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Abstract—2,4-Dinitrophenylhydrazones are rapidly oxidised by nitrogen dioxide to gem-nitroazo com-
pounds 2, in yields ranging from 60-85%. The nitration products of aldohydrazones 3 undergo spon-
taneous rearrangement to hydrazones §. An addition-elimination mechanism is proposed, in accor-
dance with the observed kinetic deuterium-isotope effect.

The oxidation of oximes and hydrazones by lead
tetraacetate (LTA) is well documented in the litera-
ture."2* With both substrates, the introduction of
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an acetoxy group is accompanied by a double bond
shift to give a nitroso- and an azo-compound re-
spectively.

In various reactions of nitrogen dioxide there is
a close analogy with the behaviour of LTA, an
NO,-group being introduced instead of acetoxyl.
For instance, the oxidation of oximes with NO,
constitutes a convenient route to gem-nitro nitroso
compounds.*

NO,
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As far as we know, such an analogy has not been
reported for the reaction of hydrazones with
nitrogen dioxide.

We have now found that NO, is an effective ox-
idizing agent for ketohydrazones 1 resulting in the
formation of nitro-substituted azo-compounds 2.
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When Ar = phenyl and R, and R; are alkyl, aralkyl
or aryl a complex mixture of azo-derivatives is
formed,” because the aromatic nucleus (Ar)
is simultaneously attacked by NO,. Thus a phen-
yl hydrazone 1 (Ar=-—CH;) yields three
azo-compounds of type 2, (Ar=—CH,,
4NO,CH— and 2,4-diNO,C,H;—). The product
ratio depends on R: and R, and much less so on
reaction conditions. A much cleaner reaction takes
place when 24-dinitrophenyl hydrazones are
treated with NO,: there is no further aromatic nitra-
tion and only one nitro group is introduced in the
“aliphatic part” of the molecule, thus leading to
the corresponding (tri-)nitro substituted azo-
compounds in yields of 60-85%. NMR spectra sug-
gest that only one isomer is formed, and in accor-
dance with literature® we expect this to be the trans
compound. Hitherto such compounds have been
synthesized only by coupling a diazonium salt with
an aci-nitro compound, albeit in less favorable
yields.’

When R;=H, as in 24-dinitrophenyl-
aldohydrazones 3, thermodynamically more
stable tautomers 5§ are formed. These are formally
the 2,4-dinitrophenylhydrazones of carbonyl com-
pounds with an NO,-group directly attached to CO,
as such a non-existent class of compounds.

The tautomerization (4—5) is rapid in a protic
solvent like water. Under aprotic circumstances
some unchanged 4 can be isolated. By means of "C
NMR, it was shown that Sb, derived from pro-
pionaldehyde, exists in a syn- and an anti-form,
formed in approximately equimolar amounts, as
shown by 'H NMR (see Fig. 1). Each of the com-
pounds 5a and 5c is only present as one isomer, pre-
sumably anti for steric reasons. As to the mechan-
ism of these NO, oxidations, it seems likely (vide
infra) that the reaction starts with the addition of
NO:; to the C=N bond. Apparently only a nitro-
group (not nitrite) becomes attached to carbon (not
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Table 1. Products derived from ketohydrazones with Ar = 2,4-diNO,C.H,—
R,R,C=N—NHAr + NO,-> R,R,C(NO,)N = NAr

R, R, yield % m.p. °C UV nm (log €¢) (CHCl,) Analysis
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Fig 1. "C NMR spectrum of the approximately 1: 1 mixture of syn- and anti-5b.
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Table 2. Products derived from aldohydrazones with Ar = 2,4-diNO.C.H;—
R,CH=N—NHAr + NO, - R,C(NO,)=N—NHAr

yield % m.p. °C UV nm (log ¢) (CHCI,) Analysis
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nitrogen) of the C=N bond. Subsequent elimina-
tion of a hydrogen atom, possibly assisted by simul-
taneous combination with another molecule of
NO,, leads to products (2 and 4):

NO. NO:
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C=N—N———>—C—N—N——1» —C—N=N—
/ I I I I
H H

Reversal of these addition-elimination steps is less
probable. We have supported this assumption by
measuring the kinetic deuterium isotope effect. The
deuterated hydrazone is easily obtainable by ex-
change of the NH in an excess of methanol-O-d.*
Initial elimination (abstraction) of hydrogen
(deuterium) by NO, would lead to a relatively large
(primary) isotope effect,” whereas initial addition of
NO, to the double bond and hydrogen-loss after-
wards would lead to a small (secondary) isotope
effect, assuming that this second step is not (or
hardly) rate determining. In fact we have found
ku/kp = 1:25 =0-05 which falls in the range usually
observed for secondary isotope effects. The results
are consistent with a reaction of the type AH +
2NO. - ANO: + HNO: and fit the kinetic equation
(up to 80% conversion): kt=1/(2a—b)In
b(a— x)/a(b — x) (a=initial conc. hydrazone, b=
initial conc. NO,, ¢f Experimental).

It is noteworthy that compounds of type 2 and §
can be reduced easily to benz-1,2,4-triazines.’

EXPERIMENTAL

Melting points are uncorrected. 'H NMR spectra were
determined using a Varian HA-100 spectrometer and ’C
NMR was measured on a Varian XL-100 Fourier trans-
form NMR spectrometer. All hydrazones are synthesized
according to literature procedures,' in acidic methanol.
Commercial nitrogen dioxide (J. T. Baker) was distilled on
a vacuum line immediately before use.

General method for synthesis

333 ml of a 3 M solution of NO, in methylene chloride
was added slowly to a 0-1 M solution of the hydrazone in
500 ml of methylene chloride. After half an hour the solu-
tion was washed with sat NaHCO,. After drying (MgSO.)
and evaporation of the solvent a crude crystalline product
was obtained. The purification was effected by crystallisa-
tion from CHCl/cyclohexane (1:1) or by column
chromatography (silica gel/CHCL,). Specific data are sum-
marised in tables.

Kinetic measurements

The kinetics were measured on a Cary 14 spec-
trophotometer at 450 nm and 20°C. The initial concentra-
tion of hydrazone (derived from acetone) was 0-5X
107> M and that of nitrogen dioxide was 7-5 x 107> M, both
in methylene chloride. Extinction coefficients of product
(1-8x10°M'cm™) and starting material (4:1x
10° M~'cm™') at 450 nm differ by a factor of twenty.

The extinction coefficient for nitrogen dioxide is almost
negligible at this wavelength. The rate of the reaction can
therefore easily be determined by means of multicompo-
nent analysis, as described earlier."'
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