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ABSTRACT

Treatment of an N-4-pentenyl or N-5-hexenyl urea with a catalytic 1:1 mixture of a gold(I) N,N-diaryl imidazol-2-ylidine complex and AgOTf at
or near room temperature leads to intramolecular exo-hydroamination to form the corresponding nitrogen heterocycle in excellent yield.

Saturated nitrogen heterocycles constitute an important class
of naturally occurring and biogically active molecules.1 The
addition of the N-H bond of an amine or amide derivative
across the CdC bond of a pendent alkene (hydroamination)
has received considerable attention as an atom-economical
and potentially expedient route to the synthesis of nitrogen
heterocycles.2 However, despite significant effort in this area,
the intramolecular hydroamination of unactivated alkenes
remains problematic.2 Although rare earth,3 alkali,4 and group
45 metal complexes catalyze the intramolecular hydro-

amination of unactivated alkenes, the synthetic utility of these
transformations is compromised by the excessive oxophilicity
of the catalysts. Conversely, intramolecular hydroamination
of unactivated alkenes catalyzed by late transition metal
complexes typically requires either forcing conditions,6 a
sulfonamide nucleophile,7 or a conjugated alkenyl moiety.8,9

In response to the limitations associated with the intra-
molecular hydroamination of unactivated alkenes, we re-
cently reported the intramolecular hydroamination ofN-
alkenyl carbamates catalyzed by a mixture of the gold(I)
phosphine complex Au[P(t-Bu)2(o-biphenyl)]Cl (1) and
AgOTf.10,11 As an example, reaction of2a with a catalytic
1:1 mixture of1 and AgOTf (5 mol %) in dioxane at 60°C
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for 22 h led to isolation of pyrrolidine3a in 97% yield (eq
1). N-Alkenyl carboxamides and ureas such as2b and 2c
also underwent efficient hydroamination in the presence of
1/AgOTf, although somewhat higher reaction temperature
(80 °C) was required (eq 1).12 Lower reaction temperature
in each case led to incomplete conversion.

For some time we have sought to identify more active
and more general catalyst systems for the intramolecular
hydroamination of unactivated alkenes. We noted that
sterically hindered, electron-rich phosphines such as P(t-Bu)2-
(o-biphenyl) were particularly effective supporting ligands
for gold-catalyzed hydroamination.10 As is the case with
electron-rich phosphines,N-heterocyclic carbenes are strong
σ-donors that form stable compounds with a diverse range
of transition metals13 including gold(I).14 Furthermore, a
number of these ligands, in particular the commercially
available 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidine
(4), are highly sterically hindered.15 These characterisitics
suggested that4 might also function as an effective sup-
porting ligand for gold-catalyzed hydroamination.16 Indeed,
here we report that Au(4)Cl is an exceptionally active
precatalyst for the intramolecular hydroamination ofN-
alkenyl ureas.

Initial hydroamination experiments employing Au(4)Cl as
a precatalyst were encouraging. Treatment ofN-4-pentenyl
derivatives2a-2cwith a 1:1 mixture of Au(4)Cl and AgOTf
at 45°C for 15 h in each case led to complete consumption
of 2 and isolation of the corresponding pyrrolidine3 in g93%
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Table 1. Hydroamination of2a-2c Catalyzed by a 1:1
Mixture of Au(4)Cl and AgOTf

entry R temp time(h) convn (%)a yield (%)b

1 Cbz (a) 45 °C 15 100 96
2 Ac (b) 45 °C 15 100 99
3 CONHPh (c) 45 °C 15 100 93
4 Cbz (a) rtc 18 20
5 Ac (b) rtc 18 83 83
6 CONHPh (c) rtc 18 100 96

a Determined by1H NMR analysis of the crude reaction mixture.
b Isolated material of>95% purity.c 22-24 °C.

Table 2. Hydroamination ofN-Alkenyl Ureas Catalyzed by a
1:1 Mixture of Au(4)Cl and AgOTf (5 mol %) at Room
Temperature17 for 15-24 h

a Major diastereomer is shown.b Solvent: A ) dioxane,B ) MeOH,C
) MeOH/H2O (95/5).c Isolated product ofg95% purity.d Reaction run
with 1 mol % catalyst loading.e Reaction run exposed to atmosphere.
f Reaction run at 45°C with 10 mol % catalyst loading.g Reaction run at
45 °C. h Reaction run at 45°C with 10 mol % catalyst loading for 43 h.
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yield (Table 1, entries 1-3). However, the corresponding
room temperature hydroamination of carbamate2a or car-
boxamide2b failed to reach completion after 18 h (Table 1,
entries 4 and 5).17 Conversely, reaction of urea2c with a
1:1 mixture of Au(4)Cl and AgOTf at room temperature for
18 h led to complete consumption of2c and isolation of3c
in 96% yield (Table 1, entry 6).18 Subsequent experimentation
revealed that employment of methanol as solvent in place
of dioxane led to a∼2-fold increase in the rate of hydro-
amination.

Both N′-aryl andN′-alkyl N-4-pentenyl ureas underwent
intramolecular hydroamination at room temperature in high
yield in the presence of a catalytic amount of Au(4)Cl/AgOTf
(Table 2, entries 1-4). The Au(4)Cl/AgOTf catalyst system
was sufficiently active such that efficient hydroamination was
realized with 1 mol % of the catalyst mixture (Table 2, entry
5). Furthermore, neither the rate nor the yield of hydro-
amination was affected by the presence of a large excess of
water or air in the reaction mixture (Table 2, entries 6 and
7). Gold-catalyzed hydroamination of 4-pentenyl ureas
monosubstituted at the C(1) or C(2) position formed sub-

stituted pyrrolidines that possessed acis-2,5 or cis-2,4
substitution pattern, respectively, with up to 5.5:1 diaste-
reoselectivity (Table 2, entries 8-12). Noteworthy was that
the diastereoselectivity of these transformations was im-
proved relative to the hydroamination of the corresponding
N-4-pentenyl carboxamides catalyzed by1/AgOTf (e1.8:
1).12 Gold-catalyzed hydroamination of alkenyl ureas also
tolerated substitution at the internal olefinic carbon atom and
was effective for the cyclization of an unsubstitutedN-4-
pentenyl urea, although more forcing conditions were
required (Table 2, entries 13 and 14). A 5-hexenyl urea also
underwent room temperature hydroamination in the presence
of Au(4)Cl/AgOTf to form the corresponding piperidine
derivative in excellent yield (Table 2, entry 15).

In summary, we have reported the first application of a
gold(I) carbene complex as a catalyst for the hydroamination
of unactivated alkenes. The resulting catalyst system is highly
active for theexo-hydroamination ofN-4-pentenyl andN-5-
hexenyl ureas to form the corresponding nitrogen hetero-
cycles in excellent yield with good regioselectivity and up
to 5.5:1 diasteroselectivity.

Acknowledgment. The authors acknowledge the NSF
(CHE-0304994 and CHE-0555425), the Petroleum Research
Fund (43636-AC1), adminstered by the American Chemical
Society, and Johnson & Johnson for support of this research.
C.F.B. thanks Duke University for a Charles R. Hauser
Fellowship.

Supporting Information Available: Experimental pro-
cedures and spectroscopic data for products. This material
is available free of charge via the Internet at http://pubs.acs.org.

OL062107I

(16) For recent examples of the application of goldN-heterocyclic carbene
complexes as catalysts for organic transformations, see: (a) Marion, N.;
de Frémont, P.; Lemie`re, G.; Stevens, E. D.; Fensterbank, L.; Malacria,
M.; Nolan, S. P.Chem. Commun. 2006, 2048. (b) Fructos, M. R.; Belderrain,
T. R.; de Fre´mont, P.; Scott, N. M.; Nolan, S. P.; Dı´az-Requejo, M. M.;
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