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Abstract—A new method for the reductive debromination of 1,2-bis(bromomethyl)arenes has been developed. The treatment of 1,2-
bis(bromomethyl)benzene with tetrakis(dimethylamino)ethylene (TDAE) (1) in the presence of olefins gave 1,2,3,4-tetrahydronaph-
thalenes in moderate to good yields.
� 2004 Elsevier Ltd. All rights reserved.
Tetrakis(dimethylamino)ethylene (TDAE) (1) has an
ionization potential of �0.61 V versus SCE,1 and a
reducing power comparable to that of zinc, which is
often used as a reducing agent in organic synthesis. It
is expected that 1 could be used as a reducing agent in
organic synthesis; however, there are a few reports on
the use of 1 in organic synthesis.2 We now found that
the reductive debromination of 1,2-bis(bromomethyl)-
benzene was efficiently occurred using 1 and that
1,2,3,4-tetrahydronaphthalenes were obtained in moder-
ate to good yields, when the reaction was carried out in
the presence of olefins (Scheme 1).7,8
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Scheme 1.

Table 1. The reaction of 1,2-bis(halogenomethyl)benzene with TDAE

in the presence of ethyl acrylatea
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TDAE, cat. I2
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Entry X Y TDAE

(mmol)

I2
(mmol)

Temp

(�C)
Yieldb

(%)

1 Br Br 0.5 0 25 0

2 Br Br 0.5 0.04 25 64

3 Br Br 0.5 0 67 55

4 Br Br 0.5 0.04 67 69

5 Br Br 0.6 0.04 67 97

6 Br Cl 0.6 0.04 67 21

7 Cl Cl 0.6 0.04 67 3
The treatment of 1,2-bis(bromomethyl)benzene (2) with
1 in the presence of ethyl acrylate (4 equiv) at 67 �C for
6 h produced the 1,2,3,4-tetrahydronaphthalene-2-car-
boxylic acid ethyl ester (3) in 55% yield (entry 3 in Table
1). When the reaction was carried out at 25 �C in the ab-
sence of iodine, the reaction did not proceed; however,
the reaction was dramatically accelerated by the addi-
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tion of a catalytic amount of iodine giving 3 in 64% yield
(entries 1 and 2).10 The yield of 3 was improved using a
small excess amount of 1 (1.2 equiv) and 3 was obtained
in 97% yield (entry 5). In the case of 1-bromomethyl-2-
chloromethylbenzene, the yield of the 1,2,3,4-tetrahy-
dronaphthalene-2-carboxylic acid ethyl ester was low
due to the formation of various by-products (entry 6).
For the reaction of 1,2-bis(chloromethyl)benzene, the
starting material (77%) was recovered (entry 7).

The results of the reaction of 1,2-bis(bromomethyl)benz-
ene (2) with TDAE in the presence of various olefins
are shown in Table 2. Similarly, methyl acrylate, butyl
a Reaction conditions: 1,2-bis(halogenomethyl)benzene (0.5 mmol),

ethyl acrylate (2.0 mmol) and THF (5 ml) for 6 h.
b GC yield.
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Table 3. The reaction of 1,2-bis(bromomethyl)benzene derivatives

with TDAE in the presence of ethyl acrylatea

THF

X
Br

Br

COOEt TDAE, cat. I2
+

Entry Substrate Product Yieldb

(%)

1c Br

Br

F

F COOEt

F

COOEt

+ 67

2c Br

F

Br

F

COOEt

F

COOEt
+ 73

3
Br

Br COOEt
84

a Reaction conditions: 1,2-bis(bromomethyl)benzene derivative

(0.5 mmol), ethyl acrylate (2,0 mmol), TDAE (0.6 mmol), I2
(0.04 mmol) and THF (5 ml) at 67 �C for 6 h.

b Isolated yield.
c The ratio of isomers was not determined.

Table 2. The reaction of 1,2-bis(bromomethyl)benzene with TDAE in

the presence of various olefinsa

Br

Br

Y

THF

YTDAE, cat. I2
+

2

Entry Olefin Product Yieldb (%)

1
COOMe COOMe

78

2
COOBu-n COOBu-n

64

3
CN CN

69

4
COMe COMe

100

5c
COOMe COOMe

7

6c
COOMe COOMe

32

(trans/cis = 1/0)

7c
COOEt

COOEt COOEt

COOEt
51

(trans/cis = 1/1)

8c
COOEt

EtOOC COOEt

COOEt
44

(trans/cis = 3/1)

a Reaction conditions: 1,2-bis(bromomethyl)benzene (0.5 mmol),

TDAE (0.6 mmol), olefin (2.0 mmol), I2 (0.04 mmol) and THF (5 ml)

at 67 �C for 6 h.
b Isolated yield.
c Olefin (5.0 mmol) was used.
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acrylate, acrylonitrile and methyl vinyl ketone were cou-
pled to give the corresponding 1,2,3,4-tetrahydronaph-
thalenes in 64–100% yields (entries 1–4). For the
reaction of a-methyl substituted a,b-unsaturated ester
such as methyl methacrylate, the yield of cycloaddition
product was lower than that of methyl acrylate because
of the preparation of various by-products (entry 5).
When 2 was allowed to react with 1 in the presence of
trans-methyl crotonate, trans-product was obtained pre-
dominantly. On contrary, in the case of diethyl fumarate
and diethyl maleate, mixture of cis- and trans-isomers
were formed.

The treatment of 1,2-bis(bromomethyl)-4-fluorobenzene
or 1,2-bis(bromomethyl)-3-fluorobenzene with TDAE
(1) in the presence of ethyl acrylate gave the correspond-
ing 1,2,3,4,-dehydronaphthalene derivatives in 67% and
73% yields, respectively (entries 1 and 2 in Table 3).
1,2,3,4-Tetrahydroanthracene-2-carboxylic acid ethyl
ester was also prepared in 84% yield by the reaction of
1,2-bis(bromomethyl)naphthalene with 1 in the presence
of ethyl acrylate (entry 3).

Although detailed study of the reaction pathway has not
yet been completed, the present reaction can be under-
stood by assuming the following reaction pathway.
Transfer of an electron from TDAE (1) to a,a 0-dihalo-
gen substituted o-xylenes, elimination of Br�, another
electron transfer from 1 or (TDAE)+ Br� species, fol-
lowing by elimination of Br� forms the biradical (4) or
quinodimethane. The biradical (4) or quinodimethane
reacted with olefins to give the 1,2,3,4-tetrahydronaph-
thalenes. At the present time, however, other possibili-
ties cannot be rigorously ruled out.

4

In summary, we found that the reductive debromina-
tion of 1,2-bis(bromomethyl)benzene was successfully
achieved using 1 as a reducing agent. Furthermore, the
application of the reaction and elucidation of the reac-
tion pathway are now in progress.
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Dolbier, W. R., Jr.; Médebielle, M.; Ait-Mohand, S.
Tetrahedron Lett. 2001, 42, 3077; (i) Médebielle, M.;
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