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Ipso Nitration. Nitrodeformylation Reactions in Nitrothiophenealdehydes
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Nitration of 4-nitro-2-thiophenealdehyde afforded 2,4-dinitrothiophene and small quantities

of 4,5-dinitro-2-thiophenealdehyde;

G-nitro-2-thiophenealdehyde gave instead 3,5-dinitro-2-
thiophenealdehyde as the main product and some 2,5-dinitrothiophene.

The two dinitro-

thiophenes form through a nitrodeformylation reaction which represents an interesting example
of the nitration at an ipso position in a strongly deactivated substrate.
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Attack of nitronium ions at an ipso position of an
aromalic substrate is a well documented process (1); the
ipso o-complex formed can give a series of reactions
among which the most frequently encountered is the loss
of the group originally linked to the ipso carbon atom,
i.e. ipso substitution. The large majority of the examples
reported (1) refer to homoaromatic substrates activated
towards electrophilic attack by the presence of electron-
releasing substituents.

We report in this note that ipso nitration easily occurs
in thiophenes even in the presence of strongly electron-
withdrawing substituents such as nitro and formyl. The
nitration of 2-thiophenealdehyde with nitric acid-sulfuric
acid afforded the expected 4-nitro-2-thiophenealdehyde
(1) and 5-nitro-2-thiophenealdehyde (2) together with
a considerable amount of 2,4-dinitrothiophene (3) and
smaller quantities of 2,5-dinitrothiophene (4). Similar
results were obtained by Gronowitz and Dahlgren (2) in
the nitration of 3-bromo-2-thiophenealdehyde from which
a mixture of the 3-bromo derivatives of compounds 1-4
was obtained.

The formation of 3 and 4 suggests that a nitrode-
formylation reaction occurs in compounds 1 and 2,
respectively, and this was experimentally confirmed by
nitrating the two aldehydes. Treatment of 4-nitro-2-
thiophencaldehyde (1) with nitric acid-sulfuric acid afford-
ed a mixture of 3 (73%) and of 4,5-dinitro-2-thiophene-
aldehyde (5) (23%); similarily, the aldehyde (2) gave the
ipso substitution product (4) (18%) and the 3,5-dinitro-2-
thiophenealdehyde (6) (61.5%) (3). In the nitration of
4-nitro-3-chloro-2-thiophenealdehyde, under similar ex-
perimental conditions, it has been reported that the 2.4-
dinitro-5-chlorothiophene is formed in 85% yields (4); in
this case the 5-position is occupied by chlorine and the
only process occurring is the ipso substitution of the
formyl group.
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Nitrodeformylation thus occurs in both the nitro-
aldehydes investigated, but while in 1 it represents the
most important process, in 2 il can be considered a
secondary reaction. These results can be rationalized by
considering that the ipso intermediate (7) is the more
stable of the possible g-complexes which can be formed
from 1; in the case of 2, however, attack at the 3-
position is favoured rather than the attack at the ipso
position to give 8. These two ipso intermediates easily
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evolve to 3 and 4 by loss of HY and CO. Nitration of the
4-nitro- and 5-nitro-2-carbomethoxythiophene gives only
the products of nitration at the 5- and 3- position,
respectively (5,0); in these cases also, attack at the
2-position probably occurs but is made reversible because
the CO,Me group cannot be easily expelled from the
ipso intermediates.

The nitrodeformylation reactions described above,
besides representing inleresting examples of ipso sub-
stitution, can find useful applications in the syntheses of
2-nitro derivalives of thiophenes containing other electron-
withdrawing substituents. These reactions also very

likely occur with other aromatic substrates.
EXPERIMENTAL

Ir spectra were taken with a Beckman Acculab TM5 spectro-
photometer. Nmr were recorded on a Jeol C6OHL instrument,
in deuteriochloroform.  The progress of the reactions was
monitored by tlc and gle (Hewlett-Packard 5830A with a 10% UCW
982 column); quantitative determinations of the reaction products
were effected by nmr and glc.

Nitration of 2-Thiophenealdehyde.
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To a stirred solution of 2-thiophenealdehyde (10 g.) in
concentrated sulfuric acid (13.2 ml.), a mixture of nitric acid
(d = 1.52; 14.2 ml.) and concentrated sulfuric acid (8.8 ml.) was
added dropwise at -10°. The cooling bath was removed and
stirring was continued for 0.5 hour. The mixture was poured on
ice and extracted with ether; the organic layer was separated,
washed with water, dried and evaporated. Column chromato-
graphy on silica gel using a mixture of light petroleum (b.p.
40-60°) and ethyl ether (9:1) as eluent afforded the following
products.

2,5-Dinitrothiophene (4).

This compound had m.p. 79-80° (lit. (7) m.p. 79.5-80°),
(0.68g.); nmr: & 7.85 (s).

2.4 -Dinitrothiophene (3).

This compound had m.p. 55-56° (lit. (6) m.p. 55-56°) (3.5 g.);
nmr: & 8.35(d, Hs), 8.2(d, H3, J = 1.5 Hz).

4-Nitro-2-thiophenealdehyde (1).

This compound had m.p. 54-55° (lit. (8) m.p. 55-56°) (3.9 g.);
nmr: & 9.8 (d, CHO, J = 1.5 Hz), 8.6 (dd, Hs), 8.2 (d, H3. J3.5 =
1.5 Hz).

5-Nitro-2-thiophenealdehyde (2).

This compound had m.p. 74-76° (lit. (9) 75-76°) (2.5 g.);
nmr: § 9.8 (s, CHO), 7.85 (d, Hg), 7.65 (d, Hs, J] = 4.5 Hz).

Nitration of 4-Nitro-2-thiophenealdehyde (1).

The reaction was carried out under the same conditions
described above; stirring at room temperature was continued
until the starting product (0.5 g.) was completely consumed (2
hours). The nmr spectrum of the reaction mixture showed the
presence of 3 and 5in a ratio of 3:1. Column chromatography as
described above, afforded 0.4 g. of 2,4-dinitrothiophene (3) and
0.15 g. of 4,5-dinitro-2-thiophenealdehyde (5) as an oil, nmr: 8
9.8 (s, CHO), 7.85 (s, H3).

Anal. Caled. for CsHaN2OsS: C, 29.71; H, 1.00; N, 13.86.
Found: C,29,9; H, 1.05; N, 13.95.

Nitration of 5-Nitro-2-thiophenealdehyde (2).

The reaction was carried out under the same experimental
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conditions described for the 4-nitro isomer, using 0.5 g. of 2.
The reaction mixture was constituted by 4 and 6, in a ratio of
1:3.5 (determined by nmr and glc). Column chromatography,
as described above, afforded 0.1 g. of 2,5-dinitrothiophene (4) and
0.4 g. of 3,5-dinitro-2-thiophenealdehyde (6), m.p. 63-64°; nmr:
5 10.5 (s, CHO), 8.2 (s, Hy).

Anal. Found: C, 29.85; H,1.03; N, 13.91.

Oxidation of this compound with tetrabutylammonium per-
manganate in pyridine (10) afforded 2,4-dinitrothiophene; it has
already been observed, in fact, that the 3,5-dinitro-2-thiophene-
carboxylic acid is easily decarboxylated (6).
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