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ABSTRACT
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The Cu-Xantphos system [Cu(O-t-Bu)-Xantphos, 10—15 mol %] catalyzes the intramolecular hydroamination of unactivated terminal alkenes
bearing an unprotected aminoalkyl substituent in alcoholic solvents, giving pyrrolidine and piperidine derivatives in excellent yields. This
system is applicable to both primary and secondary amines and tolerates a variety of functional groups.

Metal-catalyzed intramolecular hydroamination of alkenes
is one of the simplest methods for the preparation of nitrogen
heterocycles.'Recent research in the intramolecular hy-
droamination of alkenes has pursued the establishment of a
universal hydroamination methodology. However, the de-
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velopment of a catalytic system applicable to the addition
of primary or secondary amines to unactivated akenes
remains an interesting challenge. Various catalysts that
involve different metals have been developed. Lanthanide
and group 4 metal complexes catalyze the hydroamination
with superb efficiency.? However, the poor functional group
compatibility and high air- and moisture-sensitivity of these
metal complexes have limited their synthetic utility. Recently,
some complexes incorporating precious metals such as Rh,%¢
Pt,3>¢ and 1134 have been introduced as catalysts for the
intramolecular hydroamination of unactivated alkenes bearing
an amino group. Although these catalysts exhibited excellent
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functional group compatibility, there still remains room for
further investigation. Specifically, the development of hy-
droamination using a cheap and environmentally benign
metal catalyst is greatly anticipated.* To date, most of the
investigations on the intramolecular hydroamination of
alkenes catalyzed by late transition metals have focused on
the use of amides or carbamates bearing electron-withdraw-
ing N-substituents such as Ts, Cbz, Boc, or Ac groups instead
of free amines.®

Here we report the intramolecular hydroamination of
unactivated akenes catalyzed by a Cu-phosphine system.*6~8
Several aspects of this transformation are noteworthy: (i) Cu,
which is a relatively abundant metal in the earth crust and
hence cheap and environmentaly benign, is used as the
metal; (ii) alcoholic solvents are used;” (iii) both secondary
and primary amines can be used; (iv) not only pyrrolidine
but also piperidine derivatives are obtained; (v) a variety of
functional groups are tolerated; and (vi) olefinic side products
due to S-hydride elimination or alkene isomerization are not
formed, and the yields are generally high.

The reaction of w-akenic secondary amine laa in the
presence of Cu(O-t-Bu) (10 mol %) and Xantphos (10 mol
%) in MeOH (1 mL) proceeded at 60 °C and afforded the
pyrrolidine derivative 2aa in 80% yield (97% NMR yield)
after 18 h reaction time (Scheme 1).

Scheme 1. Cu(l)-Catalyzed Intramolecular Hydroamination of
Aminoalkene laa
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The employment of the alcoholic solvent MeOH had a
significant impact on the yield of 2aa.° The use of other
solvents such as toluene, hexane, THF, dioxane, CH3CN,
acetone, DMF, and DM SO resulted in lower yields of 2aa
(0—19% NMR yields). The effectiveness of the protic solvent
would imply a tolerance of this reaction toward a wide
variety of functional groups. Furthermore, its crucial rolein
the rate acceleration is of considerable interest from a

mechanistic viewpoint.”8°
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Our ligand screening has identified Xantphos, which
features an extraordinary large bite-angle, to be the best,
while the ligand effect was moderate.™* Even without the
ligand, the hydroamination of 1aa proceeded in 49% NMR
yield under essentially the same conditions. Nitrogen-based
ligands such as 1,10-phenanthroline reduced the activity of
the catalyst (20% NMR yield).

Analogues (lab—ag, lba—be) of aminopentene laa
bearing different N-substituents were transformed into the
corresponding pyrrolidine derivatives (2ab—ag, 2ba—be)
smoothly at higher temperatures (100 or 140 °C) in amixed
solvent (MeOH/toluene or MeOH/o-xylene) (Table 1, entries

Table 1. Cu(l)-Catalyzed Hydroamination of Unactivated
Alkenes Bearing Secondary Amino or Amido Groups®

temp time yield®

entry aminoalkene product O hy (o
1 R = Et (1ab) 2ab 100 48 87
2 Ph —~NHR R =#n-Pr(lac) Ph ~NR 2ac 100 48 93
3 R = i-Bu (1ad) 2ad 100 48 88
4 PP\ R=(CH),Ph(lae) ™" Me  2ae 100 48 87
5 lab-ag R = COCH; (1afy 2329 2af 100 48 96
6 R = COPh (1ag) 2ag 140 48 94
7 R (FG) R=H R (FG)

=H (1ba) 2ba 100 48 99
8 FG = OMe (1bb) 2bb 100 48 94
9 FG =F (1bc) 2be 100 48 98
10° FG = CN (1bd) Ph 2bd 100 48 86

N
11° FG = CO,Me (1be 2be 100 48 86
1ba—be

2ba-be
NHMe NMe
12 1c OQ 2¢ 100 4 91
\ Me
NHMe Ph NMe
13¢ & 1d Ph&Me 2d 140 48 89
Me
NHMe Ph NMe
14 )C/— le )C/Hzle 2 100 24 92
Ph
NHMe NMe

2 Conditions: Cu(O-t-Bu)-Xantphos (10 mol %), 1 (0.5 mmol), MeOH/
toluene (1:1, 1.0 mL), 100 °C or MeOH/o-xylene (1:1, 1.0 mL), 140 °C.
b |solated yield. € Conditions. Cu(O-t-Bu)-Xantphos (15 mol %), 1 (0.5
mmol), MeOH/toI uene (1:1, 1.0 mL), 100 °C or MeOH/o-xylene (1:1, 1.0
mL), 140 °C. 9 Theisolated product was contaminated with a small amount
of laf (5%).

100 24 94

1-11). Thus, akyl substituents such as Et, n-Pr, i-Bu, and
2-phenethyl groups were tolerated at the nitrogen atom
(entries 1—4). Amide substrates laf and lag, bearing
electron-withdrawing N-substituents such as acetyl or benzoyl
groups, aso underwent hydroamidation in high yields (entries
5 and 6). Although the aminopentene (1ba) with an N-benzyl
group was less reactive than laa—ae, the reaction of this
substrate also proceeded smoothly and led to completion with
15 mol % catalyst loading (entry 7). Notably, functionalities
such as methoxy, fluoro, cyano, and ester were tolerated on
the aromatic ring of the N-benzyl group (reactions of
1bb—be, entries 8—11).

(11) DPPF was as effective as Xantphos at 60 °C, while dlightly less

effective at 40 °C. For details of the ligand effect, see Supporting
Information.
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The diphenylmethylene insert of the aminoakene laa
could be replaced with a cyclohexane-1,1-diyl group without
affecting the reactivity toward the hydroamination (reaction
of 1c, Table 1, entry 12). Unfortunately, however, the
substrate without substituents in the linker chain, where the
Thorpe—Ingold effect does not work, resisted the reaction.

The 1,1-disubstituted alkene 1d also underwent hydroami-
nation under more forcing conditions (15 mol % of Cu, 140
°C) (Table 1, entry 13). Conversely, the addition to a 1,2-
disubstituted alkene did not proceed at all.

The extension of the Cu-catalyzed hydroamination from
afive- to six-membered ring formation was feasible, as was
the case with the other catalyst systems reported previously.
Thus, the reaction of 1-amino-5-hexene derivatives le and
1f occurred within 24 h at 100 °C to give the corresponding
piperidine derivatives (2e and 2f) in excellent yields (Table
1, entries 14 and 15).

The Cu catalyst system was also effective for the reaction
of w-alkenic primary amines (1g—j) (Table 2). In fact, the

Table 2. Cu(l)-Catalyzed Hydroamination with Primary
Aminoakenes 1g—j®

eniry aminoalkene Cu (mol %) product yield (%)
Ph_ —NH, Ph. i
1 1 15 2 92
Ph><:\\ & Ph>QMe &
NH, NH
A\ Me
Ph. —NH, Ph —NH
3 X~ 1 15 X we 2t g7
PH Ph
NH, NH

& Conditions: Cu(O-t-Bu) (0.05—0.075 mmol), Xantphos (1 equiv to
Cu), 1 (0.5 mmol), MeOH/toluene (1:1, 1.0 mL), 100 °C, 72 h. ° Isolated
yield. © The isolated yield was reduced by the volatility of the product.

reaction of 1g—j to form five- and six-membered rings in
the presence of 10 or 15 mol % of Cu(l)-Xantphos catalyst
proceeded at 100 °C, delivering the corresponding NH-free
cyclic secondary amines (2g—j) in high yields. It should be
noted that the late transition metal catalyzed intramolecul ar
hydroamination of unactivated alkenes bearing a primary
amino group has been achieved in only the cases with the
Rh catalyst,>* whereas various catalysts have been used for
the additions of amides and carbamates, where the nitrogen
moieties require installation and removal of the electron-
withdrawing group.”
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A possible mechanism for the Cu-catalyzed intramolecular
hydroamination is proposed in Scheme 2.”® The catalytic

Scheme 2. Proposed Mechanism
H MeO- Cu

(t BuO—
MeOH MeOH
N ’3

>C"£/”1.e.'l[“l'1€‘.‘?[‘ ><‘)V N- )
\ )
E ><; 4 ) I|gand

cycle would be initiated by o-bond metathesis between
alkoxycopper A and the H—N bond of the substrate (1) to
form copper amide B. Subsequently, the terminal alkene
coordinates to the Cu atom to form Cu-alkene s-complex
C. Next, the addition of the Cu—N bond across the C—C
double bond affords akylcopper intermediate D with a
nitrogen heterocycle. Finaly, protonolysis of the Cu—C bond
of D with MeOH gives the final product (2). According to
this mechanism, the protonation of D should be much faster
than the 5-hydride elimination to form enamine 3 and copper
hydride E.

In summary, the Cu-Xantphos system catalyzed the
intramolecular hydroamination of unactivated terminal alk-
enes bearing an unprotected aminoalkyl substituent in
alcoholic solvents, giving pyrrolidine and piperidine deriva-
tives in excellent yields. This system is applicable to both
primary and secondary amines and tolerates a variety of
functional groups. We believe that this is a significant step
toward economically advantageous and environmentally
benign alkene hydroaminations. Further studies to find more
efficient catalyst systems based on copper are underway.
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