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Kirkland, Québec H9H 3L1, Canada

daVid_powell2@merck.com

Received October 11, 2006

ABSTRACT

A copper-catalyzed amidation of allylic and benzylic C −H bonds with both primary and secondary sulfonamides is described. The reaction is
applicable to the coupling of a diverse set of hydrocarbon species with aryl, heteroaryl, and alkyl sulfonamides and is tolerant of a variety of
functional groups. Mechanistic insight has been gained through the isolation of a benzylic acetate intermediate, which was demonstrated to
undergo facile conversion to the substituted sulfonamide product under copper catalysis.

The formation of C-N bonds is of fundamental importance
in organic synthesis, owing to the high prevalence of
nitrogen-containing molecules of natural and pharmaceutical
relevance.1 The vast majority of techniques for the introduc-
tion of C-N bonds rely on functional group interconversions
for their synthesis. In contrast, the formation of new C-N
bonds directly from C-H bonds represents an extremely

attractive and efficient alternative.2 Considerable achieve-
ments have been made within the past several years in order
to effect amidation via a C-H activation strategy, particularly
with regards to allylic and benzylic C-H bonds.3-7

For example, C-H amidation methodologies that proceed
through transition metal-nitrene (imido) intermediates8 have
been demonstrated with a variety of metal catalysts, including
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H. M. L.; Long, M. S.Angew. Chem., Int. Ed.2005,44, 3518-3520. (b)
Du, Bois, J.Chemtracts2005,18, 1-13. (c) Espino, C. G.; Du Bois, J. In
Modern Rhodium-Catalyzed Organic Reactions; Evans, P. A., Ed; Wiley-
VCH: Weinheim, 2005; pp 379-416. (d) Halfen, J. A.Curr. Org. Chem.
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H. J. Am. Chem. Soc.1983,105, 6728-6729.

(5) Representative intermolecular metal-nitrene-type amidations: (a)
Fructos, M. R.; Trofimenko, S.; Dı́az-Requejo, M. M.; Pérez, P. J.J. Am.
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rhodium, ruthenium, and manganese (Scheme 1, eq 1).
Although great strides have been made in intramolecular4

amidation reactions, intermolecular4e,5couplings remain less
advanced, often requiring an excess (>5 fold) of hydrocarbon
component and proceeding in poor to modest yield. Fur-
thermore, as a consequence of their mechanism, these
amidation methodologies remain restricted to the coupling
of primary amide components.

An intriguing alternative to the metal-nitrene-based ami-
dation strategies is the copper-catalyzed allylic and benzylic
amidation reaction first disclosed by Katsuki and co-
workers6a (Scheme 1, eq 2). The reaction utilizes preformed
peroxycarbamates, which serve as both the oxidant and amine
component, and is based on a Kharasch-Sosnovsky reac-
tion.9 Although the reaction is conceptually a powerful
complement to the metal-nitrene-type amidation methods,
the requirement for presynthesized, unstable peroxycarbam-
ates, combined with the narrow substrate scope and poor
yields, severely limits the synthetic utility of this process.6b

In addition, the course of the reaction (amidation versus
oxidation) remains highly dependent on the electronic
properties of the peroxycarbamate species as well as the
ligand and hydrocarbon component used.6c

Inspired by these efforts as well as early reports by
Kharasch,10 we sought to develop a more general copper-
catalyzed intermolecular amidation strategy that would be
capable of couplingboth primary and secondary amide
reagents with a range of hydrocarbon species. Key to the
merit of such a methodology would be the division of amide
and oxidant into separate components, thereby circumventing
the need for the presynthesis of unstable reagents.6,8

Our initial explorations focused on the intermolecular
coupling reaction between indane and benzenesulfonamide
(Table 1). Choice of copper catalyst11 (Cu(OTf)2) and
oxidant12 (t-BuOOAc) proved to be critical to the reaction

efficiency. Althought-BuOOBz gave similar yields in the
reaction of benzenesulfonamide with indane (entry 4 vs entry
5), we found the reaction of other hydrocarbon species with
t-BuOOBz to be less general than that witht-BuOOAc. In
addition, the acetic acid byproduct from the reaction with
t-BuOOAc is easier to remove during the workup procedure
than benzoic acid.

Further improvements in yield could be realized through
slow addition of the oxidant via syringe pump over 6 h (entry
6). Finally, by adding the copper catalyst in two portions of
5 mol %, first at the start of the reaction and then after 3 h,
we were able to generate the amidation product in a
reasonable 73% isolated yield (entry 7).13,14

With a suitable set of reaction conditions developed, we
then investigated the range of sulfonamide coupling partners
that could be employed (Table 2). Gratifyingly,both primary
and secondary sulfonamidesreacted with indane under the
copper-catalyzed amidation procedure. This distinguishes the
current methodology as one of the few allylic and benzylic
C-H bond amidation processes in which secondary amide
components can be employed.15

(9) (a) Andrus, M. B.; Lashley, J. C.Tetrahedron2002,58, 845-866.
(b) Eames, J.; Watkinson, M.Angew. Chem., Int. Ed.2001, 40, 3567-
3571. (c) Kharasch, M. S.; Sosnovsky, G.J. Am. Chem. Soc.1958, 80,
756.

(10) A single example of a copper-catalyzed amidation of cyclohexene
with phthalimide in the presence oftert-butyl hydroperoxide (14% yield)
was described by Kharasch almost 50 years ago: Kharasch, M. S.; Fono,
A. J. Org. Chem.1958,23, 325-326.

(11) Other copper catalysts including CuCl2, Cu(MeCN)4PF6, Cu[BF4]2,
and CuOTf‚benzene were less effective in the amidation reaction.

(12) Other oxidants including PhI(OAc)2 and chloramine-T gave lower
yields of product.

(13) Yields in the absence of 1,10-phenanthroline ligand are only slightly
lower (64% by HPLC); however, use of an excess of ligand (20 mol %)
results in dramatically diminished yields.

(14) We suspect the Cu(OTf)2 catalyst may be deactivated or decompos-
ing in the presence of an excess of the oxidant.

(15) The only other examples of similar amidation reactions with
secondary amides were conducted with phthalimide10 and saccharin6b.

Scheme 1. Catalytic Methods for C-H Bond Amidation Table 1. Exploration of Reaction Parameters on the Amidation
of Indane with Benzenesulfonamide

entry catalyst ligand oxidant yield %a

1 none 5 mol % t-BuOOAc 0b

2 Cu(OAc)2

(10 mol %)
10 mol % t-BuOOAc 8b

3 Cu(OTf)2 10 mol % t-BuOOH 20b

(10 mol %)
4 Cu(OTf)2

(10 mol %)
10 mol % t-BuOOBz 48

5 Cu(OTf)2

(10 mol %)
10 mol % t-BuOOAc 49

6 Cu(OTf)2

(10 mol %)
10 mol % t-BuOOAc

[addition over 6 h]
63

7 Cu(OTf)2

(2 × 5 mol %)
5 mol % t-BuOOAc

[addition over 6 h]
73

8 Cu(OTf)2

(2 × 5 mol %)
5 mol % t-BuOOAc

[addition over 6 h]
35b,c

9 Cu(OTf)2

(2 × 5 mol %)
5 mol % t-BuOOAc

[addition over 6 h]
41d

a Isolated yield.b Determined by HPLC analysis versus a calibrated
internal standard (average of two runs).c Reaction conducted at room
temperature.d 1.0 equiv of indane was used.
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Overall, the yields remain relatively consistent with
sulfonamides of varying electronic and steric properties; the
electron-richp-methoxybenzenesulfonamide (entry 3), the
electron-deficientm-trifluoromethansulfonamide (entry 6),
and theortho-substituted carbomethoxybenzenesulfonamide
(entry 7) all yielded amidation products in 60-76% yields.
Heteroaromatic 2-thiophenylsulfonamide (entry 8) was also
tolerated in the copper-catalyzed amidation methodology.
Finally, amidation with a chiral sultam (entry 9) proceeded
in 86% yield, demonstrating that alkyl sulfonamides are also
suitable reaction partners. Here, the indane product was
formed as a 1:1 mixture of diastereomers that were separated
by column chromatography and analyzed by X-ray crystal-
lography to ascertain the absolute stereochemistry at the
benzylic center.

Of technical significance, the reaction is operationally
facile to conduct; all reagents were weighed and handled
without the need for rigorous exclusion of air or moisture.
In addition, few byproducts were detected in the crude
reaction mixture,16 with the exception of small amounts
(typically <5%) of theN,N-bis-indanylsulfonamide product
observed in the couplings of primary sulfonamides.

The Cu(OTf)2/t-BuOOAc system could also be applied to
the amidation of a range of hydrocarbon species with both
primary and secondary sulfonamides (Table 3). For example,
the direct generation of C-N bonds in 1,1-dimethylindane
(entry 1) and tetrahydronapthalene (entry 2) occurs in
reasonable yields under the general reaction conditions.

Amidation of the allylic C-H bonds of cyclohexene was
realized both with benzenesulfonamide (entry 3) andN-
methylbenzenesulfonamide (entry 4). In contrast to several
metal-nitrene-based amidation reactions,8 no aziridination
product could be detected in the crude reaction mixture.17

The method could also be applied to acyclic hydrocarbons
as well as cyclic hydrocarbons. Thus diphenylmethane
(entries 5 and 6) as well as ethylbenzene derivatives (entries
7-9) serve as suitable reaction partners in this transforma-
tion. Notably, the amidation procedure tolerates a variety of
functional groups on the hydrocarbon component, including
an ester (entry 6), aryl bromide (entry 8), and amide (entry
9). The reaction is chemoselective for C-N bond formation

(16) For those reactions that proceeded in only moderate yield, the
remaining mass balance consisted of primarily the sulfonamide and
hydrocarbon starting materials.

(17) (a) Dauban, P.; Dodd, R. H.Org. Lett. 2000,2, 2327-2329. (b)
Albone, D. P.; Aujla, P. S.; Taylor, P. C.J. Org. Chem.1998,63, 9569-
9571. (c) Evans, D. A.; Faul, M. M.; Bilodeau, M. T.J. Am. Chem. Soc.
1994,116, 2742-2753.

Table 2. Copper-Catalyzed Amidation of Indane with Primary
and Secondary Sulfonamides

a Isolated yield.b Indane product was obtained as a 1:1 mixture of
diastereomers.

Table 3. Copper-Catalyzed Amidation of Various Hydrocarbon
Components with Primary and Secondary Sulfonamides

a Isolated yield.b Reaction conducted at 80°C. c The 2-adamantane
sulfonamide regioisomer was formed in<5% yield as determined by1H
NMR analysis.
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with a secondary sulfonamide in the presence of a secondary
benzamide (entry 9). Finally, amidation of the C-H bonds
of adamantane could be achieved (entry 10). Here reaction
occurs preferentially at the bridgehead position, affording
the 1-adamantyl sulfonamide in 56% yield and greater than
95:5 regioselectivity.

AcetateA has been observed in minor quantities (<5%
by HPLC, MS) during the course of our amidation reaction,
presumably forming via a direct Kharasch-Sosnovsky
reaction with the tert-butylperacetate oxidant. To help
ascertain whetherA is a potential intermediate in this
reaction, we explored the coupling of 1-indanyl acetateA
with benzensulfonamide under our copper-catalyzed condi-
tions (Scheme 2). Reaction ofA with the sulfonamide occurs

very rapidly at room temperature within 2 h, giving an 83%
isolated yield of product. This reaction does not proceed in
the absence of copper, even at elevated temperatures (<5%
yield). Interestingly, this coupling requires catalytic quantities
of both copper and tert-butylperacetate oxidantin order to
proceed, suggesting proper oxidation state of the copper
catalyst is an important requirement for reactivity. While

these observations do not preclude a mechanistic pathway
in which product formation occurs directly from the hydro-
carbon species, we have demonstrated that an intermediate
benzylic acetateA can be converted to product under the
copper-catalyzed conditions.18,19

In conclusion, we have demonstrated a copper-catalyzed
amidation of allylic and benzylic C-H bonds with sulfon-
amides that tolerates functionality on both coupling partners.
This methodology serves as a complement to the metal-
nitrene-type amidation processes in that both primary and
secondary amides can be utilized. Further investigations into
more active and robust copper catalysts and extension to
other amide coupling components20 is ongoing.
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(18) A third mechanistic possibility involves oxidation of the hydrocarbon
species to an alkene, followed by a copper-catalyzed hydroamination,
although diphenylmethane and adamantane, for which alkene intermediates
are unlikely, are reactive under our conditions. See: Taylor, J. G.; Whittall,
N.; Hii, K. K. Org. Lett.2006,8, 3561-3564.

(19) To our knowledge, this copper-catalyzed amidation reaction of a
benzylic acetate has not previously been observed; however, copper-
catalyzed aminations of allylic halides are known. See: Baruah, J. B.;
Samuelson, A. G.Tetrahedron1991,47, 9449-9454.

(20) Under the optimized conditions described in table 1, amidation of
indane with benzamide ortert-butyl carbamate proceeds in only 5% and
12% yields, respectively.

Scheme 2. Reaction of 1-Indenyl Acetate with
Benzensulfonamide
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