounds in (366 nm) light were similar to those set out
in Section 9.4 except that during the 60 minutes incubation time
the tubes containing 1.0 ml of cell suspension and 50 ul of the
test compound solution were irradiated in the specially constructed

-
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light box for exactly 5 minutes under conditions described in
Section 9.3.

When this irradiation/incubation was complete, cells in each
tube were pnelleted, supernatant removed and 5 ml of fresh medium
plus 50 ul of antibiotics were added and mixed by vortexing.

The cell suspensions were then plated out and dose/response

curves were constructed (see Figures 24-27) following the same

plating-out procedures set out in Section 9.4. Azido compounds
(4.20)=-(4.22) and (7.5) were screened under the experimental

procedures of this section.

(b) Relationship between photosensitization and irradiation time

The procedures for investigating the relationship between
photosensitization by azido compounds (4.20)-(4.22) and (7.5) of
Table 1l were similar to those set out in Secticon 9.3 except that
the 50 ul of DMSO was replaced by 50 ul of a fixed concentration

-1
of the test compound at Z uyg ml , and at the end of each

irradiation pericd, the tubes were not further incubated, the
remaining plating-out procedures were followed. Z was chosen
based on the results from experiments of Sections 9.4 and 2.5a on
the azido compounds concerned, the criteria for selecting the
value Z could be found in the "Results and Discussion" section.
Plots of % Growth Inhibition against log (irradiation time)

were constructed (see Figures 32-35).

9.6 Cytotoxicitv of photolvsis products of azido compounds

(a) Cvtotoxicityv of products generated 7n sttu from photolvsis

in RPMI medium

A calculated number of cells (2 x 1063 were taken from the
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stock, transferred to a universal tube, centrifuged to form a
pellet and resuspended in 14 ml of fresh medium. They were then
mixed by vecrtexing and aerated. The cell suspension was pipetted
(at 1.0 ml per tube) to a series of universal tubes, the cells
in each tube were then pelleted and supernatant removed. Meanwhile,
another series of universal tubes each containing 1.0 ml of medium
and 50 pul of a serial dilution of the test azido compound was
prepared. The tubes containing RPMI medium and the test compound
serial dilutions were irradiated in the light box (with 366 nm
light) for 5 minutes. Each irradiated soluticn was then added to
the corresponding universal tube containing the cell-pellet, then
mixed by vortexing and aerated. These preparations were then
incubated at 37° for 60 minutes in the dark. At the end of the
60 minutes, cells in each tube were pelleted, supernatant removed
and 5 ml of the fresh medium plus 50 ul of antibiotics were added
and mixed by vortexing.

The cell suspensions were then plated-out and dose/response

curves were constructed (see Figures 28-31) following the same

plating out procedures set ocut in Section 9.4.

(b) The procedures for investigating the photosensitizing effect

of the photo-products generated in §itu from chotolyvsis in

RPMI medium were the same as those set out in Section 92.6a
except that the tubes containing the L1210 cell suspension and
the irradiated solution were further irradiated for 5 minutes
(with 366 nm light) before being incubated at 370 for 55 minutes

instead of 60 minutes.

(c) Cytotoxicitv of products generated in Situ from photolysis

in Tris-ethanol buffer

Test compound solutions were prepared as follows:
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(i) Azide’ (4,20) ———-—- a 2.0 mg ml-l solution in DMSO was
prepared, this was further diluted in Tris-ethanol buffer to
40.0 ug ml-l. 50 pul of this solution added to 1.0 ml of cell

suspension would give a final concentration of,

50 -1
1000 + 50 X 40 = 1.9 ug ml
(1i) Azide (4.21) =—=—== a 2.0 mg ml_l solution in DMSO was

prepared, this was further diluted in Tris-ethanol buffer to
300.0 ug ml-l. 50 ul of this solution added to 1.0 ml of cell

suspension would give a final concentration of,

50 -1
1000 + 50 x 300 = 14.3 ug ml
(1ii) Azide (4.22) —=-== a final concentration of 1.9 ug ml-l

of this compound in Tris-ethanol buffer was prepared in the same

manner as azide (4.20) in (i) above.

(iv) Azide (7.5) ===== a 20.0 mg ml-l solution in Tris-
ethanol buffer was prepared. 50 pl of this solution added to
1.0 ml of cell suspensiocn would give a final concentration of,

50

=l
1050 + 50 % 20000 = 952.4 ug ml

2.0 ml of each of these solutions were sealed in plain glass
ampoules and irradiated in the light box at 366 nm for 2 hours.
The resultant photolysis products solutions were then used to form
the corresponding serial dilutions and their cytotoxicity screened

in accordance to procedures in Section 9.4.
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(d) The procedures for investigating the photosensitizing effect

of the photo-products generated in situ from photolysis in

Tris-ethanol buffer were the same as those set out in

Section 9.6c except that the tubes containing the L1210 cell
suspension and the irradiated solution were further irradiated
for 5 minutes with 366 nm light before being incubated at 377

for 55 minutes instead of 60 minutes.
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Notes on instruments, abbreviations, materials and methods.

(1) Infra red spectra were recorded on a Pye Unicam SP 200
spectrophotcometer (as KBr discs).

(2) Ultra violet spectra were recorded on a Pye Unicam SP 8000
spectrophotometer, the solvent used was ethanol unless
specified otherwise.

(3) Mass spectra were recorded on a Vg micromass 12B single
focusing mass spectrometer.

(4) Photolyses were conducted in a light box fitted with an 8W
fluorescent tube. The emission wavelengths of the three
types of fluorescent tubes were (a) 253.7 nm; (b) 366 nm;
and (c) the visible range. Samples were placed at a fixed
distance (5 cm) from the centre of the fluorescent tube.

When the light box was employed for bioclogical experiments,
the 366 nm tube was used.

(5) Preparative phcotolyses were carried out in a Hanovia photo-
chemical reactor fitted with a 1OOW medium-pressure arc and
a guartz jacket (water cooled).

(6) Cell numbers were determined with a Coulter counter zBl fitted
with a2 100 u orifice tube calibrated for L1210 mouse leukaemic
cells.

(7) Cell cultures were inspected with an Olympus inverted microscope
model CK.

(8) Melting points (m.p.) were uncorrected.

(9) Elemental analyses were cbtained from The Butterworth
Microanalytical Ceonsultancy Ltd.

(l0) Absolute alcohol referred to commercial "100% ethanol".
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(L1) Ethanol referred to 95% ethanol which was benzene free.

(12) DMF referred to dimethylformamide.

(13) DMSO referred to dimethylsulphoxide.

(14) Buffers for photolysis experiments contained 52.63% of 95%
ethanol (equivalent to 50% ethanol) and were made up to
100% with.distilled water.
(a) pH 7.4 buffer contained 5 mM Tris, also used in the

biological experiments as a photolysis medium; this

buffer was abbreviated as the Tris-ethanol buffer.

(b) pH 11 buffer contained 25 mM sodium carbonate/bicarbonate, and
(c) pH 4 buffer contained 50 mM sodium citrate.

(15) Thin layer chromatography on silica plates was used for
routine checks on the purity of compounds and for studying
photolysis and thermolysis products. Three solvent systems
were used to cross-examine results.

(a) a very polar system: Chloroform 80, Methanol 20, Ammonia 1;

(b) a system of intermediate polarity: Toluene 80, Methanol 20,
Ammeonia l1; and

(c) a routine system: Benzene 90, Methanol 1lO.

Common by-products such as acridine, 9-acridanone and

9-aminoacridine were used as reference compounds.

(16) All linear regression and other statistical calculations were

carried out on a Texas Instruments TI 51 II machine.
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