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Metal-catalyzed hydroamination of simple olefins is one of the
important strategies to prepare nitrogen-containing molecédles.
Despite significant efforts that have been devoted into thisddea,
only a few examples of intermolecular hydroamination of unacti-
vated olefins are known. On the basis of some recent st@dies,
envisioned that hydroamination of unactivated olefins might be
catalyzed by gold complexes, as well. We report here the gold(l)-
mediated hydroamination of inert olefins to afford acyclic or cyclic
nitrogen-containing molecules. This discovery adds another new
methodology into the growing list of reactions that can be catalyzed
by gold ions?

In preliminary experiments, we tested reactions between cyclo-
hexene and various nitrogen nucleophilpsioluenesulfonamide
(TsNH) stands out as an excellent candidate for this reaction.
N-cyclohexylp-toluenesulfonamide could be prepared in 90%
isolated yield by reacting TsNHwith 4 equiv of cyclohexene in
toluene with a catalytic amount (5 mol %) of AuOTf (generated

Table 1. Intermolecular Hydroamination of Olefinsd
Entry  Olefin Nucleophile Time(h) Product Yield(%)b
1 O (1a) TsNHx(1b) 15 TsHN—O (1e)  90(91)°

2 1a TSNHCHs (2b) 44 Ts(Me)N—O @2) 56
30 1a RSO;NH; (3b) 15 RSOZNH—O (Bc) 89
4 O (3a) 1b 20 TsHN—Q (4c) 83
— NHTs
5 ph (4a) 1b 14 N R
NHTs
6 of (53 1b 16 - 6c) 56
TsHN
7 MeO—@—/: 1b 14 MeO (7e)  95(93)°
(62) Ts(Me)N
8 6a 2b 8 veo 8 55
NHTSs NHTs
/= + f
O GeHy, 8 1b 14 C6H13)\ CsH11)\'/ 85
(9¢) (6¢)
10 (9a) 1b 38 csH”—éNHTs (10c) 51
CsH11
119 Ab (10a) 1b 15 LbNHTS(nc) 89
H
129 10a 3b 15 (12c)° 80
NHSO,R
AcO ;
C
13 )V\/j\(ﬁa) 1 48 TSHN)CC/O\MC) 44

aReactions were conducted with 1 mmol of nucleophiles, 4 mmol of
olefins (2.0-2.8 mmol could be recovered after the reaction in most cases),
and 5 mol % of PEPAUCI/AgOTf in 2 mL of toluene at 85C. ? Isolated
yield. ¢ The yield in parentheses refers to a reaction performed without
solvent.9 At 95 °C. R = MeOGsH4. f9c9¢ = 2:1. 9 A 1:1 ratio of TsNH
and norbornene was used.
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Table 2. Gold(l)-Catalyzed Intramolecular Hydroamination of
Tosylated Amino Olefins?

Entry Substrate Time(h) Product Yield(%)"
1 Ph Ph  R=Ts1d 17 Ph_Ph R=Ts,1e 96
20 . R=Ns,2d 48 R=Ns,2e 99
3 NH ~ R=Ac,3d 48 l?l R=Ac, 3e 0

1
R R
Ph_Ph Ph Ph
4 (4d) 15 (4e) 91
NH N
1 |
Ts Ts
Ph_Ph Ph_Ph
5 (5d) 15 Z—Q (5e) 95
ik )
Ts Ts
Q\\ 6 15 QL (6e) 99
NH N
1 1
Ts Ts
(Te)
7 (7d) 10 o NTs 97
OH NHTs

a8 Reactions were conducted with 0.5 mmol of substrate and 5 mol % of
PhPAUCI/AgOTf in 2 mL of toluene at 85C. " Isolated yield.c Ns=
2-nitrobenzenesulfonate.

by mixing equal equivalents of BRAuUCI and AgOTf) at 85°C

for 15 h (eq 1). With the use of other nitrogen-based molecules,
such as amines, anilines, carboxyamides, carbamates, alkylsulfona-
mides, or sulfamates, the reactions gave none or very low yields
of the desired products. Other Lewis acids, such as Zn¢Grijl
Cu(OTf), could not catalyze the same reaction, and Sc(QJdye

less than 20% of the addition product under the same conditions.

5 mol% PhaPAUOTf

o
@ + HZN—'S'O > O—NHTS M
0

This reaction works for a range of different olefins, as shown in
Table 1. Terminal olefins can serve as good substrates to afford
the Markovnikov addition products (Table 1, entries%. N-
methylp-toluenesulfonamide2p) as well agp-methoxyphenylsul-
fonamide could be used as the nucleophiles (Table 1, entries 2, 3,
8, and 12). Thes-hydride elimination step that typically leads to
the unsaturated addition products with palladium-mediated reac-
tions®” does not occur with the use of gold(l) catalyst. Intramo-
lecular alkene hydroamination was also examined, and several
N-tosylatedy-amino olefins were efficiently cyclized to afford
pyrrolidines with gold(l) (Table 2). 2-Nitrobenzene sulfonamide
could also be employed as an efficient nucleophile (Table 2, entry
2). Amides did not work as nucleophiles for this reaction (one
example is shown in Table 2, entry 3). Preliminary studies indicate
that carbamates also work as nucleophiles in intramolecular
additions.

toluene, 85 °C

10.1021/ja053864z CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Scheme 1 In summary, we demonstrate that gold(l) catalyzes intra- and
5 mol% PhyPAUOTF W intermolecular hydroamination of unactivated olefins under rela-
. + TsNH; W R N R? tively mild conditions. Saturated products with tosyl-protected
' Ts amines were obtained with a range of olefins.
12a,R'=H,R?=H 12b, 64% (cisltrans:37/63) . .
13a,R' = H, R2 = Me 13b, 90% Acknowledgment. This research was supported by the Uni-
14a,R" = Me, R? = Me 14b, 80% versity of Chicago, a Research Innovation Award (RI1179) from

Research Corporation, and a Research Fellowship from Alfred P.

We further tested hydroamination of 1,5-dienes with TgNHhe Sloan Foundation (C.H.).

first intermolecular hydroamination of a 1,5-diene by Tsiiduld
be followed by a second intramolecular hydroamination to produce  Supporting Information Available: Experimental details and
pyrrolidines in an “one-pot” operation (Scheme31A mixture of Figure S1. This material is available free of charge via the Internet at
cis andtrans products was isolated in 64% yield with the use of http:/pubs.acs.org.

12a Introduction of substitutions at the internal olefinic carbon
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