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Nickel-Catalyzed Direct Alkylation of Heterocycles with a-Bromo Carbonyl
Compounds: C3-Selective Functionalization of 2-Pyridones

AKkihiro Nakatani, Koji Hirano,* Tetsuya Satoh, and Masahiro Miura**!

Pyridone derivatives constitute an important class of com-
pounds in pharmaceutical and medicinal chemistry.!! In par-
ticular, acetic acids that contain 2-pyridone cores at the posi-
tion o to carbonyl groups show unique biological activity.”!
The palladium, nickel, and copper-catalyzed a-arylation of
carbonyl compounds with halogenated pyridones appear to
be attractive approaches to the target molecules.”) However,
the reaction with electron-rich heterocyclic halides is still re-
stricted in efficiency and selectivity.) The metal-promoted
C—H functionalization chemistry of heterocycles has recent-
ly received significant attention, and the traditional homo-
lytic radical aromatic substitution (HAS) is now revisited as
an efficient and direct functionalization methodology for
heterocycles.’! For example, Ru- and Ir-based photoredox
catalysts are applied to the HAS of electron-rich indoles
and pyrroles with a-halo carbonyl compounds and provides
a complementary access to a-heterocyclic acetic acid deriva-
tives.[*”) However, these photocatalysis reactions still suffer
from a somewhat narrow substrate scope of a-halo carbon-
yls; only highly activated systems, such as 2-bromomalonate
esters, can be used owing to the limitation of their redox po-
tentials. Although the HAS reaction with xanthates has
been reported, preactivation of a-haloacetates into the cor-
responding xanthates is inevitable, and an excess amount of
peroxide is required. Thus, there remains a challenge to
develop the HAS-type direct alkylation of electron-rich het-
erocycles with less activated o-halo carbonyl compounds.
Herein, we report a nickel-catalyzed HAS-type reaction
with a-bromoacetates. The nickel catalyst enables the alkyl-
ation of 2-pyridones, as well as indoles, benzofuran, and cou-
marin, to directly form the corresponding o-heterocyclic
acetic acids. Moreover, in the reactions of 2-pyridones,
unique C3 selectivity is observed.

We first chose N-methyl-2-pyridone (1a) and butyl 2-bro-
mopropanoate (2a) as model substrates and extensively
screened various reaction parameters, such as catalysts, li-
gands, bases, and solvents.”) Tt was found that a Ni(cod),/
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dppp (cod=1,5-cyclooctadiene, dppp = 1,3-bis(diphenylphos-
phino)propane) catalyst system with K;PO, as a base pro-
moted the reaction of 1a with 2a in heated ortho-xylene to
afford the alkylated 2-pyridone 3aa in good yield
(Scheme 1, conditions A). A combination of hexamethyl-

conditions A:
5 mol% Ni(cod),
6 mol% dppp

‘ OBu
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| +Br ‘ o
6 or
N~ ~O o
Me
1a

conditions B: Rllle o

bogied
2a g 22:0;: z‘;,(;;d)z 3aa exclusive C3

f ° 65% (conditions A)
t , tAmOH, 110 °C o
urotropine, tAm 54% (conditions B)

5.0 equiv

Scheme 1. Reaction conditions for nickel-catalyzed C3-selective alkyla-
tion of N-methyl-2-pyridone (1a) with butyl 2-bromopropanoate (2a).

enetetramine  (urotropine) and  2-methyl-2-butanol
(tAmOH) also gave a comparable yield (Scheme 1, condi-
tions B). Particularly notable is that the C—C bond forma-
tion occurred exclusively at the C3 position of 2-pyridone
and no regioisomers were detected. Such a high C3 selectivi-
ty is not trivial,'” and C5- and Cé-selective functionaliza-
tions are possible under Pd!"!l and Ni/Al bimetallicl” cata-
lysts, respectively.

By using the conditions A or B shown in Scheme 1, we
performed the direct alkylation of an array of 2-pyridone
derivatives with 2a (Table 1). Regardless of the substitution
pattern on the pyridone ring, the exclusive C3 selectivity
was uniformly observed. Namely, 4-methyl, 5S-methyl, and 6-
methyl-2-pyridones (1c—e) also underwent the alkylation,
and the corresponding C3-alkylated products 3ca—ea were
obtained as the single regioisomers (Table 1, entries 3-8).
On the other hand, when the methyl group was introduced
to the C3 position, no reaction took place (Table 1, entries 1
and 2). In addition to the simple methyl group, a trifluoro-
methyl group at the C4 or C5 positions was tolerated, albeit
with somewhat lower efficiencies (Table 1, entries 9 and 10).
The nickel catalysis accommodated the benzyl substituent
on nitrogen, which can be a useful synthetic handle for fur-
ther manipulations after an appropriate deprotection
(Table 1, entry 11). A benzene-fused N-methyl-2-quinoli-
none (1i) was also available for use (Table1, entry 12).
Moreover, an oxygen analogue, coumarin (1j), could be em-
ployed for the alkylation reaction; as shown in the reaction
with 2-pyridones, the C3-alkylated coumarin (3ja) was
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Table 1. Nickel-catalyzed direct alkylation of various 2-pyridones 1 with
butyl 2-bromopropanoate (2a).!
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[a] Reaction conditions A: Ni(cod), (0.025 mmol), dppp (0.030 mmol),
K;PO, (0.60 mmol), 1 (2.5 mmol), 2a (0.50 mmol), ortho-xylene (3.0 mL),
N,, 130°C, 6-8 h; reaction conditions B: Ni(cod), (0.025 mmol), dppp
(0.030 mmol), urotropine (0.60 mmol), 1 (2.5 mmol), 2a (0.50 mmol),
tAmOH (3.0 mL), N,, 110°C, 4-6 h. [b] Yield of isolated product. Bn=
benzyl.

formed as the sole product (Table 1, entries 13 and 14). In
this reaction, an excess amount of the 2-pyridone 1 was es-
sential for a synthetically useful yield, but about half the
quantity of 1 was recovered, unreacted, by simple extraction
with chloroform after the coupling reaction (see the Experi-
mental Section for details).
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Figure 1. Products of nickel-catalyzed direct alkylation of N-methyl-2-
pyridone (1la) with various a-bromocarbonyl compounds. [a] With
10 mol % of Ni(cod), and 12 mol% of dppp for 10 h. TBS =tert-butyldi-
methylsilyl.

We next investigated the scope of a-bromocarbonyl cou-
pling partners with N-methyl-2-pyridone (1a; Figure 1). a-
Bromoesters with phenyl and cyclopentyl substituents at the
B position also reacted regioselectively with 1a to form the
coupling products 3ab and 3ac in acceptable yields. The
nickel catalysis was compatible with silyl ether and alkyl
chloride functionalities (3ad and 3ae); however, the bulky
iPr-substituted substrate showed somewhat lower reactivity
(3af). Additionally, a-bromopropanenitrile worked as a suit-
able alkyl donor, giving the corresponding alkylated product
3ag in good yield. However, a-bromoamides, a-bromoke-
tones, a-chlorocarbonyls, and primary alkyl halides were in-
accessible substrates under the standard conditions (data
not shown).

The above nickel catalyst systems can be applied to the
direct alkylation of electron-rich heterocycles other than 2-
pyridones (Scheme 2). N,3-Dimethylindole was coupled with
a variety of a-bromoesters to afford the corresponding o-in-
dolylacetates in moderate to good yields (Scheme 2, 4aa—
ae). The tryptophan methyl ester and pyrrolopyridine also

"
R’ R2 R3 5 mol% Ni(cod), R R2
OR* 6 mol% dppp A R3
N %{ urotropine, “Urotropine, tAmOH ¥ OR*
Y 110°C,4h
5.0 equiv conditions B o
CO,Me
R R =H: 4aa 84%
A\ R =Ph: 4ab 80% N\
RIA OBu R = cyclopentyl: 4ac 62% N OBu
e o = (CH,);0TBS: 4ad 63% Me
= (CHy),Cl: 4ae 58% 4ba 41%

R=Me, R =H: Saa 63%
R = iPr, R' = H: 5af 46%°!
R =R'=Me: 5ag 53%"

4ca 36% 5ba 54%

Scheme 2. Nickel-catalyzed direct alkylation of electron-rich heterocycles
with various a-bromocarbonyl compounds. [a] With 10 mol % of Ni(cod),
and 12 mol% of dppp for 10 h. [b] The corresponding ethyl ester was
used.
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participated in the reaction (Scheme 2, 4ba and 4ca).'”
Moreover, benzofuran and 3-methylbenzofuran were trans-
formed into the a-benzofurylesters in acceptable yields (5).
It is worth noting that the coupling of benzofuran with steri-
cally hindered iPr- and dimethyl-substituted bromoesters
was possible (Scheme 2, 5af and 5ag). In the cases of pyrro-
lopiridine and benzofuran, the C—C bond formation occur-
red regioselectively at the C2 position of the pyrrole and
furan ring, respectively. Significantly, the direct alkylation of
guaiazulene was successful (Scheme 3), indicating that this
nickel catalyst can provide a new and facile access to func-
tionalized azulene derivatives.'

5 mol% Ni(cod),
6 mol% dppp
urotroplne tAmOH

OQ )\(OBU

condmons B
5.0 equiv ; ;
65% (85:15)

Scheme 3. The direct alkylation of guaiazulene.

To get some mechanistic insight, we carried out the cata-
lytic reactions in the presence of a radical inhibitor. The ad-
dition of 2,2,6,6,-tetramethylpiperidine-1-oxyl (TEMPO)
completely suppressed the nickel catalysis for both 2-pyri-
done and indole (Scheme 4). On the basis of the above re-

(l Jﬁ(OBu conditions A or B | A OBu
(0]

1.0 equiv  TEMPO Ne ©
1a 2a 3aa not detected
OB conditions B
A\ Br/kff ! I ':
OBu
N O 10equivTEMPO Me
2a 4aa not detected

Scheme 4. Nickel catalysis of 2-pyridone and indole in the presence of
the radical initiator TEMPO.

sults and literature information,>® although the detailed
mechanism is not yet clear, we propose the reaction course
of N-methyl-2-pyridone (1a) and 2a shown in Scheme 5. A
single electron transfer from an initially formed Ni' species
7 to 2a gives an alkyl radical intermediate 8 with the con-
comitant generation of Ni"" complex 9. Subsequent addition
of 8 to 1a proceeds through a SOMO/HOMO interaction,
in which the C—C bond is formed selectively at the C3 posi-
tion on the pyridone ring because of the relatively large
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Scheme 5. Plausible mechanism.

atomic contribution of HOMO at the C3 atom!™! and pref-
erable resonance stabilization of the resultant adduct 10.
The alkylated product 3aa is then formed from the oxida-
tion of 10 by Ni" complex 9 and rearomatization of 11
through a deprotonation. The oxidation process concurrent-
ly regenerates the starting Ni' complex to complete the cata-
lytic cycle.” The postulated HAS-type mechanism can ex-
plain the observed regioselectivity in the functionalization
of indoles, benzofurans, and azulene, as well as 2-pyri-
dones.”!! Indeed, upon exposure of N-methyl-2-pyridone
(1a) to the conventional peroxide-promoted HAS condi-
tions®®! with the corresponding xanthate, the same regiose-
lectivity was observed (Scheme 6).72 Thus, the presented

S stoichiometric OB
X (C14H3CO,) AN u
| . PS OBuU 11H23C02), |
N0 BO™ 7S X CICH,CH,C, reflux  ~N~Xg ©
Me Ref. [8a,b] Me
1a 3aa 70%

Scheme 6. Reaction of N-methyl-2-pyridone (1a) under conventional per-
oxide-promoted HAS conditions.

catalysis can be regarded as a peroxide-free, nickel-cata-
lyzed HAS-type reaction of heterocycles with less reactive
a-halocarbonyls. However, an alternative involving a Ni’/Ni'
redox system cannot be completely excluded. Further inves-
tigation is essential for clarification of the detailed mecha-
nism.

In conclusion, we have developed a nickel-catalyzed
direct alkylation of electron-rich heterocycles with a-bromo-
carbonyl compounds. The nickel catalysis can provide a per-
oxide-free catalytic system for the HAS-type reaction with
less reactive a-halocarbonyls. Moreover, the HAS-type reac-
tion is found to be capable of the unique C3-selective direct
functionalization of 2-pyridones.

Experimental Section

Nickel-catalyzed direct alkylation of N-methyl-2-pyridone (1a) with butyl
2-bromopropanoate (2a): 1,3-Bis(diphenylphosphino)propane (dppp,
12 mg, 0.030 mmol), K;PO, (127 mg, 0.60 mmol), and dibenzyl (ca.
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30 mg, internal standard) were placed in a two-necked reaction flask
(20 mL), and the flask was taken into a glove box filled with nitrogen. Ni-
(cod), (6.9 mg, 0.025 mmol) in xylene (2.0 mL) was then added and the
flask was sealed with a septum and taken out of the glove box. After the
suspension was stirred for 15 min at ambient temperature, a solution of
N-methyl-2-pyridone (1a, 273 mg, 2.5 mmol) and butyl 2-bromopropa-
noate (2a, 105 mg, 0.50 mmol) in xylene (1.0 mL) was added. The reac-
tion was heated to 130°C and stirred for 6 h. The resulting mixture was
quenched with water and then extracted four times with ethyl acetate.
The combined organic layers were dried over sodium sulfate. Concentra-
tion in vacuo and subsequent purification by column chromatography on
silica gel with dichloromethane/ethyl acetate (1:1, v/v) as an eluent gave
the alkylated 2-pyridone (3aa, 77 mg, 0.32 mmol) in 65% yield. The re-
sidual water layer was extracted four times with chloroform and remain-
ing N-methyl-2-pyridone (1a) was recovered (139 mg, 1.3 mmol).

Acknowledgements

This work was partly supported by Grants-in-Aid from MEXT and JSPS,
Japan. K.H. acknowledges The Uehara Memorial Foundation for finan-
cial support. We thank Mr. Tomoyuki Yao for his initial experimental as-
sistance.

Keywords: alkylation - homolytic radical aromatic

substitution - nickel - pyridones - synthetic methods

[1] a) M. Torres, S. Gil, M. Parra, Curr. Org. Chem. 2005, 9, 1757,
b) I. M. Lagoja, Chem. Biodiversity 2005, 2, 1.
[2] a) F. Christ, A. Voet, A. Marchand, S. Nicolet, B. A. Desimmie, D.
Marchand, D. Bardiot, N.J. V. der Veken, B. V. Remoortel, S.V.
Strelkov, M. D. Maeyer, P. Chaltin, Z. Debyser, Nat. Chem. Biol.
2010, 6, 442; b) G. Yu, P. N. P. Rao, M. A. Chowdhury, K. R. A. Ab-
dellatif, Y. Dong, D. Das, C. A. Velazquez, M. R. Suresh, E.E.
Knaus, Bioorg. Med. Chem. Lett. 2010, 20, 2168.
For recent reviews, see: a) C. C. C. Johansson, T.J. Colacot, Angew.
Chem. 2010, 122, 686; Angew. Chem. Int. Ed. 2010, 49, 676; b) F.
Bellina, R. Rossi, Chem. Rev. 2010, 110, 1082; for early examples,
see: ¢) T. Satoh, K. Kawamura, M. Miura, M. Nomura, Angew.
Chem. 1997, 109, 1820; Angew. Chem. Int. Ed. Engl. 1997, 36, 1740,
d) M. Palucki, S. L. Buchwald, J. Am. Chem. Soc. 1997, 119, 11108;
e) B. C. Hamann, J. F. Hartwig, J. Am. Chem. Soc. 1997, 119, 12382,
f) T. Satoh, J. Inoh, Y. Kawamura, M. Miura, M. Nomura, Bull.
Chem. Soc. Jpn. 1998, 71, 22309.
For limited successful examples, see: a) W. Su, S. Raders, J. G. Ver-
kade, X. Liao, J. F. Hartwig, Angew. Chem. 2006, 118, 5984; Angew.
Chem. Int. Ed. 2006, 45, 5852; b) S. F. Yip, H. Y. Cheung, Z. Zhou,
F. Y. Kwong, Org. Lett. 2007, 9, 3469; ¢) Y. Guo, B. Twamley, J. M.
Shreeve, Chem. Commun. 2007, 3583; d) T. Hama, J. F. Hartwig,
Org. Lett. 2008, 10, 1545; also see: J. M. Richter, B. W. Whitefield,
T.J. Maimone, D. W. Lin, M. P. Castroviejo, P.S. Baran, J. Am.
Chem. Soc. 2007, 129, 12857.
a) A. Studer in Radicals in Organic Synthesis, Vol. 2, 1st ed. (Eds.: P.
Renaud, M. Sibi), Wiley-VCH, Weinheim, 2001, p. 44; b) S. E. Vail-
lard, B. Schulte, A. Studer in Modern Arylation Methods (Ed.: L.
Ackermann), Wiley-VCH, Weinheim, 2009, p.475; c) A. Studer,
D. P. Curran, Angew. Chem. 2011, 123, 5122; Angew. Chem. Int. Ed.
2011, 50, 5018; for selected recent advances, see: d) S. Yanagisawa,
K. Ueda, T. Taniguchi, K. Itami, Org. Lett. 2008, 10, 4673; ¢) E. Shir-
akawa, K.-i. Itoh, T. Higashino, T. Hayashi, J. Am. Chem. Soc. 2010,
132, 15537; f) W. Liu, H. Cao, H. Zhang, K. H. Chung, C. He, H.
Wang, F. Y. Kwong, A. Lei, J. Am. Chem. Soc. 2010, 132, 16737,
g) C.-L. Sun, H. Li, D.-G. Yu, M. Yu, X. Zhou, X.-Y. Lu, K. Huang,
S.-F. Zheng, B.-J. Li, Z.-J. Shi, Nat. Chem. 2010, 2, 1044; h) I. B.
Seiple, S. Su, R. A. Rodriguez, R. Gianatassio, Y. Fujiwara, A. L.

3

—_

[4

—_

[5

[

www.chemeurj.org

7694 —

(0]

7

—

[8

—_

]
(10]

(1]

(12]

(13]

(14]

(1]

[10]

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Sobel, P.S. Baran, J. Am. Chem. Soc. 2010, 132, 13194; i) D. A.
Nagib, D. W. C. MacMillan, Nature 2011, 480, 224; j) Y. Fujiwara,
J. A. Dixon, R. A. Rodriguez, R. D. Baxter, D. D. Dixon, M. R. Col-
lins, D. G. Blackmond, P.S. Baran, J Am. Chem. Soc. 2012, 134,
1494; k) Y. Fujiwara, J. A. Dixon, F. O’Hara, E. D. Funder, D. D.
Dixon, R. A. Rodriguez, R. D. Baxter, B. Herlé, N. Sach, M. R. Col-
lins, Y. Ishihara, P. S. Baran, Nature 2012, 492, 95.

a) L. Furst, B.S. Matsuura, J. M. R. Narayanam, J. W. Tucker,
C.R.J. Stephenson, Org. Lett. 2010, 12, 3104; b) C.-J. Wallentin,
J. D. Nguyen, P. Finkbeiner, C. R.J. Stephenson, J. Am. Chem. Soc.
2012, 734, 8875; c) H. Jiang, C. Huang, J. Guo, C. Zeng, Y. Zhang, S.
Yu, Chem. Eur. J. 2012, 18, 15158.

For the direct alkylation of indoles and pyrroles with unfunctional-
ized malonates by using an excess of Mn'"" salts, see: E. Baciocchi,
E. Muraglia, J. Org. Chem. 1993, 58, 7610.

a) Y. M. Osornio, R. Cruz-Almanza, V. Jiménez-Montafo, L. D. Mir-
anda, Chem. Commun. 2003, 2316; b) O. Guadarrama-Morales, F.
Méndez, L. D. Miranda, Tetrahedron Lett. 2007, 48, 4515 for the al-
kylation with highly reactive a-iodoesters under photolytic condi-
tions, see: ¢) J. H. Byers, A. DeWitt, C. G. Nasveschuk, J. E. Swigor,
Tetrahedron Lett. 2004, 45, 6587.

See the Supporting Information for details.

In a few cases, an exceptionally high C3 selectivity was observed.
For the bromination of N-(4-chlorophenyl)-2-pyridone, see: a) D.
Dube, L. Dube, M. Gallant, P. Lacombe, D. Deschenes, D. MacDon-
ald, PCT. Int. Appl. 2004, WO 2004096220, A1 2004965063 (CAN
141:410960); for the trifluoromethylation of 2-hydroxypyridine (a
tautomer of NH-2-pyridone), see: b) T. Kino, Y. Nagase, Y. Ohtsu-
ka, K. Yamamoto, D. Uraguchi, K. Tokuhisa, T. Yamakawa, J. Fluo-
rine Chem. 2010, 131, 98; very recently, Hong et al. reported a palla-
dium-catalyzed C3-selective direct alkenylation of 2-quinolinones,
see: ¢) M. Min, Y. Kim, S. Hong, Chem. Commun. 2013, 49, 196.

a) T. Itahara, F. Ouseto, Synthesis 1984, 488; b) K. Hirota, Y. Isobe,
Y. Kitade, Y. Maki, Synthesis 1987, 495; c) H. B. Ge, M. J. Niphakis,
G.1. Georg, J. Am. Chem. Soc. 2008, 130, 3708; d) Y. Chen, F.
Wang, A. Jia, X. Li, Chem. Sci. 2012, 3, 3231; C5-selective chlorina-
tion with N-chlorosuccinimide has also been reported, see: e) L. A.
Paquette, W. C. Farley, J. Org. Chem. 1967, 32, 2725.

a) Y. Nakao, H. Idei, K. S. Kanyiva, T. Hiyama, J. Am. Chem. Soc.
2009, 731, 15996; b) R. Tamura, Y. Yamada, Y. Nakao, T. Hiyama,
Angew. Chem. 2012, 124, 5777; Angew. Chem. Int. Ed. 2012, 51,
5679.

Attempts to apply the simple N-methylindole were unsuccessful due
to competitive formation of the diindolylmethane, see: P. K. Prad-
han, S. Dey, V. S. Giri, P. Jaisankar, Synthesis 2005, 1779.

For functionalized azulenes in material chemistry, see: S.-i. Take-
mura, M. Yamamoto, A. Nakagawa, T. Iwata, T. Minematsu, H.
Takemura, Tetrahedron 2012, 68, 8318, and references therein. The
alkylated products were isolated as the corresponding methyl esters
after purification processes. See the Supporting Information for the
detailed procedure.

a)J.S. Zhou, G. C. Fu, J. Am. Chem. Soc. 2003, 125, 14726; b) J. S.
Zhou, G. C. Fu, J. Am. Chem. Soc. 2004, 126, 1340; c) D. A. Powell,
G.C. Fu, J. Am. Chem. Soc. 2004, 126, 7788; d) D. A. Powell, T.
Maki, G. C. Fu, J. Am. Chem. Soc. 2005, 127, 510; e) F. Gonzélez-
Bobes, G.C. Fu, J. Am. Chem. Soc. 2006, 128, 5360; f) B. Saito,
G. C. Fu, . Am. Chem. Soc. 2007, 129, 9602; g) N. A. Strotman, S.
Sommer, G. C. Fu, Angew. Chem. 2007, 119, 3626; Angew. Chem.
Int. Ed. 2007, 46, 3556; for examples of asymmetric variants, see:
h) S. Son, G. C. Fu, J. Am. Chem. Soc. 2008, 130, 2756; i) X. Dali,
N. A. Stortman, G. C. Fu, J. Am. Chem. Soc. 2008, 130, 3302; j) B.
Saito, G. C. Fu, J. Am. Chem. Soc. 2008, 130, 6694; k) S. Lou, G. C.
Fu, J. Am. Chem. Soc. 2010, 132, 1264; 1) S. Lou, G. C. Fu, J. Am.
Chem. Soc. 2010, 132, 5010; m) P. M. Lundin, G.C. Fu, J. Am.
Chem. Soc. 2010, 132, 11027; n) J. Choi, G. C. Fu, J. Am. Chem. Soc.
2012, 134, 9102.

C. Liu, S. Tang, D. Liu, J. Yuan, L. Zheng, L. Meng, A. Lei, Angew.
Chem. 2012, 124, 3698; Angew. Chem. Int. Ed. 2012, 51, 3638.

Chem. Eur. J. 2013, 19, 7691 -7695


http://dx.doi.org/10.1002/cbdv.200490173
http://dx.doi.org/10.1038/nchembio.370
http://dx.doi.org/10.1038/nchembio.370
http://dx.doi.org/10.1016/j.bmcl.2010.02.040
http://dx.doi.org/10.1002/ange.200601887
http://dx.doi.org/10.1002/anie.200601887
http://dx.doi.org/10.1002/anie.200601887
http://dx.doi.org/10.1021/ol701473p
http://dx.doi.org/10.1039/b705137a
http://dx.doi.org/10.1021/ol8002578
http://dx.doi.org/10.1021/ja074392m
http://dx.doi.org/10.1021/ja074392m
http://dx.doi.org/10.1002/ange.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1021/ol8019764
http://dx.doi.org/10.1021/ja1080822
http://dx.doi.org/10.1021/ja1080822
http://dx.doi.org/10.1021/ja103050x
http://dx.doi.org/10.1038/nchem.862
http://dx.doi.org/10.1021/ja1066459
http://dx.doi.org/10.1038/nature10647
http://dx.doi.org/10.1021/ja211422g
http://dx.doi.org/10.1021/ja211422g
http://dx.doi.org/10.1038/nature11680
http://dx.doi.org/10.1021/ol101146f
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1002/chem.201201716
http://dx.doi.org/10.1021/jo00078a055
http://dx.doi.org/10.1039/b306966d
http://dx.doi.org/10.1016/j.tetlet.2007.04.146
http://dx.doi.org/10.1016/j.tetlet.2004.07.037
http://dx.doi.org/10.1016/j.jfluchem.2009.09.007
http://dx.doi.org/10.1016/j.jfluchem.2009.09.007
http://dx.doi.org/10.1039/c2cc37676h
http://dx.doi.org/10.1021/ja907214t
http://dx.doi.org/10.1021/ja907214t
http://dx.doi.org/10.1002/anie.201200922
http://dx.doi.org/10.1002/anie.201200922
http://dx.doi.org/10.1021/ja0389366
http://dx.doi.org/10.1021/ja039889k
http://dx.doi.org/10.1021/ja047433c
http://dx.doi.org/10.1021/ja0436300
http://dx.doi.org/10.1021/ja0613761
http://dx.doi.org/10.1021/ja074008l
http://dx.doi.org/10.1002/ange.200700440
http://dx.doi.org/10.1002/anie.200700440
http://dx.doi.org/10.1002/anie.200700440
http://dx.doi.org/10.1021/ja800103z
http://dx.doi.org/10.1021/ja8009428
http://dx.doi.org/10.1021/ja8013677
http://dx.doi.org/10.1021/ja909689t
http://dx.doi.org/10.1021/ja1017046
http://dx.doi.org/10.1021/ja1017046
http://dx.doi.org/10.1021/ja105148g
http://dx.doi.org/10.1021/ja105148g
http://dx.doi.org/10.1021/ja303442q
http://dx.doi.org/10.1021/ja303442q
http://dx.doi.org/10.1002/ange.201108350
http://dx.doi.org/10.1002/ange.201108350
http://dx.doi.org/10.1002/anie.201108350
www.chemeurj.org

C3-Selective Functionalization of 2-Pyridones

[17] T.J. Anderson, G. D. Jones, D. A. Vicic, J. Am. Chem. Soc. 2004,

126, 8100.

[18] For analogous alkyl radical formation by cobalt and palladium com-

(19]

Chem. Eur. J. 2013, 19, 7691 -7695

plexes, see: a) K. Wakabayashi, H. Yorimitsu, K. Oshima, J. Am.
Chem. Soc. 2001, 123, 5374; b) H. Ohmiya, T. Tsuji, H. Yorimitsu,
K. Oshima, Chem. Eur. J. 2004, 10, 5640; c) W. Affo, H. Ohmiya, T.
Fujioka, Y. Ikeda, T. Nakamura, H. Yorimitsu, K. Oshima, Y. Ima-
mura, T. Mizuta, K. Miyoshi, J. Am. Chem. Soc. 2006, 128, 8068;
d) K.S. Bloome, E.J. Alexanian, J. Am. Chem. Soc. 2010, 132,
12823; e) K. S. Bloome, R.L. McMahen, E.J. Alexanian, J. Am.
Chem. Soc. 2011, 133, 20146; f) M. E. Weiss, L. M. Kreis, A. Lauber,
E. M. Carreira, Angew. Chem. 2011, 123, 11321; Angew. Chem. Int.
Ed. 2011, 50, 11125.

The relative atomic contribution of the HOMO in N-methyl-2-pyri-
done (1a) was calculated by DFT at the RB3LYP/6-31G(d)level of
theory. See the Supporting Information for details.

COMMUNICATION

[20] A recombination of 10 with the Ni' species 9 followed by f-H elimi-

[21]

[22]

nation can be an alternative, but this type of reduction process on
the nickel center can be less favorable, which is supported by DFT
calculations; see: B.-L. Lin, L. Liu, Y. Fu, S.-W. Luo, Q. Chen, Q.-X.
Guo, Organometallics 2004, 23, 2114, and Ref. [16].

D. R. Artis, I.-S. Cho, S. Jaime-Figueroa, J. M. Muchowski, J. Org.
Chem. 1994, 59, 2456.

Although a nickel-associated radical intermediate cannot be com-
pletely excluded at the present, the replacement of dppp with opti-
cally active (2545)-2,4-bis(diphenylphosphino)pentane did not
induce the enantiomeric excess at all. See the Supporting Informa-
tion for details.

Received: April 10, 2013
Published online: May 2, 2013

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.chemeurj.org

— 7695


http://dx.doi.org/10.1021/ja0483903
http://dx.doi.org/10.1021/ja0483903
http://dx.doi.org/10.1021/ja0100423
http://dx.doi.org/10.1021/ja0100423
http://dx.doi.org/10.1002/chem.200400545
http://dx.doi.org/10.1021/ja061417t
http://dx.doi.org/10.1021/ja1053913
http://dx.doi.org/10.1021/ja1053913
http://dx.doi.org/10.1021/ja2091883
http://dx.doi.org/10.1021/ja2091883
http://dx.doi.org/10.1002/ange.201105235
http://dx.doi.org/10.1002/anie.201105235
http://dx.doi.org/10.1002/anie.201105235
http://dx.doi.org/10.1021/om034067h
http://dx.doi.org/10.1021/jo00088a029
http://dx.doi.org/10.1021/jo00088a029
www.chemeurj.org

