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Abstract—The chemical stability of alkoxy-NNO-azoxy compounds to reduction with hydrazine hydrate has 
been studied. Methoxy-NNO-azoxymethane and bis(methyl-ONN-azoxy) formaldehyde acetal are more stable 
by orders of magnitude than bis(methoxy-NNO-azoxy)methane and 2,2-bis(methoxy-NNO-azoxy)propane. 
Methoxy-NNO-azoxymethane is also resistant to reduction with titanium(III) under acidic conditions and with 
iron(II) under basic conditions. Probable reaction mechanisms have been proposed on the basis of the substrate 
reactivity toward nucleophiles, acids, and alkalies. 
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In continuation of our quantitative studies on the 
chemical reactivity of alkoxy-NNO-azoxy compounds 
(2-alkoxy-1-alkyldiazene oxides) under different 
conditions (alkaline, acidic, hydrogenation, oxidation 
with potassium permanganate) [1–5], in the present 
work we measured the rate constants for the reactions 
of compounds I–IV with hydrazine hydrate, taking 
into account that the latter is widely used for function-
nalization of organic compounds. In addition, the 
ability of methoxy-NNO-azoxymethane (I) to undergo 

reduction with Ti(III) ions in acidic medium and with 
iron(II) ion in alkaline medium was quantitatively 
estimated (Scheme 1).  

Compounds II–IV are sparingly soluble in 
hydrazine hydrate; therefore, the kinetic data should be 
regarded as semiquantitative. However, this fact did 
not prevent us from drawing some definite conclusions 
since the rate constants of the hydrazinolysis of 
compounds III and IV at 50°C are higher by an order 
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of magnitude than those found for compounds diazene 
oxides I and II at 80°C (see table).  

The formation of the same products (N2O with 
traces of N2) gives us grounds to presume similar 
reaction mechanisms for the reduction of compounds 
III and IV. The rate-determining step is likely to be 
attack by hydrazine molecule on the methoxy carbon 
atom (SN2 reaction), which is followed by decom-
position of intermediate V (Scheme 2).  

Similarity of the rates of hydrazinolysis of com-
pounds III and IV allowed us to rule out the 
mechanism involving deprotonation of the central 
carbon atom in molecule III [1]. The formation of 
trace amounts of nitrogen contradicts alternative 
mechanisms where hydrazine would act as reducing 
agent in the rate-determining step. The proposed 
mechanism is also supported by the formation of N-
nitroso-N-phenylhydroxylamine hydrazinium salt in 
the reaction of methoxy-NNO-azoxybenzene with                
2 equiv hydrazine hydrate on heating at the boiling 
point over a period of 17 h [6]. 

Unlike azoxy compounds III and IV, the reactions 
of I and II with hydrazine hydrate follow a ionic 
mechanism, as follows from their higher stability and 
different composition of the products (mainly N2). This 
is likely to be related to strong effect of the leaving 
group on the SN2 reaction rate. The anion MeN(O)=NO– 
is inferior to anion V as leaving group, since the former 
is stabilized by the electron-acceptor N(O)=NOMe 
substituent. Probably, the azoxy group is derectly 
reduced with hydrazine with subsequent decomposi-
tion of unstable intermediates [4]. 

To estimate the reactivity of methoxy-NNO-
azoxymethane (I) toward reducing agents, as the latter 

we selected Ti(III) ions in acidic medium and iron(II) 
ions in alkaline medium, taking into account that these 
reagents are used in quantitative analyses for NO2, NO, 
N(O)=N, and other groups [7]. After heating in boiling 
20% aqueous HCl over a period of 20 min, 0.071 mol 
of Ti(III) per mole of I was consumed (under these 
conditions, nitro and nitroso compounds RNO2 and 
RNO are quantitatively reduced to the corresponding 
amines). By special experiment we showed that in the 
absence of Ti(III) ions, other conditions being equal, 
3.8% of initial compounds I undergoes hydrolysis [2]. 
These findings suggest that Ti(III) is consumed for the 
reduction of the hydrolysis products (~2 equiv) and 
that direct reduction of I almost does not occur. 
Compound I turned out to be resistant to Fe(II) ions in 
5 M KOH. After heating for 15 min with excess Fe(II), 
only 0.12 equiv of the latter was consumed. The 
reduction of 1 mol of MeNO2 under analogous 
conditions requires 5.4 equiv of Fe(II). Presumably, the 
rate-determining step is alkaline hydrolysis of I [1] 
rather then its direct reduction. 

Thus, the rates of hydrazinolysis of compounds III 
and IV at 50°C are higher by orders of magnitude than 
the rates of hydrazinolysis of compounds I and II at 
80°C. High stability of compound I to the reduction 
with Ti(III) and Fe(II) ions makes their use for 
quantitative determination of alkoxy-NNO-azoxy group 
impossible. The relative stability of alkoy-NNO-azoxy 
compounds to hydrazine and inorganic reducing agents 
opens prospects in the development of new synthetic 
approaches to compounds of this series; however, the 
possibility for hydrazinolysis and decomposition 
should be taken into account while choosing condi-
tions for the reaction of geminal bis(alkoxy-NNO)-
azoxy compounds with hydrazine. 

EXPERIMENTAL 

Compounds I–IV were synthesized according to 
the procedures described in [8–11]. The kinetics of the 
hydrazinolysis were studied by the pressure gage 
technique using a Bourdon tube (100–200 mg of 
substrate and 2 mL of hydrazine hydrate). The 
temperature was maintained with an accuracy of ± 0.1°C 
with the aid of a water thermostat. Gaseous products 
were analyzed on an LKhM-8MD chromatograph 
equipped with a thermal conductivity detector and 
copper columns, 6 m × 5 mm, packed with Polisorb-1 
(0.2–0.3 mm); carrier gas helium (flow rate 100 mL/min), 
oven temperature 35°C.  

Compound 
no. 

Temperature,  
°C keff, s–1 

N2 N2O 

I 80 1.0 × 10–7 0.8 0.2 

II 80 1.5 × 10–6 b – – 

III 50 1.6 × 10–4 b 0.03 1.64 

IV 50 1.4 × 10–5 b 0.02 1.94 

Yielda 

Effective rate constants of the hydrazinolysis of compounds 
I–IV and yields of the products 

a Moles per mole of the reacted substrate. b The value should be 
 regarded as a rough estimate, for the substrate was sparingly 
 soluble in hydrazine hydrate. 
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The stability of compound I to reducing agents 
was estimated according to the procedure described in 
[7]. a. A weighed sample of I was added to a solution 
of 0.5 g of ammonium fluoride in 5 mL of con-
centrated aqueous HCl. The mixture was purged with 
argon, 10–40 mL of a 0.08 N solution of titanium(III) 
chloride in 20% aqueous HCl was added, and the 
mixture was heated for 20 min under reflux in a stream 
of argon. The mixture was then cooled, 2 mL of 10% 
ammonium thiocyanate was added, and the mixture 
was titrated with a 0.15 N solution of iron(III) chloride.  

b. Mohr’s salt, 1 g, was added under argon to                 
30 mL of a 1.5 M solution of potassium hydroxide, a 
weighed sample of I was added, and the mixture was 
heated for 15 min under reflux. The mixture was 
cooled, 20 mL of concentrated aqueous HCl and 2 mL 
of a 10% solution of ammonium thiocyanate were 
added, and the mixture was titrated with a standard             
Ti(III) solution. 
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