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An efficient method for the synthesis of N-aryl pyridin-
2-ones was established by way of ligand coupling reactions
using pentavalent organobismuth reagents such as triarylbismuth
dichlorides.

Pyridin-2-ones and the related heterocyclic compounds are
important components in many active pharmaceuticals together
with their N-aryl derivatives that are frequently employed in the
investigation of their structure–activity relationships.1 It is
known that the copper-catalyzed Ullman reactions are carried
out under drastic reaction conditions and yields of the desired
products are moderate.2 Improved copper-catalyzed reactions
for N-arylation of pyridin-2-ones and the related heterocycles
by using aryl boronic acids or halides as arylating agents were
also reported.1,3

Various tri-, tetra-, and penta-arylbismuth(V) compounds4

such as Ph3BiCl2, Ph4BiOTs, and Ph5Bi are well-known re-
agents for C- or O-arylation of alcohols,5 phenols,6 active meth-
ylene or methyne compounds,7 metal-enolates,8 and enones.9

Covalently bonded BiV–substrate complexes are important inter-
mediates in these arylation reactions. On the other hand, N-aryl-
ation of amines and amides with bismuth(V) reagents was re-
ported to proceed smoothly only when copper catalysts were em-
ployed.10,11 Taking the reactions of C-phenylation of phenols
and enolates into consideration, however, N-phenylation of het-
eroaromatic lactams such as pyridin-2-one may proceed smooth-
ly via covalent bismuth(V)–OPy intermediates as shown in
Scheme 1. Here, we would like to report a new and efficient
method for N-arylation of pyridin-2-ones by using triarylbis-
muth dichloride and potassium tert-buthoxide (t-BuOK), which
provides various N-aryl pyridin-2-ones in good to excellent
yields.

A typical experimental procedure is as follows: a solution of
2.0 equimolar amounts of pyridin-2-one and t-BuOK in dry THF
was stirred at rt for 10min., followed by the addition of 1.0
equivalent of a triarylbismuth dichloride. Solution thus resulted
was allowed to react at the temperatures shown in Tables 1 and
2. After completion of the reaction, the mixture was diluted with
ethyl acetate and washed with 1M HCl, 2M NaOH, and brine,

then dried over Na2SO4. After evaporation of the solvent, the
crude product was purified by preparative TLC on silica gel
(hexane/EtOAc) to afford the desired arylated product.

Various 1-(2-methylphenyl)pyridin-2-ones were easily syn-
thesized in good to excellent yields by using tri(o-tolyl)bismuth
dichloride under mild conditions (Table 1). It should be noted
that these o-tolylated products are not available by the copper-
catalyzed N-arylation reactions between pyridin-2-ones and 2-
halotoluene owing to the steric hindrance of o-tolyl group.1

While N-tolylation of simple pyridin-2-one and 3-methylpyri-
din-2-one proceeded smoothly at room temperature (Entries 1
and 2),12,13 refluxing conditions were needed when substrates
bearing electron-withdrawing functionalities were used (Entries
3–8). Although 6-chloropyridin-2-one did not afford the desired
product (Entry 10), 6-methylpyridin-2-one and quinorin-2-one
gave the N-tolylated compounds 1i and 1k under refluxing con-
ditions (42 and 71% yields, respectively). Aliphatic lactams gave
the desired products 1l and 1m in poor yields as expected from
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Scheme 1. N-arylation of pyridin-2-one using Ar3BiCl2.

Table 1. N-o-tolylation of various pyridin-2-ones
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Barton’s reports10,11a (Entries 12 and 13).
Various ortho-substituted phenyl groups as well as simple

phenyl one were transferred to the nitrogen atom of pyridin-
2-on (Table 2). Importantly, triphenylbismuth dichloride
(Ph3BiCl2) was less reactive than bulky (o-tolyl)3BiCl2 and N-
phenylated product 1n was produced only when the reaction
was carried out under refluxing conditions (Entry 1). This is
probably due to the steric effects which make C–BiV bonds in
(o-tolyl)3BiCl2 weaker compared with those in Ph3BiCl2. Fur-
ther, the introduction of methoxy groups on the phenyl groups
attached to BiV atom resulted in the formation of a mixture of
N- and O-arylated products (Entries 4 and 6).

A postulated reaction mechanism is depicted in Scheme 1.
Two equivalents of potassium pyridin-2-one were substituted
at the BiV center and the corresponding O-adduct was generated
as a key intermediate. The adduct thermally decomposed to af-
ford the N-arylated product together with BiIII byproducts14

through ligand coupling processes. In order to further verify this
mechanism, the use of other organobismuth(V) reagents for
Ph3BiCl2 was also examined (Table 3). The use of Ph3BiF2 or
[Ph4Bi

þ][BF4
�]15 gave 1n in good yields, whereas triphenylbis-

muth diacetate or carbonate did not afford N-phenylpyridin-2-
one under the same conditions. This might suggest that the for-
mation of a covalently bonded BiV–pyridin-2-one intermediate
is an important step in the present arylation method.

It is noted that an efficient method for N-arylation of
pyridin-2-ones using triarylbismuth dichlorides was developed.
These reactions proceeded smoothly under mild conditions
without any assistance of copper catalysis. Further studies on
aryl transfer reactions onto heterocycles by using hypervalent
organobismuth reagents are now in progress.
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Table 3. Effects of organobismuth(V) reagentsa

Ph3BiCl2 Ph3BiF2 [Ph4Bi
þ][BF4

�]b Ph3Bi(OAc)2 Ph3BiCO3

71% 73% 51% 0% 0%

aN-phenylation of pyridin-2-one was carried out by using bis-
muth(V) reagents according to the general procedure under reflux-
ing conditions. b1.0 equiv. of pyridin-2-on and t-BuOK were used.

Table 2. Substituent effects on bismuth reagents
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Entry R1 R2 Temp/�C Yield/% Product

1 H H reflux 71 1n

2 Me H rt 95 1a

3 Me Cl rt 91 1o

4 Me OMe rt 38 (47a) 1p (2p)

5 CF3 H rt 71 1q

6 OMe H reflux 47 (9a) 1r (2r)
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