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Synthesis of 1,4-diketones: reaction of a-bromo ketones with
tetrakis(dimethylamino)ethylene (TDAE)
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Abstract—1,4-Diketones were prepared by the reaction of a-bromo ketones with tetrakis(dimethylamino)ethylene (TDAE) in mod-
erate to good yields. Similarly, a-bromo esters were reductively coupled using TDAE to give the 1,4-diesters in moderate yields.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1.

Table 1. Reaction of 2-bromoacetophenone with TADEa
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O
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1

TDAE 

2

Entry Temperature (�C) Additive (mmol) Yieldb (%)

1 25 — 2
2 40 — 29
3 67 — 60
4 67 I2 (0.04) 92

a Reaction conditions: 1 (1.0 mmol), TDAE (0.6 mmol), and THF
(5 mL) for 0.5 h.

b GC yield based on a-bromoacetophenone.
1,4-Diketones are widely used as a synthetic intermedi-
ate in the preparation of five-membered cyclic- and het-
erocyclic compounds, such as cyclopentanones, furans,
and pyrroles;1 thus the development of the synthetic
methods of the 1,4-diketones could have a significant
impact on organic chemistry. A number of methods
for the synthesis of 1,4-diketones have already been re-
ported, and among them, the use of a-halo ketones as
the starting material seems to be one of the most
versatile processes in organic synthesis.2,3 A number of
homo-coupling reactions of a-halo ketones giving
1,4-diketones are shown; however there are some disad-
vantages, that is, (i) limitation of substrates, (ii) the use
of an excess amount of metal, (iii) low or moderate
yields of products, and (iv) multi-step procedures.

We have recently found that tetrakis(dimethylamino)eth-
ylene (TDAE) was an efficient agent for the reductive
debromination of 1,2-bis(bromomethyl)arenes.4,5 Based
on our continuous study on the utilization of TDAE in
organic synthesis, we have now developed an efficient syn-
thetic method of 1,4-diketones by the reaction of a-halo
ketones with tetrakis(dimethylamino)ethylene (TDAE)
(Scheme 1).

When 2-bromoacetophenone (1) (1.0 mmol) was allowed
to react with TDAE (0.6 mmol) in THF (5 ml) solvent at
67 �C for 0.5 h, the reductive coupling product, 1,4-di-
phenyl-1,4-butanedione (2), was obtained in 60% yield
(based on 1) (entry 3 in Table 1). The yield of 2 signifi-
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cantly decreased when the reaction was carried out at
lower temperature (25 and 40 �C) (entries 1 and 2).
The yield was improved by the addition of a catalytic
amount of iodine, giving 2 in 92% yield (entry 4).

In order to determine the applicability of the prepara-
tion of 1,4-diketones, various a-halo ketones were al-
lowed to react with TDAE, and the results are shown
in Table 2. Contrary to that of a-bromoacetophenone,
for the a-chloroacetophenone, the reaction did not
proceed and the starting material (89%) was recovered
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Table 2. Synthesis of 1,4-diketonesa

R1 X
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TDAE

Entry R1 R2 R3 X Yieldb (%)

1 C6H5 H H Br 94
2 C6H5 H H Cl 1
3c C6H5 CH3 H Br 71
4 4-CH3C6H4 H H Br 76
5 4-CH3OC6H4 H H Br 69
6 4-BrC6H4 H H Br 2
7d C6H5 CH3 CH3 Br 0
8 2-C10H7 H H Br 75

a Reaction conditions: a-halo ketone (1.0 mmol), TDAE (0.6 mmol), I2

(0.04 mmol), MgSO4 (2.0 mmol), and THF (5 ml) at 67 �C for 0.5 h.
b GC yield based on a-halo ketone.
c The ratio of dl/meso isomer was 3.0/1.0.
d Isobutylophenone (11%) and 2-methyl-1-phenyl-propenone (3%)

were formed.
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(entry 2). For the reaction of 2-bromo-4 0-methyl- and
2-bromo-4 0-methoxyacetophenone, the corresponding
1,4-diketones were obtained in 76% and 69% yields,
respectively (entries 4 and 5). For 2-bromo-4 0-bromoace-
tophenone, the yield of the 1,4-diketone was low due to
the preparation of complicated by-products (entry 6).
Similarly, a-bromopropiophenone was reductive cou-
pled to give 1,4-diphenyl-2,3-diethyl-1,4-butanedione
in 71% yield with a mixture of dl and meso isomers
(dl:meso = 3:1) (entry 3). For the reaction of the steric
hindered a-bromo ketone such as a-bromo-isobutyl-
ophenone, various side reactions occurred (isobutyl-
ophenone (11%) and 2-methyl-1-phenylpropenone
(3%)) and 1,4-diketone was not formed (entry 7). 1,4-
Bis(2-naphthyl)-1,4-butanedione was obtained in 75%
yield by the reaction of 2-bromoacetonaphthone with
TDAE (entry 8). In contrast to that of the a-bromo aryl
alkyl ketone, in the case of the a-bromo dialkyl ketone
such as 2-bromo-3-pentanone, the yield of 1,4-diketone
was low (12%) due to the preparation of complicated
by-products.

The treatment of the a-bromo esters with TDAE was
then examined in order to determine the scope and lim-
itation of the reductive coupling using TDAE (Table 3).
When the a-bromo acetic acid ethyl and phenyl esters
were allowed to react with TDAE at 67 �C for 3 h, the
succinic acid diethyl ester and diphenyl ester were ob-
tained in 43% and 32% yields, respectively. The yields
Table 3. Synthesis of 1,4-diestersa
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R1 THF
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Entry R1 R2 Yieldb (%)

1 H C2H5 52
2 CH3 C2H5 45c

3 H C6H5 38

a Reaction conditions: a-bromo ester (1.0 mmol), TDAE (0.6 mmol), I2

(0.04 mmol), MgSO4 (2.0 mmol), and THF (5 ml) at 67 �C for 3 h.
b GC yield based on a-bromo ester.
c The ratio of dl/meso isomer was 1.8/1.0.
of the diesters were improved by the addition of MgSO4

(entries, 1 and 3). Similarly, the 2-bromopropionic acid
ethyl ester was reductively coupled to give the corre-
sponding 1,4-diesters with a mixture of dl and meso iso-
mers (dl:meso = 1.8:1) in 45% yield (entry 2).

We cannot show the detailed reaction pathway,
however, two possible reaction pathways are suggested
for the reaction. From the result of the reaction of
the a-bromo-isobutylophenone, it was suggested that
the formation of the a-carbonyl alkyl radical (3)
by the reductive debromination of the a-bromo ketone
with TDAE was the first step in the reaction.10 Then
after, 3 was coupled to give the 1,4-diketones. Another
electron reduction of 3 with TDAE or the [TDAE]
cation radical species produced the enolate anion (4),
followed by nucleophilic substitution of the a-halo
ketone to produce the 1,4-diketones.
In summary, we found that the reductive coupling of
a-bromo ketones or esters was successfully achieved
using tetrakis(dimethylamino)ethylene (TDAE) as the
reducing agent that gave the corresponding 1,4-dicar-
bonyl compounds. Furthermore, the application of this
reaction and elucidation of the reaction pathway are
now in progress.
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