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Convenient preparation of naphthyridines from halopyridines:
sequential Heck coupling and cyclization
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Abstract—A simple method for the preparation of 1,7-naphthyridine and 1,6-naphthyridine from the corresponding aminopy-
ridine starting materials is presented. © 2001 Elsevier Science Ltd. All rights reserved.

The cis-decalin scaffold had been identified as a flexible
framework for the construction of a wide variety of
interesting chiral ligands including diamines, diols,
amino alcohols, phosphites and phosphines.1 C2-Sym-
metric 1,5-diaza-cis-decalin 2 and derivatives have been
prepared, resolved, and employed in asymmetric lithia-
tion/substitution reactions2 and asymmetric oxidative
biaryl coupling reactions.3 As a continuation of our
efforts in this area, we would like to investigate the
conformational and ligand properties of non-C2-sym-
metric diaza-cis-decalins such as 1,7-diaza-cis-decalin 44

and 1,6-diaza-cis-decalin 6. The most straightforward
preparation of 4 and 6 would be by hydrogenation of
the corresponding aromatic naphthyridines 3 and 5,
respectively following the procedure used to prepare 2

from 1 (Fig. 1). As such, efficient syntheses of 3 and 5
were sought.

Although 35 has been prepared by various methods,
most procedures were lengthy and low yielding. The
synthesis by Giam6 is short and high yielding, but
produces a mixture of 3 and 5. Furthermore, the start-
ing material 2,3-cyclopentenopyridine is no longer com-
mercially available. Colandrea7 recently reported a
selective seven-step synthesis of 3; however, stoichio-
metric amounts of organotin materials are required.
Herein, a new facile preparation of this seemingly
uncomplicated heterocycle is reported.

We envisioned that 3 could arise from a 3-amino-4-
iodo-pyridine 78 and an acrolein equivalent via a Heck

Figure 1.

Scheme 1.
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coupling9 followed by an intramolecular condensation
(Scheme 1). However, treatment of 7 with acrolein
dimethylacetal in the presence of (o-Tol)3P, Pd(OAc)2,
and Et3N in MeCN in a sealed tube at 110°C for 16 h
provided none of the expected Heck product 9. Instead,
25% of 3, 9% of 11, and 10% of starting material 7 were
isolated. Hydroiodic acid, a byproduct of the reaction,
was postulated to be responsible for the conversion of
the initial Heck adduct 9 into 3 by causing hydrolysis of
the acetal, isomerization of the trans alkene, and con-
densation. Competing �-hydride elimination of the ace-
tal hydrogen in organopalladium 8 explains the
formation of 11 via intermediate 10. Encouraged by
these results, a method was sought to suppress the
formation of 11 and improve the yield of 3.

After exploring a number of Heck reaction conditions,
the Jeffery10 protocol with heating was found to yield
911 cleanly (Eq. (1)). After a quick aqueous workup,
crude 9 was treated with DMF and a catalytic amount
of triethylammonium iodide in ethyl ether (generated
by mixing Et3N and HI) and heated to 70°C for 16 h to
cleanly provide 312 in 76% yield over the two steps.
Thus, 3 could be prepared in five steps starting from
commercial 3-aminopyridine in 44% overall yield.

(1)

We sought to apply this reaction to prepare other
naphthyridines, such as 1,6-naphthyridine. Surprisingly,
treatment of 4-amino-3-iodopyridine 1213 with the con-
ditions developed for 3 did not provide any products
arising from Heck coupling (Scheme 2). The main
complication appeared to arise from the 4-aminopy-
ridine functionality in 12 competing as a ligand for
palladium. A similar problem was observed even with
the less basic N-pivaloyl derivative of 12. However,
when the protocol of Larock14 using allyl alcohol was
employed,15 1,6-naphthyridine 5 could be obtained
directly in 51% yield. Formation of 5 under these

conditions occurred via a multistep sequence involving
Heck coupling, palladium-mediated oxidation of the
allylic alcohol to the aldehyde, double bond isomeriza-
tion, cyclization, and dehydration. With an overall yield
of 38% from commercial 4-aminopyridine, this process
provides 5 in a yield comparable to the reported Skraup
procedure.16

To examine the general applicability of this approach, a
synthesis of 1,5-naphthyridine was briefly investigated.
However, various Heck reaction conditions with 2-
halo-3-aminopyridines 15 did not yield 1 (Eq. (2)).

(2)

In short, a facile synthesis of 1,7-naphthyridine 3 has
been achieved in five steps and 44% overall yield. The
syntheses described for 1,7-naphthyridine 3 and 1,6-
naphthyridine 5 may also be useful for the synthesis of
substituted versions of these interesting heterocycles.
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