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We describe herein a new base-mediated process for the formation of N-arylpyridinones 2 and their use for the preparation of naphthyridones
and quinolines. The cyclization of various hindered enamines with methyl propiolate proceeds efficiently in the presence of NaOH to afford
the corresponding N-arylpyridinones. These substrates were then found to undergo subsequent cyclizations to afford highly functionalized
naphthyridones and quinolines.

Pyridinones, naphthyridones, and quinolines are important We recently required a flexible method for the preparation
heterocyclic templates. Many members of this class of of several members of this class of compounds. While many
heterocycles have significant biological actii/As a result, of the known protocols are suitable for the preparation of
the preparation of these heterocycles has become of greathe parent heterocycle (Scheme®yhich can be function-
interest for the design of potential pharmaceutical agedts.  alized in later steps, we found it cumbersome and sometimes
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C. W., Scriven, E. F. V., Eds.; Elsevier Science Ltd.: New York, 1996; R.; Doods, H. N.; Turconi, M.; Sagrada, A.; Donetti, A.; Schiavi, B. G. EP
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Scheme 1 Table 1. Synthesis ofN-Arylpyridinones
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impossible to prepare several desired quinolines and naph- ., ! R R’ R'  product yield
thyridones of interest. In particular, naphthyridones and Lacd %)
quinolines containing a sterically hindered aryl group on the
amide nitrogen were not accessible by these approaches Q\
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on the amide moiety at a later stage of the synthesis, we * o KN; oh
needed to design a new route that would incorporate the aryl 1d Ph Ph Ph H w 70
group in the early stages of the synthesis. We envisioned a &

strategy involving the preparation of-arylpyridinones as
templates, which could serve as precursors to the highly
functionalized naphthyridone and quinoline bicyclic deriva- 5
tives. In this communication we report a base-mediated 3
synthesis ofN-arylpyridinones from 1,3-diketones, methyl 12 @
propiolate, and the corresponding aniline and demonstrate
their use in the efficient syntheses of naphthyridones and
quinolines.

We initiated our investigation by preparing varidvsaryl
enamines of 1,3-diketones and investigated their subsequent
reaction with methyl propiolate and other appropriate  The subsequent cyclization of thiearyl enaminelawas
Michael acceptors. Sterically hindered enamifiag were next investigated. Employing the literature conditibreom
obtained upon Dean Stark condensation of the ketone andiemperature to 108C in dioxane or DMF), we were unable
2,6-dichloroaniline with catalytic amount pfTsOH in high to observe any of the desiréd-arylpyridinone. However,
yields: These compounds were crystallized from the reaction e could effect the cyclization of enaminga to N-
mixture anq used wnhput further punﬂcanon. Enamidesd arylpyridinone2a in 50% yield by heating the mixture to
were obtained following the known literature procedures. 14q°c for 5 days. Under these reaction conditions, an excess

(4) For reviews on the preparation of enamines: (a) Haynes, L. W. In of methyl proplolate was reqUIrEd' Indeed, the desired

Enamines: Synthesis, Structure, and Reactions; Cook, A. G., Ed.; Marcel Cyclization of the enamine to the methyl propiolate was

Dekker: New York, 1969; pp 55100. (b) Pitacco, G.; Valentin, E.; In  competing with the thermal cyclotrimerization of methyl
The Chemistry of Amino, Nitroso and Nitro Compounds and their . . . .
Derivatives; Patai, S., Ed.; John Wiley & Sons: New York, 1982; Part 1, Propiolate, giving benzene tricarboxylate as a substantial

Cl

ggggtgrl 1?755 6127487814'-:(0) Boatman, S.t;h Hatésaetr_, C. ?-Org. Chtentt_ | byproduct. To improve the reaction conditions and yields,
y y - . FOr a review on € aadition of amines to triple . . .

bonds: Chekulaeva, I. A.; Kondrat'eva, L. Russ. Chem. Re1965,34, the influence of Lewis acid CataIyStS (BEtherate' ZnG
669. Ti(O-i-Pr)y) on the cyclization reaction was investigated with

(5) (&) Maroni, P.; Cazaux, L.; Tisnes, P.; Zambeti,Bdll. Soc. Chim. : :
Fr. 1980,2, 179186, (b) Tsuge, O.; Koga, M.; Shinkai.Tietrahedron moderate success. We were able to reduce the reaction time

1973,29, 259—265. to 1—-2 days by using catalytic amount @FTsOH or
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MeSQH and heating in DMAc, but the required tempera- ||| A

tures were still very high and resulted in undesired triester.

We next turned our attention to base catalysis. We were
pleased to find that premixing the enamihe with either
Na-tert-pentoxide or NaOH in THF, followed by adding
methyl propiolate, led to a much cleaner reaction atG0
Most importantly, the problematic benzene tricarboxylate was
not produced under these conditions. Other bases (NaOMe
NaH, LIHMDS, KHMDS, EgN, pyridine, DABCO, and
DBU) did not lead to improved reactions. The best results
were obtained using NaOH to provide the desired pyridone
2a—ein 51—-70% yield (Table 1).

The cyclization is believed to occur via a stepwise
mechanism: Michael addition of the deprotonated enamine
to methyl propiolate followed by amide formation (Scheme
3). The intermediat® resulting from the Michael addition
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of the enamine to methyl propiolate could be detected by
HPLC/MS, and the structure of th&ans adduct was
confirmed by NMR®

With a variety of key pyridinones in hand, we next turned
our attention to naphthyridone and quinoline formation. We
developed a one-pot, two-step protocol to provide the desire
naphthyridones (Scheme 4). FirBkarylpyridinone2a was

Scheme 4
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(6) The protonated form of intermediciavas identified after quenching
with TFA. See Experimental Section for details.
(7) For a similar use of the Bredereck’s reagent, see ref 3.
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Table 2. Synthesis of Quinolines

" R'= 2-chlorophenyl; R? = 2,6-dichlorophenyl

R’ R* isolated
yield

(%)

entry product

OMe 91

Ph OMe 55

Me 48

desired N,N-dimethyl enamine intermediate. This crude
enamine was then treated with WBH-HCI in DMF, and

the corresponding naphthyridoNeoxide 3 was precipitated
guantitatively out of water. It was possible to synthesize the
parent naphthyridone by substituting ammonium acetate for
NH,OH-HCI; however, preparing thid-oxide opened room

gfor further functionalization of the naphthyridone ring.

Indeed, the naphthyridon&l-oxide 3 could be further
functionalized by treatment with neat PQQio afford
chloronaphthyridone3a in 75% yield. 2-Chloronaphthyri-
done3acould be further functionalized by various transition-
metal-catalyzed cross-coupling reactions yielding 2-C and
N-substituted naphthyridones. This further demonstrates the
versatility of this methodology to prepare highly function-
alized naphthyridones.

During the course of our study of the sodiuart-
pentoxide mediated cyclization of enamiha and methyl
propiolate, a byproduct was observed. This product was
determined to be quinolinda and was formed in 41%
unoptimized yield using an excess of methyl propiolate and
base. Although this yield is marginal, it represents a one-
pot synthesis of a quinoline from an enamine and methyl
propiolate. Further investigation showed tiNsarylpyridi-
noneain the presence of sodiuteft-pentoxide and methyl
propiolate led to the same product in 91% yield at room
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Scheme 5 Scheme 6
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demonstrated their use for the preparationNeérylnaph-
)@L thyridones and quinolines. These protocols are especially
attractive as they allow for the synthesis of these specifically
g functionalized heterocycles in very few steps. Expanding the
scope of this methodology to include hindered tertiary alkyl
substituents as well as applying it to the synthesis of other
interesting heterocycles will be the focus of future work.

2a O Cl

temperature (Scheme 5). Disubstituted alkynes could also
be reacted witiN-arylpyridinone, yielding other substituted Acknowledgment. We thank Drs. Z. Guan and B. Choi
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