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Cuprous iodide is a very effective catalyst for the three-component condensation of an aldehyde, benzyl-
amine and allyltributylstannane in DMF to produce homoallylic amines in high yields.

© 2008 Elsevier Ltd. All rights reserved.

The nucleophilic addition of allyl metal reagents to aldimines
has emerged as an important carbon-carbon bond forming reac-
tion in organic synthesis.! The resulting homoallylic amines are
useful intermediates that can be converted to synthetically and
biologically important compounds such as statin, conine,® epothi-
lone,* B-amino acids® and many others.® These amino compounds
are synthesized by nucleophilic addition of organoallyl reagents of
several metals such as Mg, Si, Sn, Sm, Li, Zn, Ce, Cr, B or Cr to an
imine.” Allyltributylstannane is one of the most common reagents
used for the synthesis of homoallylic amines. Generally, strong
Lewis acids such as TiCl4 and BFs3-OEt,, and other metal complexes
such as PdCly(PPhs),, PtCly(PPhs),, bis-m-allyl palladium complex,
lanthanide salts and LiClO4 are used for the preparation of homo-
allylic amines.® However, these reactions cannot be carried out in
a one-pot operation with a carbonyl compound, an amine and an
allyl metal reagent because the amines and water that exist during
imine formation can decompose or deactivate the Lewis acid.® In
order to overcome these problems, several lanthanide triflates
are used as catalysts;'® however, metal triflates are highly expen-
sive. Lectka has reported a method for the addition of allylsilane
to N-tosyl iminoesters catalyzed by CuClO4.'! A similar method
has been reported by Jergensen for the addition of allylstannane
to N-tosyl iminoesters using CuPFg.'? Kobayashi employed a 1,2-
diphenyl-diamine/Cu(Il) complex for addition of a functionalized
allylsilane to N-acyliminoesters.'> However, these methods can
only be utilized in the case of highly active iminoesters. Several
attempts have been made to modify the Barbier-like protocol for
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the synthesis of homoallylic amines, wherein reactive organo-
metals are generated in situ.!''* Very recently, Roy developed a
method for the Barbier-type allylation of sulfonimines using
Pd(dba);-CHCl; as the catalyst.!> The major drawback of this meth-
od was that the palladium catalyst is very expensive. Moreover,
this method is only applicable to highly reactive sulfonimines in
the presence of 1.5 equiv of SnCl, and 2 equiv of allyl bromide
for in situ generation of the allylstannane. Therefore, the develop-
ment of new, general, less expensive, high yielding and practical
catalytic methods is of interest. Cul has emerged as a very effective
catalyst for various organic transformations.'® In continuation of
our work on Cul-catalyzed reactions,'®™ we report herein a
three-component synthesis of homoallylic amines using Cul as
the catalyst (Scheme 1).

In order to find optimum reaction conditions, a screen was per-
formed varying several parameters including concentration of the
catalyst, amount of substrate, solvent and temperature. The results
are summarized in Table 1. In a typical reaction, allyltri(n-
butyl)stannane (1 equiv) was added to a mixture of benzaldehyde
(1 equiv), benzylamine (1 equiv) and Cul (10 mol % based on the
amount of benzaldehyde) in DMF at room temperature. The reac-
tion was monitored by TLC. After 24 h, the yield of the homoallyl
amine was found to be just 60%. Hence, the reaction was evaluated
by varying the concentration of the catalyst (5-20 mol %) keeping
the reaction time (24 h) constant. Although the optimal amount
of catalyst was found to be 15 mol %, the yield was not satisfactory.
Thereafter, we examined the reaction by changing the concentra-
tions of the amine and allyltributylstannane. An improvement in
the yield was observed when the amount of allylating agent was
increased from 1 equiv to 1.1 equiv (based on benzaldehyde) but
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Scheme 1.

Table 1
Synthesis of homoallylic amines from benzaldehyde under various reaction
conditions®

Entry PHCH,NH, Cul Solvent Temp Time Yield®

(mmol)  (mmol) A ~SNBY, ) () (%)
(mmol)

11 005 1 DMF 25 24 10
2 1 0.1 1 DME 25 24 60
3 1 015 1 DME 25 24 70
4 1 02 1 DMF 25 24 58
5 1 025 1 DMF 25 24 40
6 1 03 1 DME 25 24 35
7 1 0.15 1.1 DMF 25 24 81
8 11 015 11 DME 25 24 77
9 1 015 12 DME 25 24 78
0 1 015 11 DMF 50 8 70
11 015 11 MeCN 25 24 0
12 1 015 1.1 DCM 25 24 20
13 1 015 1.1 DMSO 25 24 0
14 1 0.15 1.1 THF 25 24 0
15 1 015 1.1 H0 25 24 0

2 1 mmol of benzaldehyde was used.
b Isolated yield after chromatographic purification.

the yield did not improve with a further increase to 1.2 equiv.
Increasing the benzylamine concentration did not improve the
yield. Hence, the optimum conditions were 0.15 equiv (15 mol %)
of Cul and 1.1 equiv of allyltributylstannane (based on benzalde-
hyde) (Table 1, entry 7). We also studied the effect of various sol-
vents such as MeCN, DMSO, THF and H,O on the yield of the
product (Table 1), and DMF was found to be the solvent of choice
in terms of yield and reactivity.

Next, we examined the scope of the reaction using various alde-
hydes and the results are summarized in Table 2.!7 In general, this

Table 2
Cul-catalyzed three-component synthesis of homoallylic amines
Entry R Temp (°C) Time (h) Yield (%)
1 H 25 24 81
50 8 70
2 4-OMe 25 24 88
50 6 78
3 4-Cl 25 24 82
50 7 78
4 3-Cl 25 24 85
50 5 80
5 2-Cl 25 24 88
50 5 85
6 4-NO, 25 24 65
50 9 55
7 2-NO, 25 24 68
50 8 59
8 4-Me 25 24 78
50 6 72
9 4-F 25 24 79
50 5 75
10 n-Octanal 25 72 70
50 24 50
11 3-Phenylpropanal 25 72 73
50 24 52

procedure works well for a variety of aromatic aldehydes to pro-
duce the corresponding homoallylic amines. The reaction time
can be shortened significantly by increasing the reaction tempera-
ture up to 50 °C; however, the yield was not improved. Aromatic
substrates bearing functional groups such as -CHs, -OMe, -Cl,
NO, and -F all reacted successfully to give the corresponding
homoallylic amine in good to high yields irrespective of the substi-
tuent position on the aromatic ring. The presence of an -NO, group
on the aromatic ring lowers the yield of the product. Although the
present method works well with aromatic aldehydes, the reaction
was sluggish with aliphatic aldehydes (Table 2, entries 10 and 11),
giving lower yields after much longer reaction times.

The merits of this method are (a) a very simple, one-pot and
high yielding room temperature process; (b) Cul is very cheap
and is easily available and (c) a low amount of the catalyst
(15 mol %) is needed.

In conclusion, we have developed an efficient protocol for the
three-component synthesis of homoallylic amines using Cul as
the catalyst. The workup procedure for this method is very simple.
This method has wide scope for further applications as the catalyst
is cheap and easily available commercially.
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General procedure: To a solution of aldehyde (1 mmol) in DMF (1 mL),
benzylamine (1.1 mmol), Cul (0.15 mmol) and allyltributylstannane (1 mmol)
were added successively at room temperature. After stirring the reaction for
24 h at room temperature, water was added and the mixture was extracted
with diethyl ether. The organic phase was dried over sodium sulfate, filtered
and evaporated. The crude product was purified by column chromatography
over silica gel (60-120 mesh) using ethyl acetate-petroleum ether (5:95) as
eluent.
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