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A mild and highly efficient copper-catalyzed, one-pot, three-component reaction is developed for the
synthesis of homoallyl amines. Reaction of an aldehyde, a carbamate, and allyltrimethylsilane in the pres-
ence of 5 mol % Cu(OTf)2 furnishes the corresponding protected homoallylic amines in good to excellent
yields.
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Table 1
Optimization of the copper-catalyzed one-pot, three-component allylation of in
situ-generated imines

Ph H

O
Cbz NH2 SiMe3 Ph

NHCbz
++

Solvent
rt, 6-12 h

Cu catalyst

1a 2a

Entry Catalyst mol % Solvent Time (h) Yield (%)

1 CuOTf 10 CH2Cl2 24 20
2 CuOTf 10 CH3CN 24 35
Lewis acid-catalyzed allylations of imines or iminium species
with allylating reagents, such as allyl silane or borane reagents
are effective methods for the introduction of an amino group into
carbon frameworks.1 In addition, homoallyl amines and their
derivatives are considered to be useful precursors in natural prod-
uct synthesis2 and in b-lactam chemistry3 and are valuable inter-
mediates in drug discovery.4 The synthesis of homoallyl amines
from aldimines and allyltrimethylsilane or allyltributylstannane,
is inefficient due to the requirement of additional synthetic trans-
formations.5,6 A one-pot, three-component reaction was first re-
ported for the preparation of homoallylamines by Panek.7

Subsequently, Veenstra reported an improved one-pot, three-com-
ponent reaction for the synthesis of protected homoallyl amines.8

The main drawback of this reaction was the use of excess Lewis
acid (BF3�OEt2). Yamamoto,9 Ollevier,10 Phukan,11 and
Williamson12 have demonstrated three-component syntheses of
homoallyl amines by employing various Lewis acids. All of these
methods, while offering some advantages, also suffer from disad-
vantages in terms of the use of expensive catalysts, incomplete
reactions, prior silylation of the carbamate, and limited substrate
scope. Furthermore, their scope for enantioselective synthesis
using chiral ligands is extremely limited. Hence, the development
of new methods that lead to potentially general and convenient
procedures for this transformation is still of interest.

In recent years, copper-catalyzed reactions have received con-
siderable attention as they are more affordable, highly active, less
toxic, and inexpensive in contrast to classical Lewis acids. Copper
complexes have been studied extensively by Pfaltz,13 Andrus,14

and Katsuki15 using chiral bis and tris oxazoline ligands for asym-
metric synthesis. Copper(I or II) triflates have been widely used as
catalysts for various chemical transformations.16 To the best of our
ll rights reserved.
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knowledge, the copper-catalyzed three-component reaction for the
synthesis of homoallyl amines has not been studied. Herein, we re-
port a mild and efficient synthesis of homoallyl amines using cop-
per(II) triflate as an inexpensive copper catalyst.

We first optimized the reaction conditions for the copper-cat-
alyzed, one-pot, three-component allylation of in situ-generated
imines. The results are summarized in Table 1. Initially,
10 mol % of CuOTf was utilized to promote the reaction of benzal-
dehyde, benzyl carbamate (CbzNH2), and allyltrimethylsilane in
different solvents. The results were disappointing when dichloro-
methane and acetonitrile were used as solvents with yields of
only 20% and 35% being obtained, respectively (entries 1 and 2).
When 10 mol % of Cu(OTf)2 was used in acetonitrile at room tem-
perature the desired homoallyl amine was obtained in 80% yield
(Table 1, entry 3). Further investigation of the reaction conditions
revealed that acetonitrile was the best solvent and a catalyst load-
ing as low as 5 mol % could be used to afford the highest yield of
92% (entry 4).17 Changing the solvent to dichloromethane reduced
3 Cu(OTf)2 10 CH3CN 12 80
4 Cu(OTf)2 5 CH3CN 10 92
5 Cu(OTf)2 5 CH2Cl2 24 40
6 Cu(OTf)2 20 CH3CN 12 70



Table 2
Synthesis of various substituted homoallyl aminesa

Entry Aldehyde 1 Time (h) Homoallyl amine 2b Yield (%)

1
CHO

10

NHCbz

2a 92

2
CHO

8

NHCbz

2b 90

3
CHO

Br
8

NHCbz

Br

2c 88

418
CHO

MeS
6

NHCbz

MeS

2d 95

5
CHO

MeO
8

NHCbz

MeO

2e 85

619

CHO

F3CO
8

NHCbz

F3CO

2f 85

7

CHO

O2N
8

NHCbz

O2N

2g 75

820

CHO

MeO2C
12

NHCbz

MeO2C

2h 76

9
CHO

6

NHCbz

2i 85

1021

O

CHO
12

O

NHCbz

2j 78

11
CHO

6

NHCbz

2k 88

12 CHO 8
NHCbz

2l 82

1322 BnO CHO 8 BnO
NHCbz

2m 92

a Conditions: Cu(OTf)2 (5 mol %), acetonitrile, rt.
b All products (except products 2d, 2f, 2h, 2j, and 2m) have been previously reported.8,10–12
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the yield significantly to 40% (entry 5). When 20 mol % of the
copper catalyst was used, the yield dropped considerably to 70%
(entry 6).
The substrate scope for the three-component reaction of various
aldehydes, benzyl carbamate (CbzNH2), and allyltrimethylsilane
was found to be general (Table 2). In the presence of 5 mol % of



Table 3
Synthesis of protected homoallyl amines from benzaldehyde

Entry Amine Time (h) Homoallyl amine Yield (%)

1 Boc-NH2 8

NHBoc

82

2 Cbz-NH2 10

NHCbz

92

3 Ts-NH2 6

NHTs

80

Conditions: Cu(OTf)2 (5 mol %), acetonitrile, rt.
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copper(II) triflate, a variety of aldehydes were successfully trans-
formed into the corresponding Cbz-protected homoallyl amines
at room temperature. Moreover, the conditions were mild and
the reactions were rapid, and no side products were formed. First,
we chose 4-substituted aromatic aldehydes to carry out the allyla-
tion reaction. As is evident from Table 2, besides benzaldehyde (en-
try 1), other substituted aromatic aldehydes also served as good
substrates for this reaction. For example, mono-substituted benzal-
dehydes (methyl, bromo, and methylthiol) gave the desired homo-
allyl amines in excellent yields (>88%) (entries 2–4). Interestingly,
aldehydes with electron-donating groups on the phenyl ring (en-
tries 5 and 6) gave the expected products in good yields. On the
other hand, aromatic aldehydes possessing electron-withdrawing
groups on the phenyl ring and a,b-unsaturated aldehydes (entries
7–9) gave the corresponding protected homoallyl amines only in
moderate yields. This methodology could be extended to a variety
of functional groups such as a long-chain aliphatic and phenyl pro-
pionaldehyde. Interestingly, benzyl-protected glycolaldehyde gave
the desired product in excellent yield, which allows an easy access
to aminoalcohols (92%, entry 13, Table 2).

To further study the scope of the reaction, we also examined the
reaction of benzaldehyde and allyl trimethylsilane with benzyl car-
bamate, tert-butyl carbamate, and para-toluene sulfonamide in the
presence of 5 mol % Cu(OTf)2. The results are summarized in Table
3. The reaction with tert-butyl carbamate went to completion to
provide the Boc-protected homoallyl amine in 82% yield. Similarly,
the benzyl carbamate and para-toluene sulfonamide reactions
afforded homoallyl amines in excellent yields (92% and 80%,
respectively).

In summary, we have demonstrated a highly efficient synthesis
of homoallylamines via a copper-catalyzed, one-pot, three-compo-
nent reaction of aldehydes, carbamates, and allyltrimethylsilane.
This method offers several advantages including mild reaction con-
ditions, a low quantity of the catalyst (5 mol %), and no formation
of by-products. The current method can be applied to numerous
functionalized substrates. Extension of this work by employing
chiral ligands is underway.
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