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Summary: In an effort to deVelop more actiVe catalysts for the
intramolecular hydroamination of amino alkenes, we haVe
inVestigated the application of sterically hindered mono(phos-
phines) as supporting ligands for platinum-catalyzed hydroami-
nation. Here we demonstrate that mixtures of PtCl2 and di(tert-
butyl)o-biphenyl phosphines such as P(t-Bu)2[2-(2-NMe2-
C6H4)C6H4] catalyze the hydroamination of 4-pentenyl and
5-hexenyl amines at 60–80 °C. This catalyst system tolerates a
number of functional groups and catalyzes the cyclization of
unsubstituted amino alkenes.

Introduction

Functionalized nitrogen heterocycles are components of a
wide range of naturally occurring1 and biologically active
molecules.2 This, coupled with the limitations associated with
traditional methods for C-N bond formation,3 has stimulated
considerable interest in the development of new and more
efficient methods for the synthesis of nitrogen heterocycles. The
intramolecular addition of the N-H bond of an amine across
an unactivated CdC bond (hydroamination) represents an atom-
economical and potentially expedient approach to the synthesis
of nitrogen heterocycles.4 However, despite considerable effort
in this area, the intramolecular hydroamination of unactivated
CdC bonds with alkylamines remains problematic.4 For ex-

ample rare earth,5 alkali,6 alkaline earth,7 and group 48 metal
complexes catalyze the intramolecular hydroamination of un-
activated CdC bonds with alkyl amines, but the synthetic utility
of these protocols is compromised by the poor functional group
compatibility and extreme moisture-sensitivity of the catalysts.
Alkyl 4-pentenyl amines undergo intramolecular hydroamination
in the presence of Brønsted acids, but forcing conditions are
required.9 Conversely, late transition metal-catalyzed systems
for the intramolecular hydroamination of unactivated CdC
bonds with alkylamines have typically been restricted to vinyl
arenes and conjugated dienes.10

In response to the limitations associated with the hydroami-
nation of unactivated CdC bonds, we have developed an
effective Pt-catalyzed protocol for the intramolecular hydroami-
nation of amino alkenes.11 This system was inspired by the
studies of Panuzi and others12 and, until recently,13 represented
the only late transition metal-catalyzed protocol for the hy-
droamination of unactivated CdC bonds with alkyl amines. As
an example of Pt(II)-catalyzed hydroamination, treatment of

* Corresponding author. E-mail: rwidenho@chem.duke.edu.
(1) (a) Liddell, J. R. Nat. Prod. Rep. 2002, 19, 773. (b) Michael, J. P.

Nat. Prod. Rep. 2001, 18, 520. (c) Mitchinson, A.; Nadin, A. J. Chem.
Soc., Perkin Trans. 1 2000, 2862. (d) King, A. G.; Meinwald, J. Chem.
ReV. 1996, 96, 1105. (e) Daly, J. W.; Garraffo, H. M.; Spande, T. F.
Alkaloids: Chem. Pharmacol. 1993, 43, 185–288. (f) Daly, J. W. Proc.
Natl. Acad. Sci. U.S.A. 1995, 92, 9–13. (g) Collins, M. A. Alkaloids: Chem.
Pharmacol. 1983, 21, 329–358. (h) Brossi, A. Alkaloids: Chem. Pharmacol.
1993, 43, 119–183.

(2) (a) Ashby, J.; Elliot, B. M. In ComprehensiVe Heterocyclic Chem-
istry; Katrinsky, A. R., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984;
Vol. 1, pp 111–141. (b) Landquist, J. K. In ComprehensiVe Heterocyclic
Chemistry; Katrinsky, A. R., Rees, C. W., Eds.; Pergamon Press: Oxford,
1984; Vol. 1; pp 143–183..

(3) (a) Mitsunobu, O. In ComprehensiVe Organic Synthesis; Trost, B. M.,
Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol 6, pp 65–101. (b)
Bird, C. W.; Cheeseman, G. W. H. In ComprehensiVe Heterocyclic
Chemistry; Katrinsky, A., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984;
Vol. 4, pp 89–153. (c) McKillop, A.; Boulton, A. J. In ComprehensiVe
Heterocyclic Chemistry; Katrinsky, A. R., Rees, C. W., Eds.; Pergamon
Press: Oxford, 1984; Vol. 2, pp 67–98. (d) Stella, L. Angew. Chem., Int.
Ed. Engl. 1983, 22, 337.

(4) (a) Beller, M.; Tillack, A.; Seayad, J. In Transition Metals for
Organic Synthesis, 2nd ed.; Wiley-VCH: Weinheim, 2004; pp 403–414.
(b) Han, X.; Widenhoefer, R. A. Eur. J. Org. Chem. 2006, 4555. (c) Beller,
M.; Seayad, J.; Tillack, A.; Jiao, H. Angew. Chem., Int. Ed. 2004, 43, 3368.
(d) Brunet, J. J. Neibecker, D. In Catalytic Heterofunctionalization; Togni,
A., Grützmacher, H., Eds.; Wiley-VCH: Weinheim, 2001; pp 91–142. (e)
Pohlki, F.; Doye, S. Chem. Soc. ReV. 2003, 32, 104.

(5) (a) Hong, S.; Marks, T. J. Acc. Chem. Res. 2004, 37, 673. (b) Riegert,
D.; Collin, J.; Meddour, A.; Schulz, E.; Trifonov, A. J. Org. Chem. 2006,
71, 2514. (c) Kim, J. Y.; Livinghouse, T. Org. Lett. 2005, 7, 4391. (d)
Kim, J. Y.; Livinghouse, T. Org. Lett. 2005, 7, 1737. (e) Gribkov, D. V.;
Hultzsch, K. C.; Hampel, F. J. Am. Chem. Soc. 2006, 128, 3748. (f)
Molander, G. A.; Dowdy, E. D. J. Org. Chem. 1999, 64, 6515. (g) Kim,
Y. K.; Livinghouse, T.; Horino, Y. J. Am. Chem. Soc. 2003, 125, 9560.

(6) (a) Martínez, P. H.; Hultzsch, K. C.; Hampel, F. Chem. Commun.
2006, 2221. (b) Ogata, T.; Ujihara, A.; Tsuchida, S.; Shimizu, T.; Kaneshige,
A.; Tomioka, K. Tetrahedron Lett. 2007, 48, 6648. (c) Quinet, C.; Jourdain,
P.; Hermans, C.; Ates, A.; Lucas, I.; Markó, I. E. Tetrahedron 2008, 64,
1077.

(7) Crimmin, M. R.; Casely, I. J.; Hill, M. S. J. Am. Chem. Soc. 2005,
127, 2042.

(8) (a) Müller, C.; Loos, C.; Schulenberg, N.; Doye, S. Eur. J. Org.
Chem. 2006, 2499. (b) Kim, H.; Lee, P. H.; Livinghouse, T. Chem. Commun.
2005, 5205. (c) Thompson, R. K.; Bexrud, J. A.; Schafer, L. L. Organo-
metallics 2006, 25, 4069. (d) Bexrud, J. A.; Beard, J. D.; Leitch, D. C.;
Schafer, L. L Org. Lett. 2005, 7, 1959. (e) Wood, M. C.; Leitch, D. C.;
Yeung, C. S.; Kozak, J. A.; Schafer, L. L. Angew. Chem., Int. Ed. 2007,
46, 354. (f) Gott, A. L.; Clarke, A. J.; Clarkson, G. J.; Scott, P.
Organometallics 2007, 26, 1729. (g) Knight, P. D.; Munslow, L.;
O’Shaughnessy, P. N.; Scott, P. Chem. Commun. 2004, 894. (h) Gribkov,
D. V.; Hultzsch, K. C. Angew. Chem., Int. Ed. 2004, 43, 5542. (i) Watson,
D. A.; Chiu, M.; Bergman, R. G. Organometallics 2006, 25, 4731. (j) Kim,
H.; Kim, Y. K.; Shim, J. H.; Kim, M.; Han, M.; Livinghouse, T.; Leea,
P. H. AdV. Synth. Catal. 2006, 348, 2609. (k) Stubbert, B. D.; Marks, T. J.
J. Am. Chem. Soc. 2007, 129, 6149.

(9) Ackermann, L.; Kaspar, L. T.; Althammer, A. Org. Biomol. Chem.
2007, 5, 1975.

(10) (a) Takemiya, A.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128,
6042. (b) Sakai, N.; Ridder, A.; Hartwig, J. F. J. Am. Chem. Soc. 2006,
128, 8134.

(11) Bender, C. F.; Widenhoefer, R. A. J. Am. Chem. Soc. 2005, 127,
1070.

(12) (a) Palumbo, R.; De Renzi, A.; Panunzi, A.; Paiaro, G. J. Am. Chem.
Soc. 1969, 91, 3874. (b) Panunzi, A.; De Renzi, A.; Palumbo, R.; Paiaro,
G. J. Am. Chem. Soc. 1969, 91, 3879. (c) Kaplan, P. D.; Schmidt, P.; Orchin,
M. J. Am. Chem. Soc. 1968, 90, 4175. (d) Pryadun, R.; Sukumaran, D.;
Bogadi, R.; Atwood, J. D. J. Am. Chem. Soc. 2004, 126, 12414.

(13) Liu, Z.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 1570.

Organometallics 2008, 27, 2356–23582356

10.1021/om8000982 CCC: $40.75  2008 American Chemical Society
Publication on Web 04/16/2008



4-pentenyl amine 1 with a catalytic 1:2 mixture of [Pt(H2Cd
CH2)Cl2]2 (Zeise’s dimer) and PPh3 in dioxane at 120 °C for
2 h led to isolation of pyrrolidine 2 in 82% yield (eq 1). The
protocol tolerates substitution at the homoallylic and internal
alkene carbon atoms, is compatible with a range of polar
functional groups, and displays low sensitivity to moisture.11

However, platinum-catalyzed hydroamination requires forcing
conditions (120 °C), is ineffective for the hydroamination of
alkenylamines that lack substitution along the alkenyl chain,
and gives poor yields for the 6-exo cyclization of 5-hexenyl-
amines.11

Mechanistic investigation of the Pt-catalyzed hydroamination
of benzyl 2,2-diphenyl-4-pentenylamine established protonolysis
of the Pt-C bond of platinum heterobicyclic amine complex 3
with ammonium chloride salt to form pyrrolidine 4 in the
turnover-limiting step.11 One scenario for the conversion of 3
to 4 involves rapid and reversible protonation at platinum
followed by rate-limiting C-H reductive elimination from a
Pt(IV) complex such as I (Scheme 1).14 Because reductive
elimination can be accelerated by sterically hindered ligands,15

we considered that employment of sterically hindered mono-
(phosphines) as supporting ligands for the platinum-catalyzed
hydroamination of amino alkenes might lead to enhanced
activity relative to Pt(II)/PPh3-based catalysts. Here we report
that mixtures of PtCl2 and sterically hindered o-biphenyl
phosphines catalyze the intramolecular hydroamination of amino
alkenes at 60–80 °C and display improved scope and generality
relative to the catalyst generated from Zeise’s dimer and PPh3.

Results and Discussion

We initially targeted P(o-tolyl)3, which has been applied to
good effect in a range of palladium-catalyzed cross-coupling

protocols,16 as a supporting ligand for platinum-catalyzed
hydroamination. An initial experiment was encouraging, and
reaction of 1 with a catalytic 1:2 mixture of [Pt(H2CdCH2)Cl2]2

and P(o-tolyl)3 at 80 °C for 6 h led to formation of 2 in 55%
yield by GC analysis (Table 1, entry 1). Noteworthy was that
mixtures of Zeise’s dimer and PPh3 displayed no activity at 80
°C. The markedly lower activity of [Pt(H2CdCH2)Cl2]2/P(m-
tolyl)3 (Table 1, entry 2) relative to [Pt(H2CdCH2)Cl2]2/P(o-
tolyl)3 for the conversion of 1 to 2 suggested that the steric
bulk of P(o-tolyl)3 (θ ) 194°)17 was responsible for the
enhanced reactivity of P(o-tolyl)3 relative to PPh3.

In an effort to identify even more active hydroamination
catalysts, we turned our attention to sterically hindered o-
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Scheme 1

(1)

Table 1. Platinum-Catalyzed Hydroamination of 1 (0.5 M) as a
Function of Ligand

a GC yield versus n-hexadecane internal standard.
b[PtCl2(H2CdCH2)]2 (2.5 mol %) used as Pt source. cSample taken at
3 h.
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biphenyl phosphines as supporting ligands for Pt(II)-catalyzed
alkene hydroamination. These ligands are readily available and
have been used to good effect for a variety of cross-coupling
reactions.18 Although the dicyclohexylphosphines 5a-5c were

superior to P(o-tolyl)3 (Table 1, entries 3–5), di(tert-butyl)phos-
phines 6a-6c were particularly effective supporting ligands for
alkene hydroamination (Table 1, entries 6–8). For example,
preparative-scale reaction of 1 with a catalytic 1:1 mixture of
PtCl2 and 6c (5 mol %) for 10 h at 60 °C led to isolation of 2
in 86% yield (Table 2, entry 1). Despite the similar steric and
electronic properties of N-heterocyclic carbenes 7 relative to 6,
7a and 7b were considerably less effective supporting ligands
for the Pt-catalyzed conversion of 1 to 2 (Table 1, entries 9
and 10).

In addition to the higher hydroamination activity of PtCl2/6
relative to [Pt(H2CdCH2)Cl2]2/PPh3, hydroamination of amino
alkenes catalyzed by PtCl2/6 displayed broader substrate scope
under much milder conditions. In addition to 1, 4-pentenyl
amines that possessed an aryl methoxy or nitro group, a
heteroaryl group, or a methyl substituent at the internal alkene
carbon atom underwent intramolecular hydroamination catalyzed
by a mixture of PtCl2 and either 6a or 6c at or below 80 °C
(Table 2, entries 2–9). Likewise, 5-hexenyl amine 8 underwent
6-exo hydroamination to form 9 in 76% isolated yield at 80 °C
without the necessity of slow substrate addition that was required
toeffect thehydroaminationof8catalyzedby[Pt(H2CdCH2)Cl2]2/
PPh3 (Table 2, entry 10). Mixtures of 6c and PtCl2 also catalyzed
the hydroamination of unsubstituted 4-pentenyl and 5-hexenyl-
amines, although long reaction times were required (Table 2,
entries 11 and 12). Unfortunately, the 6c/PtCl2 catalyst system
was not effective for the intramolecular hydroamination of
internal alkenes.

Summary

A 1:1 mixture of PtCl2 and either 6a or 6c catalyzes the
intramolecular hydroamination of unactivated CdC bonds with
secondary alkyl amines at 60–80 °C. This catalyst system
displays considerably higher activity than the previously reported
catalyst system comprised of Zeise’s dimer and PPh3. The PtCl2/
6-catalyzed protocol displays good functional group compat-
ibility and catalyzes the cyclization of 5-hexenyl amines and
unsubstituted 4-pentenyl amines.
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Table 2. Hydroamination of N-Alkenyl Amine Derivatives (0.5 M)
Catalyzed by a Mixture of PtCl2 (5 mol %) and 6a or 6c (5 mol %)

in Diglyme at 60–80 °C

a Conditions: A ) 6c, 60 °C; B ) 6a, 60 °C; C ) 6c, 80 °C; D )
6a, 80 °C. b Isolated material of g95% purity. cReaction run with 10%
catalyst loading.
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