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Discovery of catalytic click reactions and the 2022 Nobel Prize in  
Chemistry 
 
A reaction or concept becomes vital when 
it has wide applicability. Scientists develo-
ping these concepts are honoured with the 
Nobel Prize every year. The 2022 Nobel 
Prize in Chemistry was awarded to Morten 
Meldal, K. Barry Sharpless and Carolyn R. 
Bertozzi for their outstanding contribution 
to the ‘development of click reactions and 
bioorthogonal chemistry’. 
 During the early years of this millenium, 
Sharpless at The Scripps Research Institute, 
San Diego, USA, and Meldal at the Carls-
berg Research Laboratory, Copenhagen, 
Denmark, independently discovered a new 
copper-catalysed [3+2]-cycloaddition of 
terminal alkynes with different azides for 
synthesizing highly regioselective 1,4-di-
substituted 1,2,3-triazoles. During the deve-
lopment of this catalytic reaction, Sharpless 
coined the term for the copper-catalysed 
[3+2]-cycloadditions as ‘click reactions’.  
 The [3+2]-cycloadditions of alkyne and 
azide were known since 1893, they were 
proposed by Michael1 and expanded by 
Huisgen2. Since the reaction is thermally 
induced, the chemistry worked well with 
respect to symmetrical activated alkynes, 
whereas unsymmetrical alkynes took hours 
to days to undergo the [3+2]-cycloaddition 
furnishing a mixture of regioisomers, 
namely 1,4-disubstituted and 1,5-disubsti-
tuted 1,2,3-triazoles, which were difficult 
to separate (Scheme 1). Due to its least se-
lectivity and slow reaction rates, this ther-
mally induced protocol failed to grab the 
attention of the scientific community. 
 In 2001, Sharpless came up with the con-
cept of click reactions3. He proposed a set 
of principles which a reaction must satisfy 
for it to be categorized as a click reaction. 
They are as follows: the reaction must (a) 
be highly selective, (b) be high-yielding; 
(c) be performed in biofriendly solvents 
such as water, DMSO, etc. and (d) yield 
the products at room temperature. In 2002, 
Sharpless made a pathbreaking discovery 
by achieving the regioselective copper-
catalysed [3+2]-cycloaddition of terminal 
alkynes with azides4. 
 Meanwhile, Meldal at the Carlsberg Res-
earch Laboratory developed peptidotriazoles 
through a solid-phase copper catalysed 
[3+2]-cycloaddition of different terminal 
alkynes with azides5. This solution and sol-
id-phase click discovery solved the age-old 
regioselective synthesis of 1,2,3-triazoles 

and opened a new window for the scien-
tific community (Scheme 2). 
 Soon after this discovery, Sharpless and 
co-workers revealed the importance of this 
concept by synthesizing a potent and highly 
selective inhibitor of human α-1,3-fucosyl-
transferase using click chemistry6. At 
about the same time, Benzamin F. Cravatt, 
a young scientist from The Scripps Research 
Institute realized the importance of the 
copper-catalysed click reaction in biologi-
cal sciences7. He took copper-catalysed 
click reaction as the bioorthogonal probe 
for the activity-based protein profiling in 
vivo. However, there was cytotoxic effect 
of copper sulphate on the cell7. Addressing 
this issue, Bertozzi (Stanford University, 
USA) discovered the strain-promoted cop-
per-free click reaction, for which she chose 
highly strained alkyne such as cyclooctyne 
and azide8. Soon she started utilizing this 
copper-free, strain-promoted click reaction 
as a bioorthogonal reaction in vivo9. Ber-
tozzi explored different varieties of substi-
tuted cyclooctynes for better reaction rates 
and yields. This reaction takes place well at 
ambient temperature without disturbing the 
cell environment, thus making it bioortho-
gonal (Scheme 3)10. However, the methodo-
logy is limited to bioorthogonal reactions, 
because it does not have many applications 

in medicinal chemistry due to the poor re-
gioselectivity. 
 The discovery of copper catalysed [3+2]-
cycloaddition for the selective synthesis of 
1,2,3-triazoles evoked the interest among 
organic, medicinal, pharma, biomedical, 
polymer, material and theoretical chemists. 
Constructing various functionalized 1,2,3-
triazoles and studying their properties be-
came popular in the scientific community. 
The main reason for this was that ‘1,2,3-
triazoles are considered to be bioisosteres 
of amide bond’. Also 1,2,3-triazoles have 
numerous advantages of stability over the 
amide bond, including thermal stability. 
Even though this click reaction has wide 
utility, it has some drawbacks. This copper-
catalysed [3+2]-cycloaddition works only 
for the terminal alkynes, but not for the in-
ternal alkynes. To solve this problem, scien-
tists came up with different metal catalysers, 
including ruthenium, rhodium, gold, silver, 
etc. for reacting the internal alkynes with 
azides, but none of them was as efficient 
as the copper-catalysed click reactions11. 
Since copper-catalysed click reactions work 
only for the terminal alkynes and the strain-
promoted click reactions are limited to 
bioorthogonal systems and lack regioselec-
tivity, the present authors made an effort to 
develop a common metal-free green click 

 
 

Scheme 1. Thermally induced [3+2]-cycloaddition: Michael and Huisgen. 
 

 
 

Scheme 2. Copper catalysed click reaction: Meldal and Sharpless. 
 

 
 

Scheme 3. A strain-promoted click reaction: Bertozzi. 
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reaction for the synthesis of 1,4-disubstitued, 
1,5-disubstituted and 1,4,5-trisubstituted 
1,2,3-triazoles in a more sustainable man-
ner way. The present authors chose alpha-
methylene carbonyl compounds (because of 
their wide availability, stability and acidity) 
as the dipolarophile source to react with 
aryl/alkyl-azides in [3+2]-cycloaddition 

fashion, using the amine/amino acid cataly-
sis (Scheme 4)12. 
 In 2008, under proline catalysis, Rama-
chary et al.12 discovered the click reaction 
between cyclohexenones and tosyl azide in 
DMSO at room temperature and succeeded 
in achieving the NH-1,2,3-triazoles with 
excellent yield. In one-pot, they achieved 

both the [3+2]-cycloaddition and the tosyl 
deprotection reactions in a stepwise man-
ner. It was a metal-free, biofriendly green, 
organocatalytic click reaction for synthe-
sizing 1,2,3-triazoles. This has led to a 
novel green, metal-free, organocatalytic, 
azide-carbonyl-based click pathway for the 
scientific community. With this motiva-
tion, in 2011, Wang13 from National Uni-
versity of Singapore, Singapore and Bressy14 
from Institut des Sciences Molécularies de 
Marseille, France demonstrated the [3+2]-
cycloaddition of less activated alpha-methy-
lene carbonyl species such as cyclohexa-
none and activated alkyl carbonyls such as 
beta-keto esters with various azides, to syn-
thesize the corresponding 1,2,3-triazoles in 
good to excellent yields with high selecti-
vity (Scheme 5). 
 In 2013, the present authors proposed an 
in situ approach for the synthesis of bio-
logically important benzotriazoles using 
organocatalytic [3+2]-cycloaddition follo-
wed by oxidative aromatization, which are 
drug-like molecules (Scheme 6)15.  
 In 2014, they also developed the new 
enolate-mediated, amine-catalysed [3+2]-
cycloaddition, where different azides were 
reacted with acetaldehyde in DMSO at room 
temperature to access 1,4-disubstituted 
1,2,3-triazoles within 30 min in excellent 
yields with high regioselectivity, which is 
superior to metal catalysis (Scheme 7)16.  
 Literature review shows that 1,4,5-tri-
substituted 1,2,3-triazoles have more me-
dicinal applications compared to 1,4- or 
1,5-disubstituted 1,2,3-triazoles. However, 
there was no direct protocol for their syn-
thesis. The present authors applied the same 
enolate-mediated organocatalytic method-
ology on various ketones and azides to 
make 1,4,5-trisubstituted 1,2,3-triazoles 
with excellent yields and regioselectivities 
(Scheme 8)17. They also demonstrated the 
utility of this metal-free click reaction by 
synthesizing mGluR1 antagonist with ex-
cellent yield17. 
 In 2014, these two reactions opened the 
door for the high yielding, green, metal-free 
organocatalytic click reaction for the syn-
thesis of 1,4-disubstituted and 1,4,5-trisubsti-
tuted 1,2,3-triazoles. Ramachary18,19 further 
demonstrated the efficiency of the reaction 
by choosing various functionalized ketones 
as dipolarophile source and reacting with 
different azides such as vinyl azides to make 
a variety of 1,2,3-triazoles, which are medic-
inally important. Soon after this discovery, 
many research groups started utilizing this 
green concept in various disciplines such as 
medicinal chemistry, material chemistry, 

 
 

Scheme 4. Amine-catalysed, enamine-mediated click reaction: Ramachary. 
 

 
 

Scheme 5. Amine-catalysed, enamine-mediated click reactions: Wang and Bressy. 
 

 
 
Scheme 6. Regioselective synthesis of benzotriazoles through enamine-mediated click 
reactions and oxidative aromatization reactions: Ramachary. 
 

 
 

Scheme 7. DBU-catalysed, enolate-mediated click reaction: Ramachary. 
 

 
 
Scheme 8. Amine-catalysed, enolate-mediated synthesis of functionalized 1,2,3-triazoles: 
Ramachary. 
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etc. for the synthesis of 1,4-disubstituted 
and 1,4,5-trisubstituted 1,2,3-triazoles 
through organocatalysis. Especially in 
drug synthesis, attaining 1,2,3-triazoles us-
ing this organocatalytic, metal-free [3+2]-
cycloaddition of carbonyls with azides 
would be preferable to the copper-mediated 
[3+2]-cycloaddition of terminal alkynes with 
azides. Exchange of the terminal alkynes 
with acetaldehydes, which are low-cost, 
stable, and abundant in nature, makes the 
protocol proposed by the present authors 
appealing. In pharmaceutical chemistry, 
getting rid of metal impurities such as rho-
dium, ruthenium, etc. will be a challenging 
task, whereas amino acids are bio-friendly 
molecules20. 
 There are also other scientists in India 
working on click chemistry. Vinod K. Ti-
wari (Banaras Hindu University, Varanasi) 
works on copper-catalysed sugar-based 
1,2,3-triazoles synthesis. Hotha Srinivas 
(IISER Pune) has synthesized pseudo-oli-
gosaccharides using copper chemistry, 
Kana M. Sureshan (IISER, Trivandrum) 
works on topochemical azide–alkyne cy-
cloaddition reactions. Pintu K. Mandal 
(CDRI, Lucknow) has synthesized fully 
substituted 1,2,3-triazolyl glycoconjugates 
using metal-free click reactions, Vandana 
S. Pore (NCL, Pune) has synthesized fully 
substituted 1,2,3-triazoles as pharmaco-
phores. A. K. Sinha (CDRI, Lucknow) has 
worked on thio-ene click reactions.  
 These foregoing studies in India as else-
where show the significance of click reac-

tions in various disciplines. Utilization of 
click reactions in various fields of science 
may reveal the secrets of nature. The pre-
sent authors strongly contend that the or-
ganocatalytic, metal-free click reactions 
will become an important tool for drug 
synthesis in the future. 
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