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Historically, the subject of Hedical Chemistry has two origins, one 

in Pharmaceutical Chemistry and one in Biochemistry. From Pharma-

ceutical Chemistry it took the intense study of the chemistry of drugs 

and related substances, also the synthesis of potential drugs. The 

derivation from a part of Biochemistry occurred in 1949 when many 

biochemists left the International Union of Pure and Applied Chemistry 

to found the International Union of Biochemistry. These were mainly 

the biochemists interested in cellular components of large molecular 

weight, requiring special techniques for investigation. But others, 

whose special province was the chemistry of components of low molecular 

weight, preferred to stay within the parent organization and benefit 

from techniques being devised for the study of small molecules. Some 

of these workers and some from Pharmaceutical Chemistry became united 

as Medical Chemists engaged in the study of physico-chemical properties 

of small molecules as a clue to biolog ical action. 

By its inescapable preoccupation with water as a solvent and 

reagent, Medical Chemistry became sharply differentiated from Chemistry 

as such. Water is a complex polymer which is t hought to contain on 

average 70 units of H2o in each particle at body temperature. The 

current tendency of conventional chemistry is to avoid it by studying 

reactions in aprotic solvents, in liquefied gases, and even in fused 

salts and fused metals. 

The Department of Medical Chemistry is concerned with the determin­

ation of ionization constants, and of the equilibria between essential 

metal cations and metal-binding components of the living cell, all in 

water. Several years ago it discovered that various heterocyclic 

molecules, related to bases active in body metabolism, have the property 

of building water covalently into their molecules; they shed it again in 

respo se to small c:tanoes i!l ")F . !-n? rt :Frn"'"! this remarkable property, 
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the relative indestructability of heterocyclic substances in the body 

has singled them out for intensive study in this Department . The 

permanence of the genetic code, wl1ich is laid down in purine and 

pyrimidine heterocycles, the durability of the water-soluble vitamins 

in their traces in the body, and the smaller doses in which heterocyclic 

drugs are effective {compared to other drugs), all exemplify this 

principle . 

New classes of 8-azapurines {Albert) 

The 8-azapurines, notably 8-azaguanine which occurs in Streptornyces 

albus, have been shown to inhibit many kinds of experimentally-induced 

cancer in laLoratory animals without harm to the host. However they 

proved inactive in patients because of more rapid metabolism by the 

body's enzymes, ~-~· guanylase. This finding led to attempts to 

synthesize 8-azapurincs having the 7-, 8-, or 9-nitrogen atom blocked by 

a simple alkyl-group such as methyl. The customary synthetic route to 

8-azapurines via 4,5-diawinopyrimidines proved unavailing for these 7-

and 8-blocked isomers. It i3 pleasing to report that two new reaction 

pathways have been discovered which provide convenient approaches to the 

7- and the 8-methyl ·8-azapurines. These reactions employ readily 

accessible 1,2,3-triazoles as starting materials. So far, most of our 

examples have carried a substituent in the 6-position (analogues of 

adenine, hypoxanthine; etc.) . Eliminating this substituent has provided 

the parent substances; both of these readily undenrent covalent hydration, 

which was surprising because the isomer, 9-methyl-8-azapurine does not 

combine with ·1ater. 

Oligomers of heterocyclic substances (Albert, Yamamoto) 

1any examples are known of dilute acids coverting members of 

biologically active heterocyclic families into less soluble material of 

higher molecular weight. Uodern instrunentation, such as proton magnetic 

resonance spectroscopy, facilitated discovery of the nature of some of 

this "spoilt materialh. 4-Methylptcridine produces a somewhat bivalve-

shaped dimer in which the rnethyl - group of one nolecule is added across 

r::olc1 dilut"' .=icic <.~onverte the 
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parent substance, pterid~ nep to 2-runinopyrazine~3-al dehyde, through the 

~-formyl-derivativE of the latte:::-u which readily gives an amidine-linked 

trimer . Quinazoline (benzopyrimidine} is changed by aqueous acid to 

2-aminobenzaldehyde, whose polymerizing behaviour was discussed in last 

year's Report. In addition, the libf.=ra t ed 2-aminobenzaldehyde comb ines 

with unchanged qui nazoline to produce a series of new condensation 

products ranging from monomer to tetrame:r. 

Nucleophilic addition reactions of oteri dines (Albert, McCormack) 

Previous reports have recorded the surprising ability of certain 

pteridines to add (across a double-bond and in aqueous solution) such 

nucleophilic reagents as sodium bisulphite, barbituric acid, and ethanol . 

It was then found that 2-mercaptopteridine also behaves in this wayu 

adding the reagent first to the 3,4-position, but sometimes transferring 

it later to the 5,6- and 7, 8-positions. The §_-methyl-derivative has a 

s imilar, but much weaker, affinity for these nucleophiles. 

Pyrimidines and Purines (Brown) 

Pyrimidines and purines, the familie s to which the coding bases of 

nucleic acids belong, hav.:: unusual and interesting chemical properties 

of which many are insuffici ently known. Rearrangement -reactions abound, 

many of them dependent on ring-opening and -closing . In the further 

exploration of this fieldp the following four studies were undertaken. 

(1) Sulphones anC. Sulphoxides (Brown, Ford ) 

It was found that simple arnines do not ef feet the expected replacement 

of the substituent in 5-methylsulphonylpyrimidine and the corresponding 

sulphoxide. Instead the pyrimidine ring is opened to give (~ ·~· with 

any lamine) 2-methylsulphonyl-1~3-dipentyliminopropane. 

Methylsulphonylpurines undergo the nor:rral replacement, of which the 

kinetic s were studied to obtain better conditions for syntheses and also 

to provide better correlation of s tru cture with reactivity in this 

family . 

(2) The Hilbert and Johnson Rearrangement (Brown, Lee) 

The rate of thennal rearrangement of 2-methoxypyrimidines to 

~-methylpyrimidones is being correlated with the Hammett sigma-values of 

substituted phenyl-qrou~<3 insertec1 in ti:;.e _:,._.,.._·os i ti0n . 
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(3) Rearrangement of ryrimidines to .yr2zclcs 2 (Biffin, Brown, Porter ) 

4-fli.ethoxy-:-ni tropyrirr-idin•) W<'!S found to react with hydrazines in a 

completely unexpected way tc· qive 3-mnino-4· ni tropyr .zoles . These were 

r educea to 4, 5-diaminopyrazol -:.s 1;,.;hich were condensed with 1, 2-dicarbonyl 

compounds to give some unusucl ring~sys er.s w ·'th fused pyra zol e nuclei. 

(4 ) The Dirnroth type rea_rangement of q inazclines (Brown, Engl and ) 

Quinazol ines, which arc benzo-pyrirriidines, ave been found to undergo 

the Dimroth rearrangement, in which an c.lkyl-groui: attached to a ring-

nitrogen atom finally appears in c:n exocyclic amino-group . Preparation 

of the starting materials (2,3~dihydro-7-i .ino-3 -rnethylquinazoline~) has 

involved separation of cis- CJ.nd trans-7-aminobenzaldoximes and the 

ch0rr.cterization of novel Lenzo-oxadiazepines, isomeric with 

quinazoline-~-oxides . 

Penta-azanaphthalenes (Biff in, Brown ) 

The fundamental chemistr.:..' of th pcnta-azanaphthalenes, which include 

such highly . biologically-active substa_nces as toxoflavine nnd fervenulin 

is poorly understood. hence an investigRtion ~as begun of the parent 

substances and such deriv~tiv~s as shoulc lecd t ne2ningful correl-

ations between structure an{l re0ctivit::.1. FvcP the simplest members of 

the series hav~ been foune hi~~ly rencti·e towar~s nucleophil ic 

subst;:.rnces and readily undergo cov~lent hydration . 

Oxazoles CBrm·n, Ghosh) 

The deuterium excnange rates eind ionization constant:.:, of a series of 

o xazoles hav. bean measured, and the proneness of these subs t ances to 

ring-opening by nucleo)hilic reagents exanined under physiological 

conditions. 

Benzoxadiazoles (Ghosh,Whitehouse 3 ) 

Several 7-substituted-4-nitrobenzoxa~iazoles have been synthesized 

for trial as i mmuno-s u ppressive drugs . These highly fluorescent 

substances are also being examinec as histochemical reagents. 
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The living cell ana t .1:-w fluids wl.ich bathe it have been likened to 

arenas where traces of mar:y kinds of heavy metals are vigorously 

competed for by a variety of organic metal~binding substances (ligands). 

The following three projects are contribution3 to a study of the 

equilibria reached in this co~petition. 

(]) Stability Constants {Perrin, Sharma, Childs) 

Accurate stability constants of many complexes between metals and 

aminoacids have been determined under physiological conditions. The 

results have been applied to the computer prograF~e described in last 

year's Report. This is being used to calculate the distribution of 

the various metals between the substances of lower molecular weight in 

blood plasma. The results obtained so far emphasize the importance 

of histidine as the binding agent for copper in this system. 

(2) Mixed Complexes {P8rrin, Sharma) 

.Mixed complex formation w.:rn found to be of general occurrence in 

systems containing a metal ion ai.d nore t han one ligand. Resulting 

cor.plexes are somewhat nore ::;table than predicteCi on statistical grounds. 

(3) Electroaes for bi°valent c.:itions (Perrin, Childs) 

Electrodes, reversible to calciui unc other bivalent metal ions , 

were examined as a means for determining stability constants of 

complexes with alkaline ec>.rth metal ions and other weakly complexing 

cations. 

The deaminetion of 2.mino-heterocycles (Perrin, Kalatzis) 

A study of the kinLtics of dearoination of many aminopyrimidines and 

amincacridines in alkaline solutions has s howr that the aminopyrimidines 

require strong alkali for deamination, whereas the aminoacridines 

decompose under milder conditions. Two diffe:.rent r eaction mechanisms 

have been proposed. 
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Tautomsrisr; in -1-c:minopyridines (Spinner, Batts) 

Comparison~ of ultraviol0t 2nd infr~red spectra, Rnd of ionization 

constants, among pnrent coinpound nnd mt.:.thylated reference compounds 

havr shown 4-nitrW"inopyridine to exist, wholly or largely, as the imino 

tautomer in tie solid state and in water, but mostly as the amino 

tautomer in dioxane. ·lhereas in the cation of ·-aminopyridine the 

positive charge rssidc..s essentially on the nrnino nitrogen atom, in that 

of 4-nitraminopyri<line it resides es~entially on the ring nitrogen; the 

infrared spectra show differer.t ring structures in the two cations. 

'l'automerism in the 2-hydroxyryridine series {Spinner, Yeoh) 

It has been found t~at when a satur~tcd ring is annelated with the 

5 and 6 positions of 2-~yaroxypyridine, any ensuing strain greatly 

affects the tautorneric equilibrium . A compound containing a five­

m~~bered annelated ring, 2,3-dihydro-6-hycroxy-~-methylfuro[2,3-~]-

pyridine, exists in the encl {as opposed to the a?"lide} form to a much 

greater extent than does th six-~cmbGred counterpart, namely 

2, 3~dihydro-7-hycroxy-s~m.-,thyl [ 2, 3-~] pyridine. 

Vibration-spectre! com?arisons of cnrboxvlate ions, 

ni trc• compounc-, and ni troI<~te ions (Kang, Spinner) 

1he NO stretching freauencies in surstitute nitro:r.iethanes behave 

rather like the CO stretching fr~qu8ncies in substituted acetate ions, 

the higher frequency Leing sensitive: to the polar effect of the 

substituent and the lower one to its mu.ss. In nitronate anions, on 

the other hand, both NO stretching frequencies behave alike, as 

expected in a system of c 2v symmetry: both are lo'lered as the mass 

of the substituent increases. 

Second.'lry deuterium isotope effects on ionization 

constants {Ba.tts, Spinner) 

Small structural changes often affect the biological action of a 

molecule profoundly. One -;."':..'] of producir.g sPnll but subtle changes in 

the chemi cal and physical properties of c.. molecule - which will 

undoubtedly prove medicinally useful at times - is to substitute 

deuteriun for a. non-labile protiu · . vorY-,. on si:rnole substituted 
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pyridines u aimed 0 t e luciC::.:1t.:..ns tt·.e~:lE: c:vmges h.J.s shown that cieuteriu.m 

t e nos t o be bas.~··~·1ec.ke ins ii: •;tror.,g lv ;: l e ctron-dernan d ing environments,. 

b ut base-~trengtheni~g ~tbcrwis2 . 

P.edJ.ced dt:tf'rocyclic Conpoun4s (Armc.rego) 

Fully hydrogenat'~d c1.iaZ ('l.na?hti"1Al enes h,:::>' ''° be r:?n li t-_ tle explored . 

'They assume a new interes t f r o11l the di s cove ry that t he paralysant, 

tetrode toxin, is a perhyr1ro-(1 uin·1zoliri · . Cat aly tic r eduction of 

naphthyridines in Et! anol gave tetrc>.hydro~n.:\phthyridines , whereas 

cataly tic reduction in acid medium or n~duction w.i th sodium and ethanol 

gave the decahydro-analogues. By meaLs of n uclear magnetic resonance 

spectroscopy, it was founc possible to distinguish bc~tween cis- and 

trans-fused dee hydro-diazanaphth~lenes. 

Quinrzoline studies (Arraa rego, Smith) 

The hydration studies of a lnrge number of quin a zolines has been 

completed. The effects of substitu~nts on the r~tio o f hydratec to 

anhydrous neutral species w12 re shown to be compa r n.ble to those observed 

in the respective c~Lions. The displ~cemcnt of fluorine and chlorine 

from the benzo ring 'Jf quinc.. zo lin8 1:-y .c:! thoxi de ions followed t he order 

of position 7>5>6 and 8, aud the fluorine ato~ as displaced more 

readily than the chlorine a tom. 

Proton l'lagn12ti c Resona.nee Studi2s (Bc.tterharn) 

Analysis of the p.m.r. spectra of s ubstituted aromatic and hetero­

aromatic systems has continued wi t~: tL- devt:) lopment of refined 1 ethods 

for de-composing theSE complex cpectrc. 

An extensive study of the p .m.r. spectra of nucleosides led to the 

a,!.Jsolute stereochemistr1 of the cobarnide-meaiated reduction of adenosine 

to 2'-deoxyadenosine (with R . L. Blakley4 ). 

Mass Spectra of Quinazolines (Bat t e rha.f! , Wunderlich5 ) 

Mass spectra of qu.:..nazoline a n d i t s deriv1 tiv0 s showed that the system 

bro ~e down by el i!<: ina. tion o f two molecul es of hydrogen cyanide to give a 

benzyne radical ion. I n subs tituted quinazolines pathways associated 

with the substituent were a lso observed. 
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I 
Kinetic studies of chloropurines (Barlin) 

There has been much confusion in t he literature as to the relative 

reactivity of positions 2-, G- 1 ana 8- in the purine nucleus. Kinetic 

studies of the replucerr,ent of a chloro- by a methoxy- substi tuent in 

chloropurine anions have now shown that the a-position is the least 

r8active and the 6-position the most. Hm1ever in chloro-9-methyl-

purines, which cannot form an anion, the 2-position is the least 

reactive and the a-position the most. 

Comparative kinetic studies of heterocycles (Barlin, W.V. Brown) 

.Methylsulphinyl derivatives of pyridine, pyridazine 1 quinoline, 

quinoxaline, phthalazine 1 and cinnoline have been made for the first 

time and the kinetics of their reactions with sodium methoxide studied. 

The surprising fact emerged, that t here is little difference in 

reactivity between a methylsulphinyl- and a methylsclphonyl- group in 

these nuclei, but both groups are much more reactive than a methylthio-

group. The use of alkyl groups bulkier than methyl is under investig-

ation to evaluate the extent of steric hindrance in these reactions. 

Quantitative Hicroa.nalyses (Fildes, Jaason) 

Following the trend of biologists to sub~it ever smaller samples, 

research has been directed more and more to methods suitable for the 

submilligra.rn region. 

Investigation of a methylene-blue method for de termining, spectre-

photometrically, subrnilligram amounts of organi c ally bound sulphur (over 

the 10-100 µg. range of ~) is giving reasonable promise for development 

into a publishable method. Organic matter in the sample is first 

decomposed by reductive fusion with potassium metal in a sealed glass 

tube . The principal problems to be overcome a re the variable blanks, 

due to traces of sulphur contaminants in the atmosphere. 

A study of methods suitable for the d6te.rmination of phosphorus 

(over the 0.1-3.0 mg . range of P) has shown t hat its spectrophotometric 

determination as phosphovanadomolybdate is more reliable than the 

usual molybdenum blue method. 

The range of applicability of the F. & M. au tomatic analyser for 

carbon, hydrogen and nitrogen was further studied, with special 

reference to liqui e-. samples, end to org'"'.nic sol ids containing phosphorus, 



I 
TEACHING A: :D O~HE~ l\CTIVITir.S 

£: /196 8 

p.10 

Ther-.; u.rc se:v,~r1 .: tuc:cnt.s proce(~ ·'ir<J to t!1e deqrc.e of Doctor of 

Philosophy -.nc. h·10 Re ,t:ar .t: F.ssis t1:1n-·c:; 

the liaster of Sc i ence ccgrtc . . r 'l' . 

'lrc c; tudy ing part-tin.e fo r 

'obci.ya..shi (Tokyo) joineC:. the 

De::..>artment in IJovenbcr , s R :searci Scholar . The following 

s tudents recc:::ived their P~1. D. dcgre;e::s during the year: 

J.G. Catter 811, R . V . Foster , ,J. Srnitl-. , J. ·L Buntingr 

M. N . Padden- Ro , u.nd I . C:. Sayce. 

Dr Spinner arr~nged t e Dcparbnent 1 s weekly seminar series. 

Dr Arma r ego r eturned from a year's study leave spent at the 

Milstead (Shel l RE:senrch) LaborJ.tori cs c::· t S i t tingbourne i n Kent, 

England, where he worLed with Dr J . r. Cornforth, F .R.S. on t he 

SJnthesis of vitamin Bf!" 

Four Ph .D. t: c.ses were ex:; ... minec'v for o t her Universities, 

by P rof~ssor Albert, Dr Brownv ~nd Dr Perrin. 

Professor l.l l>ert opc-r:ed a. syr-rposimr un ·Biological Inorganic 

Chemistr1:1, u.t the 39t1 A . l . Z . P..l .s. Congress 1 Mel bourne, in 

J anuary . 

Professor Al bert g~v0 tlie first :~emorial Lecture in honour 

of the late Professo r S.E. \,right, at the Prince Henry Hospita l , 

Sydney, in October. 

Dr Brown wa s o ne of t he invi ·-~d spe.:!kers at the opening of 

the F irst Inte r at"onal Heterocyclic Conference c- t Albuquerque 

(U . S .A . ) i n June, and again ,~ t t hs Gore.on Research Conference o n 

Heterocyclic Chemistrt at Tilton (U.S.A.) in July . He a lso 

l ectured i n the Farv a rd University f·le ict"ll School a nd t he 

Aqricultur31 Uni re s ·ty at We. eni ngen, Hol l and . 

Dr Fe:rrin was s l Lc t ed Titular l•1emr er of the Electro analyti c a l 

Commi ssion of. the Internatior:al Union of Pure and A.pplied Chemistry, 

Reg ional Advisory L i tor for t he ''Anal yst'' , and Australasian 

representative for tie Bociety for Anulytical Chemistry. 
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Dr Armarego guve 1-ctures in the Universities of London, 

Bristol, E.~s t llnglia, s-:~lfor-:. a;~c- S tr2thclydE:. Dr [~pinner sooke 

nt th~ Sixth Austi:-.:·li.-m Spectro!:i....:opy conference, Brisbane , in 

August. Dr Fildes SFJ.VE. an invitee lc:;cture to the R.A.C.I. Third 

Biennial SymposiuM of Analyticcl Chemistr-..1 1 Unive r si ty of Newcastle, 

in May . 

Specimens of substances discoverec in the Department were 

requested by Profe:osor D .o . Jorc1 "'\n (University of Adelaide ) ; 

Dr Q. Porter (Univ~rsity of Melbourne); r R . Hoskinson (C.S.I.R.O., 

Mt:lbourne); Dr J . J. ;~cCorn ck (Urii vers i ty of Vermont Medical School) • 

A member of the Research Sc'1ool of Chc:1istry and one f ram the 

Department of Physical Biochemistry were guests in the Department 

for a few days for instruction in ~articular techniques. 

Services for the first 2h.:iven mont 1.s of 1 96 7. The routine 

determination and interpret~ti.on of 1800 i:uclear magnetic resonance 

~pectra were me.de by Dr B."'tterh m. Of t l!.ese 300 were for other 

Departments of the School. Dr Perrin urrcngcd the routine determin-

ation of 108 ioni~ation constant3, of WJ ich nine were requested from 

outside the Depart.rne:nt . Routine de ternin0tion of optical spectra 

supervised by Dr Spinner com.risea 115 ultraviolet and 16 infrared 

spectra; half the latter were for members of other Departments. 

The routine microanuly .ical s8rvice under Dr Fildes carried out 

1972 microanalyses and special weighinqs on t he 828 samples submitted 

by 51 research meITibers o f tlie John Curtin School and the Research 

School of Chemistry. These figures for microanalyses exceed the 

output for the 12 nonths of 1966 which w.=is a record year. The 

atomic absorp tion spectrometer was much used by the Department of 

Physical Biochemistry, and also by the Pesearch Schools of Chemistry, 

and of Social Sciences (Geography). 

The Department's large-scale l aborato ry purified 50 0 g?.llons of 

solvents of which 40% wen:: used by other Departments of the School. 

A large~scale batch of 4, 5 ·dLvninopyrimidine , valued at $4000, was 
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A LBE"9.T; A. 

'Patterns of metabolic clisposi tion of drugs i n '"'. cm :\nd other 

species'. Cic~ Found?tior Sy~posiun on Drug Responses in .ian, 

)Jp . 55-'.'.';3 (1SC7). (FO. . ~. Folstenholrne and}{ . Porter). 

Churchill, Lonaon . 

ALBERT, A . 

'The 1'.aterial Bn.sis of Sel ctivi ty' . Laggesgaard-Forelaesninqe 

1966 He.orial Lecture . Dansl· Ti dsskr. Fann , , 1Jl, 4 3-60 (196 7) • 
'".,,.,,,,. ..., 

i-.LBERT, A . 

'The variety of effects of chelating agents on o rganisms'. 

Aust . J . Sciq ,:39, 1- 7 (1967) . 

ALBERT, A. 

1 h new rout~ to 8-mcthyl-8~azapurincs (2-methyl-2H-

l,2,3,~,6-Qcnt 3- azaindcnes) '. Chem. Commun . chem . Soc., 

6 B 4 - 5 ( 1 ti 7 ) • 

2:\LBERT, A . 

0 hydrata.tion vo1 C=.i Bindungen in Hetcroaronaten 1 (in German). 

Anqe\o..andte Chc·mie, /.':!,, 013·-~2 (1967 ). 

7 - .. 
L • ( .. i • 

O i ·-· a"t.ive: ::-upl <·~e (...nt o ~ t h e hydrazine-group by hydrogen 

J . chem . Soc., (C) 

1 5 33 - .a '19 6 7). 

AR:.AREGO, "J. I... P . 

'NaphtLyricines . Part III. Tetrahydro- and decahydro-1,5-, 1,6-, 

1,7-, and 1,8-r?phthyridines'. J . chem . Soc ., (C) 377-83. U967). 

l'-.. RM.1H~EGO, ~-4 . L . F . 

'Fu sed Pyrimidines. Part 1: Quinazolines'. Interscience-Wiley, 

New York, xx+539_pp. (1967). (book) . 

AR.MI.REGO r W. L. F. ;-ind SMITH, J. I. C. 

~Quinazolines. Part IX. Llv~lent hydration in the neu trol species 

of substituted quinazol~nes 1 • J.chcrn.Soc., (B) 449-54 (1967) . 
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BARLit.1, G. B. 

0 The relative Glectron-r1o.,l e csing pm· er of a singly bound, rinc 

the electron-~ttrE'c.:inn power of 2 doubly bound, nitrogen C\tcm 

when present in the S·>r (; five-'1'.eriJ:0r0d ring'. J. chem. Soc. , (B) 

64 1-7 (1967). 

El1 RLIN, G. B. 

'Kinetics of re~ctions in heterocycles . Part I!. The reaction 

of chloropurint;;;S nnC. their 9-rn(:..thyl derivatives with socium 

ethoxid~ or pip ridinc 1
• J.chem.Soc., (B) 95,~-8 (1967). 

BARLIN, G. o. and Bl'.TTER :.lmv 'i1 • J. 

'The proton ..... 12.JT.etic resonance spectra of some diazoles f triazolcs, 
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