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ABSTRACT

The easily accessible 2-aryl-1,1-dibromo-1-alkenes can be converted to amides under unusually mild conditions in good to excellent yields.
Both electron-donating and electron-withdrawing substitutions on the aromatic rings are tolerated, and the reaction works well with hindered
alkylamines. This simple homologation could find broad applications.

Homologation of carbonyl compounds by one carbon has
been highly useful in organic and medicinal chemistry. The
mild conditions used in Arndt-Eistert-Wolff rearrangement
have led to a wide range of applications for the homologation
of carboxylic acids.1 On the contrary, even though one-carbon
homologation of aldehydes2 to carboxylic acid derivatives
offers an attractive alternative, the actual process is difficult
and has found only limited applications. These homologation
methods have relied on the intermediacy ofR-heteroatom-
substituted enamines,3 R-heteroatom-substituted nitriles,4

ketene acetals5 and ketene thioacetal derivatives.6 Syntheses
of these intermediates and subsequent conversions to car-

boxylic acid derivatives often require harsh conditions that
may not be compatible with many functional groups present
in the molecules.

During our investigation of the of 1,1-dibromo-1-alkenes,7,8

amide2 was isolated unexpectedly as the major product from
the homocoupling reaction when bis(tricyclohexylphosphine)-
palladium chloride was used as the catalyst (Scheme 1).8c

Presumably, the water necessary for the transformation was
introduced from the solvent or other source since the
formation of diyne does not require anhydrous condiditions.
It is also known that tertiary amines could be converted to
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secondary amines in palladium-catalyzed reactions.9 This
observation led us to investigate the generality of this novel
new transformation. As one could have expected, the use of
secondary amine (piperidine)10 instead of tertiary ones and
addition of water to the reaction greatly facilitate the reaction.
The optimal amount of water was found to be about 25% in
the mixed solvent. Under these conditions, dibromide1 is
transformed to the desired amide3 within 1 h at 80°C in
high yield. This transformation constitutes a novel two-step
homologation of aldehydes to carboxylic acid derivatives.
Furthermore, it compared very favorably with previously
reported similar reactions such as the hydrolyzation of 1,1-
dibromo-1-alkenes to carboxylic acids with concentrated
strong base (NaOH or KOH) at high temperature11 or the
hydrolyzation of 1,1-difluoro-1-alkenes with either mercury-
(II) acetate or concentrated sulfuric acid.12

Initially, we assumed that the transformation required
catalysis by palladium, as was observed in hydrolysis of 1,1-
dibromo-1-alkenes to the corresponding carboxylic acids.11

However, the transformation occurred smoothly in the
absence of a palladium catalyst. After a broad survey of
reaction conditions, we report here a facile and general two-
step homologation of aryl aldehydes to amides via 1,1-
dibromo-1-alkenes under very mild conditions in which many
functional groups could be tolerated. Further survey of the
reaction conditions is summarized in Table 1. Solvents play

an important role in the conversion of 1,1-dibromo-1-alkenes
to amides. While the reaction proceeds readily in highly
dipolar aprotic solvents such as DMF and DMSO, the
transformation requires a much longer time and results in
lower yields in moderately polar solvents such as 1,2-
dimethoxyethane (DME) and acetonitrile. The reaction

proceeds poorly in the protic solvent 2-propanol, and almost
no reaction occurs in nonpolar solvent toluene. In addition,
combination of slightly more than 1 equiv of piperidine with
sodium carbonate works well for the reaction.

More 1,1-dibromo-1-alkenes were subjected to the reaction
conditions with a variety of amines, as shown in Table 2.(9) (a) Penalva, V.; Hassan, J.; Lavenot, L.; Gozzi, C.; Lemaire, M.

Tetrahedron Lett.1998, 39, 2559. (b) Konopelski, J. P.; Chu, K. S.; Negrete,
G. R. J. Org. Chem.1991, 56, 1355.
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Table 1. Optimization of Dibromoalkene1 Conversion to
Amide 2a

entry solvent base t [h]b yield [%]c

1 toluene piperidine 96 10d

2 MeCN piperidine 18 77
3 DME piperidine 24 72
4 i-PrOH piperidine 22 54
5 DMF piperidine 1 92
6 DMF Na2CO3

e 1 89
7 DMSO piperidine 1 87

a Reaction conditions:1 (1.0 mmol), piperidine (5.0 mmol), solvent (3
mL), water (1 mL), 80°C. b Reaction time is not optimized for those
reactions completed under 1 h.c Yields of isolated products.d Recovery
of 1 (50%). e Piperidine (1.1 mmol) and Na2CO3 (3.0 mmol) were used.

Table 2. Conversion of 1,1-Dibromo-1-alkenes to Amidesa

a Reaction conditions: 1,1-dibromo-1-alkene (1.0 mmol), amine (5.0
mmol), DMF (3 mL), water (1 mL).b Reaction time is not opimized for
those reactions completed within 2 h at 80°C. c Yields of isolated products.
d Concentrated aqueous ammonium hydroxide (1 mL) was used in place of
water, andN,N-dimethyl amide (6%) was also isolated.e Recovered starting
material (23%).
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Both electron-donating (entries 9-11) and electron-with-
drawing (entries 1-4, 7, 13) substitutions on the aromatic
rings are tolerated, though the reactivity decreases as the
electron richness of 2-aryl substitution increases. The
substitution pattern has little impact on the yield. The reaction
also works with 2-alkenyl-1,1-dibromo-1-alkene (entry 15),
though the reaction time is longer and the yield is moderate.
Generally, when sterically hindered or less nucleophilic
amines are used, the reactions require longer time or higher
temperature (entries 1-3, 6) to complete. It is noteworthy
that the preparation of amides works for the poor nuleophile
ammonia and hindered diisopropylamine. Aniline alone or
in combination with sodium carbonate failed to react with
1,1-dibromo-1-alkenes.

A number of 2-alkyl-1,1-dibromo-1-alkenes were exam-
ined under the reaction conditions.13 However, to our
disappointment, no corresponding amides were observed
even after prolonged heating. Only decomposition of 2-alkyl-
1,1-dibromoalkenes was observed. As shown in Scheme 2,

monosubstitution at the 2-position of 1,1-dibromo-1-alkene
is essential for the reaction to proceed, as dibromoalkene5
prepared from the corresponding ketone failed to convert to
the expected amide. Halogens other than bromine were also

examined. 1,1-Dichloro-1-alkene (7a)14 is far less reactive,
probably due to the stronger carbon-chlorine bond.15

However, we were surprised that 1,1-diiodo-1-alkene (7b)16

was also found to be less reactive than the corresponding
dibromoalkene1.

In summary, a facile, mild, and general two-step homolo-
gation of aryl (alkenyl) aldehydes to the corresponding
amides via 1,1-dibromo-1-alkenes was developed. To the best
of our knowledge, the route reported here is the shortest and
most convenient one to prepare homologated amides from
aldehydes.17 This homologation could find a wide range of
applications in medicinal chemistry in particular, as amides
are one of the most common functional groups encountered.
A detailed mechanistic study, as well as further investigation
of the reaction, will be reported soon.
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