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Organic azides are key structural motifs in compounds of
relevance to biology, medicinal chemistry, and materials
science.[1] Thus, various azido-substituted compounds, such
as azidothymidine (1, AZT), azidocillin (2), or the COX-2
inhibitor and colecoxib derivative 3, exhibit valuable biolog-
ical activities (Scheme 1). Moreover, the unique reactivity of
organic azides resulted in numerous applications as versatile

intermediates in organic synthesis, most notably in the
copper-catalyzed 1,3-dipolar Huisgen cycloaddition.[2]

As a consequence, protocols for the chemoselective
preparation of organic azides continue to be in high demand.
While traditional methods, such as the Sandmeyer reaction,
have proven valuable, they are unfortunately accompanied by
the formation of stoichiometric amounts of potentially
hazardous by-products. On the contrary, more step-econom-
ical direct azidations through the cleavage of unactivated C�
H bonds[3] represent a significantly more attractive strategy,
with notable recent progress being achieved in intermolecular
C�N bond formations.[4]

The considerable strength (438.9 kJmol�1 for CH4,
472.4 kJmol�1 for PhH) and low acidity (pKa = 43–59 in
DMSO) of unactivated C�H bonds[5] calls for the use of
rather strong oxidants for direct C�H bond azidations.[6] Thus,
iodosylbenzene or phenyliodonium bis(trifluoroacetate)
(PIFA), in combination with Me3SiN3, allowed C(sp3)�H

bond azidations (Scheme 2),[7] which were proposed to occur
by homolytic bond cleavage through key intermediates 4 and
5.

Likewise, related radical azidations proved viable with
stable, crystalline reagent 6 and catalytic amounts of benzoyl

peroxide, thereby even enabling efficient C�H bond azida-
tions on simple hydrocarbons (Scheme 3).[8]

A significantly altered chemoselectivity was however
observed by Kita and co-workers in 1991, when they utilized
polar protic solvents, such as hexafluoroisopropanol. Hence,
stoichiometric amounts of hypervalent iodine(III) reagents
allowed the direct azidation of more stable C(sp2)�H bonds in
electron-rich arenes at ambient reaction temperature, with p-

Scheme 1. Selected azido-substituted bioactive compounds.

Scheme 2. Radical-based azidations of C(sp3)�H bonds.[7]

Scheme 3. Azidations of alkanes with the well-defined reagent 6.[8]
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complex 7 as a proposed key intermediate (Scheme 4 a).[9]

Conversely, the azidation of electron-rich heteroaromatic
substrates required a one-pot multistep protocol involving
copper catalysis, as reported by Suna in 2012.[10a] Thus, the

in situ generated heteroaryl(phenyl)iodonium azides 8 under-
went a copper(I)-catalyzed regioselective fragmentation to
furnish heteroaromatic azides (Scheme 4b), thereby indicat-
ing the potential of copper complexes for C�N3 bond forming
processes. The azides were subsequently transformed into the
corresponding 1,2,3-triazoles or amines by cycloaddition or
reduction, respectively.

One of the key challenges in the direct intermolecular
functionalization of arenes is the achievement of site-selec-
tivity, which is predominantly accomplished through the
assistance of chelation. Particularly, removable and/or mod-
ifiable Lewis basic directing groups are highly attractive.
Hence, a considerable advance in direct C(sp2)�H bond
azidations was accomplished in 2012 by Tang and Jiao
through the development of copper(I)-catalyzed direct C�N
bond formations, exploiting readily available amino[11] sub-
stituents as the site-selectivity-ensuring directing groups.[10b]

Thus, use of inexpensive CuBr as the catalyst, in combination
with Me3SiN3, site-selectively delivered the ortho-azidated
products 10 under remarkably mild reaction conditions
(Scheme 5). Notably, hypervalent iodine(III) reagents were
not required as the sacrificial oxidants, but tert-butylhydro-
peroxide (TBHP) was found to be a cost-effective alternative,
even though it is utilized in a superstoichiometric fashion.

The catalytic system displayed an outstanding chemo-
selectivity, which was inter alia illustrated by a remarkable
functional-group tolerance.[10b] Moreover, both primary as
well as secondary amines proved to be suitable substrates. As
to the catalyst working mode, preliminary studies with radical
inhibitors indicated a reaction manifold involving a sequence
of single-electron-transfer (SET) steps. The power of the
amino-directed C�H bond azidation approach was elegantly

illustrated by the subsequent diversification of the thus
obtained ortho-azidoanilines 10 (Scheme 6).[10b]

In summary, considerable progress has recently been
made in the challenging direct azidations through C�H bond
cleavages. Thus, inexpensive copper(I) catalysts enabled site-

selective direct C�N bond formations on readily available
aniline derivatives with broad substrate scope. In consider-
ation of the increasing practical importance of organic azides,
further progress is expected in this rapidly evolving research
area.

Received: March 10, 2013
Published online: May 9, 2013

[1] Reviews: a) S. Br�se, K. Banert, Organic Azides, Wiley-VCH,
Weinheim, 2010 ; b) S. Br�se, C. Gil, K. Knepper, V. Zimmer-
mann, Angew. Chem. 2005, 117, 5320 – 5374; Angew. Chem. Int.
Ed. 2005, 44, 5188 – 5240; c) D. M. Huryn, M. Okabe, Chem. Rev.
1992, 92, 1745 – 1768.

[2] For illustrative examples, see reviews: a) E. M. Sletten, C. R.
Bertozzi, Acc. Chem. Res. 2011, 44, 666 – 676; b) M. Meldal,
C. W. Tornoe, Chem. Rev. 2008, 108, 2952 – 3015; c) H. C. Kolb,
K. B. Sharpless, Drug Discovery Today 2003, 8, 1128 – 1137; d) R.
Huisgen, Angew. Chem. 1963, 75, 604 – 637, and references cited
therein.

[3] Selected reviews on C�H bond functionalizations: a) K. M.
Engle, T.-S. Mei, M. Wasa, J.-Q. Yu, Acc. Chem. Res. 2012, 45,
788 – 802; b) L. Ackermann, Chem. Rev. 2011, 111, 1315 – 1345;

Scheme 4. Direct azidations of C(sp2)�H bonds.

Scheme 5. Copper(I)-catalyzed direct azidations of anilines 9.[10b]

Scheme 6. Diversification of ortho-azidoanilines 10.[10b]

Angewandte
Chemie

6577Angew. Chem. Int. Ed. 2013, 52, 6576 – 6578 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1002/ange.200400657
http://dx.doi.org/10.1002/anie.200400657
http://dx.doi.org/10.1002/anie.200400657
http://dx.doi.org/10.1021/cr00016a004
http://dx.doi.org/10.1021/cr00016a004
http://dx.doi.org/10.1021/ar200148z
http://dx.doi.org/10.1021/cr0783479
http://dx.doi.org/10.1016/S1359-6446(03)02933-7
http://dx.doi.org/10.1002/ange.19630751304
http://dx.doi.org/10.1021/ar200185g
http://dx.doi.org/10.1021/ar200185g
http://dx.doi.org/10.1021/cr100412j
http://www.angewandte.org


c) T. Satoh, M. Miura, Chem. Eur. J. 2010, 16, 11212 – 11222; d) P.
Thansandote, M. Lautens, Chem. Eur. J. 2009, 15, 5874 – 5883,
and references cited therein.

[4] a) R. T. Gephart III, T. H. Warren, Organometallics 2012, 31,
7728 – 7752; b) T. A. Ramirez, B. Zhao, Y. Shi, Chem. Soc. Rev.
2012, 41, 931 – 942; c) F. Collet, C. Lescot, P. Dauban, Chem. Soc.
Rev. 2011, 40, 1926 – 1936.

[5] a) S. J. Blanksby, G. B. Ellison, Acc. Chem. Res. 2003, 36, 255 –
263; b) D. F. McMillen, D. M. Golden, Annu. Rev. Phys. Chem.
1982, 33, 493 – 532; c) F. G. Bordwell, Acc. Chem. Res. 1988, 21,
456 – 463.

[6] For recent progress in arguably less challenging azidation of
aldehydes or b-dicarbonyl compounds, see: a) T. Harschneck, S.
Hummel, S. F. Kirsch, P. Klahn, Chem. Eur. J. 2012, 18, 1187 –
1193; b) S. De Sarkar, A. Studer, Org. Lett. 2010, 12, 1992 – 1995,
and references cited therein.

[7] For representative examples, see: a) H. Tohma, M. Egi, M.
Ohtsubo, H. Watanabe, S. Takizawa, Y. Kita, Chem. Commun.
1998, 173 – 174; b) Y. Kita, H. Tohma, T. Takada, S. Mitoh, S.
Fujita, M. Gyoten, Synlett 1994, 427 – 428; c) P. Magnus, J.
Lacour, W. Weber, J. Am. Chem. Soc. 1993, 115, 9347 – 9348;

related reports on hypervalent iodine reagents: d) T. Dohi, M.
Ito, N. Yamaoka, K. Morimoto, H. Fujioka, Y. Kita, Tetrahedron
2009, 65, 10797 – 10815; e) T. Dohi, Y. Kita, Chem. Commun.
2009, 2073 – 2085.

[8] a) A. P. Krasutsky, C. J. Kuehl, V. V. Zhdankin, Synlett 1995,
1081 – 1082; b) V. V. Zhdankin, A. P. Krasutsky, C. J. Kuehl, A. J.
Simonsen, J. K. Woodward, B. Mismash, J. T. Bolz, J. Am. Chem.
Soc. 1996, 118, 5192 – 5197.

[9] Y. Kita, H. Tohma, M. Inagaki, K. Hatanaka, T. Yakura,
Tetrahedron Lett. 1991, 32, 4321 – 4324.

[10] a) D. Lubriks, I. Sokolovs, E. Suna, J. Am. Chem. Soc. 2012, 134,
15436 – 15442; b) C. Tang, N. Jiao, J. Am. Chem. Soc. 2012, 134,
18924 – 18927.

[11] For recent examples of amino-directed C�H bond functionali-
zations, see: a) Z. Liang, L. Ju, Y. Xie, L. Huang, Y. Zhang,
Chem. Eur. J. 2012, 18, 15816 – 15821; b) K.-Y. Ye, H. He, W.-B.
Liu, L.-X. Dai, G. Helmchen, S.-L. You, J. Am. Chem. Soc. 2011,
133, 19006 – 19014; c) H. He, W.-B. Liu, L.-X. Dai, S.-L. You, J.
Am. Chem. Soc. 2009, 131, 8346 – 8347; a review: d) G. Rousseau,
B. Breit, Angew. Chem. 2011, 123, 2498 – 2543; Angew. Chem.
Int. Ed. 2011, 50, 2450 – 2494.

.Angewandte
Highlights

6578 www.angewandte.org � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2013, 52, 6576 – 6578

http://dx.doi.org/10.1002/chem.201001363
http://dx.doi.org/10.1002/chem.200900281
http://dx.doi.org/10.1021/om300840z
http://dx.doi.org/10.1021/om300840z
http://dx.doi.org/10.1039/c1cs15104e
http://dx.doi.org/10.1039/c1cs15104e
http://dx.doi.org/10.1039/c0cs00095g
http://dx.doi.org/10.1039/c0cs00095g
http://dx.doi.org/10.1021/ar020230d
http://dx.doi.org/10.1021/ar020230d
http://dx.doi.org/10.1146/annurev.pc.33.100182.002425
http://dx.doi.org/10.1146/annurev.pc.33.100182.002425
http://dx.doi.org/10.1021/ar00156a004
http://dx.doi.org/10.1021/ar00156a004
http://dx.doi.org/10.1002/chem.201102680
http://dx.doi.org/10.1002/chem.201102680
http://dx.doi.org/10.1021/ol1004643
http://dx.doi.org/10.1039/a707727k
http://dx.doi.org/10.1039/a707727k
http://dx.doi.org/10.1055/s-1994-22875
http://dx.doi.org/10.1021/ja00073a084
http://dx.doi.org/10.1016/j.tet.2009.10.040
http://dx.doi.org/10.1016/j.tet.2009.10.040
http://dx.doi.org/10.1039/b821747e
http://dx.doi.org/10.1039/b821747e
http://dx.doi.org/10.1055/s-1995-5173
http://dx.doi.org/10.1055/s-1995-5173
http://dx.doi.org/10.1021/ja954119x
http://dx.doi.org/10.1021/ja954119x
http://dx.doi.org/10.1016/S0040-4039(00)92160-9
http://dx.doi.org/10.1021/ja305574k
http://dx.doi.org/10.1021/ja305574k
http://dx.doi.org/10.1021/ja3089907
http://dx.doi.org/10.1021/ja3089907
http://dx.doi.org/10.1002/chem.201202672
http://dx.doi.org/10.1021/ja2092954
http://dx.doi.org/10.1021/ja2092954
http://dx.doi.org/10.1021/ja901384j
http://dx.doi.org/10.1021/ja901384j
http://dx.doi.org/10.1002/ange.201006139
http://dx.doi.org/10.1002/anie.201006139
http://dx.doi.org/10.1002/anie.201006139
http://www.angewandte.org

