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Abstract

m-Dinitrobenzene and derivatives react with nitromethane or some other primary nitroalkanes in the
presence of lithium terz-butoxide in 1,3-dimethyl-2-imidazolizinone (DMI) at room temperature, giving
the corresponding 4-nitromethy! and 4-[1-(hydroxyimino)alkyl] derivatives, respectively, in moderate
yields. These products are smoothly converted to the corresponding carbonyl compounds by
oxidative Nef reaction using ozonized oxygen. © 1999 Elsevier Science Ltd. Al rights reserved.
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Base-catalyzed aldol-type condensation and Michael-type addition of nitroalkanes have
been widely employed as convenient tools for the functionalization of carbonyl and activated
olefinic compounds. However, the nitronate-based nucleophilic substitution has scarcely
been employed for the functionalization of aromatic nuclei due to low reactivity of the
nitronate anion as well as extensive competing side reactions. [1] A major breakthrough in
this aspect of aromatic chemistry has been achieved by Makosza and coworkers in mid 1980’s,
[2,3] who treated 1-nitronaphthalene and three nitroquinolines with nitromethane in the
presence of sodium hydroxide in dimethyl sulfoxide (DMSO) at room temperature, obtaining
the corresponding nitromethylation products in 30-55% yield. The nitromethy! group is
always introduced at position next to the nitro group. However, this attractive
nitroalkylation has been described to fail with monocyclic nitroarenes. 2]

In this paper, we wish to report that m-dinitrobenzene and derivatives 1 react with
nitromethane and some other primary nitroalkanes in the presence of lithium ters-butoxide in
1,3-dimethyl-2-imidazolizinone (DMI) at room temperature, giving the corresponding 4-
nitromethyl or 4-[1-(hydroxyimino)alkyl] derivatives 2/3,4 in fair to moderate yield. The
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reaction proceeds quite reluctantly in DMF and DMSO to give the product in low yield, while
it does not take place in THF. The nitroalkylation is highly regio- and chemoselective, only
the hydrogen atom at 4-position being preferentially substituted. When located at 5-position,
such good nucleofugal substituents as halogen atom and nitro group still remain intact.
Under these conditions, nitrobenzene and 1-nitronaphthalene do not produce the expected
nitroalkylation products. The use of lithium fert-butoxide requires longer reaction time as
compared with other bases such as potassium rert-butoxide, sodium hydride and lithium
hydride, but the reaction is cleaner probably due to the intrinsic nature of this base as a weak
nucleophile and a strong base. When potassium tert-butoxide is used, the reaction is
accompanied by small amounts of 2,4-dinitrophenol and much tarry substances. Sodium
hydride is such stronger a base that it causes extensive decomposition of the substrates during
the reaction, resulting in significant decrease of the product yields. Similarly, the use of
lithium hydride leads to a considerable decrease in the yield of the expected product. Using
lithium rert-butoxide, however, the unchanged substrates can be recovered and cycled for
reuse.
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Scheme 1

Similar reaction of 5-substituted 1,3-dinitrobenzenes 1b-f with nitromethane gives the
corresponding nitromethylation products 2b-f in 24-60% yields. These yields are
comparable with those from the nitromethylation of m-dinitrobenzene 1a, irrespective of the
electronic nature of the substituent group present at 5-position. The hydrogen atom at 4-
position is always displaced with similar ease by a nitronate anion.

When m-dinitrobenzene 1a is reacted with nitroethane or I-nitropropane under similar
conditions, oxime derivatives 3a and 4a of the corresponding acylophenones are obtained in
40 and 36 % yields, respectively. In contrast, attempted reactions of la with
arylnitromethanes and secondary nitroalkanes fail to give the expected products, probably due
to the lower reactivity as well as bulkiness of the resulting nitronate anions. In this regard,
the present nitroalkylation may be complementary to the Kornblum’s nitroalkylation, where
the activated nitroarenes react with lithium salt of secondary nitroalkanes in dipolar aprotic
solvent, giving the products in which the nitro group is displaced by an o-branched 1-
nitroalkyl group. [4,5]

The formation of aldehydes and ketones from alkaline salts of primary and secondary
nitroalkanes has been known as the Nef reaction. [6] Thus, Makosza and coworkers
converted their nitromethylation products to the corresponding aldehydes in good yield via
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Table 1. Base-assisted reaction of m-dinitrobenzenes and derivatives 1a-g with nitroalkanes®

Nitroarene Nitroalkane Base Time Yield (%)? mp. 4 NMR
X R (equiv) h) 2 3/4 (°C)  (CH2NOg, 8)
1a H H LiH (4.0) 24 20 (38)° - 141 5.96
LiH (8.0) 24 23 -
LiO'Bu (4.0) 24 39 (66)° -
216 62 -
LiOBu (8.0) 6 26 (46)°-
24 44
1b  OMe H LiO'Bu (4.0) 24 37 (62)° - oil 5.94
72 60 -
1c F H LiO'Bu (4.0) 24 24 - oil 5.99
1d Cl H LiOBu (4.0) 24 53 - oil 5.99
1e ! H LIOBu (4.0) 24 36 - oil 6.09
1t NO; H LiIOBu (4.0) 24 42 - oil 6.13
1g CN H LiO®Bu (4.0) 24  trace? - .
1a H Me LiO'Bu (8.0) 24 - 17 (46)° 118
216 - 40
Et LiO'Bu (8.0) 24 - 15(40)° 106
216 - 36

2All reactions were carried out using substrate (0.30 g), nitroalkane (2.0 equiv) and DMI (30 mL) at room
temperature. 2 Yields refer to the isolated compounds. ¢ Numerals in parentheses refer to the yieids
based on unrecovered substrates. ¢ Cyano group is not tolerable under the conditions employed.

the oxidative Nef reaction, using potassium permanganate in a borate buffer. [2] However,
this methodology fails to work with substituted arylnitromethanes 2b-g under the reported
conditions. When the reaction is attempted under forced conditions, extensive decomposition
occurs and little or no carbonyl compounds are obtained. This failure is most likely to arise
from steric inhibition of the Nef reaction by the substituent groups at 3 and 5-positions. The
transformation of arylnitromethanes 2a-f into the corresponding substituted benzaldehydes
5a-f is successfully performed by the oxidative Nef reaction using ozonized oxygen. [7] The
results obtained are listed in Table 2. The present methodology may find use for the
preparation of some substituted arylnitromethanes and aromatic aldehydes, which are
otherwise laborious to obtain.

Preparation of Arylnitromethanes 2a-f. Typical Procedure: tert-Butanol (0.75 mL)
is added to a stirred suspension of LiH (57 mg) in DMI (30 mL). To the resulting solution o
lithium tert-butoxide is added nitromethane (0.20 mL) followed by m-dinitrobenzene l1a
(0.30 g) at room temperature. After stirring for 24 h at the same temperature, the reaction
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NO, NO,

1. NaOMe / MeOH =

NO, 2.05 NO»
CHO
OuN
2 5

Table 2. Substituted benzaldehydes 5a-f obtained?
Substrate  m.p. (°C) Yield (%) Substrate  m.p. (°C) Yield (%)

Sa 72 (it., [8] 69-71) 82 5d 89 80

5b 94 86 5e 102 66

5S¢ 76 78 5f 119 (lit., [9] 119) 70

2 All new compounds gave satisfactory elementary analyses: C +0.30 %, H+0.12 %, N £ 0.35 %.

mixture is poured into 1 N HCI (100 mL) and the organic phase is extracted with benzene (3 x
30 mL). The solvent is removed under reduced pressure to leave a solid residue, which is
chromatographed on silica gel using hexane-ethyl acetate as the solvent to give 2.4-
dinitrophenylnitromethane 2a as yellow crystals (0.16 g, 39 %), m.p. 141-142 °C, (Anal.
Caled for CHIN,O @ C, 37.02; H, 2.22; N, 18.50. Found: C, 37.30; H, 2.23: N, 18.23).
Unchanged 1a (0.12 g, 41 %) is recovered.

Preparation of Substituted Benzaldehydes 5a-f. Typical Procedure. To a solution of
arylnitromethane 2a (0.25 g, 0.96 mmol) in methanol (50 mL) is added sodium methoxide
(60 mg, 1.0 mmol) in one portion. The resulting mixture is stirred at room temperature,
while ozonized oxygen is slowly passed into the solution. After 1 h the mixture is diluted
with water (150 mL) and the organic phase is extracted with dichloromethane (3 x 30 mL).
The combined extracts are evaporated and the residue is chromatographed on silica gel using
hexane-ethyl acetate as the eluent to give 2,4-dinitrobenzaldehyde 5a as yellow crystals (0.17
g, 80 %), m.p. 71-72 °C (lit. [8] 69-71 °C).
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