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The interactions of m-dinitrobenzene and.l-substituted 2,4-dinitrobenzenes with sodium methoxide in meth-

anolic dimethyl sulfoxide were studied with a rapid scan spectrophotometer.
2,4-dinitrobenzenes with sodium hydroxide in aqueous dimethyl sulfoxide was carried out.

A similar study of l-substituted
Except for a few

cases, the first transient colored-complexes of 3-substituted 2,6-dinitrocyclohexadienates were observed at initial
stages before the complete formation of second colored-complexes having the z-electronic structures of 1,3-di-

nitropentadienyl anion.

In the interactions of aromatic dinitro compounds
with nucleophiles, the initial formation of the kinetical-
ly-favored colored-complexes has been detected before
the appearance of the thermodynamically-stable
colored-complexes.»? In the methoxide additions to
m-dinitrobenzene and 2,4-dinitroanisole, thermody-
namically-stable 1-methoxy-2,4-dinitrocyclohexadienate
and 1,1-dimethoxy-2,4-dinitrocyclohexadienate, respec-
tively, were detected by NMR and visible spectroscopy,
but no kinetically-favored colored-complexes were
detected.®

Studies have been made on the interactions of
m-dinitrobenzene and l-substituted 2,4-dinitrobenzenes
with sodium methoxide in methanolic dimethyl sul-
foxide (DMSO) with a rapid scan spectrophotometer.
In order to extend the preceding study on the inter-
actions of 1-substituted 2,4-dinitrobenzenes with sodium
hydroxide, the spectral changes of the DMSO solu-
tions of some l-substituted 2,4-dinitrobenzenes in the
presence of sodium hydroxide have also been given,

Experimental

The dinitrobenzenes used are presented in Table 1. 24-
Dinitrophenyl phenyl ether and 2,4-dinitrophenyl p-nitro-
phenyl ether were prepared according to Bost and Nicholson?
and were recrystallized from methanol. Commercial dinitro-
benzenes were purified by recrystallization or distillation.

Methanol was used for spectrophotometry. Sodium meth-
oxide solutions were prepared by the reaction of clean sodium
with methanol. Concentrations were determined by titra-
tion with a standard acid. DMSO was dried with calcium
hydride and fractionated under reduced pressure.

A Hitachi rapid scan spectrophotometer RSP-2 was used
to measure visible absorption spectra at various stages of a
reaction path in solution. The mixing cell having a path
length of 1.0 cm was controlled at 25 °C with a thermo-
circulater. Details of the apparatus and measurement were
given in a previous paper.)

Results and Discussion

Interactions of m-Dinitrobenzene and 2,4-Dinitroanisole with
Sodium Methoxide. When m-dinitrobenzene (6.4 x
10-5 M) was mixed with excess sodium methoxide
(2.3x10-2M) in DMSO-methanol (98/2, v/v), two
colored-species having absorption maxima at 525 and
605 nm appeared 32 ms after mixing. 1/3 s after mix-

ing, the first colored-species (An.x=605 nm) disappeared
and formation of the second (Am.x=>525 nm) was com-
plete. The second colored-species has been assigned to
I-methoxy-2,4-dinitrocyclohexadienate.3®) It is known
that the methoxide complexes having the n-electronic
structures of 1,5-dinitropentadienyl anion in media rich
in DMSO show longer wavelength bands in the range
585—640 nm."® The first colored-species is assigned
to 1-methoxy-2,6-dinitrocyclohexadienate.

Spectra of 2,4-dinitroanisole in the presence of sodium
methoxide showed the first (A,,,=560 nm) and second
(Amax="505 nm) colored-species, attributed to 1,3-di-
methoxy-2,6-dinitrocyclohexadienate and 1,1-dimeth-
oxy-2,4-dinitrocyclohexadienate, respectively.

Interactions of 2,4-Dinitrofluorobenzene, 2,4-Dinitrochloro-
benzene, 2,4-Dinitrophenyl Phenyl Ether and 2,4-Dinitro-
phenyl p- Nitrophenyl Ether with Sodium Methoxide.

All the solutions of these nitro compounds, containing
sodium methoxide in a large excess, finally showed
spectra similar to the spectrum of 1,1-dimethoxy-2,4-
dinitrocyclohexadienate due to further reaction of meth-
oxide ion with the resulting product of 2,4-dinitro-
anisole. In order to observe only the spectra of the
colored-species formed from sodium methoxide and the
nitro compounds, spectral measurements were carried
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Fig. 1. Spectra observed with the DMSO solution con-

taining 2,4-dinitrochlorobenzene (1.7 X 10-3M), sodium
methoxide (2.3x10-*M) and methanol (2% by
volume). Times measured after mixing: a, 30 ms;
b, 1/3s;5 ¢, 5s; d, 30s.
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out under conditions where the concentration of the
nitro compounds was several times larger than that of
sodium methoxide.

The spectra observed with the DMSO solution con-
taining 2,4-dinitrochlorobenzene (1.7 X 103 M), sodium
methoxide (2.3 X 10-*M) and methanol (2%, by volume)
are shown in Fig. 1. The first colored-species having
an absorption peak at 590 nm appeared at initial stages
and disappeared several seconds after mixing. After-
ward the second colored-species having a peak at 505
nm gradually disappeared. The first colored-species
is 1-methoxy-3-chloro-2,6-dinitrocyclohexadienate (1;
X=Cl, Y=OMe). The second colored-species can
be assigned to 2,4-dinitrocyclohexadienate which has
the same m-electronic structures as 1,3-dinitropenta-
dienyl anion of type 2 or 3 (X=Cl, Y=0Me).
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According to Crampton et al.,® the second colored-
species should be ascribed to 1-methoxy-2,4-dinitro-5-
chlorocyclohexadienate (2; X=Cl, Y=0OMe).)

Spectra of 2,4-dinitrofluorobenzene, 2,4-dinitrophenyl
phenyl ether and 2,4-dinitrophenyl! p-nitrophenyl ether
in the presence of sodium methoxide showed similar
changes in the range 450—650 nm. The absorption
maxima are listed in Table 1.

Interaction of 2,4-Dinitrotoluene with Sodium Methoxide.
Spectra of 2,4-dinitrotoluene in the presence of sodium
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Fig. 2. Spectra observed with the DMSO solution con-
taining 2,4-dinitrotoluene (4.0 x 10-5 M), sodium me-
thoxide (5.9 x 10-3 M) and methznol (0.5%, by volume)
Times measured after mixing: a, 28 ms; b, 3 s.
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methoxide are shown in Fig. 2. At 3 s after mixing, the
absorption bands initially observed at 530 and 600
nm disappeared and the bands at 410 and 650 nm
remained. The bands at 530 and 600 nm are assigned
to 2,4-dinitrocyclohexadienate of type 2 or 3 (X=CH,,
Y=OMe) and to l-methoxy-3-methyl-2,6-dinitro-
cyclohexadienate (1; X=CH,, Y=0OMe), respectively.
According to Pollitt and Saunders,”? the bands at
410 and 650 nm are assigned to 2,4-dinitrobenzyl
anion produced from 2,4-dinitrotoluene by loss of a
proton.

Interactions of 2,4-Dinitrobenzoic Acid, 2,4-Dinitrobenzene-
sulfonic Acid, 2,4-Dinitrophenyl Thiocyanate and 2-(2,4-
Dinitrophenylthio ) benzothiazole with  Sodium  Methoxide.
The absorption maxima of the colored-species obtained
are listed and assigned in Table 1.

Interactions of 2,4-Dinitrophenyl Phenyl Ether, 2,4-Di-
nitrophenyl p-Nitrophenyl Ether, 2,4-Dinitrophenyl Thio-
cyanate and 2-(2,4-Dinitrophenylihio)-benzothiazole with
Sodium Hydroxide. The spectra observed with the
DMSO solution containing 2,4-dinitrophenyl phenyl
ether (4.9 1075 M), sodium hydroxide (2.3 x10-3 M)
and water (29, by volume) are shown in Fig. 3. The
first colored-species having an absorption peak at 580
nm appeared at initial stages and disappeared within
a minute. After the complete disappearance of the
first colored-species, the second colored-species having
a peak at 520 nm remained and then gradually dis-
appeared. As the peak of the second colored-species
decreased in intensity, the intensities of two peaks at
375 and 430 nm increased. The first and second
colored-species are assigned to 1-hydroxy-3-phenoxy-
2,6-dinitrocyclohexadienate (1; X=OPh, Y=OH) and
to 2,4-dinitrocyclohexadienate of type 2 or 3 (X=OPh,
Y=OH), respectively. The bands at 375 and 430
nm are due to 2,4-dinitrophenoxide ion."

Spectra of 2,4-dinitrophenyl p-nitrophenyl ether, 2,4-
dinitrophenyl thiocyanate and 2-(2,4-dinitrophenyl-
thio)benzothiazole in the presence of sodium hydroxide
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Fig. 3. Spectra observed with the DMSO solution con-
taining 2,4-dinitrophenyl phenyl ether (4.9 x 10-5 M),
sodium hydroxide (2.3 10-* M) and water (2% by

volume). Times measured after mixing: a, 1/3s;
b, 10 s; ¢, 4 min; d, 20 min.
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TaBLE 1. VISIBLE ABSORPTION MAXIMA (nm)
Y
X OH® OMe»
complex complex
—— —
Typel Type2o0r3 Typel Type2or3
H 615 5359 605 525
F 565% 505% 570 500
Cl 600"  510%% 590 505
OMe 565% 5059 560 505
oL > 580 520 570 515
O—</>—N02 500 515 580 505
o Not Not o 3
CH, observed observed 6007 530%
COO~ 6500 5500 590 530
- Not Not
SO, observed 520 observed 520
SCN 600 480 590 485
SN\
SH_ U ] 605 510 595 510

a) In DMSO-H,O0 (98/2, v/v). b) In DMSO-MeOH
(98/2, v/v). c¢) Ref. 1. d) In DMSO-H,O (90/10,
v/v). e) In DMSO-MeOH (99.5/0.5, v/v). f) In
DMSO-H,0 (99/1, v/v).

showed similar changes. The absorption maxima of
the colored-species are listed in Table 1.

Interactions of 2,4-Dinitrobenzoic Acid, 2,4-Dinitrobenzene-
sulfonic Acid and 2,4-Dinitrotoluene with Sodium Hydroxide.
The absorption maxima of the colored-species obtained
are listed in Table 1. In the presence of sodium
hydroxide, 2,4-dinitrotoluene has bands at 410 and
650 nm attributed to 2,4-dinitrobenzyl anion, giving
no hydroxide complex.

Substituent Effect on 2,6-Dinitrocyclohexadienate. We
see from Table 1 that the substituents such as F and
Cl except COO- at 3-position shift the absorption
bands of both I-methoxy-2,6-dinitrocyclohexadienate
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and l-hydroxy-2,6-dinitrocyclohexadienate towards
blue. In contrast, the spectra of 4-substituted 2,6-
dinitroanisole with methoxide ion show that the sub-
stituents such as F and CI shift the band of 1,1-di-
methoxy-2,6-dinitrocyclohexadienate towards red,5?)
and that electron-withdrawing substituents such as
CF; shift it towards blue.®® The substituents at
3-position may produce a blue shift by twisting the
nitro-groups from the planes of the rings, as described
by Pollitt and Saunders in their studies on the Janovsky
reaction.”

The author thanks Professor T. Abe for valuable
suggestions.
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