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Athel Beckwith was an organic chemist whose research was concerned with free radicals, the reactive 
intermediates that play important roles in many organic chemical reactions. After studies and junior 
appointments at Australian universities, at Oxford University he worked with W. A. Waters and com- 
pleted his doctorate at a time when scepticism about the very existence of free radicals was being 
rolled back by a small group of experimentalists. Returning to Australia, where he occupied chairs at 
the University of Adelaide and the Australian National University, Beckwith used studies of organic 
structure and mechanisms, revealed by kinetic methods and electron spin resonance spectroscopy, to 
become a world leader in this field of chemistry. He was honoured by election to Fellowship of the 
Australian Academy of Science (1973) and the Royal Society of London (1989), by several awards 
from the Royal Australian Chemical Institute, and by membership of the Order of Australia (2004). His 
extensive travels, often accompanied by his wife Kaye and their children, to work in overseas chemi- 
cal research laboratories and to give presentations at international meetings, helped him to secure his 
place in networks at the highest levels of his profession. Several those who studied with him now hold 
important positions in Australian chemistry. 

 
 
 

Early Days 
Athelstan Laurence Johnson Beckwith was born 
on 20 February 1930 in Perth, Western Australia, 
to Laurence Alfred and Doris (née Johnson) 
Beckwith. Later additions to the family were 
his brothers, Kingsley, born in April 1936, and 
Graeme Harvey, born on 17 April 1939. Doris 
was the daughter of a Perth cabinet maker, 
John Johnson, and his wife, Lilly. Laurence was 
born in Katanning, 200 km east of Perth in 
the wheat belt, where his father Alfred James 
Beckwith (1878–1951), a builder and carpen- 
ter, and mother Ethyl Blanche née Strutt, both 
Melbourne-born, had settled. Laurence moved 
to Perth at age twelve upon winning entrance 
to Perth Modern School, afterwards qualify- 
ing as a pharmacist and owning a business in 
central Perth. Looking further back (Beckwith 
2003), Athel notes that of his great-grandparents 
three were Scottish, two English, one German 
and one Scandinavian, and that all had arrived 
in Australia in the mid-nineteenth century. He 
traced his English antecedents to seventeenth- 
century Leeds and noted earlier manifestations 
of the Beckwith name in Yorkshire. It is attached    
to church bells and some thirteenth-century 
silverware in York Minster, and to the village of 
Beckwithshaw near Harrogate. 

1This memoir will also appear in Biographical Mem- 
oirs of Fellows of the Royal Society of London, vol. 58 
(2012). 
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Both Laurence and Doris Beckwith were tal- 
ented musicians. Laurence appeared frequently 
for the national broadcaster (Australian Broad- 
casting Commission) and sang with local choirs. 
The rich family life of music and reading was 
augmented by  the presence  in  the Beckwith 
household of Doris’ parents who lived with them 
during the depression years of the 1930s. Grand- 
father Johnson was a strong influence on young 
Athel’s interest in carpentry and model-building, 
and in outdoor life that included time spent in 
the nearby bush, in fishing at Fremantle and 
swimming. 

 
 

Schooling 
The first few years were completed in Perth 
at Mt Hawthorn and Leederville primary 
schools, but in 1942 Athel with his mother, two 
brothers and grandmother were evacuated to the 
Porongurup area some 400 km south of Perth. 
Evacuations from actual and potential war zones 
took place under the aegis of revised regulations 
on national security and were implemented in 
the Northern Territory, Queensland and West- 
ern Australia. Athel attended Mt Barker school, 
undertaking his sixth-grade studies as a pupil in 
a combined class (grades 6–9) that enabled him 
to take his studies beyond those set down for 
primary school. He credited the excellence of 
his teacher, Mr Best, for the success of several 
Mt Barker students, Athel among them, who won 
scholarships to study at the state’s premier sec- 
ondary school, Perth Modern, to commence their 
studies in 1943. 

Things went well for a few months, in both 
academic and sporting fields (he was captain of 
the basketball team) but in April young Beck- 
with was struck down by an illness that kept him 
out of school until he was able to resume in 1945. 
The initial diagnosis was that extreme pain in his 
leg was caused by poliomyelitis, known as infan- 
tile paralysis because of its major impact on the 
group most vulnerable to this viral infection. This 
was an obvious diagnosis because at the time 
Perth was in the grip of one of three major epi- 
demics that swept Australia in the middle years 
of the twentieth century. This was incorrect, how- 
ever, and the mistake could have proved fatal. It 
was some months before the correct diagnosis of 
osteomyelitis, a staphylococcal infection of the 
bone, was made but by that time the disease was 

well advanced. The infection was treated with 
sulfa drugs and with the then-new penicillin, 
obtained for him by an American serviceman 
who was billeted with the family, but it was seven 
years before Athel was free of the bacterium. 
The result of the disease, the long convalescence 
and slow bone regrowth was that Athel’s knee 
and hip joints became fused, leaving him with a 
pronounced limp. Nevertheless, with his deter- 
mination to make the most of life, he continued 
to walk, to hike the bush and to body surf as 
vigorously as possible. 

While he was out of school Athel  had 
read broadly and also studied by correspon- 
dence, and so subject to a performance review 
at the end of first term, he was allowed  to 
retain his place with his erstwhile classmates. 
Short periods of hospitalization over the next 
two years did not affect his academic perfor- 
mance, although he never mastered Latin and 
dropped that subject as soon as possible. He com- 
pleted his final (matriculation) year in 1947 with 
the rare feat of Distinctions in all seven sub- 
jects (Mathematics A, Mathematics B, Applied 
Mathematics, English, Physics, Chemistry and 
Music). 

Athel had piano tuition from about the age 
of six, and in his mid-teens he added composi- 
tion and then turned to jazz, a skill that greatly 
enhanced his social standing. A year or two later 
the sound of George Gershwin’s Rhapsody in 
Blue drew him to the clarinet, which he stud- 
ied under a leading musician and played in the 
ABC Training Orchestra. His clarinet repertoire 
remained classical, and he played as a member of 
small groups over the next fifty years. On his first 
love, however, he was both a jazz and classical 
pianist (Figure 1). 

Beckwith’s interest in chemistry made his 
choice of undergraduate studies (1948–50) at 
the University of Western Australia (UWA) an 
easy one. In traditional fashion he enrolled in 
four subjects in first year (Chemistry, Physics, 
Mathematics and Zoology), three in second year 
(Chemistry, Physics and Mathematics), and two 
in his final year (Organic Chemistry and Inor- 
ganic Chemistry). The staff members of  the 
Chemistry Department at UWA, whilst mostly 
Australian-born,  had  gained  overseas  experi- 
ence and were equipped to pursue research in 
several fields. In  addition, there  was a  flow 
of talented students,  especially in  chemistry, 
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Figure 1. Athel and grandson at the piano. Univer- 
sity of Western Australia (UWA). 

 
 

who were subsequently to occupy prominent 
positions in Australian science. 

Athel’s main interest was in the field of 
organic chemistry—he liked preparative chem- 
istry and he had enjoyed the lectures by Professor 
Doug White on organic natural products. In 1951 
Athel began his Honours year with White, con- 
tributing to work on triterpenes in Australian 
native plants that was published in succeeding 
years (2, 6). When  White  went  on  sabbati- 
cal leave, Athel came  under  the  supervision 
of another young staff member, Dr Joe Miller, 
who had introduced to the department the elec- 
tronic theories then being developed in Britain 
by Robert Robinson and Christopher Ingold. 
This led to several joint publications (1, 3, 4, 5) 
exemplifying Miller’s interest in nucleophilic 
substitutions at electron-deficient aromatic car- 
bons, and saw Athel graduate in March 1952 with 
First Class Honours in organic chemistry. 

Rather than proceed to PhD studies that were 
then becoming available in Australia (Rae 1999), 
Athel took a position as Graduate Assistant in 
the chemistry department and also enrolled in 
a Master of Science degree to be completed 
by research. His departmental duties included 
some lecturing and a good deal of laboratory 
supervision, but allowed time for research. His 

research concentrated on the reactions of dia- 
zonium salts with various substances, important 
steps in the production of many dyestuffs, but his 
attempts to elucidate the reaction mechanisms 
via study of their kinetics came to grief over 
unexplained variability in the observed reaction 
rates. ‘I couldn’t understand what was going on’, 
Beckwith said, and ‘later I returned to this prob- 
lem’. Work with PhD student Gordon Meijs on 
cyclization reactions of diazonium salts, which 
were later shown to have considerable synthetic 
potential, probably represents the return to this 
subject (103, 139, 143). 

As the year progressed, Athel made plans to 
take up a scholarship made available under the 
Hackett Bequest to UWA for him to study for 
the PhD degree in London with Professor Derek 
Barton. He changed direction, however, when the 
head of chemistry at the University of Adelaide, 
Professor A. Killen Macbeth, contacted him via 
the head of the UWA department, Professor Noel 
Bayliss, and asked him to come to Adelaide as 
junior lecturer. Athel and Kaye Marshall had 
become engaged in the Spring of 1951, and in 
January 1953, a few days after her twenty-first 
birthday, they were married and after starting 
their honeymoon in Perth they set off a week 
later for Adelaide, on the M.V. Westralia. Athel 
and Kaye shared interests in books, music and the 
outdoors and their wedding marked the formal 
beginning of a partnership in which Kaye devel- 
oped her own career while playing an important 
adjunct role in Athel’s (K. Beckwith 1999). 

Beckwith’s teaching duties in Adelaide were 
not in organic chemistry, but in inorganic and 
physical chemistry, where he noted that he 
managed to stay ‘one lecture ahead’ of his stu- 
dents. In his research he explored mechanisms 
of reactions and also did some natural prod- 
uct work and synthesized thyroxine analogues. 
In October he wrote to UWA requesting that 
his candidacy be transferred from MSc to PhD 
and this was granted the following month, with 
G. M. Badger, who had recently arrived in 
Adelaide (Rae 2009), suggested as a possible 
supervisor. The thesis topic was to be, echo- 
ing Miller’s influence and Beckwith’s interest in 
electronic theory, ‘Some Aromatic Nucleophilic 
Displacement Reactions’. 

The overseas doctorate still beckoned, how- 
ever, leading  to  a  successful  application  for 
a   Commonwealth   Scientific   and   Industrial 
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Research Organisation (CSIRO) overseas schol- 
arship. Beckwith’s aim was again to work with 
Barton on natural products, but the Chief of 
the CSIRO Division of Industrial Chemistry, 
Ian Wark, thought there might be a better, 
more adventurous alternative, and approved of 
Beckwith’s second suggestion that he should 
work with W. A. Waters, an expert on free radical 
chemistry, at Oxford University. This interest in 
free radicals had its roots in the erratic kinetic 
results obtained in Perth and it led to more than 
fifty years of research for Athel Beckwith. 

 

Oxford 
Athel and Kaye and baby daughter Catherine 
Louise (born October 1953) travelled by ship to 
England on the S.S. Orcades, arriving in London 
in November 1954 and proceeding to Oxford a 
week later. At that time only a few chemists were 
working on free radicals and many, including the 
doyen of organic chemistry, Robert Robinson, 
did not believe in them. However, after initially 
deriding chemists like Waters who had staked 
their careers on the existence of the highly reac- 
tive and therefore fleeting entities, Robinson 
was unusually magnanimous in stating that they 
had been right all along (Norman et al. 1986). 
Waters was a gentle supervisor who encouraged 
his students to develop their ideas and reserved 
Saturday mornings to visit the laboratory and 
discuss progress with them. Four publications 
(7–10) resulted from Beckwith’s studies of the 
attack of radicals on aromatic systems. A fel- 
low student, R. O. C. (‘Dick’) Norman (later 
to be UK Chief Scientist) was co-author on 
one of these papers and he became the first of 
a ‘family’ of free-radical chemists with whom 
Beckwith developed strong personal and pro- 
fessional ties. Both contributed to a Chemical 
Society publication in 1970 marking Waters’ 
retirement (52). 

Although Athel was attached to Balliol Col- 
lege, dining in twice a week, the family had to live 
out. The scholarship did not support more than 
basic living and so the Beckwiths took in one 
or two students as lodgers, an arrangement that 
required Kaye to take out a licence as a board- 
ing house keeper. As well as providing rental 
payments,  the  students  helped  with  babysit- 
ting, and so enabled the parents to take part in 
the rich social life of the Oxford community. 
Their social circle included other Australians 

there at that time, among them R. J. (‘Bob’) 
Hawke and his wife Hazel. Bob was a friend from 
Athel’s primary school days who had been a year 
ahead of him at Perth Modern and was to serve 
as Prime Minister of Australia 1983–91. 

Prior laboratory experience, typical of 
Australians proceeding to  postgraduate  work 
in Britain following Masters degrees or other 
research experience, enabled Beckwith to com- 
plete his D. Phil. degree within two years and 
see it conferred in October 1956. The family 
despatched most of their goods and moved to 
London in November in readiness for the return 
journey to Australia, only to learn that their ship 
was trapped in the Red Sea by the crisis that 
followed British, French and Israeli attempts to 
regain control of the Suez Canal from Egyptian 
authorities. CSIRO extended their scholarship 
support and the Beckwiths made the best of their 
time in the capital that freezing cold winter. The 
entertainer Rolf Harris, another Perth Modern 
acquaintance, visited them from time to time to 
share the warmth of their oven and the family 
became adept at finding warm places, among 
which were art galleries and the hothouses at 
Kew Gardens. 

While they waited for a passage home, Athel 
continued experimental work at Oxford with 
Waters and Norman and writing at home in Lon- 
don, and he was grateful to accept an invitation 
from the Chemical Society to present the results 
of his Oxford work at a conference in London 
where, for the first time, he addressed a high- 
level audience. Eventually, in February 1957, 
they were able to board the S.S. Strathaird for 
a homeward voyage around the Cape of Good 
Hope, but there were further delays when the 
ship broke down in Cape Town and the neces- 
sary repairs there and in Durban delayed them 
for a week. They did not waste the opportunity 
to explore the hinterland but found the Apartheid 
regime everywhere oppressive. 

 

Return to Melbourne 
The Beckwiths arrived in Melbourne in early 
1957. Life was pleasant there and the pace of 
research at CSIRO was leisurely. Kaye wrote that 
‘for the first and only time in my married life 
I had a nine to five husband’, although things 
got busier when their second child, Paul, was 
born in September 1957. Beckwith had joined 
the research group of H. H. Hatt at CSIRO’s 
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(CH3)3C-O CH3-CH2-CH2-COOH CH3-CH2-CH-COOH 
• 
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CH3-CH2-CH-COOH 
 

CH3-CH2-CH-COOH 
 

Figure 2. Free radical attack on butanoic acid (12). 
 

Fisherman’s Bend laboratories, where the aim 
of the research was to find uses for wool wax. 
Athel was assigned the task of functionalizing 
the main component, lanosterol, with a view 
to converting it to possibly useful chemical 
substances. Background reading revealed that 
a related but better-known sterol, cholesterol, 
became oxidized during storage and that a new 
hydroxyl group was introduced into the hydro- 
carbon side-chain, remote from the only sites of 
chemical activation, the hydroxyl group at the 
3-position and the C5-C6 double bond. Beck- 
with’s attempts to oxidize cholesterol in solution 
did not produce the diol, 25-hydroxycholesterol, 
but oxidation of the crystalline solid suspended 
in water or spread on a glass plate did so. 
Beckwith ascribed this selectivity to the way 
cholesterol molecules were packed into the crys- 
tals so that the side-chains were exposed on 
the surface, as had been demonstrated by X-ray 
crystallography. 

The work was published the following year 
(11), by which time Beckwith had taken up a 
lectureship at the University of Adelaide, and 
it was some years before he returned to the 
matter of remote functionalization in steroid 
molecules. He noted that the conversion of read- 
ily available cholesterol into steroid hormones 
proceeded by degradation of the side-chains of 
molecules in which the cholesterol functional 
groups were protected against oxidative attack. 
In Beckwith’s hands, the reaction of chromic acid 
with 5α,6β-dibromocholestan-3β-yl acetate, fol- 
lowed by debromination and hydrolysis, gave 
a 2% yield of the 25-hydroxy derivative which 
he proposed was the initial product from which 
further oxidation products, isolated by him and 
other workers, were formed (17). 

Beckwith’s first research at Adelaide was 
similar to that of his Oxford work, producing a 
series of papers on oxygen-centred radicals (12, 
13, 18, 19, 28), but he also continued to work 
on aromatic substrates (15, 20). He reviewed the 

field (14) before exploring analogous reactions 
with ferrocene (21, 25, 26, 34, 35) and return- 
ing to this old interest from time to time (36–39) 
(Figure 2). 

Beckwith’s colleague and head of depart- 
ment, Professor Geoffrey Badger, was interested 
in the ability of polycyclic hydrocarbons to 
induce animal cancers, and this led Beckwith 
to speculate about possible chemical pathways 
through which this carcinogenesis might be acti- 
vated. Thinking, naturally, of free radicals, he 
investigated the reactions of sulfur-based radi- 
cals with aromatic substrates and found a rich 
field of chemistry (16, 22, 24, 27). Even though 
naturally occurring thiols such as glutathione 
and cysteine took part readily in such reactions, 
the carcinogenesis hypothesis could not be con- 
firmed and the work was abandoned although 
sulfur-based radicals were later found to be 
useful in organic synthesis. 

In 1960 the Royal Australian Chemical Insti- 
tute awarded Beckwith its Rennie Medal (named 
after the first professor of chemistry at Ade- 
laide) for the most meritorious research by an 
Australian chemist under thirty years of age. At 
the end of the year he was promoted to Senior 
Lecturer and three years later to the rank of 
Reader. Beckwith had not forgotten his earlier 
desire to work with Professor Derek Barton at 
Imperial College, London, who at the time was 
engaged in research on remote functionaliza- 
tion of the kind that Beckwith had explored 
with cholesterol. So, supported by a travel grant 
from the British Council under the Common- 
wealth Universities Interchange Scheme, he took 
sabbatical leave from Adelaide to spend a year 
in London. Following a brief holiday in Perth 
with family, the family of four sailed from Fre- 
mantle in the S.S. Strathnaver on 24 January 
1962 and spent the year in London, suffering 
together through the cold winter of 1962–63 
and  the  last  of  the  London  smogs.  Barton’s 
group had been unsuccessful in achieving remote 
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attack by oxygen-based radicals generated from 
hypoiodites, but Beckwith found that ultraviolet 
irradiation of N-iodo-amides, and hydrolysis of 
the resulting γ-iodoamides, produced the desired 
γ-lactones (23, 29). 

Beckwith’s time in London was extended 
because the first two months had been lost 
while he underwent back surgery. He had expe- 
rienced pain before leaving Adelaide and had 
the good fortune on the voyage to Britain to 
encounter a fellow passenger, a neurosurgeon, 
who diagnosed spinal degeneration and arranged 
treatment for him in London. Thus it was not until 
14 February 1963 that the family embarked on 
the S.S. Himalaya to travel via the Suez route and 
arrive home a month later. As well as the experi- 
ence of working in Barton’s laboratory, Beckwith 
had renewed old acquaintances in Britain and 
also attended the 1962 IUPAC Symposium on 
Natural Products Chemistry in Prague. As well, 
he had visited the Technical University of Eind- 
hoven to learn about mass spectrometry and he 
had discussions with chemists at the National 
University in Singapore, on his way back to 
Australia. 

Back  in  Adelaide,  Beckwith  found  that 
γ-lactones    could    also    be    formed    from 
N-chloroamides  (31),  but  that  oxidations  of 
carboxylic  acids  gave  only  poor  yields  of 
lactones (32). Turning to other reactive nitro- 
gen species, he and his students found that the 
oxidation of primary amides generated nitrene 
species R-CO-N: that rearranged to isocyanates 
and these could be trapped as acylamines (30). 
This was reminiscent of the well-known Curtius 
reaction in which the nitrene was generated by 
thermal decomposition of acyl azides. There fol- 
lowed a series of papers on oxidations by lead 
tetra-acetate (33, 36, 37, 38, 40, 41, 42). The 
strength of the Beckwith group was by that time 
attracting graduate students and more senior 
researchers such as Professor W. B. Renfrow 
from Oberlin College, Ohio. Renfrow and his 
wife Antoinette (Toni) both worked in the labo- 
ratory and together with graduate student Jillian 
Teubner were co-authors on published work (43). 

The year 1964 was an eventful one, first 
on account of the birth of the Beckwiths’ third 
child, Claire, and then the resignation of Pro- 
fessor Geoffrey Badger to take an executive 
position with CSIRO, from which he was not 
long afterwards to return to the University and 

become Vice-Chancellor. Athel applied for the 
Adelaide chair, as he did for a corresponding 
chair at the UWA, and there was a delay while the 
institutions decided on their respective appoint- 
ments until in February 1965, at the age of 35, 
he was able to take up the position of Professor 
and Head of the Department of Organic Chem- 
istry at the University of Adelaide. One of his 
first actions was to appoint members of staff to 
a departmental committee but, with the demo- 
cratic movement of the late 1960s and then the 
1970s still some years away, the committee’s role 
was always advisory and the Head continued to 
take responsibility for decisions. 

Under the generous conditions prevailing at 
the University of Adelaide, Beckwith was able 
to take sabbatical leave again in 1968. By then 
Kaye’s environmental activism—opposition to 
development in ‘green’ zones—had led to her 
election as Councillor in the City of Mitcham, 
but she took leave and the whole family travelled 
by ship, the S.S. Himalaya, leaving Adelaide on 
6 January 1968. Athel had arranged to work with 
his fellow-student of Oxford days, Dick Norman, 
who was by then Professor of Chemistry at York 
University. The particular focus of Beckwith’s 
study programme was electron spin resonance 
(ESR) spectroscopy. Energy at microwave 
frequencies could be absorbed by the unpaired 
electrons of free radicals when the species were 
held in a strong magnetic field, and less than 
two decades from the time when most chemists 
did not believe that free radicals were important 
reaction intermediates, commercial instruments 
were becoming available that were  suitable 
for routine use by organic chemists (Figure 3). 

 

 
 

Figure 3. Beckwith at the ESR spectrometer. 
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The major features of the ESR spectra that they 
obtained were the fine splitting on the ESR sig- 
nals, which revealed the relationships between 
the free electrons and nearby nuclei such as 
those of hydrogen and nitrogen atoms, the size 
of the fine splitting being generally related to the 
number of intervening chemical bonds. 

While in the UK Beckwith took the oppor- 
tunity to visit other research laboratories and 
also wrote up a good deal of Adelaide work that 
was published later that year. In October 1968 
the Beckwith family travelled to Canada and 
the USA, where Athel, with support from the 
Carnegie Foundation, undertook a gruelling lec- 
ture tour—thirty universities in three months— 
during which he made some important contacts. 
One was with Professor Cheves Walling, doyen 
of American free-radical chemists, and the other 
was Dr Keith Ingold at the National Research 
Council of Canada. Beckwith and Ingold visited 
each other on several occasions, remained close 
friends and shared several research publications 
(81, 90, 91, 122, 183, 205). 

Working together at the University of York 
in 1968, Beckwith and Dick Norman had found 
new ways to generate alkyl and aryl free radi- 
cals within the cavity of an ESR spectrometer, 
and  their  results  were  reported  early  in  the 
following year (45, 46). Large, expensive sci- 
entific instruments such as nuclear magnetic 
resonance (NMR) and ESR spectrometers and 
mass spectrometers were becoming essential to 
the practice of organic chemistry. Adelaide’s first 
NMR spectrometer was installed in 1962 and in 
May 1966 Beckwith had made a three-week visit 
to the Hitachi company in Japan to learn about 
the operations of the mass spectrometer that was 
soon to be delivered to Adelaide. While he was at 
York it became clear to Beckwith that ESR was 
also a technique to which he needed ready access 
in his laboratory, and so one of the first things 
he did upon returning to Adelaide in early 1969 
was to approach the Australian Research Grants 
Committee for funding. Fortunately, there were 
at the time uncommitted funds that had to be 
expended by the end of the financial year on 30 
June and so Athel got his spectrometer promptly. 
The first results, describing aryl radical cycli- 
zations,  were  obtained  by  graduate  student 
W. B. (Bill) Gara and published as research 
notes that same year (47, 48), with full papers 
following some years later (69, 70). 

One of the lead tetra-acetate reactions (42), 
in which pyrimidinediones were produced, 
attracted the attention of the Maumee Chemical 
Co., a US manufacturer of heterocyclic com- 
pounds and part of the Sherwin Williams group, 
the interests of which lay in paints and other 
surface coatings. They contacted Beckwith in 
early 1969, offering to pay the cost of relevant 
patents that Beckwith would then assign to them 
in return for payments to the University. The 
Australian market for such chemical substances 
was small but world-wide demand was likely to 
be sufficient that an international manufacturer 
could benefit from them, and so the Univer- 
sity allowed patenting to proceed. A German 
patent, No. 1926475, was granted in Decem- 
ber 1969, naming Beckwith as inventor. Subse- 
quent US patents, Nos. 388750, 3947416 and 
3947442, were granted to Beckwith in 1975 and 
1976 and assigned to the Sherwin Williams Co. 
A later review (Coppola 1980) described the lead 
tetraacetate oxidation as ‘the method of choice’ 
for production of such compounds, and another 
(Kappe and Stadbauer 1981) noted that these 
companies had patented several discoveries in 
this field of chemistry. In 1985 the patents were 
reassigned to the PMC Specialties Group Inc. 
but their coverage has since expired. In 1968, 
however, Students for Democratic Action, a rad- 
ical group at the University of Adelaide, accused 
the University and Beckwith in particular of 
working for the US ‘military industrial com- 
plex’. There ensued demonstrations at meetings 
of the University Council—where the matter 
was listed in confidence as ‘agreement between 
Professor Beckwith and an un-named American 
company’—and in the Department of Organic 
Chemistry, during which Beckwith was defamed 
and several chemistry students were arrested. 
The fact was that Maumee intended to use the 
chemicals as corrosion inhibitors and for ultra- 
violet protection, certainly not the herbicides 
then being used by American troops in Vietnam 
that were in the students’ minds. The fuss even- 
tually subsided and harmonious relations were 
restored. 

The years 1970–75 marked a productive 
period for Beckwith’s group, and Athel was 
elected to Fellowship of the Australian Academy 
of Science in 1973. In his laboratory, ESR spec- 
troscopy became a customary tool  (50,  54, 
57,  60),  while  kinetic  methods  were  often 
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Some guidelines for radical reactions 
1. Intramolecular addition under kinetic control in lower alkenyl and alkynyl radicals 

and related species occurs preferentially in the exo-mode. 
2. Substituents on an olefinic bond disfavour homolytic addition at the substituted 

position. 
3. Homolytic cleavage is favoured when the bond concerned lies close to the plane 

of an adjacent semi-occupied orbital or of an adjacent filled non-bonding  -orbital. 
4. 1,5-Ring closures of substituted hex-5-enyl and related radicals are 

stereoselective: 1- or 3-substituted systems afford mainly cis-substituted 
products, whereas 2- or 4-substituted systems give mainly trans-products. 

 
Figure 4. Beckwith’s Rules (94). 

 
used to study reaction mechanisms, especially 
where rearrangements were involved (51, 53, 56, 
58, 59, 65). Beckwith was a recognized expert 
in rearrangements and published a succession of 
reviews on this topic (52, 55, 90). The devel- 
opment in the late 1960s of the principle of 
conservation of orbital symmetry and adumbra- 
tion of the ‘Woodward-Hoffmann Rules’ by the 
chief protagonists led to great interest among 
organic chemists. Although orbital symmetry 
never played a big part in Beckwith’s analysis 
of reaction mechanisms, he did explore ideas 
of stereo-electronic control, beginning in 1971 
(53) and continuing for many years (62, 70, 
71, 86, 88, 96, 101). Beckwith was assisted in 
coming to an understanding of the principles 
by a leading Australian theoretical chemist, Leo 
Radom, and the two shared authorship of some 
articles (117, 219). In 1980 and 1981 Beckwith 
published guidelines on these aspects of radical 
reactions (94, 101), and these were often referred 
to as ‘Beckwith’s rules’ (Figure 4). 

In Adelaide Beckwith had acted as consul- 
tant to several small companies. Then in 1972 
he accepted an invitation from the Chief of 
CSIRO’s Division of Applied Chemistry in Mel- 
bourne, Dr David Solomon, to be a consultant to 
the organization’s work on copolymerization of 
allylamines that were to be used in the Sirotherm 
ion-exchange resins (Spurling 2011). Beckwith 
devoted one day a month to this activity, in 
return for a modest consulting fee (subsequently 
used to facilitate conference travel) and rights 
to co-authorship that yielded a series of pub- 
lished papers (67, 68, 77) covering practical 
and theoretical aspects of free-radical cyclopoly- 
merizations, especially of diallylamines from 
which industrially important polyamines could 
be formed. Later he was to consult on polymer 
chemistry for the paint manufacturer, Dulux, 

where his ideas were influential in the com- 
pany’s development of new products; he was also 
involved in other collaborative work with CSIRO 
researchers (109). 

Beckwith was aware that several enzyme- 
mediated chemical changes in natural systems 
involved attack at apparently unactivated posi- 
tions in molecules. Some free-radical reactions 
have this characteristic, and Beckwith speculated 
that free radicals might be involved in the natu- 
ral systems. He pursued this interest by taking 
a year’s leave from Adelaide to work at Oxford 
with Professor Sir Ewart Jones, an expert in bio- 
logical chemistry. While daughter Cathy stayed 
behind in Adelaide to study for her B.A., the 
rest of the family set off in March 1974, flying 
first to Athens and visiting several other Euro- 
pean scientific centres of chemical research on 
their way to England. During the year Athel was 
able to visit North America to attend the Gor- 
don Conference on Free Radicals and to visit 
Keith Ingold in Ottawa to initiate collaboration 
that involved work on free radical chemistry. 
Returning to Australia a year later, the family 
travelled via Moscow and Singapore where again 
Athel met with chemists. During the year he 
lectured at several UK and European univer- 
sities and attended conferences, including the 
International Conference on Free Radical Chem- 
istry, in Italy, where he chaired a session. The 
involvement of free radicals in enzymic reactions 
could not be demonstrated and this outcome, plus 
the lack in Adelaide of the microbiologist collab- 
oration that Jones enjoyed at Oxford, meant that 
there was no direct follow-up when Beckwith 
returned to Adelaide. 

However, thinking about remote functional- 
ization rekindled Beckwith’s interest in reactions 
taking place at crystal surfaces, which he had 
investigated in the case of cholesterol many years 
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before. The result was several articles report- 
ing reactions of ozone with solid substrates (80, 
82, 85, 87). Later, the biological interest led to 
a study of free radical formation in vivo from 
the anaesthetic halothane (105). Beckwith’s con- 
tinuing interest in possible involvements of free 
radicals in biological systems led him in 1979 to 
embark on an eight-month period of study leave, 
taking Kaye and their two younger children, to 
work at Oxford with Professor Jack Baldwin. 
A joint publication arose from that period (100) 
and was followed up in Adelaide with other stud- 
ies. These were the formation of a β-lactam in a 
free radical reaction that demonstrated a possible 
biosynthetic route to penicillin (113), and syn- 
thesis of other β-lactams in fused ring systems 
(121). While he was away, Beckwith gave invited 
lectures at several universities and research cen- 
tres in the UK, France and Israel, and attended 
the Euchem Conference on Free Radicals, which 
had become a major venue for presentation of 
his work. 

It was not all chemistry in Adelaide. Both 
Athel and Kaye were members of the Southern 
Jazz Club and frequently attended its Thursday 
night band concerts in the Flagstaff Hotel, and 
Athel played with the band at the concert they 
held to farewell the Beckwiths from Adelaide. 
Kaye was active in the environment movement, 
and both of them were involved in promoting 
social justice for the local aboriginal community. 
Leaving Adelaide was hard for Kaye, who had 
advanced in her career in municipal government 
to be a Councillor and then an Alderman, but 
after two decades in Adelaide Athel was ready 
for new challenges and opportunities. 

 
 

Canberra and the Australian National 
University 
Following Professor Arthur Birch’s retirement 
from  the  Research  School  of  Chemistry  at 
the Australian National University (ANU) in 
1980, Athel Beckwith and Lew Mander were 
appointed to professorships, Athel taking up his 
appointment in mid-1981. Among the advan- 
tages he found in Canberra were better equip- 
ment, including ‘a new ESR spectrometer that 
was  much  more  powerful  than  the  one  in 
Adelaide’, and ‘a large number of highly pro- 
ficient and extremely helpful technical staff ’. 
During his ANU years, Beckwith was to benefit 

substantially from this technical assistance, 
notably through the work of Dr Tony Willis, 
a crystallographer who joined the school in 
1985. X-ray crystal structure determinations 
(176, 179, 185, 203, 204) confirmed structures 
that helped to elucidate reaction mechanisms. 
Another important contributor was Dr Steven 
Brumby who did much of the ESR spectrom- 
etry for the group and conducted research on 
the analysis of ESR spectra (146–148, 187, 
189, 197). 

Freed from undergraduate teaching and with 
the strong support that ANU provided, Beckwith 
was extraordinarily productive at the Research 
School of Chemistry. The chemistry of free rad- 
icals uncovered by him and others had not only 
gained acceptance for radicals as real species 
that played important parts in the mechanisms 
of many well known reactions, but the under- 
standing of how to generate and use free radicals 
had developed to the point where radical reac- 
tions entered the organic chemist’s ‘tool box’. 
The propensity for formation of five-membered 
rings was put to advantage by Gilbert Stork 
(Stork and Baine 1982; Stork and Mook 1983) 
and by Curran (Curran and Rakiewicz 1985a, 
1985b), who synthesized fused-ring triquinane 
natural products. Stork covered some of this 
chemistry when he delivered the 1987 Birch 
Lecture ‘Radical Cyclisation in Natural Product 
Synthesis’ at ANU, and a later review showed 
how synthetic chemists had made good use of 
free radical chemistry in the ensuing decade 
(Jasperse et al. 1991). 

During  his  Canberra  years Athel  became 
more  deeply  involved  in  the  work  of  the 
Australian  Academy  of  Science,  serving  as 
a Council member (1983–86), Vice-President 
(1985–86) and Treasurer (1997–2001), and he 
was also a member of a panel appointed to review 
the funding of research in organic chemistry in 
Australia (227). Kaye gave time to the Women’s 
Electoral Lobby and served as Administrator 
for the Citizens Advice Bureau. Their daugh- 
ter Cathy married Martin Banwell, an organic 
chemist who was later to become Athel’s col- 
league at ANU, while son Paul completed his 
D. Phil. at Oxford, working with Jack Baldwin. In 
the later 1980s Athel served as a consultant to ICI 
Australia, which maintained a research labora- 
tory in that period but abandoned it in the 1990s. 
His advice was sought on a range of chemical 
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Figure 5. Beckwith and David Harman performing 
a molecular mechanics calculation. 

 
 

projects but especially on the search conducted 
for novel herbicides (Watson 2011). Consulting 
work with the ICI Australia subsidiary, Dulux, 
also continued. 

In Canberra Kaye deepened her interest in 
Aboriginal art and held positions in environment 
groups. Despite these local involvements she was 
often free to join Athel as he continued to travel 
extensively to present research results at confer- 
ences and to visit other laboratories where he 
was able to learn of recent or forthcoming devel- 
opments and to engage in discussion with other 
free-radical chemists. From his earliest days as a 
research leader, he was always ‘hands on’. Just 
as sabbatical leave at York had enabled him to 
develop methods that he was to take home to 
Australia, a period spent with Professor Alwyn 
Davies in London allowed him to begin work 
with molecular mechanics calculations that were 
then developed in Canberra (119, 125). Other 
numerical methods came later (146, 147, 163 
198, 210, 219) (Figure 5). 

In research at Adelaide and Canberra, free 
radicals were generated by various means (136), 
including photolysis and oxidation by copper (II) 
ions, but greatest use was made of stannyl 
radicals that came into widespread use after 
1975 (Neumann 1987). Chain reactions with 
these metal-centred radicals, initiated by fis- 
sion of azobisisobutyronitrile (AIBN) in the 
presence of tri-n-butyl tin hydride, proceeded 
by abstraction of halogen atoms from suitably 
constructed molecules, or interactions with other 
heteroatoms, to generate specific carbon-centred 
radicals. From the beginning of his Canberra 

period, although he did not attempt complete 
syntheses, Beckwith explored free-radical reac- 
tions that could be used to construct key sections 
of the molecular frameworks of natural prod- 
ucts. These were inevitably cyclization reactions, 
which Beckwith explored using kinetic, X-ray 
crystallography, ESR spectroscopy and theoreti- 
cal tools. Cyclizations were the subject of a major 
group of research publications (113, 119, 121, 
125, 127, 132, 133, 134, 137, 141, 145, 151, 
158, 161, 167, 168, 170, 172, 177, 178, 181, 182, 
192, 202, 208, 214, 215, 217, 220) and reviews 
(136, 152). Molecular rearrangements and other 
chemical reactions were frequently the subject 
of reaction rate studies, including the determi- 
nation of absolute reaction rates, and data from 
the Beckwith group were reported in three major 
contributions to the Landholt-Börnstein series 
(116, 197, 224) edited by one of the pioneers 
of free-radical chemistry, Hanns Fischer, who 
spent three months in Canberra in 1992. Beck- 
with and Ingold memorialized him when he died 
in 2005 (223). 

In 1989 Beckwith was elected a Fellow of 
the Royal Society of London, and when his 
colleagues Professor Lew Mander (1990), John 
White (1993) and Martin Bennett (1995) were 
elected, there were  seven  FRSs  on  the  staff 
of ANU’s Research School of Chemistry, the 
others being Birch (1958), Craig (1968) and 
Sargeson (1983). In 1993 Beckwith travelled 
to Britain to deliver a Centenary Lecture for 
the Chemical Society (190) and to receive the 
Centenary Medal. A period spent in Germany in 
the 1990s where Beckwith was supported by a 
Humboldt fellowship enabled him to work in the 
laboratories of Christoph Rüchardt at the Univer- 
sity of Freiburg, where ESR spectroscopy was 
applied to the measurement of bond dissociation 
energies and stabilization energies (211). 

 
 

The Beckwith Chemical ‘Family’ 
Co-authorship of research publications shows 
an important aspect of Beckwith’s status as a 
scientist. There were early papers  on  which 
he was not the lead author and, as is the cus- 
tom in the sciences but not the humanities, he 
shared authorship with graduate students and 
postdoctoral fellows who had worked  under 
his direction. However, he  also  collaborated 
on equal  terms with  several leading  organic 
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chemists from around the world. I have already 
described joint work with R. O. C. Norman 
(45, 46), D. H. R. Barton (23, 29), K. U. Ingold 
(81, 90, 122, 183, 205, 223) and A. G. Davies 
(153, 165) but collaborations arose in other 
ways, too. French chemist Bernard Maillard, 
for example, first met Beckwith in Ingold’s 
Ottawa laboratory, and later shared preliminary 
results with him that led to joint publications 
(208, 215). 

As the fame of the Beckwith group grew, sci- 
entists came to spend periods of leave working 
there, and often brought their families to this 
(for some, faraway) centre of chemical excel- 
lence. This accounted for collaborations with 
the Renfrows (43), Swee Hock Goh (110, 111), 
Warkentin (150), and Dyall (168). An especially 
interesting case was that of Stephen Glover, 
a South African who completed his PhD degree 
working with André Goosens, who had worked 
with Barton and Beckwith at Imperial College 
(29). After a period of leave spent in Canberra 
with Beckwith in 1984, Glover emigrated to Aus- 
tralia and took up a position at the University of 
New England, in Armidale, in gaining which he 
credits Beckwith’s influence. Glover later spent 
a period of leave in Canada, at McMaster Uni- 
versity with John Warkentin, whom he had met 
while the two were guests in Canberra a decade 
earlier. Another whose position in Beckwith’s 
laboratory resulted in emigration to Australia 
was Anil Abeywickrema, a Sri Lankan chemist 
who had completed a PhD at Flinders Univer- 
sity in Adelaide. Abeywickrema returned home 
to a position at the University of Colombo but 
remained in Australia after his subsequent post- 
doctoral experience in Canberra (122, 131, 134, 
139, 144, 145). Those who made several visits 
include Goh of the University of Malaya, Dyall 
from Newcastle University, and Andreas Zavit- 
sas of Long Island University (140, 163, 198, 
210, 225). Israeli chemists Y. Mazur and Morde- 
cai Ruben exchanged visits with Beckwith, with 
Rubin spending several periods in Canberra. 

Students and postdoctoral fellows moved 
between groups, such as Dean Struble who 
worked with Beckwith in the late 1960s (44, 56) 
and also with Barton, finally returning to Canada 
to forge his career. They formed connections 
between the groups and sometimes brought their 
erstwhile research directors into collaboration. 
Such was the case with Ian Davison, a Davies 

student (153, 155) who was later a postdoc- 
toral fellow in Canberra (191, 195), and Gordon 
Meijs, a Beckwith PhD from Adelaide days 
who subsequently spent a postdoctoral period 
with J. F. Bunnett in Santa Cruz and brought 
together Beckwith’s and Bunnett’s mutual inter- 
est in SRN 1 reactions (130). In the early 1980s, 
Beckwith was a visiting lecturer at Duke Univer- 
sity, North Carolina, where his host, Professor 
Bert Fraser-Reid invited him to comment on 
some unusual aspects of the photochemical addi- 
tion of alcohols to enones in the presence of 
benzophenone. Beckwith established that this 
involved hydrogen abstraction followed by con- 
jugate addition of the resulting hydroxymethyl 
radical, bringing understanding of the stere- 
oelectronic control when cyclic enones were 
involved (156). 

The Australian Journal of Chemistry pub- 
lished an issue to mark Beckwith’s 65th birthday 
in February 1995. In his introductory remarks, 
Beckwith’s graduate student and later colleague 
at ANU, Chris Easton, outlined Beckwith’s 
career and his achievements and noted that his 
work had been cited over 1000 times in 1992–93. 
He also spoke of the support that Athel and 
Kaye gave to students and colleagues (Easton 
1995). The issue included papers from chemists 
from around the world who had associations with 
Beckwith’s research. In the gracious introduc- 
tion to his paper, Professor Gerald Pattenden, 
University of Nottingham, commented that ‘few 
would argue with the leading position that Athel 
L. J. Beckwith occupies in the line of pioneers 
of the application of free radicals in contempo- 
rary organic synthesis. The plethora of citations 
and publications from his laboratory are ample 
evidence of the ingenuity and creativity of his 
contributions in this area’ (Pattenden 1995). 
Beckwith and his inorganic chemistry colleague, 
Alan Sargeson (Bosnich 2011, 2012), having 
reached the statutory age of 65 years, retired at 
the end of 1995 and a symposium to honour their 
achievements was held in Canberra in January 
1996. In February 2010 a symposium entitled 
‘Perspectives of a Radical Chemist’ was held 
at ANU to honour Athel’s 80th birthday. It fea- 
tured lively presentations from former students 
and collaborators. 

The Royal Australian Chemical Institute, of 
which he was President in 1984–85, had recog- 
nised Beckwith’s contributions to chemistry with 
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the award of their H. G. Smith Memorial Medal 
in 1980 and the Organic Division Medal in 1992 
and its highest award, the Leighton Memorial 
Medal, in 1997. In civil life, he was awarded a 
Centenary of Federation Medal by the Australian 
Government in 2001, and in 2004 became an 
Officer of the Order of Australia (AO). 

 
 

Tributes 
Athel Beckwith was killed in a car crash on 
15 May 2010. He is survived by his wife, Kaye, 
who was badly injured in the crash but recovered 
after hospitalization, and by their three children, 
Paul, Cathy and Claire. These three and Beck- 
with’s brother Graeme spoke at the subsequent 
celebration of his life, as did several ANU col- 
leagues. Claire’s contribution was a reading from 
Tolkien’s masterpiece, The Lord of the Rings, 
which Athel adored and had read as a seri- 
alised bedtime story to each of the children. The 
music reflected Beckwith’s tastes and abilities— 
a Mozart clarinet trio and Gershwin’s Rhapsody 
in Blue and Summertime—while Tom Lehrer’s 
The Elements served to underscore his love of 
chemistry. 

In 2011, almost a year after his death, the 
Australian Journal of Chemistry again dedicated 
an issue to Beckwith, with articles from a range 
of Australian and international chemists. The 
guest editor was Peter Duggan, who had com- 
pleted his PhD with Beckwith at ANU in 1990. In 
his thoughtful introduction (Duggan 2011) Dug- 
gan mentioned the ‘reaction that Athel would 
ultimately become best known for—the cycliza- 
tion of the hex-5-enyl radical’ (Figure 6)—and 
the ‘Beckwith Rules’ (94). 

A reflective paper by Algi Serelis, a Beck- 
with postdoctoral fellow from his late Ade- 
laide period, recounted the way that Beckwith 
developed a deep understanding of free radi- 
cal reactions and developed them as tools for 
the synthesis of polycyclic structures (Serelis 
2011). Former Beckwith student Carl Schiesser, 

 
 

• 

now a professor at the University of Mel- 
bourne, organised a themed issue on free 
radical chemistry in memory of Athel Beck- 
with in the journal Organic and  Biomolec- 
ular Chemistry that attracted 48 articles 
(http://blogs.rsc.org/ob/category/web-theme- 
issues/, accessed September 2011). In an article 
of which Beckwith was named as co-author, 
Schiesser wrote about the ‘dark ages’ in which 
‘free radicals remained largely inaccessible to 
synthetic chemists’ and the ‘renaissance period’ 
beginning in ∼1970 when key questions were 
asked and answered, and free radicals became 
useful and not ‘poorly understood curiosities, 
often scapegoats for unwanted outcomes’ (226). 

Early in 2011 the Organic Division of the 
Royal Australian Chemical Institute renamed 
their annual lectureship for recently appointed 
staff in his honour. Funding is available for the 
Athel Beckwith Lecturer to deliver six lectures 
in state capitals or major regional centres dur- 
ing the year of the lectureship. His continuing 
influence on chemistry in Australia is perpetu- 
ated by the Centre of Excellence for Free Radical 
Chemistry. This dispersed organization, based in 
several Australian universities, includes several 
Beckwith graduates, one of whom is the Centre 
Director, Professor Carl Schiesser of the Univer- 
sity of Melbourne, and another, Chris Easton, 
a professor in the Research School of Chemistry 
at the Australian National University. 

A leading historian of chemistry, Colin 
Russell, has described how free radicals joined 
ion pairs and heterolytic bond cleavage in the 
chemical orthodoxy by about the middle of the 
twentieth century (Russell 2004), and he credited 
D. H. Hey, W. A.  Waters, D. H. R. Barton 
and C. Walling with seminal contributions to 
the field. Athel Beckwith’s important role was 
described by Keith Ingold in a moving eulogy 
delivered at the opening of the EUCHEM meet- 
ing on free radicals that was held in Bologna 
just a few weeks after Athel’s death (Ingold 
2010). In it, he described Beckwith’s chemistry, 
alluded to their long friendship and collabo- 
ration, and described Athel as ‘an outstanding 
scientist’ and ‘one of the great chemists of the 

  k5   •    k6       •  
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twentieth  century’. A  tribute  that  pointed  to 
broader interests in life came from the Canberra 
Jazz Club, who remembered him as ‘the chem- 

Figure  6. Cyclization  of  the  hex-5-enyl  radi- 
cal (88). 

istry professor who took on free radicals—and 
won’, a quotation from an obituary that first 

http://blogs.rsc.org/ob/category/web-theme-issues/
http://blogs.rsc.org/ob/category/web-theme-issues/
http://blogs.rsc.org/ob/category/web-theme-issues/
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appeared in the Sydney Morning Herald in 
June 2010. 
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