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NUCLEOPHILIC ADDITION TO CARBONYL COMPOUNDS. 
COMPETITION BETWEEN HARD (AMME) AND SOFT (PHOSPHITE) 
NUCLEOPHILE 

ROMAN GANCARZI, IRENA GANCARZ2, AGNIESZKA MASIOWSKA2 
/Institute of Organic Chemishy, Biochemishy and Biotechnologv 21nstitute of Organic 
Technology and Plastics, Technical UniversiQ of Wroclaw, Wybrzeie Wvspianskiego 27, 
50-370, Wroctaw, Poland. 

In the reaction mixture of carbonyl compound, amine and diethyl phosphite 
several different reactions are observed. The formation of aminophosphonate 
(Kabachnik- Fields reaction) is fiequently accompanied with the formation of 
hydroxyphosphonate (Pudovik reaction) or product of its rearrangement. l-3 This is due 
to the presence of one electrophile (carbonyl compound) and two nucleophiles (amine 
and phosphlte) in the reaction mixture, which may compete for the electrophilic center. 

We have studied the reaction for various carbonyl compounds by means of the 
1H and 31P NMR and also by performing the kinetic experiments. We have measured 
the formation of imine in the reaction of carbonyl compound with excess of butylamine 
and also the formation of hydroxyphosphonate in the reaction of carbonyl compound 
with diethyl phosphite in the presence of tertiary amine. 

Analyzing the data obtained fiom kinetic experiments and NMR studies we have 
observed that the preference of hydroxyphosphonate path over the h h e  path becomes 
stronger once we move fiom aliphatic to aromatic aldehydes or ketones. 

We have found that this can be neither due to the changes of electrophihcity of 
the carbonyl center nor to the steric factors. The only parameter consistent with the 
observations is the Pearson's hardness and softness parameters4 

Thus the competition between two reactions can be explained as the interaction of 
soft phosphorus nucleophile with soft aromatic carbonyl compound and hard nitrogen 
nucleophile with hard aliphatic carbonyl compound. Aliphatic carbonyl compounds form 
predominantly imines and aminophosphonates. The change toward formation of 
hydroxyphosphonates are observed after replacing the aliphatic substituent into aromatic 
one. Hydroxyphosphonates are formed predominantly for bisaromatic ketones. We have 
found a good correlation between our data and the softness parameters calculated by 
GRINDOL~ program. 
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