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As part of our interest in selective, catalytic multicomponent
reactions,[1] we report an unprecedented catalytic assembly of
allylic amines from three simple precursors—alkynes, imines,

and organoboron reagents (boronic acids or organoboranes).
As allylic amines are key structural elements in a variety of
important naturally occurring molecules[2] and pharmaceut-
icals[3] and are among the most versatile intermediates in the
synthesis of other important molecules,[4] they have attracted
much attention.[5] Previously, several Ni-catalyzed multicom-
ponent coupling reactions involving additions to carbonyl
compounds have been described.[1a,6] The process described
herein is the first such example involving imines and also the
first that utilizes boronic acids (Scheme 1).[7] Our preliminary

investigations also support a mechanistic framework that
accounts for the high selectivities observed in these reactions.

The markedly diminished electrophilicity of imines rela-
tive to aldehydes[8] presented significant challenges in our
initial experiments. After extensive studies with different
imines,[9] solvents,[10] and organometallic reagents,[11] we
observed exceptional results when both organoboron
reagents and hydroxylic solvents were employed.[12] Methanol
in particular provided substantial increases in yield, and also
displayed high selectivity for alkylative coupling product 1
over reductive coupling product 2 (Table 1).[13] Best results
were obtained when methyl acetate was used as a cosolvent
and electron-rich, tri-(sec-alkyl)-phosphane ligands were
employed (Table 1, entries 3 and 4).[14] As summarized in
Table 2, reactions involving internal alkynes with at least one
alkyl substituent are typically highly selective, and nearly
quantitative yields are observed in some cases (1c and 1 f).
Imines derived from aliphatic aldehydes also undergo three-
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Scheme 1. Catalytic assembly of allylic amines from alkynes, imines,
and organoboron reagents.

Table 1: Ligand effects in catalytic three-component assembly of allylic
amines.

Entry PR’3[a] Yield [%] 1a :2a[b] Regioselectivity[c]

1 Bu3P 80 94:6 96:4
2 Bn3P 72 97:3 93:7
3 Cy3P 88 89:11 91:9
4 Cyp3P 85 92:8 91:9
5 tBu3P 9 93:7 80:20
6 Ph3P 34 95:5 91:9

[a] Cy3P= (c-C6H11)3P, Cyp3P= (c-C5H9)3P. [b] Ratio determined by
1H NMR. [c] Regioselectivity of 1a (determined by 1H NMR).
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component coupling (1k and 1 l). Notably, esters (1d and 1m)
and ketones (1e) are tolerated, as are aryl chlorides (1c).
Phenylacetylene affords trisubstituted allylic amine 1n in
moderate yield as a result of competitive cyclotrimerization of
the alkyne under the reaction conditions.[15]

Of even greater significance is that both alkenylboronic
and arylboronic acids are of equal or better efficacy in these
reactions (Scheme 2). The scope and utility of this method is
dramatically enhanced owing to the greater availability,

stability, and functional group tolerance of boronic acids
relative to organozinc reagents and organoboranes.[1a, 6]

Contrasting mechanisms have been reported for Ni-
catalyzed coupling reactions involving carbonyl com-
pounds,[6, 16] yet imines have to be studied in this regard.
With the aim of eliminating some of the possible mechanistic
frameworks, we conducted several catalytic couplings by
using (S)-(þ)-(neomenthyl)diphenylphosphane as a chiral
phosphane. Most notably, we observed that the enantiomeric
excess of the alkylative coupling product 1 is identical to that
of the corresponding reductive coupling product 2 in every
case (Table 3). In addition, in cases where the amount of the
minor regioisomer of the reductive coupling product 2 is
detectable in the unpurified product mixtures by 1H NMR
spectroscopy, the regioselectivity is also identical for coupling
products 1 and 2.

These findings are consistent with the mechanistic path-
way shown in Scheme 3, in which enantioselectivity and
regioselectivity are determined in the same step and before a
common intermediate A partitions into two pathways to lead
to either 1 or 2. Furthermore, this mechanism accounts for the
high selectivity for alkylative coupling (!1) imparted by
methanol: occupation of coordination sites required for a b-H
elimination step that would lead to reductive coupling (!
2).[17] At this juncture, we have no direct evidence for
azametallacyclopentene A ; nevertheless, it is analogous to
azametallacyclopentenes of early transition metals[5a–d] and
related to oxametallacyclopentenes proposed for other Ni-
catalyzed couplings of alkynes and aldehydes.[16]

Table 2: Allylic amines prepared by catalytic three-component couplings
of alkynes, imines, and organoboranes.[a]

Product Yield [%][b] 1:2[c] Regio-
selectivity[c,d]

1b 85 94:6 90:10

1c 95 96:4 90:10

1d 82 >96:4 90:10

1e 78 >96:4 91:9

1 f 98 96:4 89:11

1g 64 86:14 91:9

1h 91 94:6 –

1 i 70 90:10 91:9

1 j 65 – 93:7

1k 52 >96:4 –

1 l 30 90:10 91:9

1m 75 94:6 91:9

1n 35[e] >95:5 >98:2

[a] [Ni(cod)2] (5%) and (c-C5H9)3P (5%) used in all cases. [b] Combined
yield of alkylative (1) and reductive (2) coupling products. [c] Determined
by 1H NMR. [d] Regioselectivity of major product. [e] Reaction performed
at 25 8C.
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Scheme 2. Boronic acids in catalytic three-component couplings.

Table 3: Enantioselectivities observed for alkylative (1) and reductive (2)
coupling products by using (S)-(þ)-(neomenthyl)diphenylphosphane
((S)-NMDPP).
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Entry Ar ee 1 [%][a] ee 2 [%][a]

1 Ph 41 42
2 p-ClC6H4 33 33
3 (p-CF3)C6H4 40 39

[a] Enantiomeric excess determined for the corresponding acetamides
(Ac2O, Et3N, cat. DMAP), Chiralcel OD column.
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In conclusion, the above catalytic transformation provides
a significant amplification of molecular complexity and
tolerates ketones, esters, and even unprotected hydroxy
groups—three functional groups that are typically problem-
atic in imine addition reactions.[18] Direct addition of the
organoboron reagent to the imine is not observed,[19] and the
mode of addition across the alkyne is exclusively cis (> 97:3),
thereby establishing the configuration of the double bond in
the course of two carbon–carbon bond-forming events. Since
the phosphane is involved in the enantio- and regioselectivity-
determining steps, and methanol appears to be critical for
catalytic turnover and for alkylative/reductive selectivity,
efficient and highly selective asymmetric catalytic three-
component coupling may be achieved by using chiral mono-
dentate phosphanes with an appropriately placed hydroxy
group. We are currently investigating ligands of this type and
will report our findings of these and related studies in due
course.

Experimental Section
General Procedure: The imine (1.0 mmol) and alkyne (0.40 mmol)
were added to a solution of R3B (0.60 mmol, 3m in solvent specified),
[Ni(cod)2] (0.05 mmol), phosphane ligand (0.05 mmol), and MeOH
(5 mL) and heated (50 8C) under Ar. Four equal portions of addi-
tional R3B (4B 0.60 mmol) and alkyne (4 B 0.40 mmol) were added
over 4 h, and the solution was heated (50 8C) for 12 h. Concentration
in vacuo and silica gel purification (hexanes/EtOAc) afforded the
allylic amine products.
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