
Deuteration

Preparing isotopically labelled 
bioactive molecules is a useful means 
of assessing safety, distribution and 
metabolism. Moreover, labelled 
compounds are increasingly becom
ing important pharmaceuticals in 
their own right. The difference in 
mass between a hydrogen atom 
and its heavier deuterium and 
tritium isotopes has important 
consequences: a molecule whose 
metabolic pathway involves reactions 
at a C–H bond can potentially be 
stabilised in vivo by substituting a 
heavier isotope at that position. But 
the selective and efficient installation 
of hydrogen isotopes in pharma
ceutically important structures such 
as nitrogencontaining heteroarenes 
can be challenging. Writing in the 
Journal of the American Chemical 
Society, a team led by Andy McNally, 
in collaboration with researchers at 
Merck, describes a new approach to 
the selective labelling of pyridines 
and diazines with deuterium or 
tritium. Their method uses common 
reagents found in most synthesis 
laboratories and is compatible with 

a range of bioactive molecules. “The 
process is remarkably broad and 
selective, even in the complex struc
tures encountered in pharmaceutical 
compounds,” says McNally.

The new method builds on  
the group’s existing approach to 
phosphoniumappended hetero
arenes. McNally’s group has previ
ously shown that a phosphonium 
can readily be introduced at the 
4position of a pyridine using tri
phenylphosphine and triflic  
anhydride. The resulting salts are 
isolable intermediates that are 
useful in a variety of reactions, 
including classic crosscouplings. 
But when the salts are treated with 
base, the C–P bond undergoes 
cleavage, regenerating the original 
heteroarene in a reaction that is 
thought to proceed via an anionic 
intermediate. This often undesirable 
process is key to the new labelling 
procedure. “Ironically, the method 
uses a reaction pathway that would 
normally be regarded as problematic,” 
comments McNally. “We realised that 
if an acidic isotope source such as 
isotopically labelled water  
or methanol was present, then the  
anionic intermediate could be inter
cepted to make C–D and C–T bonds.”

The team found that simply 
stirring the phosphonium salts with a 
base in deuterated water or deuterated 
methanol allows a wide range of pyri
dines and diazines to be selectively 
labelled at the 4position. Likewise, 
the use of CH3OT — obtained from 
T2 gas — enables clean tritation of a 
pyridine at the 4position. Beyond 
simple fragments that demonstrate 
the useful functional group tolerance 
of this method, the authors synthe
sized labelled analogues of a dozen 
known bioactive molecules. 

Pyridines and diazines have 
proven challenging for existing 
methods, hence the new approach 
serves as a useful complement to the 
growing suite of modern isotopic 
labelling methods. Likewise, the 
high regioselectivity of this method 
for the 4position means we have 
an strategy that is orthogonal to 
recently reported catalytic meth
ods which selectively label other 
aromatic protons or C(sp3)–H sites. 
Moving beyond the installation of 
hydrogen isotopes, phosphonium 
salts may see use as general reagents 
for labelling heteroarenes with 
heavier atoms such as carbon and 
fluorine isotopes. 

It can be expected that this 
method will help provide the labelled 
materials necessary to characterize 
the in vivo behaviour and safety 
profile of new pharmaceuticals, 
and indeed to the synthesis of new 
drugs that rely on isotopic labelling 
for metabolic stability. Such meth
ods will only grow in importance 
for human health, with the first 
commercial drug incorporating 
deuterium — deutetrabenazine — 
having been approved by the US 
Food and Drug Administration in 
2017. “Suddenly, you begin to realize 
that new ways of installing hydrogen 
isotopes into organic molecules can 
have a genuine impact in the real 
world,” concludes McNally.

Andrew Bissette, Associate Editor, 
Communications Chemistry

 S Y N T H E T I C  M E T H O D O LO GY

Labelling of bioactive azaarenes

ORIGINAL ARTICLE Koniarczyk, J. et al. A general 
strategy for site-selective incorporation of 
deuterium and tritium into pyridines, diazines and 
pharmaceuticals. J. Am. Chem. Soc. https://doi.
org/10.1021/jacs.7b11710 (2018)
FURTHER READING Loh, Y. Y. et al. Photoredox-
catalyzed deuteration and tritiation of 
pharmaceutical compounds. Science 358,  
1182–1187 (2017)

the method 
uses a reaction 
pathway 
that would 
normally be 
regarded as 
problematic

D
av

id
 S

ch
ilt

er
/M

ac
m

ill
an

 P
ub

lis
he

rs
 L

im
it

ed

R E S E A R C H  H I G H L I G H T S

NATURE REVIEWS | CHEMISTRY  www.nature.com/natrevchem

Nature Reviews Chemistry | Published online 21 Feb 2018; doi:10.1038/s41570-018-0119

©
 
2018

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

https://doi.org/10.1021/jacs.7b11710
https://doi.org/10.1021/jacs.7b11710
http://dx.doi.org/10.1038/s41570-018-0119

	Synthetic methodology: Labelling of bioactive azaarenes
	References




