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N-Alkenyl carboxamides undergo gold-catalyzed intramolecu-

lar exo-hydroamination to form nitrogen heterocycles in

excellent yield.

The transition metal catalyzed addition of an N–H bond across

the CLC bond of a pendent alkene (hydroamination) has

received considerable attention as a potentially expedient route

to the synthesis of nitrogen heterocycles.1 A number of amine

derivatives have been employed in the catalytic intramolecular

hydroamination of alkenes including primary2 and secondary

alkylamines,3,4 sulfonamides,5 and, quite recently, labile carba-

mates.6,7 Conversely, the transition metal catalyzed intra-

molecular hydroamination of alkenes with carboxamides has

not been demonstrated. Rather, this transformation is

typically achieved via reaction of the alkene with a stoichio-

metric amount of a Hg(II) salt or selenium halide, followed by

reduction.8

As part of a continuing effort directed toward the development

of new methods for the hydroamination of unactivated alkenes,3,6,9

we recently reported the platinum-catalyzed intermolecular

hydroamination of ethylene and vinyl arenes with carboxamides.9

Unfortunately, attempts to extend this protocol to include the

intramolecular hydroamination of alkenes with carboxamides

were unsuccessful.{ Partially in response to this shortcoming,

we recently developed a gold(I)-catalyzed protocol for the

hydroamination of N-alkenyl carbamates.6 As an example,

reaction of 1 with a catalytic 1 : 1 mixture of Au[P(t-Bu)2(o-

biphenyl)]Cl (2) and AgOTf (5 mol%) in dioxane at 60 uC for

22 h formed pyrrolidine 3 in 91% isolated yield (eqn (1)). The

high efficiency of this transformation coupled with the

mild reaction conditions suggested that mixtures of 2 and

AgOTf might also catalyze the intramolecular hydroamination

of alkenes with carboxamides. Indeed, here we report the

gold(I)-catalyzed intramolecular hydroamination of N-alkenyl

carboxamides.

ð1Þ

The catalyst system optimized for the intramolecular

hydroamination of N-alkenyl carbamates proved effective for

the intramolecular hydroamination of N-4-pentenyl carbox-

amides, although a somewhat higher reaction temperature was

required.§ For example, reaction of a concentrated (1 M) dioxane

solution of N-(2,2-diphenyl-4-pentenyl)acetamide (4) with a

catalytic 1 : 1 mixture of 2 and AgOTf (5 mol%) at 80 uC for

21 h led to isolation of pyrrolidine 5 in 99% yield (Table 1, entry 1).

Neither the rate nor the yield of the gold-catalyzed hydroamina-

tion of 4 was significantly affected by the presence of air or

moisture in the reaction vessel (Table 1, entries 2 and 3)."

Conversely the efficiency of the conversion of 4 to 5 depended

strongly on the nature of the exogenous phosphine ligand. In

particular, treatment of 4 with a catalytic 1 : 1 mixture of

Au(PPh3)Cl and AgOTf (5 mol%) at 85 uC in toluene reportedly

led to no significant formation of 5.5

Gold-catalyzed intramolecular hydroamination was effective

for primary and secondary alkyl carboxamides, aryl

carboxamides, and primary ureas and the protocol tolerated

carboxylic esters and unprotected hydroxyl groups (Table 1,

entries 4–10). The catalyst system was efficient; 1 mol% of a 1 : 1

mixture of 2 and AgOTf was sufficient to achieve complete

conversion of 6 to 7 (Table 1, entry 6). Gold-catalyzed

hydroamination of N-alkenyl carboxamides tolerated substitution

at the C(1), C(2), and C(4) positions of the 4-pentenyl group

(Table 1, entries 11–13) and the reaction was effective for

the formation of aliphatic heterobicyclic compounds and

piperidine derivatives (Table 1, entries 14 and 15). Bicyclic

compounds in which a saturated nitrogen-containing ring is

fused to an aromatic moiety including the 2-methyl indolines

are components of a number of drug targets.10 We were

therefore disappointed that carbamate-protected o-allyl

aniline derivatives underwent Au-catalyzed intramolecular

hydroamination in poor yield.6 For this reason, it is

significant that the Au-catalyzed hydroamination of carbo-

xamide 10 formed 2-methylindoline 11 in 99% yield (Table 1,

entry 16).

In summary, we have developed an effective Au(I)-

catalyzed protocol for the intramolecular hydroamination

of N-alkenyl carboxamides to form protected pyrrolidines,

piperidines, and heterobicyclic compounds. We continue to

work toward optimizing and expanding the scope of the

Au(I)-catalyzed hydroamination of C–C multiple bonds.
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Table 1 Intramolecular hydroamination of N-alkenyl carboxamides
(1 M) catalyzed by a 1 : 1 mixture of Au[P(t-Bu)2(o-biphenyl)]Cl (2)
and AgOTf (5 mol%) in dioxane at 80 uC

Entry Substrate Heterocycle Time/h Yield (%)a

1 R = Ac (4) 5 21 99
2b 22 96
3c 22 89
4 R = CONHPh 15 92

5 R = n-Pr (6) 7 2 91
6d 13 86
7 R = Cy (8) 9 7 97
8 R = Ph 20 95
9 R = (CH2)3CO2Me 17 95

10 R = (CH2)3CH2OH 18 86
11 15 79

12 22 96 (1.5 : 1)

13 22 92 (1.8 : 1)

14e 24 82 (2.5 : 1)

15 15 88

16 22 99

10 11
a Isolated material of ¢95% purity. b Reaction mixture contained
water (1 equiv.). c Reaction run exposed to air (1 atm). d Reaction
run with 1 mol% catalyst loading. e Reaction run with 10 mol%
catalyst loading at 100 uC.
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