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The haloform reaction, first reported in 1822 by Georges 
Simon Serullas, is a staple of undergraduate organic chem­
istry courses taught in universities. It takes methyl ketones 
to carboxylic acids through the triple α-halogenation of the 
methyl group to form a good nucleofuge, which is replaced by 
hydroxide (Scheme 1A). This reaction has been widely applied 
in the pharmaceutical and fragrance industries. It has since 
evolved to form methyl or ethyl esters when the reaction is 
performed in methanol or ethanol, respectively (Scheme 1B). 
“Undergraduate textbooks tell you this is all that is possible,” 
said Dr. Alastair Lennox (University of Bristol, UK), who – to­
gether with his group – wondered why it was not possible 
to use more complicated and extravagant alcohols to make 
more interesting esters. “We conducted an in-depth literature 
search on whether it had been done before,” said Dr. Lennox, 
continuing: “When my PhD student, Bert [Albert Rowett, first 
author of the title paper], came back to me to tell me it had not 
been done, I told him to go back and look again as I could not 
believe there was nothing on it. As well as finding no examples 
of complicated alcohols, we also found that secondary alco­
hols had hardly been attempted; we found one example of the 
use of isopropanol. Hence, based on these surprisingly limited 
publications, we were inspired to explore whether it was pos­
sible to derive conditions with one equivalent of a complex 
primary or secondary alcohol (Scheme 1C).”

When the authors first started exploring this reaction, 
they realised that carboxylic acid would competitively form 
very readily and the alcohol nucleophile would oxidise, re­
moving it from the reaction and providing the opportunity 
for other esters to form. Dr. Lennox explained: “We explored 
many different combinations of halogenating reagents and 
bases, and eventually found that I2 with DBU was especially 
proficient and facilitated 1 equivalent of our model primary 
alcohol to be used in the reaction (Scheme 2). This is because 
it was possible to dry these reagents well, which avoids the 
formation of carboxylic acid, and also slow the rate of alco­
hol oxidation down relative to the desired iodination of the 
methyl ketone.”

However, when applying these optimised conditions to 
secondary alcohols, the yield decreased significantly. “To un­
derstand why this occurred and how to adapt our conditions, 
we turned to kinetic studies and modelling,” remarked Dr. 

Lennox. He continued: “Through this, we discovered that the 
iodination steps were under equilibrium, which became ap­
parent with secondary alcohols because the final substitution 
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Scheme 1 The haloform reaction forms carboxylic acids and 
esters with solvent-level primary alcohol from methyl ketones. 
This work presents the synthesis of new complex esters using 
stoichiometric primary and secondary alcohols.

Scheme 2 The haloform reaction conducted with 1 equivalent 
of a primary alcohol, selected examples
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step is slower: the deiodination of the triiodo species started 
to compete with the substitution step that forms the ester 
(Scheme 3). This insight enabled a very simple solution, which 
was to increase the concentration of DBU•I2 to increase the 
concentration of reactive triiodo species through Le Chatelier’s 
principle, and therefore improve the rate of substitution for 
secondary alcohols. This change facilitated a range of complex 
secondary alcohols to be used in the reaction.” Dr. Lennox 
concluded: “We now wonder how we could further change 
the reaction to work with different nucleophiles, increasing 
the available chemical space of this discovery.”

Scheme 3 Mechanistic studies led to the development of conditions for secondary alcohols
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