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Catalysts for the acylation of alcohols with active esters are
well known and widely used.1 Species such as 4-pyrrolidi-
nopyridine (PPY) or 4-(dimethylamino)pyridine (DMAP)2 can
display remarkable enhancements in the rate of acylation of a
variety of alcohols under mild conditions. However, catalysts
that are capable of the selective hydrolysis of one ester in the
presence of another are less common.3,4 We describe in this
communication a derivative of PPY, 2-formyl-4-pyrrolidinopyr-
idine (FPP,1), which is a selective catalyst for the hydroxyl-
directed5 methanolysis of hydroxy esters and which operates
by a novel mechanism.
FPP is unique in that it contains a basic component (a

4-aminopyridine) in conjugation with a deactivating electrophilic
component (an aldehyde, eq 1). The 4-aminopyridine nucleus

is known to be a very active system for acyl transfer catalysis.2

Our interest in the preparation of a selective catalyst led us to
consider attenuating the activity of this species toward ordinary
active esters while maintaining its activity toward hydroxy
esters. Attenuation can be accomplished by substituting the
pyridine with an electron-withdrawing group, thereby diminish-
ing the basicity and nucleophilicity of the pyridine nitrogen.
We chose to use an aldehyde for this purpose because of its
electron-withdrawing character and because of its ability to

reversibly bind to the alcohol of a hydroxy ester with concomi-
tant formation of a hemiacetal (eq 1). This binding serves two
important functions; it brings the ester in close proximity to
the pyridine nitrogen (induced approximation),6 and it activates
the catalyst once the alcohol is bound by converting the electron-
withdrawing aldehyde to a hemiacetal which is not as electron-
withdrawing.7 This activation of the pyridine upon binding is
crucial for selectivity because it ensures that substrates that do
not bear a hydroxyl group will encounter a less active catalyst,
thereby slowing the rate of non-hydroxyl-directed background
hydrolysis.8

We first compared the reactivity of FPP with DMAP in the
acylation of menthol using acetic anhydride and 2% catalyst in
the absence of triethylamine. Under these conditions, the
DMAP-catalyzed reaction is about 300 times faster than the
FPP-catalyzed reaction.9 In fact, we observed no increase in
the rate of acylation using FPP as compared to a control
containing no catalyst. The reactivity of these two catalysts
was then compared in the methanolysis of thep-nitrophenyl
(PNP) ester of glycolic acid in CDCl3 (10 equiv of methanol, 5
mol % catalyst, 0.1 M substrate at 20°C). With this substrate,
which is anR-hydroxy ester, DMAP and FPP displayed very
similar reactivities (krel(DMAP/FPP)) 690/511) 1.35, Figure
1).10,11 To further probe the selectivity of FPP, we compared
the rate of methanolysis of the PNP esters of propionic acid,
methoxyacetic acid, and glycolic acid with DMAP and with
FPP (5 mol %) in CDCl3 containing 10 equiv of methanol
(Figure 1). As expected due to electronic and hydrogen-bonding
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Figure 1. Graph of selective hydrolysis using 5% FPP.
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effects, the alkoxy- and hydroxy-substituted esters are intrinsi-
cally more reactive than the alkyl ester.12 Using DMAP, the
relative rates of methanolysis of the PNP esters of propionic
acid, methoxyacetic acid, and glycolic acid are 30, 213, and
690 (Figure 1). However, using FPP under the same conditions,
the relative rates of methanolysis of the PNP ester of propionic
acid, methoxyacetic acid, and glycolic acid are 1, 5.3, and 511
(Figure 1). Thus, with FPP, methanolysis of the PNP ester of
glycolic acid is 96 times faster than that of the PNP ester of
methoxyacetic acid, whereas with DMAP it is only 3.2 times
faster. This difference is primarily due to a 40-fold decrease
in the rate of the methanolysis of the methoxy-substituted
compound with FPP (krel ) 5.3) as compared to DMAP (krel )
213), consistent with our proposed mechanism of action for FPP
(Vide supra).
FPP is also effective for the methanolysis of esters less active

than PNP esters. Under the same conditions as in the previous
study, the relative rates of methanolysis of phenyl glycolate,
p-fluorophenyl glycolate, andp-nitrophenyl glycolate are 64,
140, and 510 with a half-life for the phenyl glycolate metha-
nolysis of 18 h (Figure 2). These relative rates are comparable
to those observed for simple alkaline hydrolysis.13

FPP was designed to function as a nucleophilic catalyst and
to proceed via the cyclic acylpyridinium species3 shown in
Scheme 1. There is ample evidence that this type of species is
accessed by PPY and DMAP as an intermediate in the catalytic
cycle. However, our preliminary data suggest that this mech-
anism isnotoperating in this system, and that the pyridine acts
as a base rather than a nucleophile. For example, we have
examined the reaction of the PNP ester of glycolic acid and the
pentafluorophenyl ester of glycolic acid with FPP in CDCl3 in
the absence of methanol and do not observe the acylpyridinium
species. Instead, lactone acetal2 is rapidly and cleanly formed
(Scheme 1).14 If an excess of the glycolate is present, acyl

transfer to the glycolate occurs to provide the corresponding
dimer, trimer, and higher oligomers, suggesting that the lactone
acetal is a kinetically competent intermediate along the reaction
pathway.15

In conclusion, we have described a new and selective catalyst
for the methanolysis ofR-hydroxyaryl esters which operates
by a novel mechanism. We are currently engaged in efforts to
determine the details of the mechanism and scope of this
reaction, and the design of chiral variants of this catalyst.
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