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  Session A, Short Talk 04A-04
  

Carbonylation of nitrobenzene to phenyl isocyanate: new life in an old field 

F. Ragaini1, D. R. Ramadan1,2*, M. A. Fouad1,2*, F. Ferretti1*, A. Brotons Rufes3*, C. Costabile3*, P. Macchi4* 

1Dipartimento di Chimica, Università di Milano, V. C. Golgi 19, Milano, 2Chemistry Department, Faculty of Science,
Alexandria University, P.O. Box 426, Alexandria 21321, Egypt., 3Dipartimento di Chimica e Biologia “A. Zambelli”,
Università di Salerno, V. Giovanni Paolo II, Fisciano (SA), 4Dipartimento di Chimica, Materiali e Ingegneria Chimica,

Politecnico di Milano, V. Mancinelli 7, Milano 

Organic isocyanates are fundamental intermediates in the synthesis of many products, including polyurethanes, pesticides
and many others. Aromatic isocyanates, accounting for more than 80% of the market, are actually produced by reduction of
nitroarenes to anilines, followed by reactions of the latter with phosgene. However, phosgene is a very toxic substance and
avoiding its use is highly desirable.

The most direct way to get isocyanates from nitroarenes is their reaction with CO, which only affords CO2 as a
stoichiometric byproduct. However, the direct catalytic carbonylation reaction of nitroarenes to isocyanates is a difficult
reaction, which only proceeds with high catalyst loadings and often affords only moderate yields. Consequently, during the
last three decades, most efforts have concentrated on an indirect route in which nitroarenes are carbonylated in the presence
of methanol to give the corresponding carbamate, which can be later cracked to isocyanate and methanol in a subsequent
step. However, a single-step synthesis would be more appealing if its efficiency can be improved.

 

 

We took advantage of our experience in the synthesis of carbamates[1-3] to reconsider one of the best catalytic systems for
the direct synthesis of isocyanates from nitroarenes, based on the use of a palladium catalyst with phenanthroline as a
ligand.[4] In this communication we will describe the results we obtained, which allowed us to increase the
substrate/catalyst ratio by an order of magnitude, while maintaining high selectivities.  Furthermore, both experimental
and computational studies provided deeper insights into the reaction mechanism.
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