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The cleavage of carbon-carbon bonds has become one of the
most challenging subjects in organic chemistry.1 Despite remark-
able progress in this area, alkyne cleavage has been demonstrated
only on a few examples including alkyne-ligand scission on metal
complexes2 and oxidative cleavage3 in addition to alkyne meta-
thesis.4 Moreover, most of them are not efficient enough to be
utilized for synthetic purpose. Therefore, we attempted to develop
a catalytic process to cleave C-C triple bonds by utilizing our
chelation-assisted hydroacylation methodology established in
pursuit of C-H and C-C bond activation.5,6 Described herein is
a novel one-pot protocol for the catalytic cleavage of C-C triple
bonds through hydroiminoacylation of alkyne followed by amine-
assisted C-C double bond cleavage of the resultingR,â-
unsaturated ketimine. As in the schematic representation (Scheme
1), the C-C triple bond of alkyne2 is divided into (i) an aldehyde
and (ii) the alkylmethylene unit of ketone3 formed by the
combination of allylamine1, an acyl equivalent.

When the reaction of allylamine1aand 2-butyne (2a, 1.2 equiv
of 1a) was carried out at 130°C for 12 h in the presence of Rh-
(PPh3)3Cl (4, 3 mol %), cyclohexylamine (5, 200 mol %) and
benzoic acid (6, 5 mol %), ketimine7a was determined in a
quantitative yield by GC analysis along with aldimine8a (eq 1).
Hydrolysis of imine7agave 1-phenyl-pentan-3-one (3a) in a 98%
isolated yield.7 Eventually, both ethylidene moiety of aldimine
8a and ethyl group of ketimine7a were derived from the C-C
triple bond cleavage of 2-butyne (2a). This C-C bond cleavage
was investigated with a variety of symmetric alkynes2 including
aliphatic and aromatic alkynes as shown in Table 1.8 And

crotylamine 1b and allylamine1c were used in addition to
3-phenylallylamine1a. All reactions exhibited fairly good yields
(80-98%) of the corresponding alkyne cleavage product3.

The mechanism of this transformation is proposed as in Scheme
2. The first step should be the isomerization of allylamine1 to

aldimine, followed by a C-H bond cleavage of aldimine by Rh-
(I) to yield iminoacylrhodium(III) hydride9.9 The hydrometalation
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Scheme 1

Table 1. The C-C triple bond cleavage of alkynes

entry allylamine (1) alkyne (2) isolated yield (%)

1 1a (R1 ) Ph) 2a (R2 ) CH3) 98 (3a)
2 1a (R1 ) Ph) 2b (R2 ) n-C3H7) 84 (3b)
3 1a (R1 ) Ph) 2c (R2 ) n-C2H5) 93 (3c)
4 1a (R1 ) Ph) 2d (R2 ) n-C5H11) 91 (3d)
5 1a (R1 ) Ph) 2e(R2 ) Ph) 98a (3e)
6 1b (R1 ) CH3) 2b (R2 ) n-C3H7) 80b (3f)
7 1b (R1 ) CH3) 2e(R2 ) Ph) 94a (3g)
8 1c (R1 ) H) 2e(R2 ) Ph) 92a (3h)

a The reaction was carried out with6. b GC yield.

Scheme 2.Plausible Mechanism for Triple Bond Cleavage of
Alkyne
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of 9 into alkyne2 and the reductive elimination of the resulting
iminoacylrhodium(III) vinyl complex10 afford (E)-R,â-unsatur-
ated ketimine11. A conjugate addition of cyclohexylamine (5)
into theR,â-unsaturated ketimine11 proceeds to form aâ-ami-
noketimine 12. The retro-Mannich type fragmentation of12
affords enamine13 and aldimine8.10 Enamine13 is isomerized
to ketimine14, which is transiminated by5 to ketimine7 with
liberating 2-amino-3-picoline (15).11

To clarify the proposed mechanism, the following experiments
were performed: the formation ofR,â-unsaturated ketimine11
from 1 and2, and the transformation of11 to 7. When the reaction
of 1a and2a was carried out at 130°C for 1 h in thepresence of
4 (3 mol %) without cyclohexylamine (5) and benzoic acid (6),
a hydroiminoacylated product of 2-butyne,11a, was obtained in
a quantitative yield by GC analysis (eq 2). After hydrolysis of
11a,12 R,â-unsaturated ketone16a was isolated in a 66% yield
(E/Z ) 94/6).13 The formation ofE-16a was predominated by
syn-addition of9.

When ketimine11a was allowed to react with 0.5 equiv of5
in the presence of benzoic acid (6, 10 mol % based on11a) at
130°C for 6 h, a 47% yield of3a was obtained upon hydrolysis.
As the amount of5 was increased to a 1-2 equiv, an almost
complete conversion (93 and 94% GC yield) of11a to 3a was
observed. These results imply that one equivalent of5 is enough
to cleave a C-C double bond of11 to yield 13 and8 through
the intermediateâ-aminoketimine12.

Imine 8 may undergo another hydroiminoacylation as long as
enough alkyne exists. When allylamine1a was treated with a
large excess of 6-dodecyne (2d) (8 equiv of1a) in the presence
of 4 (10 mol %), 5 (800 mol %), and6 (10 mol %), a 1:1.2
mixture of 1-phenyl-nonan-3-one (3d) and 6-dodecanone (18)was

determined by GC analysis after hydrolysis (eq 4).14 Newly
formed ketone18 is assumed to be produced by hydrolysis of
imine 17 generated from the reaction of8d with the remaining
alkyne2d.

The mechanism for the conversion of8d to 17 is depicted in
Scheme 3. The hexanal imine8d is transiminated by 2-amino-

3-picoline (15) to yield aldimine19. At this stage, imine19would
be subject to the present alkyne cleavage sequence with2d to
produce ketimine20 with regeneration of imine8d, the starting
material of this transformation. Then, the resulting imine20 is
transiminated by5 to give 17 with liberation of15.

In conclusion, a carbon-carbon triple bond cleavage of alkyne
was accomplished under the catalytic system consisting of Rh(I)
complex, cyclohexylamine, and benzoic acid. This one-pot
protocol is realized by a tandem reaction, which is composed of
hydroiminoacylation of alkyne with an allylamine derivative by
Rh(I) catalyst, a conjugate addition of cyclohexylamine into the
resulting R,â-unsaturated ketimine, and a subsequent retro-
Mannich type fragmentation. Further study toward synthetic
application of this method is under investigation.
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