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The addition of two electrons to a pyridinium salt turns it into a nucleophile. The intermediate generated by the reduction of such salts can
be reacted successfully with a range of different electrophiles (acids, alkyl halides, and carbonyl compounds) and the intermediate hydrolyzed
in situ to provide a wide range of dihydropyridones. Each position on the dihydropyridone ring is then accessible using standard synthetic
manipulations.

We have recently reported the application of dissolving range of electrophiles, it was discovered that the scope for
metal/ammonia reductions (Birch reduction) to disubstituted modification of the products thus generated was limited. This
pyridines; this is a useful reaction sequence because itproblem has its origins in the fixed carbon substitution pattern
produces heterocyclic structures with potential uses in naturalthat two electron-withdrawing groups imposes.

product synthesis and medicinal chemistBior this reduc- In an effort to create a more general approach to pyridine
tion to proceed effectively it was found that double activation reduction, an alternative means of activating the pyridine
of the pyridine nucleus, with two electron-withdrawing
groups, was required. Moreover, the correct substitution
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was crucial to stabilize intermediate dianions generated by N o R
e . a . _
the addition of two electrons (sée¢ Scheme 1}:2 If these ProsC o (e |POLCOA o o™
two requirements were not met, the reduction fad&uhile U T \(j\fdpr
this methodology was robust and compatible with a wide g N COPr N !
)

T University of Oxford. A

* GlaxoSmithKline. Pro.C

§ Evotech OAI. 192 AN

(1) Donohoe, T. J.; McRiner, A. J.; Sheldrake, ®xg. Lett. 2000, 2, | )
3861. Donohoe, T. J.; McRiner, A. J.; Helliwell, M.; SheldrakeJFChem. N R CO,Pr
Soc., Perkin Trans. 2001, 1435. Donohoe, T. J.; Mace, L. H.; Helliwell, 2 H

M.; Ichihara, O.Synlett2002, 331. . .
(2) Donohoe, T. J.; Compton, R. G.; Johnson, D. J.; Wadhawan, J. D. 2 Conditions: Na, NH, then R-X (yields 78-100%).
Tetrahedron2004,60, 5945.

10.1021/0l0476624 CCC: $30.25  © 2005 American Chemical Society
Published on Web 01/08/2005



nucleus was sought. The use of pyridinium salts as activate

electrophilic substrates for reduction via the use of organo-
metallic reagents and hydride donors has been well docu-
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rapidly precluding effective purification. These observations (T 12 (65%")
are consistent with other reports of the instability of 1,2-
dihydropyridines in the literature and our attempts to trap 2 nNH,cI ﬁj\ 6) sBul
the reduced product via a Diels Alder reaction met with CO,Me N COMe
limited succes$. Therefore, a method of stabilizing the ve' 9 (65%) e
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tion: acid-catalyzed hydrolysis in situ was predicted to
liberate a dihydropyridone that would be straightforward to
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aConditions: [a] Na, naphthalene; [b] Li, DBB.

handle. As our strategy involved the use of an aqueous acid
quench to achieve the hydrolysis, this sequence was incom-
patible with ammonia solvent. Thus, we switched to a Proved very effective, with isolation of the desired dihydro-
reduction protocol developed over the past few years, usingPYridone being achieved in an efficient manner (entr]1

lithium and di-tert-butylbiphenyl (DBB) or sodium and

Scheme 3). The instability that had plagued the previous

naphthalene as a source of electrons (ammonia-free condiProducts was completely absent. The reduction protocol was

tions)8
Initial investigations focused on the reduction of the
N-methyl pyridinium sal6. The reduction/hydrolysis strategy
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then applied to pyridinium salt, so that more versatile
N-protecting groups could be taken through the reduction/
hydrolysis sequence. The dihydropyridonéd {14) were
furnished in good yield using a range of electrophiles. We
were pleased to find that the methodology was applicable
to electrophiles, such as methyl chloroformate, that cannot
be used under the standard Birch reduction conditions (entry
8, Scheme 3J.Thus we have defined a highly versatile
method for introducing groups to the nitrogen with great
potential for broader synthetic application.

Next, we progressed on to elaboration of the template
generated by this methodology, demonstrating that function-
ality can be introduced at any position around the dihydro-
pyridone ring (Scheme 4). The chemistry of dihydropyri-
dones is well documented in the literatiemd we aimed to
use a variety of precedented transformations to illustrate the
potential for derivatization.
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many opportunities for derivatization including radical
chemistry and metal-catalyzed coupling reactions. In addi-
tion, the C-5 position could also be derivatized by reaction
of the enamine 1) with allyl iodide}? providing 18 in
acceptable yield.

The C-6 position proved modifiable through conjugate
addition methodology. Utilizing methodology reported by
Comins et al'? the reaction ofl1 with methylmagnesium
bromide, copper(l) bromide and boron trifluoride diethyl
etherate afforded the conjugate addition prodi&fScheme
4). This reaction gave a diastereomeric ratio of 80:20, with
the stereochemistry of the major diastereoisomer identified
via NOE experiment¥ This control of relative stereochem-
istry at the C-6 carbon is promising for future synthetic
studies.

The N-methyl-protected dihydropyridones (e.8), were
not viable as substrates for elaboration of the ring nitrogen.
Attempts to remove thé&l-Me group under electrophilic,
nucleophilic or oxidative conditions returned starting material
or led to decomposition. However, the PMB-protected class
of compounds, e.gll, proved highly versatile. Thus,
treatment ofL1 with trifluoroacetic acid led to formation of

The C-3 position was accessible using enolate chemistry.the deprotected dihydropyridor#0 in quantitative yield.

Reaction of dihydropyridon&4 with basé (NaNH,) allowed

Deprotection of the nitrogen creates the potential Xbr

an intramolecular displacement reaction; the cyclized product substitution with many other functional groups and provides

16 was isolated as a single diastereomer, proven to bave
ring fusion by X-ray crystallographi.

a starting point for future syntheses.
In conclusion, we have reported a concise route to

Functionalization of the C-5 position was achieved by important synthetic building blocks starting from a cheap

taking advantage of its positiofi to the nitrogen, and its
consequent enamine character. Reactidhlafith molecular
iodine yielded the desired C-5 halo dihydropyridatigin
excellent yieldt! This versatile intermediate now presents
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and readily available starting material. It has also been shown
that these molecules can be derivatized at every position
around the ring, enhancing their utility to organic chemists.
This chemistry provides dihydropyridones via a process that
generatesiucleophilicheterocyclic intermediates; as such it
is complementary to known methodologies that harness the
electrophilic nature of pyridinium salts.
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strong enhancement to the proton on C-6. Finally, irradiation of the C-6
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