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Abstract-Acryl radicals combine with nitroso compounds to give acyl-alkyl-nitroxides, which are 
identified by their ESR spectra. The acyl radicals are generated by oxidation of aldehydes with suitable 
hydrogen-acceptors such as t-butoxy radicals or by intermediates obtained in the photochemical and 
thermal decomposition of nitroso compounds. During photolysis of alkyl nitrites in hydrocarbon solvents 
the acyl-alkyl-nitroxides appear also and this is explained on the basis of known reactions of alkyl nitrites 
and their decomposition products. 

IN PREVIOUS IWtS2’ ’ we have demonstrated the scavenging properties of nitroso 
compounds for alkyl and alkoxy radicals: 

R: + RN0 --, R’-N-R . A 
dialkyhritroxide (1) 

R’O. + RN0 +R’O-N-R 

A 
alkoxy-alkyl-nitroxide (2) . 

This paper describes three methods (I, II and III) for the formation of ucyl-alkyl- 
and acyl-phenyl-nitroxides, as intermediates in the reaction of acyl radicals with 
nitroso compounds, sufficiently stable for detection by ESR 

R’-C-N-R 
. 

bb 

Method I. The acyl radicals can 
tertiary butoxy radicalq4 formed 
butyl peroxyoxalate (TBPO).s 

RandR’ = alkyl or phenyl 

be generated by oxidation of an aldehyde with 
during the thermal decomposition of terriury 

I I I 
Bt~~~~ T2C02 +2BtO. -BtOH + R'C=O . . . (3) 

In the presence of a small amount of nitroso compound the acyl radicals add to the 
nitroso group : 

R’F + RN0 + R-C-N-R 

CIA 
(4) 

. 

1623 
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In the absence of aldehyde TBPO and RN0 form the t-butoxy-alkyl-nitroxide3 
and from this the dialkylnitroxide by reaction 5: 

BtO+R + BtONO 

bi 

With a large excess of aldehyde however, 
abstract the aldehydic hydrogen atom and 

+ R’-R2NO’ (5) 

the t-butoxy radicals predominantly 
the ESR-spectrum of the acyl-alkyl- 

nitroxide is observed, while that of the t-butoxy-alkyl-nitroxide is weak or absent. 
Only two acyl-phenyl-nitroxides have been previously described in the literature, 

viz acetyl-phenyl- and benzoyl-phenyl-nitroxide, obtained by oxidation of the 
corresponding N-phenylhydroxamic acids.6 This direct method leaves no doubt 
as to the structure of the radicals. There is a close agreement between the hyperfiie 
splitting (hfs) constants of these radicals and the values listed in Table 1 for some 
radicals obtained via method I. The typical ESR spectrum of benzoyl-phenyl- 
nitroxide is given in Fig 1. 

TABLE 1. AWL-ALKYL- AND ACYL-PHENYL-MTROXIDB BY REACTION OF TBPO WITH ALDEHYDIS AND 

NITROSJ COMPOUNDS (IN BENZENE AT 20”) 

Nitroxide aN alp a;; aF;HyGauss) g-Values Ref. 

4--C--N-4 7.7 1.6 

II I- lit. : 7.55 1.54 
00 

Me-C--N-~#J 7.3 1.5 

lit. : 7.18 1.47 

H-N--CMe,(CH,OAc) 

II I* 
00 

8.1 

b--C-NNMe,(CH,OAc) 

II I- 
00 

8.3 

Me-CH=CH-C-N--CMe,(CH,OAc) 8G 

II I- 
00 

Me-C-N-CMe, 8.0 

@7 2.0065 

cw 6 

0.6 0.3 

0.62 0.23 6 

2.0068 

20069 

20067 

2.0068 

The ESR spectra of these nitroxides are characterized by a relatively small nitrogen 
hfs constant (uN - 7-g gauss), indicating a lower spin density on the N atom than 
is found for the dialkylnitroxide, derived from the same nitroso compound. The 
acyl-alkyl-nitroxides have g-values, which are somewhat larger than those of the 
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dialkylnitroxides in the same apolar solvents (2.006569 and 2GO58-62 resp.) 
and smaller linewidths. Therefore in acyl-alkyl-nitroxides the free electron must be 
localised on the carbonyl group to a considerable extent.* This is further supported 
by the ESR spectrum of the nitroxide, derived from N-hydroxyphtalimide, in which 

the NO’-group is flanked by two carbonyl groups As expected the aKvalue decreases 
further to 4.23 gauss, while the g-value increases to 2M73.’ While the a-C-H 
groups from the alkyl substituent attached to N give observable hf splittings, no 
such fine structure is found for the acyl substituent, despite the considerable spin 
density on the carbonyl group.? Ramsbottom and Waters* demonstrated cis-trans 
isomerism in the related acyl-nitroxide radicals R’CO(H)NO’, due to (partly) double 
bond character of the C-N bond In the present study this isomerism is not observed 
for acyl-alkyl- and acyl-phenyl-nitroxides. 

Method II for the formation of the acyl-alkyl-nitroxide is the photochemical and 
thermal decomposition of nitrosoalkanes in the presence of an excess of aldehyde 
(Table 2). Without aldehyde the dialkylnitroxide is formed.g Primary and secondary 
nitrosoalkanes exist almost entirely in the dimeric form at room temperature, while 
tertiary nitrosoalkanes are monomeric in solution to a considerable extent.1o 
Accordingly the acyl-alkyl-nitroxide are formed photochemically at room tempera- 
ture from tertiary nitrosoalkanes and aldehydes by irradiation with red light 
(2 - 680 nm) or thermally above 40”. From primary and secondary nitroso dimers 
monomer is generated by heating to about 60”. At that temperature the thermal 
reaction of the monomer is accompanied by the photochemical reaction with red 
light. At the time it is not clear whether acyl radicals are formed from aldehydes 
through hydrogen abstraction directly by the excited nitroso compound or by its 
decomposition products (e.g. alkyl radicals). This is under investigation. 

Method III. In an earlier paper3 we demonstrated the formation of dialkyl- 
nitroxides and alkoxy-alkyl-nitroxides during photolysis of various alkyl nitrites in 
(cyclo)alkanes or in alkylbenzenes. Some systems showed an additional radical 
signal with low N hfs constant (- 75-8 gauss), which could not be identified hitherto. 
In photolyses of primary nitrites this dominated in the ESR-spectrum and in those 
cases the signal of the alkoxy-alkyl-nitroxide was weak or absent. The N hfs constant 
and the g-value of the unknown radical are in agreement with those of acyl-alkyl- 
nitroxides. The formation of these radicals takes place via addition of intermediately 
formed acyl radicals to nitroso compounds, which are products of the photolysis of 

l This conclusion is in contrast to that of D. F. Minor, W. A. Waters and J. V. Ramsbottom [J. Chem 

Sot. B, 180 (1967)], who compared some acyl-methyl-nitroxides with acyl-nitroxides (R = H; aN - 6 gauss). 
From the higher aN in the former case and the absence of ci.s-trans-isomerism they inferrai no transfer of 

spin density to the carbonyl group. 

t The methyl-H-atoms in acetyl-phenyl-nitroxide form an exception to this rule since they give a very 
small hyperfine splitting. 
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BENZOYL-PHENYL-NITROXIDE 

5 gauss 

FIG. 1 ESR-spectrum of bcnxoyl-phenyl-nitroxide in benzene at 20”. 

alkyl nitrites in hydrocarbons” and are formed in the following sequence of 
reactions : 

R’ONO LR’O + NO’ (6) 

R’O’ + RH -R’OH + R’ (7) 

K+ NO’ -RN0 (8) 

The addition of an alkyl radical to the nitrosoalkane would lead to the formation of a 
dialkylnitroxide (reaction 1). This radical is also regularly observed in these nitrite 
ester photolyses, especially when the hydrocarbon contains tertiary hydrogen. 
Hydrogen-absrraction (reaction 7) is not the only reaction that is open to alkoxy 
radicals, alternative pathways being disproportionation and decomposition’2 The 
course of the reaction is determined by the nature of these radicals Primary nitrite 
esters give primury alkoxy-radicals after photodissociation and from these aldehydes 
are formed by disproportionation. 

2R’-CH2--O’ + R’CH,OH + R’CHO 

The photolysis of n-butyl nitrite gives butanal in 22% yield.” 

(9 

Acyl radicals may arise through H-abstraction from the aldehyde by alkoxy 
radicals as in reaction 3. In the photolysis of n-butyl nitrite in cumene a strong signal 
of butyryl-tcumyl-nitroxide is observed together with di-t-cumylnitroxide, and similar 
radicals are found with other primary nitrites In these cases the alkoxy-alkyl- 
nitroxide is absent or hardly detectable (Fig 2~). This shows that both disproportiona- 
tion and hydrogen abstraction from cumene and from the intermediary aldehyde are 
important reactions of primary alkoxy radicals. Disproportionation of secondary 
alkoxy radicals will yield ketones. However, these radicals can also decompose oia a 
PC-C cleauuge, the most stable alkyl radical being split off, leaving an aldehyde ;’ >I5 
e.g. from 2-butyl nitrite a 10 y0 yield of acetaldehyde is obtained. 

H3C-CH2-i-CH--CH3 + H3C-CH2’ + CH,CHO 
j I 

0’ 

(10) 
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o BtONO 

_D’ 5 - BuONO . $ikHMe2 

C n - BuONO . J6CHMe2 IO gauss 

FIG. 2 ESR-spectra obtained with cumene and primary, secondary and rerfhy butyl nitrite. 

Decomposition of a secondary alkoxy radical requires a higher energy of activation 
than H-abstraction or disproportionation and consequently aldehydes are formed 
with difftculty. Therefore a weak ESR-signal of acetyl-t-cumyl-nitroxide is observed 
in the photolysis of set-butyl nitrite in cumene (Fig 2b). The main reaction of the 
secondary radical is intermolecular hydrogen abstraction from cumene. In this 
system strong signals of di-t-cumyl- and set-butoxy-t-cumyl-nitroxide are produced. 
At higher temperatures decomposition competes more strongly with hydrogen 
abstraction and accordingly the signal due to the acetyl-cumyl-nitroxide increases. 

None of the known reactions for tertiary alkoxy radicals gives rise to the formation 
of aldehydes In accordance with this no ESR-spectra of acyl-alkyl-nitroxide are 
observed during photolysis of t-butyl nitrite (BtONO) in secondary and tertiary 
hydrocarbons like cumene (Fig. 2a). Only the di-(ar)alkylnitroxide (a, - 15 gauss) 
and the alkoxy-(ar)alkyl-nitroxide (aN - 28 gauss) are present. The assignment of the 
acyl-alkyl-nitroxides is further supported by carrying out the photolysis of n-butyl 
nitrite in the presence of various hydrocarbons. With cumene, ethylbenzene and 
toluene these radical-signals show hypetime structure by an increasing number of 
H atoms at the or-carbon atom i.e. none, one and two respectively (Fig. 3). These 
results are in accordance with the structure n-Pr-C-N-R, in which 

8 6 

R = *CMe,-, ‘CHMe- and “CH,-. If the alkoxy radical contains a straight chain 
of at least four carbon atoms, then the possibility of an intrumolecular hydrogen- 
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abstraction (the Barton reaction) exists via a six-membered transition state: photo- 
lysis of n-octyl nitrite in an inert solvent l6 has been shown to lead to the formation of 
45 % of dimeric Cnitroso-octanol-1 and 15 % of o&anal via : 

H,C 
PH2\ 

n-OctONO hv I O’ 
SC\ ,H 

c 
CH9 

I disproport. 

octanal 

When irradiated as a pure liquid n-octyl nitrite forms the expected acyl-alkyl- 

(lmft c H 

(2) + NO’ 4 

nitroxide from the disproportionation product octanal and the Barton reaction 
product Cnitroso-octanol-1. The above-mentioned and previous results3 suggest 
that photolysis of t-butyl nitrite in toluene would lead to t-butoxy-benzyl-nitroxide 
and dibenzylnitroxide. At -40” alkoxy-alkyl-nitroxide is formed exclusively. Unex- 
pectedly at higher temperatures an ESR-signal of an acyl-alkyl-nitroxide appears 
and this is the only radical present at room temperature. It is very probable that this 
radical is the benzoyl-benzyl-nitroxide. The h& constants and g-value are in agreement 
with the values of the same radical, formed by photolysis of benzyl nitrite in toluene. 
This can be explained on the basis of known reactions between the nitroso monomer, 
arisen via reactions (6H8), and NO, resulting in this case in the formation of some 
benzaldehyde as judged from IR-spectra. 

QCH,NO + 2N0 + 

&HIONO + QCH,NO, 

The results obtained in nitrite ester photolyses are collected in Table 3. Abstraction 
of the type of hydrogen atoms, indicated in the sub-headings is observed only. 

EXPERIMENTAL 

Nitrosoalkanes and alkyl nitrites were prepared by known methods.2~3 The ESR-spectra were measured 
as before.’ g-Values were determined, using solid diphenyldipicryl-hydrazyl (g = 20036) as a standard, 
with an accuracy of OMw)2. 
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Fro. 3 ESR-spectra obtained with a-but$ nitrite and cumcne, ethylbenzene and tolucne. 

A&~~wledg~--~ authors wish to express their sincere thanks to Dr. J. D. W. van I’oor& d fbt 
Laboratory for Physical Chemistry of the University of Amsterdam for putting the ESRcquipment at 
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