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Simply combining aryl boronic acids with 1,8-naphthyridine N-oxides and heating at 110 �C in toluene or
dimethylformamide affords the corresponding 7-aryl-1,8-naphthyridines. The reaction is not sensitive to
air or moisture and the process can be extended to other electron-deficient heteroaromatic N-oxides.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1.
1,8-Naphthyridine derivatives show an exceptionally broad
range of biological activities.1 Consequently, new methods that
allow the rapid and late-stage derivatisation of this class of mole-
cule are highly attractive in research and optimisation of new
pharmaceuticals and agrochemicals. Due to our own interest in
1,8-naphthyridines as novel herbicides,2 we sought to prepare a
range of 7-aryl substituted analogues (Fig. 1).

Whilst classic cross-coupling chemistry can be envisaged to
instal the 7-aryl substituents, synthesis of the desired 7-
chloronaphthyridine coupling partners suffered from a tedious
chlorination step affording undesirable mixtures of the 5- and
7-chloronaphthyridines which were difficult to separate by chro-
matography (Scheme 1).3 However, the preceding oxidation to
the naphthyridine N-oxide occurs in good yield for a range of
6-halo-substituents as well as the 6-H parent compound (Scheme
1).4,5 Consequently, our efforts turned toward introducing the aryl
substituents directly from N-oxide.

Recently, Fagnou and co-workers reported the direct arylation
of a range of heteroaromatic N-oxides.6 However, the requirement
for an excess of the N-oxide (1.5–4 equiv) coupling partner in this
methodology was undesirable to us as the naphthyridine N-oxides
were advanced intermediates. The arylation of pyridine N-oxides
via the two-step Grignard addition, dehydration sequence reported
by Almqvist and Olsson offers an alternative approach.7 Inspired by
this methodology and the Petasis reaction,8 we reasoned that addi-
tion of aryl boronic acids to the naphthyridine N-oxides, followed
by dehydration could also offer a plausible route towards the 7-
ll rights reserved.

orris).
arylated naphthyridines. As many aryl boronic acids are air and
moisture stable, in addition to being commercially available with
a vast range of aromatic substituents, this approach seemed attrac-
tive.9 We report herein this novel chemistry towards 7-aryl-1,8-
naphthyridines.

Simply combining the naphthyridine N-oxide with the appro-
priate aryl boronic acid in toluene or DMF and heating the mixture
to 110 �C for 16 h afforded the desired 7-aryl-1,8-naphthyridines
(Table 1). In all cases, the aryl addition was completely selective
for the 7-position of the 1,8-naphthyridines. The reactions were
performed open to the air, with solvents used as purchased, mak-
ing this process convenient for the synthesis of chemical libraries.

In general, electron-rich aryl boronic acids afforded the desired
products in good yields (Table 1, entries 1–7). Aryl boronic acids
which contained weak inductively withdrawing groups afforded
the products in low to moderate yields (entries 8–11). Interest-
ingly, the presence of a phenolic OH group caused no detrimental
effect to the reaction (entry 3). Sterically hindered boronic acids
could also be successfully employed in the reaction (entries 2
and 5), although a longer reaction time was needed for the mesityl
analogue (entry 5). Whilst 3-furyl and 3-thienyl boronic acids gave
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Table 1
Aryl boronic acid additions to naphthyridine N-oxides

N+ N

X

O

CO2Et

CF3 N N

X

Ar

CO2Et

CF3

PhMe or DMF,
110 oC, 16 h  

ArB(OH)2+

(2 eq.)

Entry Product Solvent Yield (%)a

1 N N

CO2Et

CF3

MeO

X DMF 1a:63 (X = H)
PhMe 1b:60 (X = F)
DMF 1c:55 (X = Br)

2 N N

CO2Et

CF3

X

OMe

OMe
DMF 2a:63 (X = H)
DMF 2b:60 (X = Cl)

3 N N

CO2Et

CF3

OH

DMF 3:72

4 N N

CO2Et

CF3

MeS

PhMe 4:60

5b

N N

CO2Et

CF3

F

PhMe 5:43

6 N N

CO2Et

CF3

Cl

O

O

DMF 6:72

7 N N

CO2Et

CF3

O

O

PhMe 7:71

8 N N

CO2Et

CF3

Cl

DMF 8:30

9 N N

CO2Et

CF3

F

F

PhMe 9:50
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Table 1 (continued)

Entry Product Solvent Yield (%)a

10 N N

CO2Et

CF3

F3CO

Cl

PhMe 10:35

11 N N

CO2Et

CF3

F3C

Cl

PhMe 11:26

12 N N

CO2Et

CF3

X

S

PhMe 12a:57 (X = F)
DMF 12b:52 (X = Br)

13 N N

CO2Et

CF3

F

O

PhMe 13:34

14

N N

CO2Et

CF3

F

Ph
PhMe 14:55

a Isolated yield.
b Reaction time of 40 h.
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the expected products (entries 13 and 12), 2-thienyl boronic acid
failed under the current reaction conditions. Styryl boronic acid
was also found to couple well (entry 14).

The tolerance of chloro- and bromo-substituents under the
reaction conditions is attractive as further elaboration of the scaf-
fold can be carried out through cross-coupling chemistry. An
example of this is shown in Scheme 2. After isolating the
product from the boronic acid addition to the N-oxide, a Suzuki–
Miyaura coupling afforded a 7,8-biaryl substituted 1,8-
naphthyridine.10

Analysis of these reactions by LC–MS suggests the formation of
the hydroxylamine intermediate 15 (Fig. 2) or its respective boric
acid ester. This presumably eliminates water to afford the desired
product.11 It is possible that boronic acid aids this dehydration,
forming boric acid in the process, although we have no evidence
of this. Furthermore, selective 7-arylation may be a result of intra-
molecular transfer of the aryl group from boronate 16. The only by-
product isolated was the corresponding naphthyridine 17. Notably,
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whilst these reactions tended to occur faster in dimethylformam-
ide than toluene, larger amounts of by-product 17 resulted in
dimethylformamide.12 A limited solvent screen showed that
dimethylformamide, toluene and 1,4-dioxane afforded comparable
isolated yields. Performing the reaction in acetonitrile, at reflux, led
to good conversion into intermediate 15, however, dehydration to
the naphthyridine was much slower in this solvent. The reaction
failed completely when N-methyl-2-pyrrolidone or n-butanol
was employed as the solvent. Furthermore, for the sterically hin-
dered mesityl group, (Table 1, entry 5), formation of 15 seemed
to be complete after 16 h, however, the dehydration step was
found to be very slow for this analogue.

In an attempt to broaden the scope of this methodology, a small
screen of other heterocyclic N-oxides was undertaken. Whilst the
N-oxides of pyridine and quinoline resulted in no product or poor
yield (Table 2, entries 1 and 2), the more electron-deficient pyrido-
pyrazine and 1,7-naphthyridine N-oxides afforded the desired
products in moderate yields (Table 2, entries 3 and 4).
N N

X CO2Et

CF3

CO2Et

CF3

176
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Table 2
4-Methoxyphenyl boronic acid additions to heteroaryl N-oxides

N+

O

N

MeO

B(OH)2

OMe

 DMF,110 oC,
       20 h  +

(2 eq.) 

Entry N-oxide Product Yield (%)a

1 N+

O
N

MeO

0

2 N+

O
N

MeO

10

3 N+

O
N

N Ph

Ph N

MeO

N

N Ph

Ph 51

4b

N
+

N

CO2Et

CF3O-

N
N

CO2Et

CF3

OMe

32

a Isolated yield.
b Reaction time of 60 h.
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In summary, a novel and user-friendly process for the arylation
of 1,8-naphthyridine N-oxides is reported that can be extended to
other electron-deficient heterocycles.13 The application of this
methodology to the discovery of novel agrochemicals is ongoing
within our laboratories.
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