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ABSTRACT

The regioselective addition of nucleophiles to pyridinium salts generates an intermediate enol-ether, which can be hydrolyzed in situ to
provide a range of dihydropyridones. Certain Grignards have shown inherent differences in the regioselectivity of addition to these salts, and
this difference can be tuned to give single regioisomeric addition products. The dihydropyridone products can be further manipulated in many
ways using standard transformations.

We have previously reported on the ammonia-free Birch
reduction of substituted pyridinium salts 1 (Scheme 1).1

Addition of two electrons to the aromatic system gives an
anionic intermediate that is capable of reaction with elec-
trophiles. After in situ hydrolysis, the resultant dihydropy-
ridones 2 that are formed have potential applications in
natural product synthesis and medicinal chemistry.2 However,
during the Birch reduction problems have been encountered
concerning the reproducibility of some results with pyri-
dinium salts. In particular, the low solubility of salts such
as 1 can lead to variable results and has hampered attempts
to scale up the reduction.

Recently, it has been demonstrated that similar unsubsti-
tuted dihydropyridones are accessible Via nucleophilic ad-
dition to 4-methoxy substituted pyridinium salts.3-6 Encour-
aged by these results, we proposed that addition of Grignard
reagents to pyridinium salts such as 1, followed by acidic
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hydrolysis, could provide a useful alternative to the Birch
reduction, but this time using the aromatic heterocycle as
an electrophile.

Our efforts began with the THF-soluble pyridinium salt
4, which was prepared in quantitative yield from the known
disubstituted pyridine 3 and methyl triflate (Scheme 2).7

Pleasingly, treatment of 4 with methylmagnesium bromide,
followed by in situ hydrolysis, gave dihydropyridone 5 as a
single regioisomer in 89% yield. This is a rare example of
nucleophilic addition to a C-2 substituted pyridinium salt,
generating a tertiary center with complete control of regi-
oselectivity.8 With this success in hand, dihydropyridones
6-10 were prepared in excellent yield from their corre-
sponding Grignard reagent.

Interestingly, we found that alkenyl and alkynyl Grignards
gave another regioisomeric product, resulting from nucleo-
philic attack at C-6 rather than attack at C-2, as observed
for alkyl Grignards (Scheme 2, entries 5 and 6). We attributed
this discrepancy to the fact that harder nucleophiles would
tend to attack at the harder (more electron-deficient) C-2
center, adjacent to the electron-withdrawing ester group, and
softer nucleophiles would attack the softer C-6 center.9 The
importance of hard and soft factors in additions to pyridinium
salts has previously been described by Yamaguchi et al.10

We were disappointed to find that attempts at N-demethy-
lation of the dihydropyridones 5-8, under nucleophilic,
electrophilic, or oxidative conditions, resulted in either

recovery of starting material or decomposition. This limita-
tion would impose a significant barrier on the synthetic utility
of this methodology, so we decided to investigate an alternate
N-protecting group. Corey has demonstrated that reaction
of substituted pyridines with allyl triflate (generated in situ
from allyl alcohol, triflic anhydride, and a tertiary amine
base) produces N-allyl pyridinium salts in good yield.11

Application of Corey’s protocol to pyridine 3 furnished
pyridinium salt 11 in excellent yield, and treatment of 11
with methylmagnesium bromide furnished dihydropyridone
12 in 74% yield (Scheme 3). It was subsequently found that

conducting the Grignard addition at -60 °C improved the
yield of 12 to 86% and, pleasingly, performing the addition
on a 2.5 g scale did not result in any significant reduction in
yield, scale-up difficulties being a major limitation of Birch
reduction methodology with these substrates. Other alkyl
Grignards gave their corresponding dihydropyridones in
similarly excellent yield. While we found that the yield of
dihydropyridone was reduced as the bulk of the Grignard
reagent was increased, note that dihydropyridones 15 and
16 could not be prepared by the Birch reduction route owing
to the poor SN2 substitution reactions of the corresponding
secondary and tertiary bromide electrophiles. The synthesis
of dihydropyridones 15 and 16 highlights the greater versatil-
ity of this methodology over the Birch reduction (Scheme
3, entries 6 and 7). Unfortunately, addition of aryl and vinyl
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Scheme 2

a Compound 3 was prepared in one step from commercially available
picolinic acid.

Scheme 3

a Reaction performed on a 2.5 g (7 mmol) scale.
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Grignard reagents gave essentially 1:1 mixtures of regioi-
somers, which was disappointing given that addition to
N-methyl salt 4 furnished only the C-6 addition products
(entries 8 and 9). The reason for this is at present unclear,
but it is possible that the N-allyl group adopts a conformation
that hinders the C-6 position more than a simple Me group
and so reduces the rate of nucleophilic attack at that center.

With 1:1 regioisomeric mixtures being of little synthetic
utility, we naturally decided to improve the selectivity of
addition to an acceptable level. Building on our hypothesis
that harder nucleophiles add to the C-2 position and softer
nucleophiles add to the C-6 position, we prepared an
organozinc species by in siu treatment of the Grignard
reagent with zinc chloride prior to addition of the pyridinium
salt 11, hoping that this softer nucleophile would selectively
add at C-6.12 To our delight, the only regioisomer observed
from this protocol was that resulting from C-6 addition, and
these dihydropyridones were obtained in excellent yield
(Scheme 4). Interestingly, reaction of 11 with ethylmagne-

sium bromide and zinc chloride gave the C-2 addition
product as a single regioisomer in yield similar to that
obtained in the absence of zinc chloride.

To allow elaboration of the ring nitrogen, we focused our
efforts on the removal of the N-allyl group. Inspired by the
work of Guibé on the palladium-catalyzed deallylation of
amines, facilitated by 1,3-dimethylbarbituric acid,13 we began
by subjecting dihydropyridone 12 to Guibé’s conditions.
Unfortunately, only returned starting material was obtained
from the reaction mixture. We reasoned that the ring nitrogen
formed part of a vinylogous amide system and its basicity
would be reduced to the extent that protonation by 1,3-
dimethylbarbituric acid (pKa (H2O) ) 4.7) would not occur.
Conversion of the vinylogous amide to a tertiary amine
would be likely to form part of any further synthetic
manipulations on these products, so carrying out this
transformation prior to N-deallylation would not pose any
significant problems and would increase the basicity of the
nitrogen, circumventing the aforementioned problem. Reduc-
tion of 12 and 14 with L-Selectride proceeded smoothly to

provide piperidones 22 and 23, and gratifyingly, treatment
of these with Guibé’s conditions furnished the deprotected
products in excellent yield. This success creates the potential
for N-functionalization with a range of electrophiles and
provides a starting point for future synthetic work (Scheme 5).

Having developed this simple and efficient procedure, we
began to investigate whether it could be applied to other
classes of substituted pyridinium salts that did not perform
well under Birch reduction conditions. We have previously
reported the ammonia-free Birch reduction of pyridinium salt
28, prepared in excellent yield over two steps from com-
mercially available 6-hydroxypicolinic acid 26.1b Unfortu-
nately, the yield of dihydropyridone 29 was modest under
partial reducing conditions, thus prohibiting any synthetic
application of this work. However, when pyridinium salt 28
was treated to the new nucleophilic conditions reported
herein, we were delighted to find that the corresponding
dihydropyridones could be easily isolated in good yield
(Scheme 6). The olefin functionality in the product dihy-

dropyridones was found to lie exclusively out of conjugation
with the carbonyl group; however, we subsequently found
that treatment with DBU in refluxing THF afforded the R,�-
unsaturated dihydropyridones in good yield.

In conclusion, we have developed an efficient and practi-
cally simple alternative to the Birch reduction of pyridinium
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Scheme 4

a Treatment of 11 with EtMgBr under these conditions gave C-2 addition
product 13 in 88% yield.

Scheme 5

Scheme 6
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salts. Nucleophilic addition to 4-methoxy substituted salts
such as 11 yielded a range of dihydropyridones, after in situ
hydrolysis, with the potential for the introduction of a variety
of groups at the C-2 or C-6 position. We have demonstrated
the smooth deallylation of the product dihydropyridones,
enabling further N-functionalization and highlighting the
synthetic utility of this methodology. Furthermore, the
nucleophilic addition to regioisomeric pyridinium salt 28 is
reported allowing access to the corresponding dihydropyri-
dones. The overall yield of dihydropyridone has been

improved for both salts by using this methodology, compared
to Birch reduction.
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