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Synopsis. o-Bromo- and o-iodonitrobenzenes react
with stable enolate anions in hot DMF in the presence of
copper(I) iodide, to afford not the expected arylation
products but the coupling products, 2,2’-dinitrobiphenyls.

When heated in aprotic dipolar solvents such as
DMF and HMPA in the presence of copper(I) iodide,
nonactivated aromatic halides are activated to such
an extent as to react with a variety of heteronucleo-
philes'? and enolate anions,’1Y giving the cor-
responding arylation products in good to moderate
yields. However, moderately activated aryl halides
such as halogenonitrobenzenes (1) behave differently
from nonactivated ones to afford, in addition to the
normal substitution product (2), significant amounts
of N,N-dimethylanilines (3) and/or nitrobenzenes (4).
Aryl-aryl coupling to form dinitrobiphenyls (6) is yet
another unexpected pathway in the reaction of halo-
genonitrobenzenes, and is described herein.

Our attempts to prepare 2-(2-nitrophenyl)-3-oxo-
butanoate esters (7) as intermediates for the synthesis
of heterocycles, by reacting o-bromo- or o-iodonitro-
benzenes (5) with 3-oxobutanoate (acetoacetate) anion
in the presence of copper(I) iodide in DMF at 100—
120°C, gave instead 2,2’-dinitrobiphenyls (6a—6h)
as products. Table 1 lists several biphenyls obtained;
in majority of cases their formation was achieved
in good yields. The structures of all biphenyls were
established by their elemental analyses, IR and 'H
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NMR spectra, and agreement of their mps with
those reported in literature. The effect of various
enolate anions on the formation of dinitrobiphenyls
is shown in Table 2. Also the role of enolate anion
and copper(I) iodide is illustrated in Table 3.

Unlike the above cases, m-iodo- and o-chloronitro-
benzenes suffered extensive reductive dehalogenation
under similar conditions to give nitrobenzene as
major product. Also p-iodonitrobenzene gave a mix-
ture of ethyl 2-(4-nitrophenyl)-3-oxobutanoate and
nitrobenzene accompained by a small amount of 4,4’-
dinitrobiphenyl. Highly activated aromatic halides
such as 2,4-dinitrochlorobenzene and 2,6- dinitroiodo-
benzene underwent normal SnAr reaction without
yielding any biphenyls.

As regards the mechanism which operates in the
biphenyl formation, we withhold any comment at
present, although it bears many features suggesting
the involvement of electron transfer process.1?

Experimental

Reaction of o-lodonitrobenzene (5a). Sodium hydride
(0.04g, 1mmol; 60% suspension in paraffin oil) was
placed in a 25ml flask and triturated with dry hexane.
The oil-free grey solid was then covered with DMF (0.73 g,
10 mmol), and ethyl 3-oxobutanoate (0.065g, 0.5 mmol)
was added with stirring. After several minutes when hy-
drogen evolution ceased, copper(l) iodide (0.18 g, 1 mmol)
was added to the resultant yellow solution. The solution

0N Cul, DMF, & o
1 2
1 3 4
1 1.1 1
R NaH/CH COCH, C0,,C g R'R R
R2 X > 2 2 2 LCOCH
> R R + R chi 3
Cul, DMF, A ~C0,C,H
0,N 0,N NO, 0N 27275

[

TaBLE 1. 2,2’-DINITROBIPHENYLS 6 FROM THE COPPER(I) MEDIATED REACTION OF ¢-HALOGENONITROBENZENES 5
WITH 3-OXOBUTANOATE ANION
Starting halide 5 Reaction time Temperature 1\l:/)linitrobiphenyl 6*
R R? X t/h 0,,/°C 0, /?c Yield/%
al H H I 4 100 123—12419 75
b1® H H Br 6 140 123—124 55
cly) CH, H I 5 100 1082% 55
d H CH, 1 5 100 14029 65
e’ H CH, Br 7 140 140 40
f® H CH,O I 4 100 131» 70
gw H CH,0 Br 7 140 13129 52
h CO,H H I 5 120 263—26629 74
a) Melting points were uncorrected. Yields refer to the isolated compounds. b) Found: C, 55.53; H, 3.85;
N, 9.09%. Calcd for C,\H,,N,O,: C, 55.27; H, 3.98; N, 9.21%.
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TABLE 2. INFLUENCE OF ENOLATE NUCLEOPHILES
ON THE YIELD OF 2,2’-DINITROBIPHENYL 6a®

Reaction time Temperature Product

Enolate nucleophile t/h 0.,/°C yield/%
Ethyl 3-oxobutanoate 4 100 75
2,4-Pentadione 3 80 71
1-Phenyl-1,3-butadione 3 60 83
Diethyl 3-oxopentadioate 3 70 74
Ethyl 3-phenyl-3-

oxopropanoate 3 60 78
Dicthyl malonate 5 110 50
Acetone 6 80 10
Ethyl 2-cyanoethanoate 6 80 —

a) Reaction conditions: Substrate 5a 1.0 mmol, NaH
1.0 mmol, enolate 0.5 mmol, Cul 1 mmol, and DMF
10 mmol. Yields refer to the isolated ones.

TABLE 3. INFLUENCE OF THE AMOUNTS OF ENOLATE
AND CATALYST, AND TEMPERATURE ON THE YIELD
OF 2,2’-DINITROBIPHENYL 6a®)

S Onhuanone Gutimmol TR Pl
0 1.0 100 ~5
0.1 55
0.3 67
0.5 75
1.0 73
2.0 75
0.5 0 100 0

0.15 54

0.3 60

0.5 65

1.0 75

2.0 74

0.5 1.0 140—150 60
120 70

100 75

80 63

30 -

a) Reaction conditions: Substrate 5a 1.0 mmol, NaH
1.0 mmol, and DMF 10 mmol; reaction time 5—6h.
Yields refer to the isolated ones.

changed to orange color, and later to brown when o-
iodonitrobenzene (0.249g, 1 mmol) was added. The mix-
ture was heated gradually to 100°C and the progress of
reaction was monitored by TLC. After 4h the mixture
was allowed to cool, poured into water (10 ml), and acid-
ified to pH 5—6, and extracted twice with ether (2X15 ml).
The combined extracts were washed with water, dried, and
evaporated to yield crude 2,2’-dinitrobiphenyl (6a) as a
pasty solid. It was purified by column chromatography
over silica gel, followed by recrystallization from benzene/
hexane to give yellow crystals of the product. Yield,
0.09g (75%). Mp 123—124°C (lit,® mp 123.5—124.5°C).

Reaction of p-lodonitrobenzene. The reaction was
carried out at 140°C using the same ratio of substrate,
nucleophile, catalyst and solvent, as described above. After
4h, when the reaction was over, the mixture was worked
up as usual. The oily product obtained after removal of
solvent consisted of three components as revealed by TLC.
They were separated by column chromatography over
silica gel to give nitrobenzene (0.037 g, 30%); 4,4’-dinitro-
biphenyl (0.005 g, 4%), white solid melting at 238 °C (lit,1¥
237°C); and ethyl 2-(4-nitrophenyl)-3-oxobutanoate!® (0.10
g, 40%), yellow oil.

Reaction of 2, 4-Dinitrochlorobenzene. The reaction
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was carried out by stirring a mixture of halide (0.20g,
1 mmol), sodium hydride (0.04g, 1 mmol), keto ester (0.13
g, 1 mmol), copper(I) iodide (0.19g, 1 mmol), and DMF
(0.73 g, 10 mmol) at 60°C for 3 h, and the reaction mix-
ture was worked up as usual. The crude product ob-
tained was further purified by column chromatography
over silica gel to give ethyl 2-(2,4-dinitrophenyl)-3-oxo-
butanoate as pale yellow crystals. Yield, 0.266g (90%).
Mp 93—94°C (li,® mp 93—94°C).
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