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Acetonitrile is a common solvent in organometallic chemistry, 
and can coordinate to a metal center as a weak ligand. “The 
acetonitrile C–CN bond is usually inert to transition metals 
because it has a rather strong bond energy (133 kcal/mol) 
compared to the alkane C–C bond energy (ca. 83 kcal/mol),” 
explained Professor Zengming Shen of the Shanghai Jiao Tong 
University (P. R. of China). “Accordingly, acetonitrile C–CN 
bond cleavage mediated by transition metals has rarely been 
explored. However, if acetonitrile, the most widely used orga-
nonitrile, was able to act as a nitrile source via C–CN activa-
tion, this strategy would be of great interest for the develop-
ment of new cyanation reactions and avoidance of highly toxic 
metal cyanides (such as KCN, NaCN, CuCN, Zn(CN)2, TMSCN, 
etc.),” said Professor Shen.

In 2013, Professor Shen’s group reported an efficient and 
novel method for acetonitrile C–CN bond cleavage used for the 
aromatic C–H cyanation (Chem. Eur. J. 2013, 19, 16880). In this 
work, they found a key additive, (Me3Si)2, which plays a cri-
tical role in promoting C–CN cleavage and in enhancing the 
reaction rate. Professor Shen said: “The cyanation of simple 
arenes, i.e. arenes without a directing group, is an attractive 

and modern approach to making benzonitriles. This strategy 
avoids the need for prefunctionalization of substrates and, 
importantly, simple arenes are abundant starting materials. 
Thus far, few examples have been reported in this field due 
to their low reactivity.” Now Professor Shen and co-workers 
have designed and executed a new approach for the copper-
catalyzed cyanation of simple arenes using acetonitriles as a 
cyano source via C–CN bond cleavage (Scheme 1). “This C–H 
functionalization strategy involves a sequential iodination/
cyanation process to furnish the corresponding aromatic  
nitriles in good to excellent yields,” explained Professor Shen. 
“Moreover, we found a highly efficient Cu/TEMPO/Si system 
for acetonitrile C–CN bond cleavage. TEMPO plays a significant 
role in promoting this cyanation transformation: 1) TEMPO, a 
cheap oxidant, allows the reaction to be catalytic in copper; 
2) TEMPOCH2CN is formed in situ and acts as the active cyan-
ating agent (Scheme 2).” 

This system represents a new avenue to break the rela-
tively inert C–CN bond. “Notably, Cu(ClO4)2 is required and  
serves in three roles: as Lewis acid for initial iodination,  
as catalyst for C–CN bond cleavage and as promoter  
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Scheme 1 The novel synthesis of aromatic nitriles and some of the over 20 products that were obtained by this method
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for new C–CN bond formation,” explained Professor Shen, 
concluding: “The next goals in our laboratory are the 
cleavage of acetonitrile under mild conditions and the  
development of new cyanation reactions with acetonitrile.”
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Scheme 2 Formation of the active cyanating agent
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