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RESEARCH WORK

Introduction

¥edical chemistry is the study of chemical families in which
strong and highly selective biological effects reside. It covers
(i) the organic chemical syntheses of these substances, their
analysis, and the study of their chemical properties, (ii) the
study of their physical properties and attempts to correlate these
with molecular structure, and beyond this with biological properties,
and (iii) the inorganic co-ordination chemistry of biclogically-
active metal cations.

In this Department the subject is being developed by (a) studies
of the heterocyclic chemistry of substances related to the nucleic
acid bases, especially the physical and organic chemistry of
pteridines, pyrimidines, and purines, and (b) quantitative studies
of equilibria involving biologically-potent heavy metal cations

with biologically-occurring ligancds.

Covalent hydration of 8-azapurines (Albert)

Although, in 1965, no hydration could be detected in members
of the purine family, the 8-azapurines have now been found to have a
high affinity for water, which they add across the 1,6-double bond
(and hence eliminate it). This hydration can be repressed by
inserting a methyl-group in the 6-position, where it offers the
expected steric and electronic hindrance, but the similar effect

of a 9-methyl group was unexpected and wilil be investigated further.
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Covalent hydration has.considerable biological importance: the
presence of a hitherto unexpected alcocholic group must alter the
pattern of distribution in the body. iioreover hydration can produce
a substance which can serve as a depot for a more biologically active
substance if this is obtainable by gentle oxidation. Thus the
hydrated form of 2-amino-8-azapurine is readily oxidized in vitro to
8~azaguanine which is highly active against cancer in the rat, but

is eliminated too fast from the human body to be a useful drug.

The possibility that hydrated 2-amino-8-azapurine may act as a
precursor of 8-azaguanine is being testec for us by Dr. Chester Stock
in the Sloan-Kettering Institute (New York).

Nucleophilic additions in pteridines (Albert, McCormack)

The surprising ability of certain pteridines to add Michael
reagents, demonstrated here last year, has been extended to
2-aminopteridine which gives 2-amino-3,4-dinydro-4-substituted
pteridines with the following nucleophilic reagents: sodium hydrogen
sulphite, dimedone, 4,6-dihydroxypyrimidine, barbituric acid,

2-thiobarbituric acid, nitromethane, and even ethanol and methanol.

The oxidation of heterocyclic hydrazines (Albert, Catterall)

In a comprehensive study of the best conditions for replacing
a hydrazino-group by hydrogen in heterocyclic compounds, two
reagents proved to be ocutstandingly reliable, (a) oxygen in the
presence of ethanolic alkali, and (b) agueous cupric sulphate.
This replacement reaction is useful for the synthesic of many
nitrogen heterocyclic substances required in medical chemistry,
and encugh knowledge has now been obtained for the reaction to be
undertaken with more confidence than formerly.

Polymers of Z-aminobenzaldehyde (Albert, Yamamoto)

hen Z-aminobenzaldehyde is stored at room temperature, a
trimer is formed, whereas acidic conditions produce the salt of a
tetramer which is changed on neutralization, to another tetramer of

more complex structure. These substances do not have the simple



constitution assigned to them in the literature, but are cage
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moelecules whose exact structures have now been determined by
physical methods (principaily ultraviclet, infrared, and proton

magnetic resonance spectroscopy).

Pvrimidines (Brown)

The quite special importance of the pyrimidines nucleus in
flature is indicated by the new types of pyrimidine constantly being
discovered in ribonucleic acids (both transport and microsomal).

To increase knowledge of the chemistry of this still imperfectiy

understood nucleus, the followina studies were undertaken.

Mucleophilic displacements in pyrimidines

(8rown, Fosfer, Ford)

Aminolyses of 2- and 4-methoxy (or methylthio) pyrimidines
bearing C-methyl, 5-bromo-, or 5-nitro groups have proved of value
for preparing the corresponding alkylaminopyrimidines in the
absence of solvent. The rate constants indicate mild deactivation
by methyl groups, moderate activation by a bromo substituent, and
profound activation by the nitro oroup.

Pyrimidine 2- and 4-sulphanes and sulphoxides have been founc
to undergo facile reactions with nucleophiles. Rate constants for
their aminolysis indicate a slightiy greater reactivity than the
corresponding chloreopyrimidines, and some 105 times the reactivity
of the thicethers from which they were derived. The work has

been extended to the pnurine series.

The Bimroth Rearrangement

(Brown, Paddon-Row, England)

The facilitatina effect of electron-withdrawing croups on
Dimroth Rearrangement of l-alkyl-1,2-dihydro-2-iminopyrimidines has
been further explored: 5-hale, 5-carbamoyl, or S-cyano substituents
increase the rate in that order; so toc does replacement of the
N-alkyl group by an allyl, 2'-hvdroxyethyl, benzyl, or
p-nitrobenzyl group. The introduction of a 5~ or H-prop-2'-ynyl

-—

group leads not only te rapid Dimroth Rearrangement but also te
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interesting isomerizations in the side chain to yield
allenyl and prop-1'-ynyl derivatives as well as bicyclic
products.

Dimroth Eearrangement proceeds rapidly and normally in
anhydrous secondary amines, e.q. diethylamine, but not in primary
amines (abnormal alinhatic products). No reaction occurs in
tertiary amines. This behaviour is consistent with the previcusly
postulated mechanism in aquecus media. Rearrangements of
1,4-dialkyl-1,2-dihydro-Z-imincpyrimidines proceed so very
sluggishly that hydroclysis tc the corresponding oxopyrimidines
overrides -the reaction. “hile the reason for this was being
sought by proton magnetic resonance technigues., in collaboration
with Dr T. Batterham, a new and rapid (acid/base catalysed)

deuteraticn of the 4-methyl groups in such molecules was discovered.

The "Christmas Rearrangement”(Brown, Paddon-Row)

This reaction, first discovered in this Department in
December 1965, is exemnlified by the iscmerization of l-aryl(or
banzyl)-4-mercapto-1,2,3,5,7-penta-azaindene to 4-aryl(or benzyl)
amino-1-thia-2,3,5,7~tetra-azaindene, It has now been shown that
each rearrangement reaches an equilibrium (from either component)
in the molten state or by beciling in an alcohol or other solvent.
In most cases the equilibrium constant favours the thiatetra-azaindene,
but in alkali the acidic mercaptc compound is favoured. Electron-
withdrawing p-substituents increase the rate of equilibration, and
a rectilinear plot is obtained for Hamnett's sigma-values against

tog ke (rate of fission for the penta-azaindene).

The Hilbert and Johnson Rearranaement (Brown, Lee)

The effect of substitution on the rate of thermal
rearrangement of alkoxypyrimidines has been further explored.
The measured rate differances are quite small with the exception

of that occasioned by a nitro group.

S-fiitropyrimidines (Brown, Biffin, Lee)

Attempts to make 5S-nitropyrimidine in many laboratories have

failed. Following the general study of hydrazino heterocvcles,
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mentioned above, 4,8-dihydrazine-5-nitronyrimidine was oxidized
by silver oxide in methanol to give 5-nitropyrimidine in good
yield, Its cation was covalently hydrated, the first example of
this phenomenon in a single ring heterocycle. Similar reactions

nave been used to make related compounds.

Equilibria between wetal cations and organic

complexinc substances (Perrin, Sharma, Sayce)

To throw more light on quantitative aspects of metal-complex
equiiibria in biological systems, a computer programne has been
developed for calculating the concentrations of metal complexes
(including polynuciear, mixed, and hydrolysed species) in multi-metal
multi-ligand systems, by using the values of their stability
constants. Such systems, also serve as models of metalloenzyme-
substrate interactions. Stability constants of such complexes
for several bivalent metal ions with representative 1igands have
been obtained from potentiometric measurements: calculations were
carried out with a general computer programme into which were fed
the titration data and the known constants for complexes containing
only one typne of ligand. Tuantitative equilibdria under physiological
conditicns between histidine and bivalent metal ions, including
copper(II), have been elucidated. Sulphur-containing ligands
readily form nolvnuclear complexes with metal ions: stability
constants of scme of these complexes have been obtained. However

peniciliamine, fer steric reasons, forms onily mononuclear complexes.

Fanid-reaction technigues (Perrin, Bunting)

Ionization constants have been found for unstable hydrated
cations in the quinazoline, triazanaphthalene, and £-azapurine
series, also the equilibrium proportions and the kinetics, all by
using a modified Britton-Chance tvpe apparatus with quartz capillary
reaction cell, spherical lenses, cathode tube display, and rapid-

repeat photogranhyv.
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¥itrosation and deamination (Ferrin, Kalatzis)

Rates of hydrolytic deamination of neutral molecules of
G-amino-, 9-methylamino-, and 9~-dimethvlaminoacridine were found to
be independent of the hydroxyl ion concentration of the solution.
The mechanism of the diazotisation of 4-aminopyridine has been
elucidated. In acid solutions the resuliting 4-pyridine diazonium
ion (like the corresponding 2-isomer and the K-nitroso derivatives
of a- and y-methylamino-li-hetercaromatic bases) readily undergo
hydrolysis.

Carboxylate ion structure (Spinner and, in part, Kang)

Vibration~spectral studies of the bend structure of the
carboxylate grouping have been continued. In crystalline sodium
formate the (time- and space-averaged) crystallographic site
symmetry of the formate ion is Cgh, and the ionic symmetry c2v5
if the local, short-term, symmetry of the ion were the same as the
crystallogranhic symmetry, no crystal splitting of fundamental
vibration bands would be permitted. Ectually the infrared band
of HCOZNa at 136¢€ cm.‘l does show crystal-splitting, very
prominently after isotopic cilution with DCOZNa, and irrespective
of the precise method of crystallization of the specimen or the
precise conditions of examinaticn (disc or mull).

If the 002' grouping had CZv symmetry the two carboxylate
stretching frequencies would show a roughly similar susceptibility
to intra- or inter-molecular environmental effects. Actually, in
benzenoic¢ carboxylate ions the frequency near 10C0 cm.’1 moves over
a range of 150 cm."1 according to the polar effect of the substituent,
while that near 1400 cm."1 does not vary with substitution, especially
in agueous solution. In solid group I and group Il metal salts of
substituted acetic acids, a regular pattern of cation effects on
carboxylate stretching freguencies is normally observed, irrespective
of the substituent in the anion; exceptions attributable to crystal

packing effects are rate: replacement of a univalent metal ion by an

iscelectronic divalent one has little 2ffect on the carboxylate

1 1

stretching frequency near 1600 cm.”*,but raises that near 1400 cm.”

considerably.
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Fine structure of pyridines (Spinner, Batts)

A study of douterated and other substituted 4-pyridones has
shown that there is no localized carbonyl stretching vibration
in these compounds; instead, mixed C=0/C=C stretching occurs.

A vitration-spectral study of the bond structure of the
t-aminopyridine cation by means of ring deuteration, nitrogen
deuteration an< nitrogen methylation would make it appear that
this ion has an amidinium ion (pyridone-like) structure, and
not a pyridinium ion structure, or one intermediate between
the two. This is at variance with widely-held opinicon based
on ionization constants.

Vibrational assignnents and vibrational mixing in some
pyridines anc¢ pyridinium ions have been elucidated by ring
deuteration.

Physical preperties of Di- and Tri-azanaphthalenes

(Armzrego)

The infrared and n.m.r. spectra of many families of di- and
tri-azanaphthalene (aiso 1,4,5,5-tetra-azanapnthalene) were studied
to form a background of reference for contemplated synthetic work.
The difficult study of the (very small) proportion of hydrated
bases in the neutral species (mainly anhydrous) of twenty-eight
guinazolines was commenced.

5-tiembered heterocyclic rings (Barlin)

Many 5-membered heterocyclic nuclei of great biochemical
interest (e.g. imidazole) contain two opposing influences.
Electron release by a singly bound nitrogen atom is opposed by the
electron attraction exerted by the doubly-bound nitrogen atom.

To evaluate the relative strength of these effects, the reactivity
of the bromine atom in a series of bromo-l-methyl-tetrazoles,
-triazoles and imidazoles with piperidine in ethanol was measured
by studying the kinetics of its reaction. The results showed,
by comparison with those obtained for 2-bromopyridine, that

from two to three deubly bound nitrogen atoms were required in

azoles to overcome electron release from the singly bound atom and
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reach the reactivity of 2-dromepyridine. Some larage

positional effects were also chserved.

Kinetics of the methylsuiphonyl-croup

as a leaving aroup (Barlin, Y. V. Brown)

A series of naw methylsulphonyl-derivatives of pyridine,
pyridazine, pyrazine, quinoline, iscaquinoline, quinoxaline,
cinnoline and phthalazine have been prepared. A study of the
kinetics of replacement of the methylsulphonyl group by
methoxide ion in methanol showed that thes methylsulnhonyl group
is very reacdily exchanged. Wherever direct comparisons were
possible, the methylsulphonyl compounds were fourd to be from
40 to 100 times more reactive than the corresponding chloro
compound. The methylsulphonyl group in the above series of
compounds was found alsoc to be reacdily replaced by hydroxide
ion, ammonia, methylamine, n-propyiamine, hydrazine, sodium

hydrogen sulphide and sodium cyanide.

The site of protonation of azoles (Barlin, Batterham)

The preton magnetic resonance snectra of various charged
species of thirty five 2zoles were measured. This data
reveals the site of protonaticn in imidazoles and

1,2,4-triazoles. Soivent effects were &lsc examined.

Proton aagnetic Resonance studies (Batteriam)

p.m.r. spectra of many families of nitrogen-heterocycles
nave been determined and interpreted, during the year, The
surprising observation was made that the pteridine cation, after
hydration in the 3,4-position, transfers this water te the 7,8-.
and adds a second molecule in the 5,6-, positions (with Albert
and icCormack). The stereochemistry cf cobamide-mediated
nycrogen transfer in the bicsynthesis of deoxyribonucleotides
has been decided (with R. L. Blakley). See also above under

srovn.
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TEACHING AND OTHER ACTIVITIES

0f the Department's twelve scholars proceeding to the degree
of Doctor of Philosophy, thrze satisfied their examiners during
the year: of these, two (Mr. J. Smith and !ir. R. V. Foster)
have taken up research work in pharmaceutical industry and one

(Mr. J. G. Catterall) has a postdoctoral fellowship at the

"

University of Warwick, Coventry. Three other scholars

(tir. M. Paddon-Row, Mr. I. G. Sayce, Mr. J. Bunting) have presented
their theses and are awaiting examination. One new scholar

(Mr. G. B. Yeoh) commenced during 1966. One of the twelve scholars
(Mr. J. Bunting) holds a Commenwealth Postgraduate Award, and

one (Mr. P. Ford) a €C.S.I1.R.0. Postgraduate Studentship.

Dr. E. Spinner arrangec the Department's programme of
seminars, which were held at fortnightly (sametimes weekly)
intervals. Dr. T. J. Batterham gave a course on Nuclear
Magnetic Resonance to the School in February and HMarch.

The Cepartment helped organize the Third Naticnal Convention
of the Royal Australian Chemical Institute including the Fourth
Australian Heterocyclic Symposium in Canberra (Aug. 15-18). Papers
were presented by Drs. Brown (Chairman), Barlin, Batterham, Batts,
Kalatzis, Spinner, and ifessrs. W, Y. 2rown, Bunting, England, Lee,
Paddon-Row, 2nd Yamamoto.

Professor Albert spent eight months in the Northern Hemisphere
on study leave, mainly as an Honorary Research Associate at
University College (six months). He also visited Departments of
Chemistry and Pharmacology in Istanbul, Bucharest, Cluj (Rumania),
Belgrade, Catania, Rome, Milan (one month in the Istituto di
Farmacologia of the University), basel, Zurich, Hamburg, Kiel,
Stuttgart, Munster, Bonn, Copenhagen, Stockholm, Paris, Vienna,
Philadelphia, Seattle, and Vancouver, then took part in the
9th International Cancer Congress (Tokyo) and visited Universities
in Tokyo, Sendai, Nagoya, Osaka, and Kyoto. He gave thirty
lectures in various centres of research on selectively toxic agents.

Four Ph.D. theses were examined, for other Universities,

by Dr. D. J. Brown.
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Specimens of substances discovered in the Depertment have
bean sent on request to Nr. P. Handler {(2iochemistry Department,
Duke University, #.C.): Dr. J. Jacobus (Division of Medicinal
Chemistry, U. S. Department of the frmy); Or. M4, Sordon (Smith
Kline & French, Philadelnhia); Dr. D. Shugar (Poland); Dr. Chester
Stock (Sloan-Kettering Institute for Cancer PFesearch); Dr. .
Jacobson (Cambridge): Dr. A. R. Peacocke (#uffield Department of
Clinical Biochemistry, Gxford).

Large scale eguipment was put at the disncsal of the
Biochemistry Department of this School for the processing of
nucleotides; also the Canberra Fire %rigacde used our large scale
plant for the dilution of concentrated sulphuric acid. Absolute
and s.v.r. grades of alcohcl were routinely purified for the whole
of the John Curtin Scheool, thus reducina the cost from $10.00 to
38¢ per winchester bottle. Four oroanic syntheses were carried
out for other Departments. The large-scale laboratory was in use

cn 40 per cent of the working days of the vear.

A computer of average transients for thz enhancement of the
sensitivity of the Perkin~-Elmer R10 nuclecar magnetic resonance
spectrophotometer was installed in December. The determination
and interpretation of 1500 nuciear magnetic resonance spectra were
made of which 300 were for other Depariments in this School.

Spectroscopic service work in Dr. Spinner's section comprised the

determination of 227 ultraviolet and 12 infrared spectra.

The Analytical Chemistry section of the Cepartment carried
out 1943 microanalyses and micro-weighings, on 858 samples, for
the whole of the John Curtin School, representing a 10 per cent
incréase over the average for the previous five vears, and a
12 per cent increase over last vear. Analyses carried out for the
Inorganic Chemistry Unit of the Research School of Chemistry
exceeded these for 196& by 44 per cent. About 2.5 per cent of the

carbon, hydrogen, and nitrocen analyses were completed on the new
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gas-chromatographic F. and M. Analyser which was installed in June,
but was out of service through a defect between early August and
November, This semi-automatic apparatus has proved particularly
useful for perchlorates and azides which often explode in the
furnace. At the request of the School Committee, thorough

analytical checks were applied to fifteen "Analytical Grade"

chemicals of Australian manufacture, wnhich were compared simultaneously

with the leading imported brands. It was found that the overaill
quality of many of the local manufactured chemicals conformed to
the standards recommended by the American Chemical Society

(Dr. Fildes and ¥iss Jaason).

During the year, the Perkin-Elmer Atomic Absorption
Spectrophotometer was used frequently by research members of other
Departments in this University (Biochemistry, Physical Biochemistry,
Experimental Pathcloay, Geography and Zoology); the Departiment of
Geography (Research School of Pacific Studies) has also been
helped with pH measurements.

PUBLICATIORS
ALBERT, A.

The Acridines, their Preparation, Physical Chemical and

Biological Properties, and Uses. 2nd Edition, revised and

enlarged. Edward Arnold Ltd. London, xii + 604.

ALBERT, A.
*3H-1,2,3,4,6~-Penta-azaindenes ("8-Azapurines.") Part I.
Covalent Hydration, Syntheses, and Reductions'.
J.chem.Soc. (B) 427.

ALBERT, A.

‘Purine Studies. Part IV, A search for Covalent Hydration
in 8-Substituted Purines.' J.chem.Soc. (B) 438.
ALBERT, A., BATTERHAM, T. Jd. and McCORMACK, dJ. J.l

'Pteridine Studies. Part XXXIII. Equilibria between
3,4-hydrated and 5,6,7,8~dihydrated Cations'.
J.chem.Soc. (B), 1105.

ALBERT, A. and McCORMACK, J. J.!

'Pteridine Studies. Part XXXII. Nucleophilic Addition Reactions

of 2-Aminopteridine'. J.chem.So0c. (C), 1117.
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ALBERT, A. and TRATT, K.
'The Rearrangement of Aminofl1.2,3)thiadiazelo([5,4-d]lpyrimidines
to Yercapte-8-azapurines, and its Retrogression'.

Angevandte Chemie (German Ed.) 78, 596: (Internat.Ed.), 5, 587.

ALBERT, A. and TRATT, K.
'A Hew Route to the 7-liethyl-%-zzapurines (1,2,3,4,6-Penta-

azaindenes). Chem.Commun.Chem.Scc. 243,

ALBERT, A. and YAMAHOTO, H.
'The Structures of the Anhydro-polymers of

2-Aminobenzaldenyde'. J.chem.Soc. (B) 856.

ARMAREGO, W. L. F.

‘C~-1 and C-3 Protonation of Indolizines'. J.chem.Soc. (8) 191.

ARMAREGO, ¥. L. F., BARLIM, 6. B. and SPINKNER, E.
' The Infra-red Spectra of some Tiaza- and Triaza-naphthalenes

and of 1,4,5,8-Tetraazanaphthalene'. Spectrochim.Acta, 22, 117,

AR#AREGO, W. L. F. and BATTERHAY, T. J.
'Proton tagnetic Resonance Spectra of some Di~- and Tri-

azanaphthalenes and Nitroisogquinolines'. J.chem.Soc. (B) 750.
2

ARMAPEGO, W. L. F., BATTERKA®, T. J., SCHOFIELD, K.
THEOBALD, R. S.°

and

'Reactions of ?lethazonic Acid. Part V. Formation of

Auinazoline-3-oxides'. J.chem.30c. (C). 1433.

ARMAREGOD, W. L« F. and SHITH, d. 1. €.
'Quinazolines., Fart VIII. Electronic Effects in 2-Substituted
Quinazolines'. J.chem.Soc. (C) 234.

BARLIK, &. B.

'Tonization Constants of Heterccyclic Substances. Part VIII.

1,3,5-Triazaindenes'. J.chem.Soc. (B) 285.

BARLIK, G. B. and PERRINM, D. D.
‘Prediction of the Strengths of Crcanic Acids',

Q.Rev.chem.Soc. 20, 75.

BATTERHAR, T. J.
'Cihydration (Covalent) of Condensed Pyrazine Heterocycles',

J.chen.Soc. (C) 599.
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‘Some Aspects of the Heterocyclic Hature of Pyrimidine'.

Proc.Roy.Aust.Chem.Inst., 33, 57.

BROUN, D. J., EHGLAKD, B. T. and HARPER, J. s.%
‘The Dimroth Rearrangement. Part VII. HMeasurement of Fouilibria
in Reversible Examples from the Pyrimidine Series.'’

J.chem.Soc. (C), 1165.

BROWN, D. J., EMSLAMD, B. T. and LYALL, Janice M.
'The Formation, Ionization, and Soectra of Some Alkylamino~

pteridines, -purines, and -pyrimidines'. J.chem.Soc.(C) 226.

BROWH, D. J. and FOSTER, R. V.
‘Pyrimidine Reactions. Part XIII. The Conversion of simple
Alkoxy- and Alkylthio-pyrimidines into Butylaminopyrimidines'.
Aust.J.Chem. 19, 1487.

BROWN, D. J. and FOSTER, R. V.

‘Pyrimidine Reactions. Part XIV. The Butylaminolysis of
Substituted ‘ethoxy~ and “ethylthio-pyrimidines'.
Aust.J.Chem. 19, 2321.

BROMWH, D. J. and PADDOH-ROW, M, H.

'The Dimroth Pearrangement. Part ¥I. The 8bnormal Behaviour
of 5-Cyano-1,2-dihydro-2-imino-1-methylpyrimidine'.

J.chem.Soc. (C) 1¢4.

BUNTING, J. W. and PERRIW, D. D.
‘3k-1,2,3,4,6-Penta-azaindenes ('4-Azapurines"): Part II.
Rates and Equilibria for Reversible Water Addition'.

J.chem.Soc. (B) 433.

Lo

BUNTING, J. W. and PEPRI, D.
‘Dianion Formation by 2- and C-Hydroxypteridine'.

Aust.J.Chem, 12, 337.

BUNTING, J. W. and PERRIE, D. D.
‘ITonization Constants of Some Substituted Quinazolines
and Triazanaphthalenes'. J.chem.Soc. (R), 435.

J.S

FILDES, Joyce E. and KIRSTEN, Y.

‘The Submillinram Datermination of Sulfur in Organic Compounds

by the Hot-Flask Combustion flethcd'. Microchem.d. 1965, 9, 411.6
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JACOBSEN, M. ¥.

'Pteridine Studies. Part XXXI. The Covalent Hydration and
Subsequent Oxidation of 8-iethyl Derivatives of Scme Amino-

and Hydroxy-pteridines'. J.chem.S0c. (C), 1055.
7

PERRIK, D. D., ARMARESO, ¥. L. F. and PERRIN, D. R.

The Purification of Labecratory Chemicals.

Pergamon Press. Oxford, viii + 362.
PERRIN, D. D. and SAYCE, I. G.
‘A pH-Titration Cell for Precise #“easurements'.
Chemy Ind. 661.
PERRIN, D. D. and SHARMA, V. S.
‘Complex Formation by Hydrclysed Copper(II) Ions in

Agueous Solution'. J.inorg.nucl.Chem. 28, 1273,

PERRIN, D. 0. and SHARMA, V. S.
'The Stability Constants of iHetal-Adenosine Triphesnhate

Complexes'. Biochim.biophys.Acta, 127, 35.

PFLEIDERER, N.E, BUNTING, J. W., PERRIM, D. D. and NUBEL, 3.9

‘Pteridine (XXXIII). Synthese und Struktur 5-substituierter
Lumazine', Chem.Ber. 299, 3503,

SPINNER, E.
‘The Vibration Spectra of the Hydrochlorides of Methyl

Formimidate and liethyl Acetimidate'. Aust.J.Chem. 19, 2153,
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