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4-(Dimethylamino)pyridine (DMAP, 1) was introduced to
synthetic chemistry as a powerful nucleophilic group-transfer
catalyst more than three decades ago[1,2] and has become a
standard reagent[3] for acylation, esterification,[4]

macrolactonization,[5] and silylation reactions,[6] to mention
only a few applications. DMAP has since served as a basis for
several research groups for the development of chiral
acylation catalysts.[7] Herein we report on the enhanced
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catalytic activity of 4-(dialkylamino)pyr-
idines in which the 4-amino group is
conformationally fixed in a ring fused to
the pyridine ring.

Previous work showed that 4-pyrro-
lidinopyridine (PPY, 2)[3a, 8,9] is a more
effective acylation catalyst than DMAP.
Evidently the catalytic activity depends

on the stabilization of the N-acyl pyridinium ion by inter-
action with the lone pair of electrons of the 4-amino group.[10]

Therefore, an increase in this interaction should lead to
enhanced catalytic performance.

Studies on 4,4’-bis(dialkylamino)benzhydryl cations
showed a dramatic increase in stabilization when the nitrogen
atom was part of a conformationally fixed ring system. This is
illustrated by the series of benzhydryl cations 3–5 (Scheme 1),

in which the bisjulolidinyl derivative 5 is about 300 times less
electrophilic than the simple bis(dimethylamino) derivative
3.[11] We reasoned that conformational fixation combined with
the inductive electron-donating effect of an alkyl group in the
meta position might have a similar effect on the correspond-
ing (4-dialkylamino)pyridines and cause an increase in
electron density at the pyridine nitrogen atom, thus resulting
in stabilization of the N-acyl pyridinium ion derivative. We
used the 4-(dialkylamino)pyridines 6 and 7 for this study.

The expected enhanced stability of the N-acyl intermedi-
ates derived from the DMAP analogues 6 and 7 can be
verified through theoretical evaluation of the reaction
enthalpies for the acetyl-transfer reaction shown in Equa-
tion (1). Reaction enthalpies at 298 K were calculated for a

number of DMAP derivatives at the B3LYP/6-311+G(d,p)//
B3LYP/6-31G(d) level of theory,[12] whereby more negative
values indicate better stabilization of the acetyl group relative
to pyridine (Table 1). As expected, a strongly negative

reaction enthalpy was calculated for DMAP, which confirms
the special properties of this compound from the viewpoint of
the stability of the acyl intermediate. Reaction enthalpies
more negative by 11–14 kJmol�1 were predicted for the singly
annulated DMAP analogue 6 and PPY (2). Annulation of an
additional six-membered ring as in 7 lowers the reaction
enthalpy by 27 kJmol�1. These results suggest that the DMAP
derivative 7 may be a significantly better acyl-transfer catalyst
than DMAP itself or even 2.

The known pyridonaphthyridine derivative 7[13] was
prepared from 1,6-naphthyridine in four steps according to
a literature procedure.[13b] The bicyclic analogue 6 was
synthesized by reaction of the ortho-lithiated derivative of
4-(tert-butoxycarbonylamino)pyridine[7e] with 1-chloro-3-
iodopropane and reduction of the resulting tert-butoxycar-
bonyl (Boc) derivative[14] with diisobutylaluminum hydride.[15]

To test the catalytic activity of the 4-aminopyridines 1, 2,
6, and 7, the acetylation of 1-ethynylcyclohexanol (8) with
acetic anhydride in the presence of triethylamine as the
auxiliary base was studied in CDCl3 at 20 8C [standard
reaction, Eq. (2)].[3a] The reaction was monitored by

1H NMR spectroscopy under the conditions described,
based on the increase in the intensity of the CH3CO signals.
The results are illustrated in Figure 1 and summarized in
Table 1.

The results indicate that the incorporation of the 4-amino
group in one single six-membered ring (as in 6) leads to an
enhancement of the catalytic activity similar to that observed
for 2 relative to 1. Compound 7, in which the amino group is
incorporated in two six-membered rings, exhibits a substantial
increase in activity and appears to be about six times more
active than DMAP (1). It even outperforms PPY (2), until
now the best catalyst known for this transformation, by a
factor of 2.5. The acylation of the sterically hindered alcohol 8
was complete within 2 to 3 h under the catalysis of 7, whereas
the DMAP- or PPY-catalyzed reactions were far from
completion after the same amount of time (Figure 1).[16]

In conclusion, we have shown that it is possible to develop
nucleophilic acylation catalysts that are superior to the

Table 1: Calculated reaction enthalpies DHrxn for the acetyl-transfer
reaction (1) and experimental half-lives t1/2 for the reference reaction (2).

DMAP (1) PPY (2) 6 7

DHrxn [kJmol�1] �82.1 �93.1 �96.0 �108.9
t1/2 [min] 151 69 63 26

Scheme 1. Relative reactivities of benzhydryl cations derived from the
rate constants of their reactions with p nucleophiles (20 8C).[11]
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familiar DMAP. Compounds such as 7 are of potential value
for acylations that proceed in low yields because of undesired
side reactions when the less active catalysts 1 or 2 are used.
Moreover, the annulated derivative 7 provides a rigid, highly
reactive scaffold upon which new generations of chiral
DMAP derivatives can be built.
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Figure 1. Acetylation of 8 (c=0.2 molL�1) with Ac2O (c=0.4 molL�1)
in the presence of NEt3 (c=0.6 molL�1) and various (4-dialkylamino)-
pyridine catalysts (c=0.02 molL�1) in CDCl3 at 20 8C.
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