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S . TO N G,  Q . WA N G,  M . - X . WA NG ,  J . Z H U *  ( É C OL E  PO L Y T E C H N I Q U E  FE DE RA L E D E  
L AU S A N N E ,  S W I T Z E R L A N D  A ND  TS I N G HU A  U N I V E R SI T Y,  B E I J I N G ,  P.  R .  O F  CH I N A)
Tuning the Reactivity of Isocyano Group: Synthesis of Imidazoles and Imidazoliums from Propargylamines and 
Isonitriles in the Presence of Multiple Catalysts
Angew. Chem. Int. Ed. 2015, 54, 1293–1297.

Imidazoles and Imidazoliums from 
Propargylamines and Isonitriles

Significance: Reported is a multicatalytic meth-
odology for the synthesis of 1,4,5-trisubstituted 
imidazoles 3 from the reaction of isonitriles 1 with 
propargylamines 2 in the presence of catalytic 
amounts of Yb(OTf)3 and AgOTf. The same reac-
tion of 2 with the primary, secondary, and aryl iso-
nitriles 1 in the presence of Yb(OTf)3, AgOTf, and 
KOTf affords 1,3,4,5-tetrasubstituted imidazoli-
ums 4 in good to excellent yields. Compounds 1 
and 2, with bulky alkyl groups and with aryl groups 
with different electronic properties, including het-
erocycles, were found to be well tolerated and led 
to various substituted imidazoles and imidazoli-
ums. In addition, chiral propargylamines 2 were 
converted into enantioenriched imidazoles without 
racemization. Imidazole 3a was elaborated into 
the polycyclic compound 6.

Comment: Imidazoles 3 and imidazolium salts 4 
are important classes of heterocycles which are 
widely used in pharmaceuticals and organic syn-
thesis (see Review below). The reported method 
involves a one-pot substrate-specific multiple 
metal salt catalytic route to a wide range of multi-
substituted 3 and 4. The synthesis of a bioactive 
compound, 1-benzyl-5,6-dihydro-imidazo[5,1-a]-
isoquinoline (7), by the developed method is re-
ported. A possible mechanism is proposed based 
on the quantitative isolation and identification of 
the intermediate 5 and X-ray crystal analysis of 3 
(R1= R2= Ph; R3 = Bn) and 6. Intramolecular nuc-
leophilic addition of the amidine nitrogen atom in 5 
to the silver-coordinated triple bond through a 
5-exo-dig cyclization to 3 is proposed. Further in-
vestigation of the reaction mechanism and appli-
cations of this methodology are encouraged.

Review: P. K. Maji, R. U. Islam, S. K. Bera Hetero-
cycles 2014, 89, 869–962.
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R = t-Bu; R1 = Ph, 4-MeOC6H4, 4-ClC6H4, 2-BrC6H4, n-Pr, 2-furanyl, 3-furanyl, 
       2-thiophenyl, 3-thiophenyl, CO2Me
R2 = Ph, 4-BrC6H4, 4-MeOC6H4, 2-MeOC6H4, 3-MeC6H4, Bn
R3 = Ph, 4-BrC6H4CH2, 3-BrC6H4CH2, 4-MeOC6H4CH2, 2,4,6-Me3C6H2CH2, 4-MeC6H4, CH(Me)Ph

24 examples
51–99% yield

3

Yb(OTf)3 (0.2 equiv) 
AgOTf (0.1 equiv)
KOTf (0.5 equiv) 13 examples

65–95% yields

4

R = Cy, CH(Me)Ph, n-Bu, Bn, 2,4,6-Me3C6H2; R1 = Ph, Bn; R2 = Ph 
R3 = Bn, CH(Me)Ph, 2,4,6-Me3C6H2CH2
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