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IS l-ACETYL-4-DIMETHYLAMINOPYRIDINIUM ACETATE AN INTERMEDIATE IN 

THE DMAP-CATALYZED ACETYLATION OF TERTIARY ALCOHOLS ? 

E. GUIBE-JAMPEL, G. LE CORRE and M. WAKSELMAN. 
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4-Dimethylaminopyridine (OMAP) is a very efficient acylation catalyst (l-3) 

particularly for the acetylationof tertiary alcohols (1,3,4). The reaction has 

been interpreted by the formation of 1-acetyl pyridinium intermediate (3,4,5) 

and very recently Hbfle has found evidence for the presence of the 1-acetyl-4- 

dimethylaminopyridinium acetate ion pair in solution (3). This prompts us to 

report our own results on themechanismof the reaction of acetic anhydride with 

tertbutanol in the presence of DMAP. , 

Since 1970 we have isolated a series of 1-acyl-4-dimethylaminopyridinium salts 

(6a-e) and we purpose to compare their reactivities with the DMAP-catalyzed 

reactions. 

At 20°C a solution of Ac20 (0.5 M) and DMAP (10m3 M) in CH2C12 shows a absorption 

at 312 nm analogous to that observed in 1-acetyl-4-dimethylaminopyridinium 

chloride (6a) and corresponding to about 5 % de f AcO-. This peak slowly decreases 

and a new peak appears at 282 nm at the same wavelenght that the acetate of 

4-dimethylaminopyridinium. 

The position of the equilibrium 1 depends on the polarity of the solvent. 
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Addition of p-toluenesulfonic acid leads to the formation of tosylate 1 TsO- which 

can be precipitated by addition of ether m.p. (decomp.) : 158-165°C. Evidence for 

the formation i AcO- may also be obtained by 13C NMR (7) of the solution of DMAP 

in Ac20 (Table 1). 

:,I,;,1 
Table 1 

Similarly a weak amount of _1 AcO- (also about 5 %) may be observed by LIV in 

mixtures of Ac20, tBuOH and DMAP in CH2C12. 

However the presence of 1 AcO- in solution does not prove that it is an 

intermediate : it could have been formed in a steady state in a by-pass to the 

main mechanistic pathway and therefore be irrelevent to the mechanism. 

This question is raised because we have observed that other l-acetyl-4-dimethyl- 

aminopyridinium salts (the chloride, tosylate and fluoroborate (B)) do not react 

withtert-butanol in CHC13, CH3CN or AcOEt. 

Apart from the nucleophilic mechanism a general base catalysis, a concerted 

process or the formation of an preequilibrium (vide infra) may be considered. 

General base catalysis has been excluded because the more basic triethylamine 

does not catalyse the reaction (3,4). 

A concerted synchronous process with theinvolvementof all the reactants in the 

transition state (9,lO) may take into account the following facts (3,4) : 

a - the acylation is faster in less polar solvents which do not favor the 

formation of products with a considerable separation of charges (ll), 

(however see table Z), 

b - acetyl chloride is not as effective as acetic anhydride in the catalyzed 

acetylation reaction (however it gives a large amount of ,S Cl-) (12). 

In general base catalysis and pure synchronous process the cleavage of the O-H 

bond is rate determining and both display direct kinetic isotopic effects (10). 

By H1 NMR we have measured the second order rate constants of the reaction of 

tBuOH or tBuOD with Ac20-DMAP in CDC13 and CD2C12 at 25°C (Table 2). In both 

solvents the isotopic effect k*D is weak and inverse. Therefore the general 



No. 13 

basic and the concerted synchronous mechanisms are excluded. 
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(fi31;COH(D) 

6 a a 

(CH313COAc ktBuOH ktBuOD 
ktBuOH 
lzT&iuD 

CDC13 1.22 1.43 57.10-4 70.10-4 0.81 - + 0.2 

1 

CD2C1 2 1.23 1.43 29.10-3 34.10-3 0.84 - t 0.2 I 

a : 1 mole-l min-l 
Table 2 

We propose the following scheme : 

tBuOH + Ac,O zs= t Bu OH --I-- Ac,O (31 
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Scheme 2 

Rate determining nucleophilicattackof DMAP on a Ac20-tBuOH complex formed 

in a preequilibrium (13) givesan ion pair solvated by tBuOH. Then this 

alcohol whichstays in the close vicinity reacts rapidly with the carbonyl 

of the acetylpyridinium ion to give theterbbutyl acetate (16). 

We thank Dr Z. WELVART for an helpful discussion and D. ROUSSELLE for the 

recording of NMR spectra. 
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