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ABSTRACT

A copper-catalyzed aerobic oxidative intramolecular alkene C�H amination has been developed using readily available substituted
3-benzylidene-2-pyridin-2-ylmethyl-2,3-dihydro-isoindol-1-ones as the starting materials, and the corresponding N-heterocycles were obtained
in good to excellent yields. This method should provide a new and useful strategy for constructing N-heterocycles.

N-Heterocycles are ubiquitous in a variety of natural
products and biologically active molecules,1 and they have
been assigned as privileged structures in drug development
because N-heterocyclic moieties often exhibit improved
solubility and can facilitate the salt formation property,
both of which are important for oral absorption and
bioavailability.2 The isoindolinone skeleton is the core unit
of numerous naturally occurring substances,3 and their
derivatives have shown interesting biological properties.4

The 1,4-dihydropyrazine ring is a key structural feature of

some redox-active biological molecules (such as 1,5-dihy-
droflavin coenzymes5) and marine luciferins.6 Pyrazine
derivatives have been widely used in the fields of medicinal
chemistry for the elaboration of the skeletons of biologi-
cally active sites.7 However, synthesis of the combined
molecules of isoindolinone and 1,4-dihydropyrazine fra-
meworks (Figure 1) is not reported thus far. Therefore, we
want tomake this kindofpolyN-heterocycles using readily
available starting materials, and the synthesized new mo-
lecules can be potentially biologically activity.

†Key Laboratory of Bioorganic Phosphorus Chemistry and Chemical
Biology (Ministry of Education), Department of Chemistry.

‡Key Laboratory of Chemical Biology (Guangdong Province), Graduate
School of Shenzhen.

(1) DeSimone, R. W.; Currie, K. S.; Mitchell, S. A.; Darrow, J. W.;
Pippin, D. A. Comb. Chem. High Throughput Screen. 2004, 7, 473.

(2) Leeson, P. D.; Springthorpe, B.Nat. Rev. DrugDiscovery 2007, 6,
881.

(3) (a) Lawrence, N. J.; Liddle, J.; Bushell, S.M.; Page,M. I.; Slawin,
A. M. Z. J. Org. Chem. 2002, 67, 457. (b) Fuchs, J. R.; Funk, R. L.Org.
Lett. 2001, 3, 3923. (c) Linder, M.; Hadler, D.; Hofmann, S. Human
Psychopharmacol. 1997, 12, 445. (d) Wood, J. L.; Stoltz, B. M.;
Goodman, P. N. J. Am. Chem. Soc. 1996, 118, 10656.

(4) (a) Cid, H. M. B.; Tr€aenkle, C.; Baumann, K.; Pick, R.; Mies-
Klomfass, E.; Kostenis, E.; Mohr, K.; Holzgrabe, U. J. Med. Chem.
2000, 43, 2155. (b) Zuang, Z.-P.; Kung, M.-P.; Mu, M.; Kung, H. F.
J. Med. Chem. 1998, 41, 157.

(5) Massey, V.;Hemmerich, P. InTheEnzymes; Boyer, P. D., Ed.; New
York, NY, 1975; Vol. 4, p 191.

(6) (a) Brook,D. J. R.; Noll, B. C.; Koch, T. H. J. Chem. Soc., Perkin
Trans. 1 1998, 289. (b) Brook, D. J. R.; Haltiwanger, R. C.; Koch, T. H.
J. Am. Chem. Soc. 1992, 114, 6017.

(7) (a) Asaki, T.; Hamamoto, T.; Sugiyama, Y.; Kuwano, K.;
Kuwabara, K. Bioorg. Med. Chem. 2007, 15, 6692. (b) Corbett, J. W.;
Rauckhorst,M.R.; Qian, F.; Hoffman,R. L.;Knauer, C. S.; Fitzgerald,
L. W. Bioorg. Med. Chem. Lett. 2007, 17, 6250. (c) Geiger, C.; Zelenka,
C.; Weigl, M.; Fr€olich, R.; Wibbeling, B.; Lehmkuhl, K.; Schepmann,
D.; Gr€uner, R.; Bednarski, P. J.; W€unsch, B. J. Med. Chem. 2007, 50,
6144. (d) Dembitsky, V. M.; Gloriozova, T. A.; Poroikov, V.Mini-Rev.
Med. Chem. 2005, 5, 319.

(8) (a) Roesch, K. R.; Larock, R. C. J. Org. Chem. 1998, 63, 5306.
(b) Kearney, A. M.; Vanderwal, C. D. Angew. Chem., Int. Ed. 2006, 45,
7803. (c) Ackermann, L.; Althammer, A. Angew. Chem., Int. Ed. 2007,
46, 1627. (d) Seregin, I. V.; Ryabova, V.; Gevorgyan, V. J. Am. Chem.
Soc. 2007, 129, 7742. (e) Nagamochi,M.; Fang, Y.-Q.; Lautens,M.Org.
Lett. 2007, 9, 2955. (f) Liu, X.-Y.; Ding, P.; Huang, J.-S.; Che, C.-M.
Org. Lett. 2007, 9, 2645. (g) Pei, T.; Chen, C.-Y.; Dormer, P. G.; Davies,
I. W. Angew. Chem., Int. Ed. 2008, 47, 4231.



Org. Lett., Vol. 13, No. 14, 2011 3695

The development of transition-metal-catalyzed reac-
tions for the formation of heterocycles continues to be an
active area of research.8 However, the precursors in the
traditional methods needed possession of the correspond-
ing functional groups or prefunctionalization before the
synthesis of N-heterocycles. Recently, the direct functio-
nalizationofC�Hbonds hasmade progress,9 and someN-
heterocycles, such as carbazoles,10 benzimidazoles,11

indazoles,12 indolines,13 and N-methoxylactams,14 have
been constructed through a C�H activation/C�N bond-
forming strategy, and most of the methods used expensive
palladium-, rhodium-, and ruthenium-based catalysts
although they were very efficient. The use of transition-
metal electrophiles in alkene heterocyclization reactions is
attractive because facile cleavage of the metal�carbon
bondoften enables themetal electrophile to be regenerated

and used catalytically, and palladium-catalyzed “Wacker-
type” heterocylizations represent prominent examples of
this principle and findmany uses in the synthesis of oxygen
and nitrogen heterocycles.15 During the past decade, there
have been remarkable advances in copper-catalyzed or-
ganic synthesis, and a wide scope of applications have
been investigated because of the low cost and toxicity of
copper catalysts and good functional tolerance of copper-
catalyzed methods.16 Recently, several examples for effi-
cient copper-catalyzed sp2 C�H amination have been
reported,17 and the heterocycles have been constructed
via copper-promoted18 or copper/iron-cocatalyzed19 arene
sp2 C�H activation strategy using ideal dioxygen as the
oxidant.20 Herein, we report a novel copper-catalyzed
aerobic oxidative intramolecular alkene C�H amination
leading to N-heterocycles under air.

Figure 1. Structure of conjugate containing isoindolinone and
1,4-dihydropyrazine frameworks.

Table 1. Copper-Catalyzed C�H Amination of 3-Benzylidene-
2-pyridin-2-ylmethyl-2,3-dihydro-isoindol-1-one (1a) Leading
to N-Hetercycle (2a) under Air: Optimization of Conditionsa

entry cat. acid solvent

temp

(�C)
yield

(%)b

1 CuI PivOH DMF 100 54

2 CuBr PivOH DMF 100 52

3 CuCl PivOH DMF 100 48

4 Cu2O PivOH DMF 100 trace

5 Cu(OAc)2 PivOH DMF 100 40

6 Cu(O2CCF3)2 PivOH DMF 100 68

7 CuSO4 35H2O PivOH DMF 100 63

8 CuCl2 PivOH DMF 100 trace

9 CuBr2 PivOH DMF 100 trace

10 CuO PivOH DMF 100 trace

11 Cu PivOH DMF 100 33

12 � PivOH DMF 100 0

13 Cu(O2CCF3)2 PivOH DMF 110 83

14 CuSO4 35H2O PivOH DMF 110 69

15 Cu(O2CCF3)2 PivOH DMSO 110 71

16 Cu(O2CCF3)2 AcOH DMF 110 78

17 Cu(O2CCF3)2 CF3COOH DMF 72 0

18 Cu(O2CCF3)2 � DMF 110 0

aReaction conditions: 3-benzylidene-2-pyridin-2-ylmethyl-2,3-dihy-
droisoindol-1-one (1a) (0.5 mmol), catalyst (0.1 mmol), acid (1.5 mmol),
solvent (2 mL), reaction time (8 h) in a flask under air. b Isolated yield.
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Table 2. Copper-Catalyzed Aerobic Oxidative Intramolecular Alkene C�H Amination Leading to N-Heterocyclesa

aReaction condition: 1 (0.5 mmol), catalyst (0.1 mmol), PivOH (1.5 mmol), DMF (2 mL) in a flask under air. b Isolated yield.
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At first, the substituted 3-methyleneisoindolin-1-ones
(1) were prepared through copper-catalyzed cascade reac-
tions of 2-bromobenzamides with terminal alkynes in
DMF in sealed Schlenk tubes at 80 �C according to the
previous procedure,21 and they were used as the substrates
in this work. Here, 3-benzylidene-2-pyridin-2-ylmethyl-2,3-
dihydro-isoindol-1-one (1a) wasused as themodel substrate
to optimize reaction conditions including catalysts, acids (as
additives), solvents, and reaction temperatures under air
(1 atm).As shown inTable 1, various copper salts (0.2 equiv)
were tested in the presence of 3 equiv of pivalic acid (relative
to amountof1a) inDMFat100 �Cunder air (entries 1�11),
and Cu(O2CCF3)2 and CuSO4 3 5H2O provided higher
yields (entries 6 and 7). The yields increased when the
temperature was raised to 110 �C from 100 �C, and Cu-
(O2CCF3)2 displayedmore efficiency (see entries 13 and14).
The yield decreased when DMSO replaced DMF as the
solvent (entry 15).We attempted other acids, trifluoroacetic
acid and acetic acid (entries 16 and 17), and they were
inferior to pivalic acid (compare entries 13, 16, and 17). No
target product was found in the absence of acid (entry 18).
The scope on the copper-catalyzed intramolecular C�H

amination of 1 leading to N-hetercycles (2) was investi-
gated under the optimized conditions using 20 mol % of
Cu(O2CCF3)2 as the catalyst, 3 equiv of pivalic acid as the
additive (relative to amount of 1), andDMFas the solvent.
As shown in Table 2, the corresponding target products
were obtained in good to excellent yields for the examined
substrates at 100 or 110 �C. The reaction temperature
remained at 100 �C when R1 was halo substituents
(entries 15�22), and a slightly lower temperature could
reduce formation of side products. For R1 and R2 sub-
stituents, the substrates containing electron-donating
groups provided slightly higher yields than those contain-
ing electron-withdrawing groups. The copper-catalyzed
intramolecular C�H amination showed the tolerance of
the functional groups in the substrates including ether
(entries 4, 9, 11�14, 17, and 21), C�F bond (entries 5,
10, 18, and 22), C�Cl bond (entries 15�18), and C�Br
bond (entries 19�22).

A possible mechanism for copper-catalyzed aerobic
oxidative intramolecular alkene C�H amination is sug-
gested in Scheme 1. Coordination of the pyridine ring in 1

with Cu(O2CCF3)2 forms I, and isomerization of the
pyridine ring22 and the following complexationwithCu(II)
yields II releasing CF3COOH (TFA). Further intramole-
cular addition of the alkene CdCbond23 in II provides III,
and oxidation of III with oxygen in air in the presence of
acid gives 2 leaving a Cu(II) catalyst.
In summary, we have developed an efficient copper-

catalyzed aerobic oxidative intramolecular alkene C�H
amination leading to N-heterocycles. The protocol uses
cheap and readily available Cu(O2CCF3)2 as the catalyst,
substituted 3-methyleneisoindolin-1-ones as the starting
materials, and economical and environment friendly air as
the oxidant, and the corresponding N-heterocycles were
obtained in good to excellent yields. To the best of our
knowledge, this can be the first example of constructingN-
heterocycles via copper-catalyzed aerobic oxidative intra-
molecular alkene C�H amination. This method should
provide a new and useful strategy for constructing N-
heterocycles.
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Scheme 1. Possible Mechanism for Copper-Catalyzed Aerobic
Oxidative Intramolecular Alkene C�H Amination Leading to
N-Heterocycles (2)
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