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A metal-mediated sp2 C-N bond forming reaction is of great
interest in organic synthesis since the molecules containing aryl-
and heteroarylamine units are prevalent in biological and pharma-
ceutical sciences.1 The palladium-catalyzed amination of aryl
halides, that is Buchwald-Hartwig amination,2 as well as a copper-
mediated one3,4 is now the most powerful and reliable method for
the synthesis of these target structures. On the other hand, transition-
metal-catalyzed direct amination of arenes and heteroarenes has
received much attention as a complementary and potentially more
efficient route to the above amines. Although palladium5 and
rhodium6 complexes are known to catalyze this type of transforma-
tions, most of them are restricted in an intramolecular fashion.5a,c-e,6

The efforts by several groups have overcome the limitation and
achieved the intermolecular versions using the copper7 and silver8

salts. However, these processes still suffer from harsh conditions
such as higher reaction temperature7c,d and use of a stoichiometric
amount of metal oxidant.7a,b,8 Thus, further development for direct
C-H amination is strongly desired.

Herein, we introduce chloroamine9 as a readily available and
effective nitrogen source for heteroaromatic C-H functionalization:
the copper-catalyzed direct amination of azoles with chloroamines
is described. Use of this type of reagent under copper catalysis
enables the formation of heteroaryl-amino linkages even at room
temperature so as to provide a rapid and straightforward access to
the heteroarylamines of quite importance in biological and medicinal
chemistry.10

Initially, we selected 2-phenyl-1,3,4-oxadiazole (1a) and 4-chlo-
romorpholine (2a) as the starting materials because the expected
product skeleton, amino-1,3,4-oxadiazole, is among the most
interesting heteroarylamines exhibiting a broad spectrum of biologi-
cal activity.11 After the extensive screening of various transition

metals, ligands, and bases, we were pleased to find that a
combination of Cu(acac)2/bpy (bpy ) 2,2′-bipyridine) catalyzed
the amination of 1a with 2a in the presence of LiO-t-Bu as a base
to furnish 3aa in 81% yield (Table 1, entry 1).12 Notably, the
reaction completed within 2 h even at room temperature. The
oxadiazoles bearing electron-donating methyl 1b and methoxy
groups 1c as well as the simple one underwent the amination very
smoothly (entries 2 and 3). The electron-withdrawing trifluoro-
methyl and chloro substituents did not interfere with the reaction
(entries 4 and 5). In particular, 1e was transformed to 3ea in good
yield with the carbon-chloride moiety left intact, which could enjoy
further elaboration. A bulky naphthalene motif was also compatible
toward the reaction (entry 6). Moreover, the aliphatic phenethyl-
substituted 1g coupled with 2a to form the heteroarylamine 3ga in
an acceptable yield (entry 7).

Under the standard reaction conditions, a variety of N,N-
dialkylchloroamines 2 were examined for the direct amination of
1a (Table 2). The reactions with cyclic 2b and acyclic chloroamines
2c proceeded without any difficulties to afford amino-1,3,4-
oxadiazoles 3ab and 3ac (entries 1 and 2). Benzyl and Boc
protections on nitrogen were tolerant so that the orthogonal
additional functionalization after their appropriate deprotection
would be possible (entries 3 and 4). In addition, the chloroamine
2f containing two C-Cl bonds was also available for use (entry
Table 2. Copper-Catalyzed Direct Amination of
2-Phenyl-1,3,4-oxadiazole (1a) with Various Chloroamines 2a

a See Table 1 for the reaction conditions. b Yield of isolated product.
c Chloroamine 2f as the limiting reagent. With 20 mol % of Cu(acac)2/
bpy, 2.4 equiv of 1a, and 4.8 equiv of LiO-t-Bu.

Table 1. Copper-Catalyzed Direct Amination of Various
1,3,4-Oxadiazoles 1 with 4-Chloromorpholine (2a)a

entry R 1 3, yield (%)b

1 Ph (1a) 3aa, 81
2 4-MeC6H4 (1b) 3ba, 70
3 4-MeOC6H4 (1c) 3ca, 72
4 4-CF3C6H4 (1d) 3da, 62
5 4-ClC6H4 (1e) 3ea, 84
6 1-naphthyl (1f) 3fa, 83
7 Ph(CH2)2 (1g) 3ga, 63

a A mixture of Cu(acac)2 (0.050 mmol), bpy (0.050 mmol), 1 (0.50
mmol), 2a (0.75 mmol), and LiO-t-Bu (1.0 mmol) in toluene (3.0 mL)
was stirred at room temperature for 2 h under N2. b Yield of isolated
product.
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5). Thus, a symmetrical N,N′-bis(heteroaryl)piperazine 2af was
easily prepared.13

Next, we turned our attention to the amination of benzoxazole
(4a) (Table 3).14 Under the same conditions as those shown in
Tables 1 and 2, 4a reacted with 2a sluggishly, and the desired 5aa
was detected in only 17% GC yield (entry 1). However, to our
delight, the simple replacement of LiO-t-Bu with NaO-t-Bu
significantly improved the reaction efficiency to afford 5aa in 76%
yield (entry 2). By using the modified protocol, benzoxazoles 4b-d
having the substitutions at the 5-position were aminated effectively
(entries 3-5), and the piperizine and dibutylamine moieties also
could be introduced to the benzoxazole core (entries 6 and 7).15

While the present chloroamines are readily accessible from the
corresponding amines and bleach,16 a more convenient chlorination/
direct amination sequence is operative.9b Namely, upon the exposure
of 2a generated in situ through the chlorination of morpholine with
N-chlorosuccinimide (NCS) in toluene to a mixture of 1a, Cu(acac)2/
bpy, and LiO-t-Bu, 3aa was produced in a slightly lower yield
(Scheme 1). Amino-1,3,4-oxazole 3ea was also synthesized in the
same manner.

Although the exact reaction mechanism still remains unclear,
the most plausible pathway would involve (i) base-assisted cupration
of azole,17 (ii) subsequent oxidative addition of the chloroamine
to the resulting (heteroaryl)Cu(I) intermediate, and (iii) productive
reductive elimination from the Cu(III) complex.18 Ongoing work
seeks to uncover the detailed mechanism and expand the reaction
scope with chloroamines of high potential in direct C-H amination
chemistry.

Acknowledgment. This work was supported by Grants-in-Aid
for Scientific Research from MEXT and JSPS, Japan.

Supporting Information Available: Experimental details and
characterization data for new compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Hili, R.; Yudin, A. K. Nat. Chem. Biol. 2006, 2, 284. (b) Amino Group
Chemistry, From Synthesis to the Life Sciences; Ricci, A., Eds.; Wiley-
VCH: Weinheim, 2007.

(2) Reviews: (a) Muci, A. R.; Buchwald, S. L. Top. Curr. Chem. 2002, 219,
131. (b) Hartwig, J. F. Acc. Chem. Res. 2008, 41, 1534. (c) Surry, D. S.;
Buchwald, S. L. Angew. Chem., Int. Ed. 2008, 47, 6338.

(3) Selected examples: (a) Kwong, F. Y.; Buchwald, S. L. Org. Lett. 2003, 5,
793. (b) Ma, D. W.; Cai, Q.; Zhang, H. Org. Lett. 2003, 5, 2453. (c) Cai,
Q.; Zhu, W.; Zhang, H.; Zhang, Y. D.; Ma, D. W. Synthesis 2005, 496. (d)
Lu, Z.; Twieg, R. J. Tetrahedron 2005, 61, 903. (e) Shafir, A.; Buchwald,
S. L. J. Am. Chem. Soc. 2006, 128, 8742.

(4) Cu-mediated oxidative amination of arylboronic acids also has been
developed. Selected works: (a) Chan, D. M. T.; Monaco, K. L.; Wang,
R.-P.; Winters, M. P. Tetrahedron Lett. 1998, 39, 2933. (b) Lam, P. Y. S.;
Clark, C. G.; Saubern, S.; Adams, J.; Winters, M. P.; Chan, D. M. T.;
Combs, A. Tetrahedron Lett. 1998, 39, 2941. (c) Antilla, J. C.; Buchwald,
S. L. Org. Lett. 2001, 3, 2077. (d) Rao, H.; Fu, H.; Jiang, Y.; Zhao, Y.
Angew. Chem., Int. Ed. 2009, 48, 1114. Related C-O bond formation: (e)
Evans, D. A.; Katz, J. L.; West, T. R. Tetrahedron Lett. 1998, 39, 2937.

(5) (a) Tsang, W. C. P.; Zheng, M.; Buchwald, S. L. J. Am. Chem. Soc. 2005,
127, 14560. (b) Thu, H.-Y.; Yu, W.-Y.; Che, C.-M. J. Am. Chem. Soc.
2006, 128, 9048. (c) Wasa, M.; Yu, J.-Q. J. Am. Chem. Soc. 2008, 130,
14058. (d) Jordan-Hore, A. A.; Johansson, C. C. C.; Gulias, M.; Beck,
E. M.; Gaunt, M. J. J. Am. Chem. Soc. 2008, 130, 16184. (e) Mei, T.-S.;
Wang, X.; Yu, J.-Q. J. Am. Chem. Soc. 2009, 131, 10806.

(6) (a) Stokes, B. J.; Dong, H.; Leslie, B. E.; Pumphrey, A. L.; Driver, T. G.
J. Am. Chem. Soc. 2007, 129, 7500. (b) Stokes, B.; Richert, K. J.; Driver,
T. G. J. Org. Chem. 2009, 74, 6442.

(7) (a) Chen, X.; Hao, X.-S.; Goodhue, C. E.; Yu, J.-Q. J. Am. Chem. Soc.
2006, 128, 6790. (b) Uemura, T.; Imoto, S.; Chatani, N. Chem. Lett. 2006,
35, 842. (c) Monguchi, D.; Fujiwara, T.; Furukawa, H.; Mori, A. Org. Lett.
2009, 11, 1607. (d) Wang, Q.; Schreiber, S. L. Org. Lett. 2009, 11, 5178.

(8) (a) Cho, S. H.; Kim, J. Y.; Lee, S. Y.; Chang, S. Angew. Chem., Int. Ed.
2009, 48, 9127. Also see: (b) Armstrong, A.; Collins, J. C. Angew. Chem.,
Int. Ed. 2010, 49, 2282. (c) Shimasaki, T.; Tobisu, M.; Chatani, N. Angew.
Chem., Int. Ed. 2010, 49, 2929.

(9) Recently, the utility of chloroamides and chloroamines as the electrophilic
nitrogen sources has been reported. (a) He, C.; Chen, C.; Cheng, J.; Liu,
C.; Liu, W.; Li, Q.; Lei, A. Angew. Chem., Int. Ed. 2008, 47, 6414. (b)
Barker, T. J.; Jarvo, E. R. J. Am. Chem. Soc. 2009, 131, 15598. (c)
Hatakeyama, T.; Yoshimoto, Y.; Ghorai, S. K.; Nakamura, M. Org. Lett.
2010, 12, 1516. Cu-catalyzed amination with hydroxylamines: (d) Berman,
A. M.; Johnson, J. S. J. Am. Chem. Soc. 2004, 126, 5680. Alkali-metal-
mediated amination of thiadiazoles with NH2-OH: (e) Rao, V. R.;
Srinivasan, V. R. Indian J. Chem. 1965, 3, 417.

(10) Sanford observed the C-N coupling product as the minor product in the
palladium-catalyzed sp2 C-H amination with N-chlorosuccinimide (NCS).
Whitefield, S. R.; Sanford, M. S. J. Am. Chem. Soc. 2007, 129, 15142.
During the preparation of this manuscript, Hartwig reported the palladium-
catalyzed intramolecular direct amination of oxime esters: Tan, Y.; Hartwig,
J. F. J. Am. Chem. Soc. 2010, 132, 3676.

(11) (a) Yale, H. L.; Losee, K. J. Med. Chem. 1966, 9, 478. (b) Omar, F. A.;
Mahfouz, N. M.; Rahman, M. A. Eur. J. Med. Chem. 1996, 31, 819. (c)
Laddi, U. V.; Desai, S. R.; Bennur, R. S.; Bennur, S. C. Indian J. Heterocycl.
Chem. 2002, 11, 319. (d) Rostom, S. A. F.; Shalaby, M. A.; El-Demellawy,
M. A. Eur. J. Med. Chem. 2003, 38, 959.

(12) See Supporting Information for the detailed optimization studies.
(13) The direct coupling with the chloroamide such as N-chloroacetanilide was

unsuccessful, and the starting materials were recovered unchanged.
(14) 2-Aminobenzoxazoles in medicinal chemistry: (a) Sato, Y.; Yamada, M.;

Yoshida, S.; Soneda, T.; Ishikawa, M.; Nizato, T.; Suzuki, K.; Konno, F.
J. Med. Chem. 1998, 41, 3015. (b) Yoshida, S.; Watanabe, T.; Sato, Y.
Bioorg. Med. Chem. 2007, 15, 3515.

(15) Among other azoles tested, 5-(4-methoxyphenyl)oxazole reacted with 2a
in the presence of the same Cu(acac)2/bpy catalyst and LiHMDS as the
base to give the aminated product in 30% yield. The reactions with thiazole
and imidazole were unsuccessful.

(16) Zhong, Y.-L.; Zhou, H.; Gauthier, D. R.; Lee, J.; Askin, D.; Dolling, U. H.;
Volante, R. P. Tetrahedron Lett. 2005, 46, 1099.

(17) Base-assisted cupration: (a) Do, H.-Q.; Daugulis, O. J. Am. Chem. Soc.
2007, 129, 12404. (b) Zhao, D.; Wang, W.; Yang, F.; Lan, J.; Yang, L.;
Gao, G.; You, J. Angew. Chem., Int. Ed. 2009, 48, 3296. (c) Kawano, T.;
Yoshizumi, T.; Hirano, K.; Satoh, T.; Miura, M. Org. Lett. 2009, 11, 3072.
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Table 3. Copper-Catalyzed Direct Amination of Various
Benzoxazoles 4a

entry R 4 2 5, yield (%)b

1c H (4a) 2a 5aa, 17d

2 4a 2a 5aa, 76
3 Ph (4b) 2a 5ba, 62
4 Me (4c) 2a 5ca, 53
5 Cl (4d) 2a 5da, 73
6 4a 2b 5ab, 66
7 4a 2c 5ac, 38

a A mixture of Cu(acac)2 (0.050 mmol), bpy (0.050 mmol), 4 (0.50
mmol), 2 (0.75 mmol), and NaO-t-Bu (1.0 mmol) in toluene (3.0 mL)
was stirred at room temperature for 2 h under N2. b Yield of isolated
product. c With LiO-t-Bu instead of NaO-t-Bu. d GC yield.

Scheme 1
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