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Weakly basic primary amines, such as cyanomethylamine (CMA, pK,=5.34), are excellent 

catalysts via iminium ion formation for decarboxylation of acetoacetatel and a proton 

abstraction from carbonyl compounds. 233 We have been interested in studying even more 

weakly basic nucleophilic amine catalysts, and because pyrrolidine is exceptionally good 

at condensing with carbonyl groups, 
4 

our interest focused initially on the novel 

3,3,4,4_tetrafluoropyrrolidine (TFP, 1). Synthesis of TFP was accomplished by reduction of 

3,3,4,4-tetrafluorosuccinimide5 with borane in THF.6 TFP was isolated as TFP*HC17 (68% 

sublimed); NMR(DMSO-D6):lH 6 4.07 (m,4) and 9.25 ppm (s,2); IgF 6 41.74 ppm upfield from 

TFA(m). The pK, of TFP determined by the half-neutralization method (25O, u=O.4) is 4.05. 
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TFP is the best monofunctional nucleophilic catalyst for a deprotonation yet reported. 

Its effectiveness was evaluated using decalones 28 and 3', which lead irreversibly to 

formation of enone 4 after rate limiting proton abstraction through transition states 5 

and 61°, _ in the same manner as delineated previously for the cis-fused isomers of 2 and - 

3.2'3 The rate constants, kA5 and kA, characterizing formation of 4 from 2 or 3 via 5 and _ _ 
6 respectively are larger than those found previously with any of six primary amines 

ranging in base strength from c-butylamine (pKa=10.61) to CMA.ll 

Catalysis by TFP differs from catalysis by CMA and other primary amines 233 because 

enimmonium ion 7 [E~~~(H~O) 2.9 x 104; 

termediate12, 

6 (CH30D-D20) 6.53 ppml appears not only as an in- 

but also in a readily detectable equilibrium amount even at relatively low 

catalyst concentrations. The approach to equilibrium between 4 and { was studied using 

preformed 4 by following either disappearance of 4 at 247 nm 0; appearance of 7 at 286 nm. 

The result; are consistent with equation (1); formation of 7 depends on [TFP-H?.l] and 

k =3 x 10-3M-1sec-1. 
ra3tio13 

hydrolysis of 7 is independent of catalyst buffer concentration or 

and k2=1.5 x 10e3sec ’ -1 - _ ; K= [7J [H20]/ 143 [TFP-HCl]=llO, about ten times greater than 

the K's for the comparable equilibria between primary amines and their eninnninium ions. 
14 
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2 + TFP.HCl 2 7+HO k2 
2 

+ 4 + TFP*HCl (I) 

k3 

Conversion of 3 to 4 catalyzed by 1 M TFP solution at pH 4.05 has t, g 4 min, and _ - 
occurs more than 600 times via 8 for every time it occurs via 9 . It ca'n be estimated 15 

that the rate constant characterizing 8 is at least lo6 greater than that for 9. It will 

be of interest to see if TFP is also an" effective catalyst for decarboxylation;, aldol 

condensations, etc. 
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The rate constant, kB, for direct a proton abstraction from 3 by TFP is 5 x 10-6M-1sec~l 


