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Abstract 

A dependable high yielding palladium catalyzed aryl bromide cyanation procedure has been developed. The 
optimized cyanation features extremely low levels of palladium and DPPF ligand. 0 1999 Elsevier Science Ltd. 
All rights reserved. 

The most direct and versatile method for the preparation of aryl nitriles is the transition metal catalyzed 
cyanation of aryl halides.’ Unfortunately the classic copper mediated cyanations often involve the use of 
stoichiometric quantities of copper cyanide at high temperatures (>15O”C) followed by an often difficult 
workup to remove the copper salts from the product. The palladium catalyzed cyanation of aryl halides 
has been reported as a more convenient alternative. 2 Despite this, palladium catalyzed cyanations have 
been known to be notoriously unreliable.3 

We required a convenient preparation of 2-amino-5-cyano-6-picoline (2) from the commercially 
available 2-amino-5-bromo-6-picoline (1) (Scheme 1). Reaction of 1 with 1.2 equiv. of CuCN in l- 
methyl-2-pyrrolidinone (NMP) or DMF at 150-250°C gave 2 in 60-80% HPLC assay yield only after 
laborious extractive workup. Performing the reaction in the presence of lithium halides, n-Bu4NBr or 
Zn(CN)2 required complex workups due to gummy precipitates and often the reaction mixture itself was 
a difficult to stir slurry at best. Attempted cyanation of 1 with Ni(CN)2 or Co(CN)2 in NMP resulted 
in no reaction, while in the presence of zinc dust and PPhs complete conversion of 1 to 2 was realized, 
although workup was again difficult. 

Scheme 1. 
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Table 1 
Effect of ligand on cyanation 

Entry Ligand (mole%) % conversion at 22 h % conversion at 48 h 

1 PPh (8) 50-100 50-100 
2 DPPE (4) 0 0 
3 DPPP (4) 10 20 
4 DPPB (4) 50 90 
5 DPPF (4) 100 100 
6 BINAP (4) 50 90 

Table 2 
Cyanation of aryl bromides 

Entry Substrate Product Yield % 

Br 
95 

CN 

4 
OMe 

Br 

OMe 

CN 

87 

In order to avoid the aforementioned problems, palladium catalyzed cyanations were explored. 
Cyanation of 1 with Zn(CN)2 in the presence of 2-4 mol% Pd(PPh3)4 in NMP at 150°C gave 8085% 
isolated yield of 2. 4 The use of <2 mol% of Pd(PPhs)b as well as the use of other sources of 
palladium5 alone or in the presence of PPhs gave extremely unreliable results. A variety of phosphine 
ligands were explored (Table 1) in the palladium catalyzed cyanation with Zn(CN)2 employing 1 mol% 
tris(dibenzylideneacetone)dipalladium (PdTdbas) in NMP at 120°C with and without additives.6 Variable 
results were obtained with PPhs (entry 1). In contrast, the use of DPPF (entry 5) consistently resulted in 
complete reactions. 7 In addition, employing DPPF as the ligand resulted in a dramatically cleaner and 
more robust reaction even at lower catalyst levels. A further screen of solvents showed wet DMF to give 
optimal results.8 

Thus, reaction of 1 with 0.6 equiv. Zn(CN)2 in the presence of 0.05 mol% Pdzdbas and 0.12 mol% 
DPPF in wet DMF for 20 h at 120°C resulted in complete conversion (>99.5%) of 1 to 2. Addition of aq. 
NH4Cl and NH40H resulted in direct crystallization of 2 (B99.9 HPLC area %purity) from the reaction 
mixture in 94% yield.g Washing of the dried product with toluene was found to remove last traces of 
catalyst/color with 97% recovery; thus 91% yield of 2 was obtained on a 4 kg scale. Cyanation of several 
aryl bromides was performed under the above conditions resulting in >98% conversions (Table 2).” 
Bromobenzene was converted to benzonitrile and the more sterically hindered and electron rich l- 
bromonaphthalene and 2-bromoanisole were converted to the corresponding nitriles. To summarize, an 
efficient and reliable aryl bromide cyanation highly catalytic in palladium and DPPF has been developed 
and demonstrated on a multikilogram scale. 
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