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Abstract—Bis(4-tert-butylphenyl)aminoxyl was obtained in 80 and 95% yield by oxidation of the correspond-
ing amine and hydroxylamine with H2O2/WO4

2– in methanol at 65°C. The oxidation of bis(4-tert-butylphenyl)-
hydroxylamine to bis(4-tert-butylphenyl)aminoxyl was catalyzed by Cu+ and Ag+ ions which also catalyzed 
disproportionation of the former to bis(4-tert-butylphenyl)amine and bis(4-tert-butylphenyl)aminoxyl. 
Mechanisms of the catalytic oxidation of the amine and hydroxylamine and disproportionation of the latter 
were proposed. 

[O] = 3-ClC6H4CO3H, H2O2/WO4
2–, Me2CO2. 

Bis(4-tert-butylphenyl)aminoxyl (I) is one of the 
most stable diarylnitroxyl radicals. Nitroxyl radicals 
play the key role in the mechanism of stabilization of 
polymeric materials and lubricating oils by diphenyl-
amine derivatives [1–4]. Nitroxyl I is generally pre-
pared by oxidation of bis(4-tert-butylphenyl)amine (II) 
with m-chloroperoxybenzoic acid [1], hydrogen perox-
ide in combination with Na2WO4 [5], and acetone 
peroxide [6], as well as by oxidation of bis(4-tert-
butylphenyl)hydroxylamine (III) with silver oxide [1] 
(Scheme 1). 

From the viewpoint of accessibility of reactants and 
their cost, the most promising is the oxidation of amine 
II with hydrogen peroxide in the presence of Na2WO4. 
However, in this case the oxidation process is very 
slow, and the yield of I attains 70% in 10 days. More-
over, the resulting radical contains impurities of the 
initial amine and by-products assumingly having 
quinoid structure. The latter are difficult to separate by 
crystallization, as follows from the low melting point 
of the target radical (96–98°C) [5]. The goal of the 
present work was to develop a more efficient prepar-
ative procedure for the synthesis of aminoxyl I. 

Amine II is almost insoluble in water; therefore, its 
oxidation with H2O2/WO4

2– was carried out in metha-
nol. The consumption of amine II and accumulation of 
radical I were monitored by HPLC, and the consump-
tion of H2O2 was determined by measuring the volume 
of liberated oxygen. When the evolution of oxygen 
was complete, an additional amount of hydrogen per-
oxide was added. The optimal conditions for the oxida-
tion of amine II were as follows: initial concentration 
of II c0 = 0.20–0.25 M, reactant molar ratio H2O2–II 
2.5 : 3.0 and WO4

2––II 0.1, heating under reflux. The 
conversion of II was ~96% in 6–7 h, and the yield of I 
after recrystallization from methanol was ~80%. 

Presumably, the oxidation of amine II to radical I 
follows a mechanism proposed by us previously for di-
tert-alkylamines [7]. The true oxidant is peroxotung-
state (WO5

2– to WO8
2–) generated by reaction of H2O2 

with WO4
2– [8] [reaction (1) in Scheme 2]. Peroxo-

tungstate oxidizes amine II to hydroxylamine III and 
then to hydroxylamine oxide R2N+(O–)OH [reactions 
(2), (3)]. Nitroxyl radical I is formed via one-electron 
reduction of an equilibrium mixture of hydroxylamine 
oxide R2N+(O–)OH and oxoammonium cation R2N+=O 
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R = 4-tert-butylphenyl. 

with hydrogen peroxide [reaction (4)]. The overall 
process is represented by stoichiometric equation (5). 
Thus the oxidation of 1 mol of amine II to radical I 
requires ~6 mol of H2O2. The greater consumption of 
hydrogen peroxide than it follows from Eq. (5) may be 
rationalized by its catalytic decomposition in the pres-
ence of WO4

2–
 [9]. 

Intermediate hydroxylamine III was detected by 
HPLC. Its current concentration was lower by about 
two orders of magnitude than the concentration of 
amine II. As follows from Eqs. (1)–(4) (Scheme 2), 
[R2NOH]/[R2NH] = k2/k3. Therefore, the rate constant 
k3 is higher than k2 by two orders of magnitude, and 
the rate of the overall process is determined by the rate 
of oxidation of amine II to hydroxylamine III accord-
ing to reaction (2).  

Radical I can also be obtained from hydroxylamine 
III by oxidation with H2O2/WO4

2– under the same 
conditions as in the oxidation of II. The complete 
conversion of III is attained in ~30 min, and the yield 
of I (isolated product) is ~95%. This procedure ensures 
preparation of purest radical I with mp 137°C. The 
physical constants and spectral parameters of pure 
radical I considerably differed from those reported for 
samples of I prepared by other methods [1, 5, 6]. In 
particular, the three long-wave absorption bands at  
λmax 539, 406, and 319 nm in the UV spectrum of I 
displayed vibrational structure (see Experimental). The 
weakest absorption band in the spectrum (λmax 539 nm) 
appreciably shifted to shorter wavelengths in going 
from hexane as solvent to ethanol; presumably, it 
originates from the n → π* transition in the nitroxyl 
group. The IR band at 1420 cm–1 was assigned to 

i = 1–4; n = 4 + i. 

stretching vibrations of the nitroxyl group, for no such 
band was observed in the spectra of amine II and 
hydroxylamine III. 

The 1H NMR spectrum of I contained only a signal 
at δ 6.01 ppm from protons in the tert-butyl groups. 
This signal appeared by 4.71 ppm downfield relative to 
the corresponding signal of amine II due to interaction 
with the unpaired electron with a hyperfine coupling 
constant aH of 0.0063 mT. Signals from aromatic 
protons were not observed in the 1H NMR spectrum of 
I owing to paramagnetic broadening. The ESR spec-
trum of I consisted of 33 lines and showed couplings 
of the unpaired electron with the nitrogen atom (aN = 
0.99 mT) and ortho- and meta-protons in the benzene 
rings (aH = 0.186 and 0.09 mT). 

We also studied oxidation of hydroxylamine III 
with atmospheric oxygen. If no catalyst was added, hy-
droxylamine III was oxidized according to Scheme 3 
with a half-conversion period of 2.5 days. Copper(II) 
sulfate pentahydrate effectively catalyzed the oxidation 
of III. The conversion of III in methanol at 20°C  
([III]0 = 4 × 10–3 M, [Cu2+]0/[III]0 = 0.1) was complete 
in ~6 min. The oxidation of III to radical I was ac-
companied by its reduction to amine II. The fraction of 
amine II in the final product increased in parallel with 
the initial concentration of hydroxylamine III. At  
[III]0 = 4 × 10–3 and 0.2 M, the fraction of II in the 
oxidation product was 1.6 and 21%, respectively.  
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The reduction of III to amine II is the result of its 
disproportionation. The disproportionation of III at 
room temperature in the absence of a catalyst is very 
slow, whereas on heating at the melting point (115°C) 
the conversion of III is complete in ~30 s (Scheme 4). 
In the first step, two molecules of III give rise to 
radical I and aminyl radical R2N 

·; the latter abstracts 
hydrogen atom from the third hydroxylamine III 
molecule to produce amine II (Scheme 5).  
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Catalytic disproportionation of III is likely to 
follow Scheme 6. The first step of the catalytic process 
is addition of III to CuSO4 with formation of complex 
A. Copper(II) ion in aqueous solution exists as octa-
hedral complex [Cu(H2O)6]2+. In going to methanol as 
solvent, a part of water molecules is replaced by 
MeOH. Complex A is formed by replacement of one 
ligand (H2O or MeOH) by hydroxylamine III. The 
reaction of A with the second molecule III leads to 
disproportionation of the latter with formation of radi-
cal I, H2O, and complex B containing aminyl radical 
R2N 

· as ligand. In the final step, complex B reacts with 
the third hydroxylamine molecule, yielding radical I, 
amine II, and CuSO4. Silver nitrate catalyzed the 
disproportionation of hydroxylamine III considerably 

Scheme 6. 
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more effectively than did CuSO4. The reaction in 
methanol at [III]0 = 0.2 and [AgNO3] = 0.02 M 
occurred almost instantaneously (during reactant mix-
ing). The mechanisms of catalysis by Cu2+ and Ag+ 
ions are likely to be similar. 

Scheme 7 illustrates the catalytic oxidation of hy-
droxylamine III with atmospheric oxygen. As in the 
catalytic disproportionation, the first step is addition of 
III to CuSO4 with formation of complex A. The latter 
reacts with oxygen to give radical I and intermediate 
complex C containing HO2

· radical as ligand. The 
reaction of C with hydroxylamine III leads to radical I 
and H2O2 and regenerates CuSO4. 

Scheme 7. 
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The oxidation and disproportionation of hydroxyl-
amine III in the presence of CuSO4 are competing 
processes. The ratio of the average oxidation and dis-
proportionation rates can be calculated from the ratio 
of radical I and amine II in the final product by the 
equation Vox/Vdis = ([I] – 2[II])/3[II] which takes into 
account stoichiometry of the reaction. The reaction in 
dilute methanol solution ([III]0 = 4 × 10–3 M, cO  ≈ 
2 × 10–3 M) gave a product consisting of 98.4% of 
radical I and 1.6% of amine II. This means that the 
rate of oxidation of III to radical I is higher by a factor 
of ~20 than the rate of its disproportionation. The 
contribution of disproportionation increases as the 
initial concentration of hydroxylamine rises. At [III]0 ≈ 
0.2 M (the concentration of oxygen dissolved in 
methanol is lower by a factor of ~100), the fractions of 
radical I and amine II are 79 and 21%, respectively. 
Therefore, the rate of disproportionation is approxi-
mately twice as high as the rate of oxidation. We can 
conclude that preparative oxidation of hydroxylamine 
III in the presence of CuSO4 should be carried out 
under an oxygen pressure of higher than 10 atm to 
minimize formation of amine II. 
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Thus the most efficient procedure for the synthesis 
of radical I is oxidation of amine II and hydroxyl-
amine III with H2O2/WO4

2– in boiling methanol. These 
conditions ensure short reaction time and high 
selectivity. 

EXPERIMENTAL 

Bis(4-tert-butylphenyl)amine (II) was synthesized 
according to the procedure reported in [10] and was 
purified by recrystallization from methanol, mp 108°C. 
Bis(4-tert-butylphenyl)hydroxylamine (III) was pre-
pared from 4-tert-butyl-1-nitrosobenzene and 4-tert-
butylphenylmagnesium bromide according Wieland 
and Rosseu [1, 11] and was recrystallized from hexane, 
mp 113–115°C. HPLC analyses were performed on  
a Milikhrom chromatograph equipped with a 2 × 64-
mm column packed with Separon C18 (5 μm) and  
a UV detector (λ 210 nm); eluent 80% acetonitrile; 
retention volumes, μl: 570 (III), 785 (I), 900 (II). 

Bis(4-tert-butylphenyl)aminoxyl (I). a. A solution 
of 28.1 g (0.1 mol) of amine II in 450 ml of methanol 
was heated to the boiling point, 34 ml (0.3 mol) of 
30% hydrogen peroxide and a solution of 3.3 g  
(10 mmol) of Na2WO4 · 2 H2O in 7 ml of water were 
added in succession, and the mixture was heated under 
reflux on a water bath, the consumption of H2O2 being 
monitored by the evolution of oxygen. When oxygen 
no longer evolved (after ~3 h), a solution of 34 ml  
(0.3 mol) of 30% hydrogen peroxide in 200 ml of 
methanol was added, and the mixture was again heated 
under reflux until evolution of oxygen ceased (~3.5 h). 
Most part of methanol (420 ml) was distilled off, the 
residue was cooled, and the precipitate was filtered off, 
washed with 50% methanol, dried in air, and recrystal-
lized from methanol. Yield 23.8 g (80%), red crystals, 
mp 134–135°C; published data: mp 134–135°C [1], 
96–98°C [5]. According to the HPLC data, the product 
contained 99% of I and 1% of amine II. 

b. A solution of 1.49 g (5 mmol) of hydroxylamine 
III in 25 ml of methanol was heated to the boiling 
point, 1.7 ml (15 mmol) of 30% hydrogen peroxide 
and a solution of 0.165 g (0.5 mmol) of Na2WO4 · 
2 H2O in 0.5 ml of water were added in succession, and 
the mixture was heated under reflux on a water bath 
until complete consumption of initial hydroxylamine 
III (~30 min) and treated with 5 ml of water. The mix-
ture was cooled, and the precipitate was filtered off, 
washed with 80% methanol, and dried under reduced 
pressure. Yield 1.41 g (95%), red crystals, mp 137°C. 

UV spectrum, λmax, nm (ε, l mol–1 cm–1): in EtOH: 495 
(1020), 467 sh (1040), 456 (1130), 433 sh (1140), 407 
(1340), 321 (21 800), 294 sh (14 300), 252 (3000); in 
hexane: 572 sh (102), 539 sh (172), 510 sh (196),  
480 sh (450), 442 sh (926), 428 sh (1030), 406 (1230), 
319 (25 000), 309 sh (21 400), 300 sh (16 200), 292 sh 
(14 400), 284 sh (12 300), 254 (3100). IR spectrum 
(CCl4), ν, cm–1: 3060 and 3040 (C–Harom), 2960, 2904, 
2866 [C(CH3)3], 1590 and 1492 (C=Carom), 1420 (NO). 
1H NMR spectrum (500 MHz, CDCl3), δ, ppm: 6.01 s 
(18H, CH3); signals from aromatic protons were not 
observed because of paramagnetic broadening. ESR 
spectrum (toluene): 33 lines, aN = 0.99, ao-H = 0.186, 
am-H = 0.09 mT. 

c. A solution of 0.025 g (0.1 mmol) of CuSO4 · 
5 H2O in 0.5 ml of water was added to a solution of  
0.3 g (1 mmol) of hydroxylamine III in 5 ml of meth-
anol. The mixture was vigorously stirred (so that  
a vortex cavity appeared) until complete consumption 
of hydroxylamine III (~30 min), and 5 ml of water 
was added. The precipitate was filtered off, washed 
with 80% methanol, and dried under reduced pressure. 
Yield 0.28 g (95%), red crystals, mp 105–125°C. 
According to the HPLC data, the product contained 
79% of I and 21% of II.  
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