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Nitrosoalkanes possess free-radical scavenging properties. The reaction with alkyl- 

radicals has been shown to proceed via diallrylnitroxides, stable free radicals with 

characteristic e.s.r.-spectra (1,2). 

In this paper we wish to describe the formation of alkoxy-alkyl-nitroxides 

RO R' 
\/ 

obtained by addition of alkoxy-radicals to nitroso compounds. 

During photolysis of various alkylnitrites with W-light in (cycle-) alkanes or in al- 

kylbenzenes signals of at least two radicals appear (table 1). One of the radicals is 

identified as the dialkylnitroxide with known nitrogen-(aNm15 gauss) and hydrogen- 

h.f.s. constants. Its formation can be explained by the following sequence of reactions: 

“1 Part of the forthcoming thesis of A. Mackor. 

Part II. Th.A.J.W. Wajer, A. Mackor, Th.J. de Boer and J.D.W. van Voorst, to bc 

published. 
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RON0 hv,RO’ + NO’ 

RO' + R'H -ROH + R" 

R" + NO' --3R'NO 

R" + R'NO -R'2NO' 

The presence of nitrosoalkanes during these photolyses has been demonstrated (3). 

The second radical has a high spin density on a nitrogen atom (aNn/2'j-30 gauss) and a 

g-value, slightly different from that of ordinary dialkylnitroxides. Its e.s.r.-signal 

is predominant over that of the dialkylnitroxide at temperatures below -40°C. but it 

disappears rapidly upon interruption of the irradiation. Information concerning the 

structure of this radical was obtained by photolysis in the presence of various hydro- 

carbons of tertiary butylnitrite (BtONO). With cumene, ethylbenzene and toluene, these 

radical signals show interaction with an increasing number of hydrogen atoms at the 

a-carbon-atom i.e. none, one and two respectively (fig. 1). 

FIG. 1 

I 

10 gauss 

These results are in accordance with a structure X - N - R'. in which R' = #-yMe2, 

$-FHMe or $-$ZH2. 
I- ’ 

0 

Photolyses of cumene with tertiary and with secondary butyl nitrite 

of dicumylnitroxide as judged from the e.s.r.-spectra. The nitrogen 

of the other radical obtained with these two nitrites are different 

presence of alkoxy-alkyl-nitroxidcs with a tertiary butoxy-group 

lead to formation 

coupling constants 

, supporting the 

(fig. 2a)and a 



secondary butoxy-group ( fig. Zb) arising through 

RO' + R'NO-+RO - N - R' 
I. 
0 

FIG. 2 

10 gausa 

E s - i&ON0 . $CHMe2 

TABLE1 

Radicals formed during photolysis of alkylnitrites in hydrocarbon solvents. 

Alkylnitrite 

tertiary ______-_ 

BtONO 

BtONO 

BtONO 

BtONO 

MONO 

BtONO 

secondary ________ 

s-BuONO 

primary ______- 

n-BuONO 

Solvent 

tertiary H*) ________-_ 

cumene 

isobutane 

2,3-dimethylbutan 

secondary H "1 ______-____ 

ethylbenzene 

cyclohexane 

primary H "1 _________ 

toluene 

tertiary H “1 
__________ 

cumene 

cumcnc 

Diallwlnitroxide 

SN _qI (gauss) 

15.3 

15.7 

14.9 

15.1 9.4 (2H) 

14.3 4.4 (2H) 

not observed 

15.2 

15.1 

Alkoxy-alkyl-nitroxide 

% &H (gauss) 

28.0 

28.3 

27.6 

26.9 4.2 (IH) 

26.9 4.4 (IH) 

27.0 6.5 (211) 

29.6 

not observed 

‘1 Abstraction of the indicated type of Ilydrogen is observed exclusively. 
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Ihis was proved independently by mixing tertiary nitroso compounds with tertiary butyl- 

-peroxy-oxalate (TBPO) in inert solvents like CFClj or benzene. TBPO decomposes at 

roomtemperature exclusively according to the following equation as was found by 

Bartlett (4): 
I I I A 

BtO + O-C + C-O ; OBtbZBtO' + 2C02 
I pi 1 

The tertiary butoxy-radicals are thus produced in a very "clean" way. At the start only 

the alkoxy-alkyl-radical signal is present, while a signal of the dialkylnitroxide is 

slowly built up during the reaction, probably by decomposition of the unstable alkoxy- 

-alkyl-nitroxide (fig. 3a). If the reaction of BtO-radicals (from TBPO) with the ter- 

tiary nitroso compound is carried out in ethylbenzene, a competition between addition 

of BtO' to the nitroso compound and abstraction by BtO' of benzylic hydrogen from the 

solvent takes place. This gives rise 

nitroso-alkane with formation of the 

BtO' + 

#CRiNe + . 

to the a-phenylethyl radical, which adds to the 

tertiary alkyl-a-phenylethyl-nitroxide (fig. 3b) 

$CH2Me4BtOH + @X3Me 
B l 

RN0 - $-q-N-R 
Me;' 

FIG. 3 

TBPO . Bt NO 

I 

4 

10 gauss 

f 

b I” ethylbenzene 

The structural relationship between alkoxy-alkyl-nitroxides and nitroalkane radicalan- 

ions is illustrated in their e.s,r.-spectra. In the aliphatic series Hoffmann et al. 

(5) have obtained a mixture of the tertiary nitrobutane radicalanion and di-tertiary 
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butylnitroxide signals during electrochemical reduction of tertiary nitrobutane, compa- 

rable with the signals obtained by photolysis of tertiary butylnitrite in isobutane 

(fig. 4). 

FIG. 4 

t-NITROBUTANE RADICALANION 
+ DI - t - BUTYLNITROXIDE in glymc 

t-BUTOXY-t-BUTYLNITROXIDE 
+ DI - t - BUTYLNITROXIDE in asobutone 

In the aromatic series: the nitrobenzene radical anion $NOz (6) has splitting constants, 

which have been listed in table 3, together with those of t-butoxy-phenyl-nitroxide 

$N02Bt. A very strong signal of the latter radical was obtained by us in the reaction 

of TBPO with nitrosobenzene. It has the same splitting constants as found by Ward for 

the #NO2H- radical (7), apart from a small additional splitting by the hydroxyl proton. 

The results with TBPO are collected in table 2. 

References for the preparation of nitrosoalkanes are given in (I) and for alkylnitrites 

in 

We 

of 

(8). 
thank the Koninklijke/Shell Laboratory, Amsterdam for a generous gift of isobutane 

high purity. 
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IABLE 2 

Radicals formed during reaction of t-butyl-peroxy-oxalate with nitroso compounds. 

Nitroso compound 

I 
Solvent 

Me3CN0 
Ye3CN0 
(AcO)Me2CN0 

(AcO)Me2CNO 

&H(NO)Me 

nitrosocyclohexane 

nitrosobensene 

-F 

1 

CFCl3 

ethylbensenc 

CFCl 
3 

benzene 

Temp. 

(“Cl 

20 

20 

20 

20 

30 

40 

t20 

benzene and 

CFCl3 

benzene 

CFCl3 

I to -70 

Dialkylnitroxide Alkoxy-albl-nitroxides 

SN zH (gauss) =N sH buss) I 
15.4 28.1 

15.3 3-S (IH) 20.1 

15.1 28.0 

1582 27.8 

15.4 10.0 (2H) 27.1 4.3 (IH) 

14.7 (mixture) 26.9 4.4 (IH) 

not observed 14.9 3.1 (0,p) 1.0 (m) 

I J 

TABLE 3 

Comparison of nitrogen- and hydrogen- h.f.s. constants in nitrobenzene 

radicalanion, hydroxy-phenyl-nitroxide and t-butoxy-phenyl-nitroxide. 

Radical %N < $ z; g? (gauss) Solvent x. 

$NO2 8 10.3 3.3 3.5 1.1 MeCN (6) 

P(N02H 15.0 3.1 3.1 1.1 0.38 THF (7) 
#N02Bt 14.9 3.1 3.1 1.0 CFCl 
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