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Abstract – In the presence of a Ni catalyst and dimethylzinc, aldimines, which 

are prepared from aldehydes and primary amines, undergo a multi-component 

coupling reaction with 1,3-butadiene and norbornene to provide homoallylamines 

in good to excellent yields.  Under similar conditions, the reaction can be 

successfully extended to the N,O-acetals prepared from lactols and amines, giving 

rise to !-hydroxyhomoallylamines. 

 
Sequential transition metal-catalyzed coupling reactions of C-C "-components with carbonyl 
electrophiles are a versatile strategy for the C-C bond transformation.1  Particularly, Ni-catalyzed C-C 
bond formations involving alkynes, alkenes, and dienes as carbon nucleophiles have been well utilized for 
the synthesis of both complicated and physiologically active molecules.2  Although aldimines are among 
the most important carbonyl electrophiles involved in the vital skeleton elongations of the carbon chains 
of nitrogen containing compounds, it is problematic that they tend to be less reactive than aldehydes.3  
As an effective solution for these problems we have developed Ni-catalyzed five-component connection 
reactions of dimethylzinc, alkynes, conjugated diene moieties of 1,3-dien-8-ynes, aldehydes, and primary 
amines to furnish heterocyclic compounds bearing dienylhomoallylamines in good to excellent yields 
(Scheme 1).4  Interestingly, these coupling reactions proceed smoothly at room temperature to provide 
homoallylamine framework with excellent 1,5-anti stereoselectivity.  
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Furthermore, we have developed the Ni-catalyzed intermolecular five-component connection reaction of 
dimethylzinc, alkyne, butadiene, aldehydes, and primary amines, furnishing octadienylamines and 
dodecatrienylamines (Scheme 2).5  In this case, the reaction outcome was strictly subject to the 
influence of the amines.  Aromatic amines led to octadienylamines, whereas aliphatic amines provided 
dodecatrienylamines via dimerization of butadiene through the bis-butadiene nickel activated species.  
We have also developed a Ni/phosphine ligand system that can readily promote the dimerization of 
butadiene to generate !1,!3-allylnickel species predominantly.  Formation of these species then allowed 
a multi-component coupling reaction involving an alkyne, an aldimine, and dimethylzinc to furnish 
dodecatrienylamines selectively, irrespective of the kind of amines.6 
 
 
 
 
 
 
 
 
Herein, we report that a similar Ni-catalyzed reaction system has been successfully extended to 
multi-component coupling reactions involving norbornene to provide homoallylamines by means of 
coupling with aldimines as carbonyl electrophiles (Scheme 3).  The reactivity and selectivity associated 
with the similar reaction of N,O-acetals prepared from lactols and primary amines are also reported. 
 
 

 
 
 
 
 
 

Scheme 2. Ni-Catalyzed Multi-Component Coupling Reaction of Alkyne,
Dimethylzinc, Butadiene, and Aldimine
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Scheme 3.  Ni-Catalyzed Multi-Component Coupling Reaction of Norbornene,
Dimethylzinc, Butadiene, and Aldimine

Ni catalyst

Me2Zn

Me

RCHO R'NH2

NHR'

RR
Me

NHR'

Scheme 1. Ni-Catalyzed Multi-component Coupling Reactions with Dienyne, 
Dimethylzinc, and Aldimine

Ni catalyst

Me2Zn
X

X = O or NTs

X

R

Me
R'CHO R"NH2

H
R'

NHR"R

340 HETEROCYCLES, Vol. 84, No. 1, 2012



 

We examined the Ni-catalyzed coupling reaction of norbornene with aldehydes prior to investigation of 
the coupling reaction with aldimines.  The reaction was undertaken with great ease simply by exposing 
dimethylzinc to a mixture of Ni(acac)2 catalyst, aldehyde, butadiene, and norbornene in THF under a 
nitrogen atmosphere.  Among these investigations with 4 equivalents of butadiene and norbornene, the 
reaction required 2.4 equivalents of dimethylzinc to consume the aldehyde completely at room 
temperature.  Table 1 summarizes the results obtained from using a wide variety of structurally diverse 
aldehydes, including electron-donating and electron-withdrawing group substituted aromatic aldehydes 
and aliphatic aldehydes.  All of these reactions were conducted to provide the coupling product 1 as a 
mixture of diastereomeric isomers in 1:1 to 2:1 ratios with respect to configuration of the hydroxy group.  
In the presence of dppf ligand, an intractable mixture was formed, and the desired product 1 was not 
obtained at all (run 2, Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Next, the similar coupling reaction with norbornene, butadiene, and dimethylzinc was applied to C-C 
bond formation using aldimines.  The reaction was undertaken in one flask as described.  A mixture of 
aldehyde and primary amine in dry THF was stirred at room temperature for 10 hours under a nitrogen 
atmosphere.  Into this mixture, Ni(acac)2 catalyst, butadiene, norbornene, and dimethylzinc dissolved in 
THF were added without removal of the water produced.  The reaction was complete after 24 hours and 

Table 1.  Ni-Catalyzed Coupling Reaction of Norbornene, Me2Zn, Butadiene, and Aldehyde

run yield (%) [ratio]

1

2

3

4

5

6

Ni(acac)2

Me2Zn
RCHO R

Me

OH

RCHO

PhCHO

PhCHO

p-MeOC6H4CHO

p-ClC6H4CHO

i-PrCHO

c-HexCHO

1a: 94 [2:1]

intractable mixture

1b: 87 [2:1]

1c: 92 [2:1]

1d: 81 [1:1]

1e: 78 [1:1]

1

b

a

a The reaction was undertaken in the presence of Ni(acac)2 (0.1 mmol),
norbornene (4 mmol), butadiene (4 mmol), RCHO (1 mmol),
and Me2Zn (2.4 mmol) in dry THF (5 mL) at room temperature for 24 h under nitrogen 
atmosphere.  b Bidentate ligand, dppf (0.1 mmol) was added.
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provided the five-component coupling homoallylamines 2 in good to reasonable yields after the usual 
workup and purification by column chromatography over silica gel (Table 2).7  Irrespective of the kind 
of aldehydes employed, the reaction proceeds smoothly at room temperature providing the desired 
homoallylamines 2a-g as a mixture of diastereomers in 1:1 to 2:1 ratios.  These reactions of aldimines 
prepared from aromatic and aliphatic aldehydes encouraged us to investigate the coupling reaction using 
N,O-acetals.8  The five-component coupling reaction of N,O-acetals prepared from 
2-hydroxytetrahydrofuran and 2-hydroxytetrahydopyran with p-anisidine provided the desired products 2f 
and 2g in moderate yields (runs 6 and 7, Table 2).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the presence of a bidentate phosphine ligand, such as dppf, the dimerization of butadiene was 

predominant.  This was followed by the multi-component coupling reaction with norbornene, aldimine, 

and dimethylzinc to provide the dienylhomoallylamines 3a-h, irrespective of the kinds of aldehydes and 

amines (Table 3).  All of these reactions with various aldimines prepared from aromatic and aliphatic 

Table 2.  Ni-Catalyzed Coupling Reaction of Norbornene, Me2Zn, Butadiene, and Aldimine

run yield (%) [ratio]

1

2

3

4

5

6

7

Ni(acac)2

Me2Zn
RCHO R

Me

NHR'

RCHO

PhCHO

PhCHO

PhCHO

i-PrCHO

c-HexCHO

2a: 50 [2:1]

2b: 74 [1:1]

2c: 71 [1:1]

2d: 58 [1:1]

2e: 50 [2:1]

2f:  40 [1:1]

2g: 45 [1:1]

2

a

a Reaction conditions: RCHO (1 mmol), primary amine (2 mmol) in THF (2 ml) at room temperature for
10 h, and then  Ni(acac)2 (0.1 mmol), norbornene (4 mmol), butadiene (4 mmol), and Me2Zn (2.4 mmol) 
in dry THF (3 mL) at room temperature for 24 h under nitrogen atmosphere.

R'NH2

R'NH2

p-MeOC6H4NH2

PhNH2

p-ClC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

O OH

O OH
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aldehydes and lactols provided the desired dienylhomoallylamines 3a-h in good to excellent yields with a 

mixture of diastereoisomers in a 1:1 ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The structure and relative stereochemistry of the products were determined on the basis of spectral data.  

It was apparent that the olefin geometry is E-form by coupling constants in 1H NMR spectra.7  In Figure 

1 are listed the selected data of NOE obtained by irradiation at methyl protons.  Judging from these 

results, the configuration of the side chains of norbornane skeleton was determined to be cis-exo form 

(Figure 1). 

The proposed reaction mechanism for the multi-component coupling reaction utilizing the Ni catalytic 

system is shown in Scheme 4.  In the absence of phosphine ligand, aldimines would react with the mono 

Table 3.  Ni-Catalyzed Coupling Reaction of Norbornene, Me2Zn, Butadiene, and Aldimine

run yield (%) [ratio]

1

2

3

4

5

6

7

8

Ni(acac)2
dppf

Me2Zn
RCHO

Me

RCHO

PhCHO

PhCHO

PhCHO

p-ClC6H4CHO

i-PrCHO

c-HexCHO

3a: 96 [1:1]

3b: 93 [1:1]

3c: 85 [1:1]

3d: 85 [1:1]

3e: 76 [1:1]

3f:  89 [1:1]

3g: 79 [1:1]

3h: 90 [1:1]

3

a

a Reaction conditions: RCHO (1 mmol), primary amine (2 mmol) in THF (2 mL) at room temperature for 
10 h, and then Ni(acac)2 (0.1 mmol), dppf (0.1 mmol), norbornene (4 mmol), butadiene (4 mmol), and
Me2Zn (2.4 mmol) in dry THF (3 mL) at room temperature for 24 h under nitrogen atmosphere.

R'NH2

R'NH2

p-MeOC6H4NH2

PhNH2

p-ClC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

p-MeOC6H4NH2

O OH

O OH

R

NHR'

HETEROCYCLES, Vol. 84, No. 1, 2012 343



 

butadiene-Ni(0) species to form azanickelacyclo intermediate I, providing homoallylamine 2 by virtue of 

the insertion of norbornene as an allylnickel species II.  On the other hand, in the presence of ligand, the 

butadiene tends to readily dimerize to give the more nucleophilic bis-!-allylnickel species,6 which would 

readily participate in the coupling reaction with aldimines to give rise to the dienylamine 3 through the 

allylnickel key intermediate IV via insertion of norbornene as an electron-donating ligand into the 

allylnickel intermediate III, irrespective of the nature of the amines that were employed.   
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Scheme 4. A Plausible Reaction Mechanism for Ni-Catalyzed Coupling of Norbornene, 
Butadiene, Aldehyde, Amine, and Me2Zn
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In summary, we have shown that a combination of a Ni-catalyst and dimethylzinc effectively activates 

aldimines that are prepared from aldehydes and primary amines to undergo the multi-component coupling 

reaction of norbornene, butadiene, and a methyl group to form homoallylamines in excellent yields.  

Under similar conditions, a bidentate phosphine ligand, such as dppf, promotes the dimerization of 

butadiene to provide predominantly dienylhomoallylamines.  The present methodology could be utilized 

for the convenient and stereodefined construction of physiologically active molecules involving 

carbohydrates and amino sugars with great operational ease. 
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