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In 1921 Mario Passerini (1891–1962), who was holding 
a chair of organic chemistry at the University of Florence 
(Italy), published a report [1] where he described the first 
multicomponent reaction based on the peculiar chemistry of 
isocyanides. Isocyanides (also called isonitriles) are indeed 
“stable carbenes”, having a carbon atom that can act both 
as nucleophile and electrophile. In the reaction named after 
him, isocyanides react with carbonyl compounds and car-
boxylic acids to afford α-acyloxyamides.

In 1921, the term “multicomponent reaction” was not 
already used, and probably Passerini was not fully aware 
of the importance of his discovery. Nowadays, we define a 
multicomponent reaction as a process where three or more 
substrates react to give a product that contains essential parts 
of all starting materials. It was Ivar Ugi who, about 40 years 
after Passerini's discovery, [2] first understood the potential 
of multicomponent reactions in “diversity-oriented synthe-
sis” [3] and in combinatorial chemistry. Ugi published his 
well-known reaction in 1960, 39 years later than the first 
report by Passerini. In consideration of the mechanistic 
similarity of the two reactions, it is surprising that so much 
time passed between the two discoveries. [4] This may be 
due to the fact that Passerini published his work in Italian 
that was not at the time the leading scientific language. The 
work of Passerini was indeed completely neglected until the 
early '50 s. Moreover, the mechanism initially proposed by 
Passerini, which was later found wrong, may have misled 
other researchers to simply substitute the carbonyl compo-
nent with an imine.

In any case, both Passerini and Ugi reactions turned 
into high popularity only in the '90 s, when pharmaceutical 
companies became increasingly interested in combinatorial 
chemistry. It was soon clear that multicomponent reactions 
are exceptionally useful in this context. This is particularly 
true for those, like Passerini and Ugi reactions, which com-
bine in a single step three or four real diversity inputs, rep-
resented by easily available reagents. Since then, the number 
of publications on multicomponent reactions (MCR) has 
grown up exponentially, and several new MCRs have been 
discovered in the last 30 years. However, isocyanide-based 
MCRs continue to maintain a leading role.

They have evolved along four main paths: (a) single-
component replacements have generated numerous variants 
of Passerini and Ugi reactions; (b) coupling the classical 
reactions with post-MCR reactions (especially cyclizations) 
or with pre-MCR processes has allowed to widely explore 
scaffold diversity, for example, giving access to a huge vari-
ety of heterocycles; (c) new isocyanide-based chemistry has 
been investigated leading to the discovery of completely new 
IMCRs; (d) diastereoselectivity [5] and enantioselectivity of 
IMCRs have been studied. In particular, the very challeng-
ing issue of developing enantioselective catalytic Passerini 
[6] and Ugi reactions [7, 8] has been in part recently solved.

Meanwhile, new or old MCRs have demonstrated a wide 
utility not only in drug discovery [9], but also in the discov-
ery of new functional materials [10]. More recently, they 
are also increasingly employed in target-oriented synthe-
sis [11–13], also because their features respect some of the 
green chemistry principles [14]. More and more research-
ers all over the world are entering the field of multicom-
ponent reactions. Since 2000 (the first event was held in 
Munich), they gather together periodically in dedicated 
MCR Conferences. The last one was in Burgos (Spain) in 
September 2023, where the excellent communications have 
further demonstrated the many opportunities offered by this 
strategy.

We, and all the other colleagues who share with us the 
passion for MCRs, are very indebted to the first discovery 
by Mario Passerini, made in 1921. The year 2021 does not 
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represent only the anniversary of Passerini reaction [15], 
but also of all isocyanide-based multicomponent reactions 
(IMCRs), and is, more generally, a very important milestone 
for the whole MCR community.

For this reason, in late 2021, we have proposed to the 
editors in chief of Molecular Diversity to accept us as guest 
editors of a special issue named “100 years of isocyanide-
based multicomponent reactions”. This journal seemed to 
us perfectly suited for this, because, as already said above, 
MCRs, and especially IMCRs, are one of the most powerful 
tools for achieving fast molecular diversity.

We were very happy that this proposal has been gladly 
accepted by several researchers in the field. Most of the 
papers have already been published in advance, but now we 
are finally ready to put together all these excellent contribu-
tions, hoping that all the readers will found in them inspira-
tion for their future studies.

References

	 1.	 Passerini M, Isonitrili I (1921) Composto del p-isonitrile-azoben-
zolo con acetone ed acido acetico. Gazz Chim Ital 51:126–129

	 2.	 Ugi I, Steinbrückner C (1960) Über ein neues Kondensations-
Prinzip. Angew Chem 72:267–268

	 3.	 Schreiber SL (2000) Target-oriented and diversity-oriented 
organic synthesis in drug discovery. Science 287(5460):1964–
1969. https://​doi.​org/​10.​1126/​scien​ce.​287.​5460.​1964

	 4.	 Dömling A (2023) Innovations and inventions: why was the Ugi 
reaction discovered only 37 years after the Passerini reaction? 
J Org Chem 88(9):5242–5247. https://​doi.​org/​10.​1021/​acs.​joc.​
2c007​92

	 5.	 Lambruschini C, Moni L, Banfi L (2020) Diastereoselectivity in 
Passerini reactions of chiral aldehydes and in Ugi reactions of chi-
ral cyclic imines. Eur J Org Chem 2020(25):3766–3778. https://​
doi.​org/​10.​1002/​ejoc.​20200​0016

	 6.	 Wang Q, Wang DX, Wang MX, Zhu JP (2018) Still unconquered: 
enantioselective Passerini and Ugi multicomponent reactions. Acc 
Chem Res 51(5):1290–1300. https://​doi.​org/​10.​1021/​acs.​accou​nts.​
8b001​05

	 7.	 Riva R (2018) Enantioselective four-component Ugi reactions. 
Science 361(6407):1072–1073. https://​doi.​org/​10.​1126/​scien​ce.​
aau74​97

	 8.	 Zhang J, Yu PY, Li SY, Sun H, Xiang SH, Wang J et al (2018) 
Asymmetric phosphoric acid-catalyzed four-component Ugi reac-
tion. Science 361(6407):1087. https://​doi.​org/​10.​1126/​scien​ce.​
aas87​07

	 9.	 Akritopoulou-Zanze I (2008) Isocyanide-based multicomponent 
reactions in drug discovery. Curr Opin Chem Biol 12(3):324–331. 
https://​doi.​org/​10.​1016/j.​cbpa.​2008.​02.​004

	10.	 Riva R, Moni L, Müller TJJ (2016) Multicomponent strategies 
for the diversity-oriented synthesis of blue emissive heterocyclic 
chromophores. Targets Heter Synt 20:85–112. https://​doi.​org/​10.​
17374/​targe​ts.​2017.​20.​85

	11.	 Znabet A, Polak MM, Janssen E, de Kanter FJJ, Turner NJ, Orru 
RVA et al (2010) A highly efficient synthesis of telaprevir by 
strategic use of biocatalysis and multicomponent reactions. Chem 
Commun 46(42):7918–7920. https://​doi.​org/​10.​1039/​c0cc0​2823a

	12.	 Moni L, Banfi L, Basso A, Carcone L, Rasparini M, Riva R (2015) 
Ugi and Passerini reactions of biocatalytically derived chiral alde-
hydes: application to the synthesis of bicyclic pyrrolidines and of 
antiviral agent telaprevir. J Org Chem 80(7):3411–3428. https://​
doi.​org/​10.​1021/​jo502​829j

	13.	 Vishwanatha TM, Giepmans B, Goda SK, Dömling A (2020) 
Tubulysin synthesis featuring stereoselective catalysis and highly 
convergent multicomponent assembly. Org Lett 22(14):5396–
5400. https://​doi.​org/​10.​1021/​acs.​orgle​tt.​0c017​18

	14.	 Cioc RC, Ruijter E, Orru RVA (2014) Multicomponent reactions: 
advanced tools for sustainable organic synthesis. Green Chem 
16(6):2958–2975. https://​doi.​org/​10.​1039/​c4gc0​0013g

	15.	 Banfi L, Basso A, Lambruschini C, Moni L, Riva R (2021) The 
100 facets of the Passerini reaction. Chem Sci 12(47):15445–
15472. https://​doi.​org/​10.​1039/​d1sc0​3810a

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1126/science.287.5460.1964
https://doi.org/10.1021/acs.joc.2c00792
https://doi.org/10.1021/acs.joc.2c00792
https://doi.org/10.1002/ejoc.202000016
https://doi.org/10.1002/ejoc.202000016
https://doi.org/10.1021/acs.accounts.8b00105
https://doi.org/10.1021/acs.accounts.8b00105
https://doi.org/10.1126/science.aau7497
https://doi.org/10.1126/science.aau7497
https://doi.org/10.1126/science.aas8707
https://doi.org/10.1126/science.aas8707
https://doi.org/10.1016/j.cbpa.2008.02.004
https://doi.org/10.17374/targets.2017.20.85
https://doi.org/10.17374/targets.2017.20.85
https://doi.org/10.1039/c0cc02823a
https://doi.org/10.1021/jo502829j
https://doi.org/10.1021/jo502829j
https://doi.org/10.1021/acs.orglett.0c01718
https://doi.org/10.1039/c4gc00013g
https://doi.org/10.1039/d1sc03810a

	100 years of isocyanide-based multicomponent reactions
	References




