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Medical Chemistry

The Department of Medical Chemistry was the second Department to be established,
when Adrien Albert was appointed Professor and Head in January 1949. It was a
large and productive Department, notable for the number of books some of its mem
bers produced, but it was the first to be dis-established when Albert retired in 1972.
This occurred in part because of thgggaamount of laboratory space it occupied and
the emegence of new Departments, and partly becase of the establishment of the
Research School of Chemistry in 1965. Howgaesubstantial core of tenured staf
remained, forming a Medical Chemistry Group, which continued to produce valuable
work until it ceased to exist when its Head, Desmond Brown, retired in 1985. As
well as seven essays reflecting the work of members of the Medical Chemistry
Department and Group, this chapter contains one essay describing some of the work
of the independent Biological Ingainic Chemistry Group, a small unit that worked

on problems of medical chemistry between 1958 and 1966 (see p. 44).

Adrien Albert: Pteridines and Selective T  oxicity

by Desmond Brown

Adrien Albert (see pp. 14 and 50) is rememtralian production of proflavine and ami
bered for his pioneering work in chemother nacrine as war-wound antiseptics and to
apy This consisted in the main of anew synthetic routes for the then-current
comprehensive chemical study onantimalarial, mepacrine.
pteridines and related heterocyclic systems On joining the John Curtin School in
in the laboratory for over half a century and1949, Albert decided to explore thoroughly
the progressive introduction of an all-the chemistry of pteridines, a system previ
embracing concept of ‘selective toxicity’ to ously known only for a few obscure natural
cover the treatment of human, animal, opigments but recently implicated as part of
plant disorders with chemical substances. the vitamin-like folate molecule and as the
Albert’s research in heterocyclic chem related antileukaemia drug, methotrexate.
istry began about 1935 with a detailed studyncreasingly with the participation of col
on the synthesis of numerous aminoacridindeagues (D.J. Brown, S.Mason, H.C.S.
for delineation of their structure-activity rela Wood, WL.F. Armarego, G.B. Barlin, E.
tionship as antiseptics, the latter aspect iSpinner and many other short term
collaboration wih Sydney Rubbo and his appointees or PhD students) this project,
colleagues at Melbourne UniversityThe reviewed by Brown in 1988, continued for
findings proved of considerable value dur several decades, gradually embracing many
ing the 1939-1945 waleading to Aus related heterocyclic systems. Such research
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clearly contributed very significantly to our tain cells without harming others, even
understanding of nitrogenous heterocycliavhen they were in close proximity; toxicity
chemistry for example, in the first recogni was not necessarily fatal and might be
tion of the apparently anomalous solubilitieseversible, as is the case with general anaes
of hydroxylated heterocycles and of thethetics. He then considered in detail the
important phenomenon known as covalenthemical and physical means by which such
hydration. selectivity could be achieved; indeed this

In the early days of the pteridine workaspect became his abiding scholarly interest
there emeged two quite simple pteridi thereafter Thus he spent every possible
namine derivatives that showed powerfumoment updating his coverage of current
activity against some childhood leukaemiastiterature on drug or agrochemical activities
they subsequently proved promising in-preand in the correlation of these with existing
liminary clinical trials in London but this data. Every few years a new and expanded
coincided with the introduction of multidrug edition of the original book appeared so that
regimes for such diseases and the cliniciargich fresh material could be included and
involved lost interest. Albert forthwith evaluated in terms of the overall concept of
declared his conviction that it was the plac&elective toxicity A glance at the following
of a university research department tdist of chapter headings for the 7th edition of
uncover principles rather than to developSelective @xicity will document the wide
specific drugs and all such collaborationgpplicability of this concept.
ceased. 1. Selectivity in the service of man

In his last decade as Head of the DeparR. Steps in the correlation of structure
ment of Medical ChemistnyAlbert became with biological action
interested in the chemistry of azapteridine8. Comparative distribution: the first
and he continued this fundamental work principle of selectivity
well into retirement. Meanwhile, several of4. Comparative biochemistry: the second
his colleagues carried the pteridine and principle of selectivity
other heterocyclic work into areas more5. Comparative cytology: the third
directly relevant to medicine, for example, principle of selectivity
the biochemistry of reduced pteridines, thé. Chemotherapy: history and principles
amplification of antibiotics by heterocycles,7. Pharmacodynamics
and development of new antimalarial and. The forces available for binding an
CNS-active heterocycles (see p. 358hese agent. Chemical bonds. Absorption
topics are discussed elsewhere (see p. 36®. Anti-metabolites: antagonistic
Albert’s early work on the chelation of met analogues of coenzymes and enzymic
als by heterocycles and its subsequent fur substrates
ther development, by colleagues such a$0.lonization
D.D. Perrin, are described on page 367. 11.Metal-binding substances

Despite the massive chemical research2.Steric factors
effort just outlined, Alberg name is associ  13.The covalent bond in selective toxicity
ated todaynot so much with his contribu 14.Surface chemistry The modification of
tions to heterocyclic chemistras with his membranes by surface-active agents
extensive writings on selective toxicity 15.Biological activity unrelated to
The latter concept enged during a course ~ Structure _
of public lectures that he delivered at Uni 16.The perfection of a discovery
versity College, London, in 1948 and subsel7.Some numerical assistance
guently published as a small bo&elective As they appeared, these books became
Toxicity, a landmark in molecular pharma essential reading, not only for pharmacol
cology. In it he envisaged all drugs, insecti ogy or molecular biology courses in North
cides, fungicides, weed-killers, and the likeAmerica (and to a less extent in more con
as selectively toxic agents thafeafted cer servative Europe) but also for most of the
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appropriate research workers and graduaistry and later in the Chemistry Department
students throughout the world. in The Faculties, but he did spend several

Albert was a remarkably able lecturersubstantial periods as asiting Professor in
and, as might be expected, he was in gretite Department of Pharmacological Sci
demand as such. He spent most of his studnces of the State University of Newrk at
leave time (in those days, one year in fouStony Brook. While there he presented
for ANU professors) visiting university comprehensive undgraduate and graduate
departments, research institutes, and innwcourses on selective toxicityome of which
merable pharmaceutical industry laboratowere sent by closed-circuit television to-dis
ries in order to present stimulating coursesant participating universities in the United
or seminars. Howevehe never accepted States. In his last years, he extended his
industrial consultancies although manyconception of selective toxicity with a
lucrative ofers were made to him. After thoughtful treatiseZenobiosis on the fate
retirement in 1972, he remained Canberrasf foods, drugs, and poisons in the human
based, first at the Research School of Chentbody.

Further Reading

Albert, A. (1951).The AcridinesEdward Arnold, London, 2nd edition, 1966.

Albert, A. (1951).Selective @xicity. Methuin, London, 7th edition, Chapman & Hall, London, 1985.
Albert, A. (1959).Heteocyclic Chemisy. Athlone Press, London, 2nd edition, 1968.

Albert, A. (1987).XenobiosisChapman & Hall, London.

Brown, D.J. (1988)Fused Pyrimidines P&a3: Pteridines Wiley-Interscience, New &fk.

Fundamental Properties of Heterocycles
by Gordon Barlin

The appointment of Professor Adrien AlbertMichael addition, partition coé€ients as
and the establishment of the Department afklated to lipophilicity and detailed quanti
Medical Chemistry in 1948 in the Johntative studies of empirical and relative reac
Curtin School marked the beginning of ativities and its relevance to syntheses.
period of intensive study of the fundamental Albert and co-workers undertook an
properties of heterocycles including pyfim extensive program of measurement of-ion
idines, pteridines and purines (see p. 354)zation constants (using potentiometric and
A high percentage of currently used drugspectroscopic techniques) of generally sim
and medications contain derivatives of heteple, specific, derivatives of heterocycles, and
rocyclic nuclei. These investigationsthe results were used to interpret and corre
involved studies of ionization (protonationlate the physico-chemical, structural, and
and deprotonation), tautomerism (both tesome biological properties. For example, an
unchaged and chaed species), chelation examination of the monoaminoacridines
to metal ions, covalent hydration andrevealed that #two isomers which are the
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stronger bases, because of the resonant@ophilicity and the presence of unchad
stabilisation of their cations (as in 4-(non-ionic) species are significant factors in
aminopyridine), have powerful antibacterialthe ability of potential drugs to pass through
activity whereas the other three isomershe blood/brain barrier
which are much weaker bases have only As a prerequisite to these physico-chem
feeble antibacterial activity ical investigations, extensive synthetic pro
Extensive studies of ionization constantgyrams were undertaken to evaluate the
and ultraviolet spectra in particular werefundamental chemistry of the ring systems
used to establish the tautomeric structures @fnder study and to provide thegat com
numerous hydroxy- and mercapto-heterocypounds required for examination. This led
cles in aqueous solution by reference t@o major contributions and publications on
derivatives of fixed structures. Such studieghe chemistry of monocyclic compounds
were of relevance to establishing the strucgych as the pyrimidines, the pyrazines and
tural forms of the anticancer agents 5-fluoine pyridazines, and bicyclic compounds
rouracil and 6-mercaptopurine.  Furthelg,,ch as the pteridines, purines and quinazo
development of the studies of ionizationjjnes  Throughout this synthetic work
constants and an examination of substituent,ansive use was made of chromatography
effects thereon led to extensive Comp'la(paper thin layer and column) to assist in

tions of ionization constants of heterocyclegy,q detection, identification and purification
and their use in the development of methodg; 4,4 components of often complex reac

to predict the ionization constants ofger_ tion mixtures. The early application of
molecules, and also to determine |on|zat|0rp1uclear magnetic resonance spectroscopy

constants which overlap within a narrow ; ; oo T
reatly assisted the identification of the
range. The development of the successf baction products.

anti-peptic ulcer drug cimetidine ggamet) During the course of this synthetic work

is one example of the benefits of such stud A
ies of ionization. it became apparent that the initiation of a

The new phenomenon of covalentdeta'led study of comparative reactivity was

hydration of heterocyclic nuclei in aqueousngcessaNry n orﬁer to op|t|m|ze the syntheduc
solution was also established from detaile§ /0"t NO such general systematic study

studies of ionization and ultraviolet spectrak,ad previously been carried out. Thus a
and is of great significance in biologicalKiNétic (and qualitative) study of nuele

systems. These reactions were studie@Philic substitution was commenced which
using the rapid reaction-stopped flow techinvolved comparative positional reactivities
nique to determine the kinetics of individuali many fundamental heterocyclic ring sys
hydration and dehydration reactions, and téms containing a variety of leaving groups.
measure the &dct of changes within the The results of this work provided quantita
nucleus and of changes to substituents oiive and relative data which enabled the
the nucleus in an evaluation of the reguireselection of optimum conditions in many of
ments for covalent hydration. lonizationthe synthetic procedures and extended the
constants of hydrated species were alstnge of applicable preparative methods.
determined using nuclear magnetic reso  The products of this extensive synthetic
nance spectroscopy effort have been collected in a major library

Albert and co-workers also made signif of compounds which have been made avail
icant contributions to the study of metalable recently through the Commonwealth
chelation (as in haemoglobin), and examiScientific and Industrial Researchganisa
nations of partition coéitients as one tion for biological and pharmacological test
measure of lipophilic  properties. ing throughout the world.
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Gordon Bruce Barlin (1930-) graduated BSc
Hons in 1951 from the University of Sydney and
MSc in 1953. He lectured in Chemistry at the
Royal Military College, Duntroon, from 1954 to
1957 and was then a PhD Scholar in the
Department of Medical Chemistry, JCSMR, from
1957, completing his PhD in 1959. After a
postdoctoral period in the United Kingdom he
returned to the Department as a Research Fellow
in 1960, Fellow in 1964 and Senior Fellow in
1969. In 1973 he remained in the Medical
Chemistry Group, and in 1985 transferred to the
Department of Pharmacology, which in 1989 was
incorporated into the Division of Neuroscience.
He retired in December 1995 and was appointed
as a Visiting Fellow. In recognition of his research
and publications on heterocyclic and medicinal
chemistry he was awarded the DSc degree by the
University of Sydney in 1994.

Heterocycles as Therapeutic Agents

by Gordon Barlin

This essay relates to some heterocycliaffecting humansPlasmodium falciparm
compounds which are fettive antimalari is the predominant species in tropical
als and others which interact with receptorg\frica, eastern Asia, Oceania and the Ama
in the nervous system. It has been estimatembn area. Hérts directed to the control of
that 300-500 million clinical cases of malaria have centered on chemotherapy
malaria occur each yeamnainly in tropical control of mosquitos by such methods as
regions, with 1.5 to 3 million deaths annu drainage of swamps and the use of insecti
ally. Of the four species of malaria parasitesides and larvicides, and attempts to
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develop vaccines. A range ofaftive syn  clinically as anxiolytics, hypnotics, muscle
thetic antimalarial drugs such as the relarelaxants and anticonvulsants. Numerous
tively inexpensive chloroquine had beersubstituted imidazopyridazines and anralo
developed by 1950, but by 1960 malarigyously substituted imidazo-pyridines,
parasites were clearly bepomm_g resistant tgyrimidines and pyrazines were prepared
the commonly used antimalarials. Resisfgor comparison.
tance to chloroquine by malaria parasites is  Bjological testing to determine binding of
now widespread. , the test compounds to central nervous system
This situation stimulated revivedfefts o, odiazepine receptors involved measure
to develop new drugs which arefesftive ot of the displacement of tritiated
agam;t currept drug-resistant str:;uns o iazepam from rat forebrain membranes, and
malaria parasites, new treatments with drug0 peripheral-type (mitochondrial) receptors
combinations and renewed fafts _to by the displacement of tritiated diazepam
develop dfective vaccines. Gordon Barlin y P P
jrom rat kidney membranes. The results of

commenced a collaboration in the 1980 hi . led th d
with biologists Professor K. Rieckmann and™'S testing revealed that some compounds,

Dr H.V. Scott at the Army Malaria ResearchSUch as the 6-(o-methoxybenzylaminoyimi
Unit (now the Australian Army Malaria dazopyridazines bound strongly and selec

Institute) to develop new heterocyclic anti tively to central receptors but had very weak
malarial drugs which were highlyfettive affinity for peripheral-type receptors,
in particular against chloroquine-resistantvhereas others bound more strongly to
strains ofP. falciparum In this work a lage ~ peripheral-type than to central receptors. A
number of mainly Mannich base derivativescomparison of the results for the imidazepy
of 7-chloro (and 7-trifluoromethyl)-quino ridazines with those for the limited number
lin-4-yl (and naphthyridinyl) aminophenols of analogous imidazopyridines indicated that
was prepared and evaluatdd.vitro testing the former are more selective ligands for
was used initially against chloroquine-senperipheral-type receptors than the latter
sitive and chloroquine-resistant isolates oConsideration of these observations in-ela
P. falciparum, and this was followed (for the tion to molecular structure provided an
more active compounds) with tests in-aniexplanation in terms of dérences in the
mal models. The ant!mala“al aCt|V|ty of nature of Centra| and peripheral_type B_ben
twelve of thr—.j more active compqunds Wergodiazepine ligand binding sites.

compared with that of the established drugs |, vivotesting by EHoffmann La Roche
amodiaquine, chloroguine and pyronaridingy ¢ Basle, of some of the compounds
using theSaimiri(monkey)-bioassay model. ;,jcateq that some prevented pentylenete
The findings suggested that further StUd'eﬁazole-induced convulsions in rats and

should be performed to determine the Valu?nice Others alleviated conflict. Much

of these compounds as antimalarial drugs : . ; .
for clinical use. more detailed biological testing, howeyer

The observation in 1987 by Barlin angWill be required with this series of com
his colleagues, L.Mavies and M.M.L. Ngu pounds to check for selectivity in pharma

that the newly synthesised 6-chloro-3-cological activity As several brain tumors
methoxy-2-phenylimidazo[1,2-b]  pyri (including gl_iomas) and certain ne_urede
dazine displaced tritiated diazepam from ragenerative disorders (such as Huntingson
brain membranes marked the start of &horea) are associated with an enhanced
research program to synthesise derivativedensity of peripheral-type benzodiazepine
of this and related series and to evaluatteceptors, some of these compounds with
their pharmacological properties and selechigh selective dinity for this type of recep
tivity in relation to benzodiazepine reeep tor are currently being examined as peten
tors. A number of benzodiazepines are usetihl radiopharmaceuticals for imaging.
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Pteridine Chemistry and Biology

by Wilfred Armarego

Interest in pteridines (from Glpteron, Research on pteridine chemistry and
wing) began in the late 1880s when Sihiology began in the John Curtin School at
Gowland Hopkins in Cambridge isolated athe time of the establishment of the Depart
yellow pigment from butterfly wings. The ment of Medical Chemistry in London by
discovery of the growth factor and vitaminAdrien Albert in 1949 and is still going on
folic acid, a conjugated pteridine (Figure 1,(see p. 354). Albert devised general synthe
R = p-methylene-aminobenzoylglutamic ses for these compounds, studied the ehem
acid),_ intensified research not only on thgcal and physical properties (solubility
chemistry but also on the biology of thesgonization and spectroscopy) of pteridines
compounds. Naturally occurring pteridinesand showed that, depending on the deriva
have the common ‘pterin’ structure (Figuretjves, they could undgo reversible adli

1) because they all originate from thetjon reactions including water addition
nucleotide guanosine triphosphate. Furtheicoyalent hydration) which disrupted the
work showed that pterins which are reducee(gmmatic rings and introduced a new freso
in the pyrazine ring (ring B in Figure 1) n5nce stabilisation. Raymond Blakley
were obligate cofactors for many essentiaipenartment of Biochemistryl959-1968)
enzymes of metabolism in living@anisms, - y,died enzymes of one carbon metabolism
including man. using tetrahydrofolic acid, and John Merri
son (Department of BiochemistrdQ68—90)
carried out mechanistic studies of dihydro
folate reductase (DHFR, a ¢gat enzyme for
cancer chemotherapy), and developed pro
cedures for studying tight binding inhibitors
(see p. 232).

During 1949-88, Desmond Brown stud
ied the syntheses, chemical and physical
properties of pteridines, and established the
methylation patterns of several derivatives.
The latter studies laid the ground work for
Figure 1 Wilfred Armarego who began studying the
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pteridines in 1977, after many years ofor deficient variants in children. By using a
research on nitrogen heteroaromatic eonvariety of reduced synthetic pterins they
pounds and the stereochemistry of reduceshapped the stereochemical requirements of
members.  Armarego concentrated omuinonoid-7,8-dihydropterin substrates for
pterins which were partially or fully reducedthe DHPR active site, including the absolute
in ring B (Figure 1) because these were thetereochemistry of hydride transfer from
compounds which acted as substrates and/oeduced nicotinamide adenine dinucleotide
cofactors responsible for the reactions of nNADH). Quinonoid-7,8-dihydropterins are
less than twenty-six enzymes, most otautomers (varying in double bond positions)
which are ubiquitous and many are essentialf 7,8-dihydropterins, such as dihydrofolic
for the maintenance of life. The chemicalacid which is a substrate for DHFR, and-con
studies were directed towards the undersiderable dbrts were made to determine the
standing of his biochemical work, which complete structure, including the tautomeric
was run in parallel. arrangement of double bonds. That gave a
Reduced pterinsra not flat molecules clearer picture of the flow of electrons at the
and have complex stereochemical structuresactive site during the enzymic reactionitiw
Only specific isomers are important for thethis information successful inhibitors of the
correct stereochemical fit into the active siteenzyme were prepared and should be useful
of an enzyme. Armarego studied the methyfor making crystals of the ternary complex
lation patterns of reduced pterins and theiDHPR-NADH-inhibitor for X+ay analysis.
stereochemistries using spectroscopic means. They evaluated of the fetctiveness of
Some of the work explained how the methyhuinonoid dihydropterins as substrates for
group at N5 (Figure 1) in 5-methyltetrahy DHPR, mostly by careful kinetic measure
drofolate (the main store of 1-carbon units irments and comparisons of the Kkinetic
man) was transferred. During these studiggarameters. The next step was to find the
the absolute configuration at C-6, where th@amino acids at the active site of DHPR
hydride ion from reduced nicotinamide ade which were involved in catalysis. This was
nine dinucleotide phosphate (NADPH) wasmportant since amino acid changes in
transferred to the dihydropterin ring in theDHPR in afected children were being
DHFR reaction, was established. The worknvestigated elsewhere and several varia
was extended to biopterin (Figure 1, R =tions were found. In order to do this work it
2',3'-dihydroxypropyl), whose 5,6,7,8- was necessary to over-express human
tetrahydro derivative is the natural cofactoDHPR in bacteria so as to obtaindarquan
for phenylalanine, tyrosine and tryptophartities of the enzyme, and to enable site-
hydroxylases. The conformations (preferredlirected mutagenesis studies to alter
arrangement of atoms in solution) and thepecific amino acids at will. Armarego and
stabilities of the optical isomers of thecoworkers had over-expressed human
quinonoid-dihydrobiopterin were deter DHPR, and by mutagenesis replaced the
mined, and showed why the natural cofactofour cysteine residues of DHPR by serine
was much more readily degraded to 7,8residues because their earlier experiments
dihydroxanthopterin. It also explained whyon the inactivation of DHPR by a platinum
the latter pterin was found in high concentracomplex (which reacts with cysteines) indi
tions the urine of patients with dihydropteri cated that one of the four cysteines in deac
dine reductase deficiency (a malignantivated DHPR containing NADH could not
variant of phenylketonuria, an inheritedbe titrated. The Cys-Ser mutated reductases
metabolic disease in children). Dihydropteri were expressed and the kinetic parameters
dine reductase (DHPR) and its quinonoidshowed that they were not very seriously
dihydropterin cofactors were investigatedaltered. In the meanwhile the X-ray crystal
extensively over a period of twenty years bystructure of the DHPR-NADH binary cem
Armarego and coworkers because of theiplex from rat was published (by others) and
importance in phenylketonuria and in cefacfrom our knowledge of the stereochemistry
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of hydride transfer (see above) we deduceliopterin as cofactor is glyceryl-ether
that tyrosine-150 was a possible residue fomonooxyenase. It hydroxylates monoglyc
protonating the quinonoid dihydropterin, eryl ethers to yield glycerol and the respec
after the hydride was transferred fromtive fatty alcohol. Its activity is halted in the
NADH. We made the pureyfl50His, absence of cofactpand ether lipid metabo
Tyr150Sey Tyr150Phe, yri50Lys DHPR |ism is seriously décted in phenylketonuria
mutant enzymes and determined theigue to cofactor deficiency This was the
kinetic parameters. The data showed thahterest of Armarego and coworkers who
the phenolic group ofyF150 most probably developed a convenient spectroscopic assay
supplied the required proton. However \hich they used to determine the kinetic
the absence of a good proton source at 1%rameters of a lge number of glyceryl

a proton may well be relayed from a nearbythers and a number of tetrahydropterins
residue which can act as a proton Sourcyat they synthesised. The oxygenase had
resulting in reduced DHPR activityOther o heen extensively studied previously
mutations, Gly151SerGyl23Asp and a pocaise it was membrane bound and was

threonine insertion at position 123, which ...
were already known defects in children difficult to assay The new assay opened up

were al rried out by Armar n(’ﬁeneral procedures for measuring enzyme
ere aiso carried out by arego anQi;netics in the presence of dajents. They

coworkers and the kinetic parameters .Of thE\Iso determined the stereochemistry of-oxy
mutant reductases were consistent with the

severity of disease. In collaboration with9€" fransfer and mapped thg active site,
Professors R.G.H. Cotton (Stri¢ent Hos which was clearly shown to involve the
pital, Melbourne) and I. Dianzani and A.“p'?) rggmdbrane where the oxygenase was
Ponzone (University of drin, Iltaly), em '(Ial ed. . ) |
Armarego and coworkers carried out the Jill Gready appointed as a Senior Fe
mutation Hr150Cys in human DHPR as oW N the School in 1995 (see p. 254), had
this was the most recent defect found in §Stablished theoretical and experimental
child, and the kinetic parameters were -con€XPerience in pteridine chemistry and-bio
sistent with the patierst’intermediate phe Chemistry and had been interacting with
notype. They also sequenced the genom{érmarego, Albert and B_rown since th_e early
DNA and found that the gene extended ove}980s. As part of a wider program in pro
~20kb (encoding sequence of 732bp) whicf€in structure anql functllon. applied to areas
had at least seven exons and six intron®f medicine, she is continuing her studies on
Armarego and coworkers also isolateddesign and experimental testing of mecha
sequenced and expressed mouse DHPRsm-based substrates and inhibitors of
which was remarkably similar to the humanDHFR as potential anti-cancer and antimi
and rat reductases, and indicative of aerobial drugs. She is also studying the
essential ‘housekeeping’ enzyme. chemical mechanism for the DHFR-cat
Another enzyme which uses tetrahydro alyzed reactions.
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Wilfred Louis Florio Armarego (1931-) graduated
BSc (Hons) in 1953 and PhD from the University
of London in 1956 and came to Australia in that
year. After two years at the Central Research
Laboratories (ICIANZ) in Melbourne, where he
worked on plant growth substances, and one year
on potentially carcinogenic polycyclic aromatic
hydrocarbons at the University of Melbourne as
Senior Demonstrator in Organic Chemistry, he
joined the Department of Medical Chemistry as a
Research Fellow in 1960. He became a Fellow in
1963 and was awarded a DSc degree (London) in
1968. He was promoted to Senior Fellow in 1967
and began research work on the biochemistry and
molecular biology of pteridine-requiring enzymes
related to the inherited metabolic disease
phenylketonuria and its variants. He was head of
the Protein Biochemistry Group and Pteridine
Biochemistry Laboratory until his retirement in
1996.

Microanalysis Methods for Nitrogen Heterocycles

by Joyce Fildes

Initially the research interests of the Departresearched its use at the University of Birm
ment of Medical Chemistry sfafvere cen ingham during her PhD course there
tred on a major group of biologically (1953-56) and reviewed it in 1959.
important nitrogen heterocyclic ganic For the microdetermination of nitrogen
compounds (see p. 354). When the Departhe use of a modified Kjeldahl sealed tube
ment was in London (1949-56) the analystsligestion procedure heated over a 420-
undertaking the necessary elemental micro430°C range was found to be the most reli
analysis work encountered combustion difable method for heterocyclic nitrogen
ficulties with pteridines, in particulawhich compounds using mercuric oxide or -sul
produced nitrogenous cokes when the-corphate catalyst. d ensure the reduction of
ventional microanalytical methods werenitroso, nitro, azo and hydrazo derivatives
used. However most of the problems in théhe use of glucose and extra sulphuric acid
elemental determination of carbon andwvas required for such digestions. The-dis
hydrogen were successfully overcome byillation of the resulting ammonia was ear
Joyce Fildes by the use of a new ‘Emptyried out similarly to the Kjeldahl micro
Tube’ combustion technigue when shemethod. © facilitate routine analysis the
established a routine microanalytical servSchool workshop provided a multiple holed
ice in Canberra in 1957 (see p. 58). She hadetal block for the batchwise heating of
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these sealed tubes in a rieiffurnace. bustion methods using an oxygen gas flow
Following the growth in research dtaf system for the oxidation of ganic material,
and students in the School in the earlthe new procedure used a covering of the
1960s, there was a marked increase igample with a known ffctive catalyst-oxi
requests for microanalyses. A similar situadant (tungstic oxide and manganese diox
tion had occurred overseas and this stimude) in a stream of helium heated at 1050°C.
lated several research groups to developny excess of oxygen or oxides of nitrogen
new and faster methods for the simultaneyere removed by passing through a metallic
ous determination of C, H and N inganic  ¢opper packing before entering a cooled

compounds.  These new methods werg,,angion chamberThe resulting combes
based on the gas chromatographic sepa‘g?‘|

. ) on products then entered two gas chro
tion of the combustion gaseous products

it bon dioxid d water i atographic columns for separation,
hitrogen, carbon dioxide and water in afyqiqction ang recording as a series of peak
inert system of helium, detection and mea:

eights or areas of nitrogen, carbon dioxide

urement of each individual gas being carrie dd water The time required for each such
out by thermal conductivity measurements; d

Not surprisingly various commercial instru analysis was only ten minutes, du.rlng which
ments became available internationatigd & Second sample could be weighed, and
in 1965 Fildes investigated their reliability ighlighted its potential attraction for rou
either by personally carrying out, or submit tine analysis work. _ _

ting, four known refractory samples to labo It i noteworthy that this new instru
ratories in Japan, Switzerland, France anfl€nt, besides providing a quite consider
the United States. She found that thé&ble saving in analysis time, also reduced
Hewlett-Packard F&M Model 185 CHN the sample size from 2-5 mg to 0.2-0.5 mg,
Analyzer was the mostfettive and reliable an aspect that was particularly advantageous
instrument for the simultaneous C, H & Nfor the analysis of some substances of
analyses of such nitrogen heterocyclic eompotential medical importance that were in
pounds. In contrast to the previous eomlimited supply
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Joyce Eleanor Fildes, OAM (1921-). After
graduating BSc at the University of Sydney in
1942, Fildes worked as a Research Assistant in
its Organic Chemistry Department in 1942-44
and later as a microanalyst in the School of
Chemistry, 1944-50. She joined the Department
of Medical Chemistry of the John Curtin School in
1950 as a microanalyst, initially in London, but
then undertook microchemical research at the
University of Birmingham, gaining a MSc in 1953
and a PhD in 1956. She returned to Canberra as
a Research Fellow in 1956 and was appointed as
Microanalyst (Fellow) in Medical Chemistry in
1961. In 1973 the Microanalytical Service was
transferred on paper to the Research School of
Chemistry, but Fildes continued working in the
John Curtin School, with a broader range of
clients, until her retirement in 1982. She was
awarded a Medal of the Order of Australia in 2000
for her services to the community.

Azine Chemistry and Bleomycin Amplification

by Desmond Brown

Pyrimidines and derived azines like purinesnvolves the ring-fission of a heterocyclic
and pteridines occur widely in nature and irimine with subsequent recyclization to a
particular as essential constituents of livingnore stable amino entity On detailed
cells. Studies on the basic chemistry of suchxamination, it emged that such
heterocyclic systems began in the Departrearrangement was widespread in nitroge
ment of Medical Chemistry as an integralnous heterocycles and had led to many mis
part of the pteridine project (see p. 354) butunderstandings and incorrect structural
like many such studies, soon developed itassignments over the years. Following our
own momentum and applications in otherlucidation and naming of the reaction in
areas. the 1960s, it is now a well understood phe
One important extension of this azinenomenon that crops up annually in a variety
work was the first study of the Dimroth of research papers.
rearrangement, initially in the pyrimidine  Another unexpected outcome of the
series and subsequently in related systemazine research was the recognition that sim
Without attempting technical detail, thisple heterocyclic derivatives could signifi
rearrangement had been noticed in apnantly amplify the antibacterial and
obscure system by Otto Dimroth in 1905 butnticancer activities of the important antibi
its scope, mechanism, and controlling-facotics, bleomycin and phleomycin, both inci
tors had never been studied in any wdty dentally pyrimidine derivatives. These
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antibiotics can be obtained only from <€ul stage the further development of amplified
tures ofStreptomyces vécillus and accord  bleomycin to acceptable drug status was
ingly are extremely expensive; moreoverbeyond the financial resources of both insti
both have serious toxic sidefedts at €ec-  tutions. Accordingly they arrived at an
tive dosage. Following a chance observaappropriate agreement for such develop
tion by Dr G.W Grigg of CSIRO in 1970, ment with a European pharmaceutical firm
was enhanped great_lpl vitro by th_e addi project stalled, presumably on economic
tion of cafelng, a major collaborativefeft rounds; a cautionary tale. Howevalt the
developed with members of the JCSMRy,5 on amplification of these antibiotics by
gr%c\j,&cnal(segh;”yggry(;o%ggpéarﬁ)r???eoengessentially in.active .adjuvants is now fully
358), Wiliam éowcien, and colleagues, todocume_nted_ in the literature for posterity
explore this phenomenon of amplification. he'?n fgtls \?vlgictthreezglgé);rfr?f:rg\?eIrntr?glggxt

After a decade of intensive work severa t fad hi |
very efective and nontoxic amplifiers (all hity years ot a dozen monographic volumes

thiopurines or related azines) had been did" the Wiley seriesChemisty of Heteo-
covered, each of these had been shown fyclic Compoundseach written by a mem
reduce the required fettive dosage of Per or former member of Medical
bleomycin to about 10% of normal (with Chemistry with much experience in the-rel
pro rata reduction of toxic side &dcts) in evant field. The ready sale for these expen
the treatment of animal tumours, theSive volumes as well as pleasing comment
required toxicity testing of one such combi from colleagues worldwide confirm the uitil
nation (obligatory prior to clinical trials) ity of such detailed reviews in the laborato
had been completed, and some preliminargies of academia and the pharmaceutical
clinical work had been encouraging. At thisindustry
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Studies on Solution Equilibria by Douglas Perrin

by Boyd Dempsey

Adrien Albert's pioneering application of sional shape, permeability to membranes
the theory and practice of solution equilibriaand acid-base charactekdditional equilib
in the acid/base systems of the acridines amih between hydrated and unhydrated forms
in the metal/ligand system of the iron(ll)- of the acid and base species and their rapid
hydroxyquinolines in the 1940-50s estabinterconversion cause the observed anom
lished the fundamental importance ofalies. Perrin solved the mathematics of the
ionization constants and stability constantsnultiple equilibria and by ingenious adapta
to the study of drug action. Measuring andion of known rapid-reaction techniques
using these constants within the Departmerghowed how to determine ionization eon
of Medical Chemistry became an essentiadtants of both unhydrated and hydrated
activity to which Douglas Perrin contributedforms, and how to measure the kinetic rate
greatly as researcheuthor and lecturer in constants for the reversible hydration.
his career of twenty-eight years at JCSMR. The measurement of the strength of the
As a necessary part of the Department’binding of a metal ion to a ligand is
research in the field of heterocyclic sub expressed as a stability constant and is
stances, Perrin developed rapid and accurateherently more difcult than the measure
methods for measuring the strength of acidment of an ionization constant. Hydrated
and bases expressed as ionization constamstons also compete for the ligand, and a
(pKg values). Moreoverhe recognised the greater number of chemical species can be
usefulness of predicted approximate valuekormed. The nature of the species that can
of ionization constants in many chemicalexist follows from chemical theory but
contexts and with colleagues wrote reviewsletermining their presence and concentra
on the prediction of the strengths ofanic tion is a matter of mathematical analysis of
bases (with James Clark) andjanic acids potentiometric and/or spectrophotometric
(with Gordon Barlin), mainly using the data. Perrin found that even in the simplest
Hammett and aft equations. A user man case of a one metal-one ligand system that
ual published in 1981, which extended thehis analysis was generally inadequate,
methods of prediction and gave workednaking published results unreliable. He
examples for many classes ofjanic com developed better methods. He also found
pounds, has been used as the basis fortlaat the literature was lacking in stability
commercial computer program. constant data at biological conditions of
In the routine measurement of ionizationionic strength (0.15M) and temperature
constants and spectra of pteridines th€37°C) and used these conditions where
anomalous behaviour of 6-hydroxypteridineappropriate. At the next level of fidulty,
observed in 1951 lead to the discovery of one metal-two ligand system, the number
covalent hydration — the (unexpected) addiof possible complexes is still greater
tion of a water molecule across the C=NExtension to multi-metal-multi-ligand sys
bond of an aromatic heterocyclic moleculetems was not practical until the advent of
The reaction was subsequently shown tdigital computers for which programs could
occur in many synthetic and naturally-be written to solve the multiple simultane
occurring heterocyclics of biological impor ous equations involved. Using their pro
tance including folic acid and so remained aram, GAUSS, Perrin and PhD student lan
continuing interest in the Department.Sayce examined the two metal-two ligand
Covalent hydration destroys aromaticitysystem, zinc/nickel/penicillamine/cysteine,
and consequently alters properties of-bioand showed the presence of sixteen com
logical importance including three-dimen plexes. Using the program COMICS, Perrin
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and colleagues studied a blood plasmaccepted the invitation of Commissions of
model containing zinc and copper(ll) cationghe International Union of Pure and Applied
and seventeen amino acids at biologicaktenChemistry (IURC) to initiate, or extend
perature and ionic strength, having previand update, existing compilations of elec
ously studied the individual one metal-onerochemical data. The first of thed@isso
ligand systems for each metal and eachjation Constants of @anic Bases in
amino acid. Quantitative data were obtainet\queous Solutign Butterworths (1965),
on the distribution of copper and zinc amongecorded and critically assessed the -pub
one hundred and twenty complexes. Whilgsheq values of some 3,600 compounds. A
this model was regarded as simple relative tgupplement to this compilation was pub

;[rmepocr?:;tp:‘ier);ittigtse pO{nrgﬁLvB:ﬁg(:h;tpvgf‘esm?g}”s"ed in 1972 with data on a further 4300
of the COMICS program (and its sucees bases. lonization Constants of Inganic

. ; ids and Bases in Aqueous Solutitirst
sors) for studying models that a| rOX|matéACI ) X
morg cIosertilj b%ological systemgf) published by Butterworths in 1969, was

Solution equilibria  considerations _updated and pubhsheq by Bamon Press
brought Perrin into collaborative studies o 1982 as IURC Chemical Data Series No
problems of immediate clinical relevance.29- His mammoth compilation for IO,
The lage stability constant of calcium-eth Stability Constants of Metal lon Complexes
ylenediaminetetraacetic acid (CaEMT 2nd Supplement, Pgamon Press (1979),
suggested to him that EBTmay be useful continued and extended the original works
in the dissolution of kidney stones (calciumof Sillen and Martell. As Chairman of a
phosphate and/or calcium oxalate). Usinggubcommittee of the IURC Commission
buffered solutions of the chelating agenton Equilibrium Data, Perrin arranged the
EDTA, in vitro andin vivoexperiments con update of the Kortum compilation of 1961
ducted with colleagues from the Departmenby some 4,500 acids: Serjeant and
of Biochemistry and Royal Canberra Hospi Dempsey The lonization Constants of
tal produced some clinical success withOrganic Acids in Aqueous SolutioRega-
stones lodged in ureters. itWa colleague mon Press (1979).
from the Department of Microbiology he  |n his own words Perrin wished to be
studied deactivation of a zinc-containinghe|pful to the worker at the bench’.oThis
influenza virus with chelating agents withag he wrote many computer programs on
high avidity for zinc as a possible therapeuipe manipulation of experimental data
tic procedure. .which he made available for general use

Perrin wrote several reference books ifjy g pefore they were routinely available on
the field of solutu_)n equilibria. Wo mono desk computers. These included programs
g(r:ia;pnhcse V;Z:ieeswc:gtz?];or' the iWy-Inter— &n equilibrium and kinetics calculations,

ytical Chemistry an : o .
data plotting, curve fitting and the drawing

Its Applications: Organic Complexing f structural chemical f | |
Agents: Stucture, Behavioyrand Applica of structural chemical formufae. In a Seme

tion to Inomanic Analysis,(1964); and what similar vein he and colleagues_pro
Masking and Demasking of Chemical Reacduced a laboratory reference giving
tions Theoetical Aspects and Practical abbreviated ms.tru.ctlons taken from the lit
Applications (1970). A small volume in the €rature for purifying ‘some thousands of
publishets series of Laboratory Manualsindividual commercially available chemi
covers the theory and practice of acid-basgals’ which has proved so useful that an
buffer action and gives prominence to pMenlaged 4th edition has appeared thirty
as an analogous concept to pH: Perrin anygears later: Armarego and Perriyrifica-
Dempsey Buffers for pH and Metal lon tion of Laboratoy ChemicalsButterworth-
Control, Chapman and Hall, (1974). HeHeineman (1996).
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Douglas Dalzell Perrin (1922-1998) graduated
BSc (1943) and MSc (Hons 1) (1944) from the
University of New Zealand and PhD (1948) from
London University. He was awarded a DSc
degree (London) in 1964. After a postdoctoral
year at Cambridge he returned to the New
Zealand Department of Agriculture. He joined the
Department of Medical Chemistry as a Research
Fellow in 1957 where he remained until ill health
caused his retirement in 1984. He progressed
through the ranks to become a Professorial
Fellow in 1965. Perrin was a regular contributor
at conferences and symposia within Australia; he
presented many invited lectures abroad and was
a prolific author. His long association with the
International Union of Pure and Applied
Chemistry (IUPAC) began in 1963 as Associate
Member on the Commission on Electrochemical
Data. In 1971 he was appointed Titular Member
of two Commissions, Electrochemical Data and
Electroanalytical Chemistry. In 1973 he was
elected Chairman of the newly-formed
Commission on Stability Constants. In these
capacities and as Australian representative he
attended IUPAC General Assemblies in
Washington, 1971, Warsaw, 1977 and Davos,
1979.

Boyd Dempseywho kindly wrote this essagever worked in JCSMR nor was he formally
a Msiting Fellow but working from the Australian Defence Force Academy in Canberra he
collaborated with Perrin and they were coauthors of two of the quoted books.

369



JCSMR - The First Fifty Years

Biological Inorganic Chemistry: 1958—-1966

by Alan Sargeson

Since the early 1950s Francis Dwyer (see @t the time, and the results triggered much
45) had been developing an increasing inteiinterest world-wide and the testing against
est in the use of metal coordination comother oganisms including gram-positive
plexes in biology and medicine. This wasand -negative bacteria, moulds, slimes and
exceptional foresight, since some 20 yeargiruses. The 3,4,7,8 tetramethyl 1,10
later bio-oganic chemistry became a majorphenanthroline complexes proved to have
endeavour world-wide, so justifying histhe optimal activity bearing in mind the
appointment to the JCSMR in January 195&ase of synthesis of theganic base. In
and the establishment of the Unit of Biolog clinical trials in the maternity ward of a hos
ical Inoganic Chemistry (see p. 45). pital in Melbourne the nickel and iron cem
The original research group consisted oplexes were found to be somewhat more
Dwyer (Reader), Alan Sgeson (Research effective than hexachlorophene in control
Fellow), I.K. Reid (Bchnical Oficer), J.W ling golden staph skin infections. Meore
Hogarth (Vsiting Fellow) and two PhD stu over, the mutation rates of thegamism to
dents, H.. Garvan (University of Sydney) adapt to the complexes were much lower
and J.A. Bromhead (ANU). Much of thethan those for hexachlorophene. Despite
original research involved general synthethese advantages, the pharmaceutical-com
sis, characterization and reactivity of metapanies ultimately opted for the latterima
coordination complexes. There was alsoily because it contained no supposedly
however a major exploration of thefett toxic metals. As time showed, howeyer
on a variety of gganisms of various methy topically applied metal complexes are still
lated 1,10 phenanthroline complexes -coneffective antibacterials without the side
taining iron, nickel, copper zinc, effects subsequently revealed for hexa
manganese, cobalt or chromium. In collabchlorophene.
oration with Monsanto and biologists in At the time of these studies, Harry
Melbourne and the ANU, Dwyer had reeog Rosenbay (see p. 231) of the Department of
nized much earlier that there were parallel8iochemistry found that the anti-bacterial
in principle between cationic alkaloids andaction of metal complexes was unlikely to
the positively chaged complexes arising be caused by interference with metabolic
from the nitrogen bases binding to the posipathways. Thirty years latehowevey J.
tively chaged metal ions. In fact, in 1952, Barton at Columbia University showed that
he had suggested that the complexes shoulde phenanthroline complexes inhibited
taste bitter like the alkaloids. it some DNA replication. It is thus not surprising
trepidation, the members of the groupthat the compounds arattive antibacter
agreed to taste the nickel and iron trisal and antiviral agents. Although these
phenanthroline complexes which were-cercomplexes were ultimately not commereial
tainly bitter, but not to the degree of the eon ized, some have remained in use clinically
vulsants, strychnine and brucine. for over 40 years, and new derivatives are
Further studies showed that the metahow being investigated, based on the earlier
complexes were relatively potent inhibitorsresearch and the subsequent understanding
of cholinesterase, but more importantly theyof how such molecules influence DNA
had efective antibacterial activityln partic  replication.
ular, when applied topically the complexes  Another very significant project under
were efective against Staphylococcus taken by Dwyer in collaboration with Bert
aureus the ‘Golden Staph’. This ganism Halpern was the discovery and patenting of
was becoming major problem in hospitals a simple general method for resolving

370



14. Medical Chemistry

racemic amino acids with optically activeogy and medicine. He was clearly one of
co-ordination compounds, both chiral formsthe founders of current extensive investiga
being equally accessible. tions of such co-ordination compounds for

Dwyer's innovative research alertedclinical use. Furthermore, many of the taf
investigators elsewhere to many potentiahnd PhD students of his Unit became signif
uses of ingganic metal complexes in biol icant figures in the chemistry world.
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