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ABSTRACT

Substituted quinolones were efficiently synthesized via the nickel-catalyzed cycloaddition of o-cyanophenylbenzamide derivatives with alkynes.
The reaction involves elimination of a nitrile group by cleavage of the two independent aryl�cyano and aryl�carbonyl C�C bonds of the amides.

Anumber ofN-heterocycles containing carbonyl groups
have been recognized as biologically active agents,
quinolones1 and isoquinolones2 being among the most
representative examples of such heterocycles. Because of
their functionality, development of synthetic routes and
methods for the functionalization of these compounds is of
great significance.3 From this perspective, we have devel-
oped cycloaddition reactions of heterocycles with alkynes
to generate such benzopyridones via the elimination of
CO4a (Scheme1, eq1) orCO2

4b (eq2).We further attempted
to synthesize 2-quinolone from o-cyanophenylbenzamides

and alkynes via the elimination of nitrile, using a nickel
catalyst (eq 3).5

The initial treatment of o-cyanophenylbenzamide deri-
vative 1a and 4-octyne 2a in the presence of a nickel catalyst
(prepared in situ from Ni(cod)2 and P(CH2Ph)3 using
methylaluminum bis(2,6-di-tert-butyl-4-methylphenoxide)
(MAD) as a cocatalyst by treatment in toluene at 120 �C for
12h) generatedquinolone3aa in36%yield (Table1, entry1).
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In order to promote oxidative addition of the Ar�CN
bond, a more electron-rich nickel(0) catalyst prepared
from Ni(cod)2/PMe3/MAD was used, which increased
the reaction efficiency. Eventually, it was found that the
use of Ni(cod)2 (5 mol %), PMe3 (20 mol %), and MAD
(10 mol %) generated 3aa in 80% yield (entry 2). PCy3,
PPh3, IPr, and other ligands were less reactive in this case.
The cycloaddition reactions of several amides and 2awere
carried out under the optimized conditions. Amides sub-
stituted with electron-donating or -deficient aryl groups
on the nitrogen atom gave the corresponding quinolones
3ba, 3ca, and 3da in good-to-excellent yields (entries 3�5).
A substrate possessing a benzyl group (1e) also gave the
corresponding product 3ea in high yield (entry 6).
To extend the applicability of this protocol, various

alkynes were evaluated (Table 2). It was found that
2-octyne and 1-methoxy-3-heptyne were also well suited
for this reaction (entries 1, 2). 4-Methyl-2-pentyne gave
the corresponding adduct 3bd in low yield under the same
conditions mentioned above (entry 3). However, a slight
modification of the conditions (using PMe2Ph instead of
PMe3 and twice the amount of MAD) increased the yield
to 96% (entry 4). Bulkier alkynes (2e, 2f) also reacted with
substrate 1b to afford the relevant cycloadducts in high
yields, although a slightly larger quantity of the Lewis acid
(20�30 mol %) was required (entries 5, 6). The molecular
structures of the major cycloadducts 3bd and 3be were
determined via X-ray crystal structure analysis (see
Supporting Information). Under the conditions listed in
entry 4, diphenylacetylene 2g afforded the corresponding
product in 86% yield (entry 7). The monoaryl-substituted
internal alkyne2halso reactedwith1b to afford1bh in 99%
yield (entry 8). Enyne 2i and diyne 2j participated in the
reactionwith 1b to afford the desired products, 3bi and 3bj,
in respective yields of 99% and 59%without any evidence
of oligomerization of the alkynes (entries 9, 10). Almost
all of these examinations were performed without high
regioselectivity, except in the case of alkynes possessing the

trimethylsilyl group, which may be attributed to the electro-
nic nature of the silyl group. Terminal alkynes such as
1-octyne or phenylacetylene failed to participate in the
reaction, becauseof the rapidoligomerizationof the alkynes.
The proposed mechanism for this reaction, shown in

Scheme 2, involves the initial oxidative addition of sub-
strate 1 to nickel(0) to form complex A.6�8 Subsequent
ipso-electrophilic attack of the leaving aryl group affords
the seven-membered intermediate B.9 Ensuing elimination

Scheme 1. Synthetic Approaches toward All of the Structural
Isomers of Benzopyridones

Table 1. Scope of the Cycloadditiona

aReactions were carried out using Ni(cod)2 (5 mol %), PMe3
(20 mol %), MAD (10 mol %), 1 (0.5 mmol), and 2a (1.5 mmol) in
3 mL of toluene at 120 �C for 12 h in a sealed tube. b Isolated yields
are given. cUsing Ni(cod)2 (5 mol %), P(CH2Ph)3 (10 mol %), MAD
(10 mol %); see ref 5.
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of the nitrile and coordination of alkyne 2 give the five-
membered nickelacycle C. Finally, the seven-membered
nickelacycle D is generated after alkyne insertion, and
reductive elimination gives quinolone 3 with regeneration
of the nickel(0) catalyst. The regioselectivity of the reaction
can be rationalized in terms of the direction of alkyne
insertion, in which the repulsive steric interaction is mini-
mal between the bulkier RL group and the ligand (a
phosphine or an eliminated nitrile) on the nickel atom, to
give the nickel(II) intermediate C.
The formation of B is consistent with the electron-

rich aryl being a stronger leaving group than the

electron-deficient group. The substrate possessing an elec-
tron-rich aryl group (1f) gave quinolone 3ba in 82% yield
(Table 3, entry 1), whereas the substrates having relatively
electron-deficient aryl groups (1b, 1g) afforded 3ba in
lower yields (entries 2, 3). Furthermore, substrates with
alkyl groups (1h) remained intact under the present nickel-
catalyzed reaction conditions.

In conclusion, we have illustrated the efficacy of a new
nickel-catalyzed reaction based on carbon�carbon bond
cleavage of amides for the synthesis of quinolones. This
technique should prove useful for the synthesis of a variety
of complicated quinolones from simple substrates.Current
efforts are directed toward further clarifying the reaction
mechanism and discovering new catalytic processes trig-
gered by carbon�carbon bond activation.
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Scheme 2. Proposed Reaction Mechanism

Table 3. Effect of the Leaving Groupa

entry R yield (%)b

1 p-MeOC6H4 (1f) 82

2 Ph (1b) 80

3 p-CF3C6H4 (1g) 39

4 Me (1h) <1

aReactions were carried out using Ni(cod)2 (5 mol %), PMe3
(20 mol %), MAD (10 mol %), 1 (0.5 mmol), and 2a (1.5 mmol) in
3 mL of toluene at 120 �C for 12 h in a sealed tube. b Isolated yields.

Table 2. Cycloaddition with Various Alkynesa

aReactions were carried out using Ni(cod)2 (5 mol %), PMe3
(20 mol %), MAD (10 mol %), 1b (0.5 mmol), and 2 (1.5 mmol) in
3 mL of toluene at 120 �C for 12 h in a sealed tube. b Isolated yields
are given. cUsing PMe2Ph instead of PMe3, MAD 20 mol %. dUsing
PMe2Ph instead of PMe3, MAD 30 mol %. eRatio of regioisomers.
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