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-,--It IS dcmonstratad that nitroxidcs can bc gcncrated by photochcmical or tbcrrnal dccomposttloa 
of C-nltroso compounds. The nitroxidc-formation takes plaoc In both cases via the mtroso monomer. 
The mflucncc of the wavelength on the photocbcmical rcactlon u dIscussod. 

IN PART I of this series,’ we demonstrated by ESR the formation of dialkylnitroxides, 

from monomeric nitroso-alkanes by irradiation with red light; no dark reaction was 
found at room temperature. These results are in marked contrast with those of 
other authors. In a recent paper Theilackcr et al.’ reported the thermal formation 
of radicals from dimtric nitroso compounds to which they ascribed the structure 

R--h’ b--R. . . AA 
but subsequently it was stated by Strom and Bluhm.’ that the radicals obtained 
from nitroso-alkancs were in fact the dialkylnitroxides The latter authors succeeded 
in obtaining the same ESR signals by irradiation of nitroso-alkanes with the un- 
filtered light of a high pressure mercury lamp.* Finally, Maruyama et al.’ produed 
diphenylnitroxides from substituted nitrosobenzenes by irradiation with UV light. 

With respect to the mechanism of ttnz formation of the nitroxides both Strom and 
Bluhm, and Theilacker have pointed out, that the presence of the dimeric form of 
the nitroso compounds is necessary for this formation, and that completely monomeric 
nitroso compounds like p-nitrotiimethylaniliac do not gjve radical signals after 
heating’ or UV irradiation.3 From this it was concluded that the dimer is involved 

l A. Mackor, Tb. A. J. W. Waler. Th. J. dc Boer and J. D. W. van Voonf Ttlt&dron f.e~rts, 2115 ( 1%) 
’ W Thcilockcr, A. Knop and H< Uflmann. Angew. C)um. 77.717 (1965). 
s E Th. Strom and A. L. Bluhm. Chem. Comwt 1 I5 (I!%), 
’ Is Th Strom. private communication 
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in both the thermal2 and photochemical’ formation of nitroxides; the reaction was 
described by Strom and Rluhm as follows: 

The present paper deals with : 

(a) Structural factors that favour thermal nitroxide-formation from nitroso- 
al kanes. 

(b) The role of monomeric and,‘or dimeric nitroso compounds in thermal and 
photochemical nitroxide-formation. 

(c) The influ ence of the wavelength on the photochemical reaction. 

Thermal reaction. It is found that a nitroxide, which can be formed photo- 
chtmicaliy, generally can also be obtained by a thermal reaction from the same 
nitroso compound. In contrast with the photochemical formation there are differences 
in reactivity, depending on the nature of the alkyl substituent. 

Secondary nitroso compounds are thermally less reactive than tertiary, while the 
presence of a phenyl group at the rcarbon-atom greatly enhances the tendency to 
form nitroxides. Thus tertiary nitroso-alkanes form nitroxides at about 80” in 01 
molar solutions, while secondary compounds require higher temperatures (100 120”). 

The activating influence of phcnyl substituents in the a-position is demonstrated 
by the increasing case of nitroxidc-formation from phenylnitrosomethane, l-phenyl- 
nitrosoethanc, and diphenylnitrosomcthane (at about 80’;. 60- and 20” respatively). 
More striking is the diffcrencz in photochemical and thermal behaviour of nitro- 
sobcnzene and 1 -acetoxy-1-nitrosocyclohexane. Nitrosobenzene remains unchanged 
with red light, UV light king necessary for the formation of the diphenylnitroxide, 
while thermal nitroxide-formation proceeds even slightly above room temperature. 

On the other hand 1-acetoxy-1-nitrosocyclohexane does form the di-( l-acetoxy- 
cycIohexyl)nitroxidc with red light, while thermally no nitroxidc can be generated 
at temperatures up to 120 _. In this respect, Lawn* obtained a radical by reaction 
of the I-acetoxy-I-nitrosocyclohcxane with base (triethylamine). We have proved 
that this radical is the same as formed by irradiation with red light, and that it is 
the didacetoxycyclohexyl)nitroxidc, because of the close agreement in g-values 
(s = 2XMMl) and hyperfinc coupling constants (L+ = 13.2 gauss; qi, = 0.65 gauss 
(4H) and uH1 = @32 gauss (4H)). A radical-anion of the nitroso compound as sug- 
gested by Lown should have essentially different h.f.s.constants and must therefore 
tz excluded. 

Mechanism of rhe photochemical nitroxfde-formnlion. t-Butylphenylnitroxide is 
formed as the only product by photolysis of t-nitrosobutane in the presence of excess 
nitrosobenzenc, which by itself is stable with red light. From this fact it’can be 
concluded that a relatively long-living intermediate, arising from the monomer must 
IX present. The product formation from the intermediate is determined by the 
probability of meeting another molecule of nitroso compound. These results exclude 

6 J. W. I-own. J. (‘km. Sw. I3 441 (1964). 
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the intramolecular dimer 
intermolecular reaction : 

react ion in this case. There are two possibilities for the 

RN0 + R’NO kd R N-R’ + NO . . . . . . .(I) 

0 
I 

Rh’O+ R’ N--N R’-FdR h’-R’+R’NO+NO. t , t . .121 

A 6 
In order to decide between (I) and (2), experiments were carried out with mixtures 
of two nitroso-alkanes-the tertiary I-acetoxy-2-methyl-2-nitrosopropane, which is 
largely present as monomer, and an excess of the secondary 2-nitrosopropane, which 
is known to exist almost entirely in the dimeric form at or below room temperature.’ 
By irradiation with red light at -25” only the di-t-alkylnitroxide is formed, but at 
+40” the dimeric secondary 2-nitrosopropane dissociates partly and the mixed 
nitroxidc appears (Fig. 1). This indicates again, that the ratio of the monomeric 
nitroso compounds determines the product ratio. This is only compatible with an 

(3) 
\ 

--7 >-I- 

(b) 

RG. I. ESR 

5 gauss 

Y-- ’ *L- ‘f 
spccm of nltroxidcs geocra~a! by phorolysu (680 nm) of 2-methyl-2 

sopropane and 2-nirrosopropane at (a) - 25” and (b) +40”. 
-IllUO- 

B. G. Gowenlock and W. Liitrkc. Quart, Rnl 12, 321 (1958). 
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intermolecular reaction Mween two monomer molecules, thus proving the correct- 
ness of (l), excluding the intramolecular dimer-mechanism as suggested by Strom 
and Bluhm’ for the photochemical reaction. Further evidence for this conclusion 
comes from the formation of the nitroxide by photolysis of 1 -acctoxy-I -nitrosocyclo- 
hexane, which is completely monomerized.8 

The reason why p-nitrosodimethylaniline does not give a nitroxide itself thermally 
or ph6tochemically. is the strong mesomeric interaction between the dimethylamino 
group and the nitroso group, thus conferring partly double bond character on the 
C NO bond.’ However. this compound can participate in the formation of a 
mixed nitroxidt both photochemically and thermally (1203 by adding it in excess 
to a reactive tertiary nitroso-alkane. The assignment of the h.f.s. due to the aromatic 
protons is supported by comparison of the ESR spectrum with that of the orrho- 
dideuterated compound. 

Mechanism of thermal r&oxide--ormurion. Possible pathways leading to the 
thermal formation of nitroxidcs arc: (a) intramolecular reaction of a dimer and 
(b) intermolecular reaction Mween a reactive monomer or dimer with a %on- 
reactive” monomer or dimer. All possibilities but the monomer-monomer mechanism 
can be excluded on the basis of the following experiments: 

Formation of the mixed nitroxide from complctcly monomeric p-nitrosodimethyl- 
aniIine and a monomeric tertiary nitrosoalkane proves that a dimer is not essential. 
The same conclusion can be drawn from experiments with solutions of diphenyl- 
nitrosomcthane. At room temperature the di-(diphcnylmcthyl)nitroxide is formed. 
By addition of an excess of the less rcactivc l-acctoxy-2-methyl-2-nitrosopropane 
only the ESR spectrum of the mixed diphenylmethyl-t-alkyl nitroxide is found (Fig. 2). 

(d) 

J J I J 

5 gauss 

J 

i f 
FIG. 2 ESR spectra 04 nrtroxdc~ gcncrakd thnmally from: (a) [)lpbcnyMr~mctbane 

at 20 ‘; (b) Diphcnylnitrosomcthanc with an excess of I-aaroxy-2-methyl-2-nitrosopropanc al 40 

’ H. Kropf. Anqnu. Chem. 77. 1030(1%5). 
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The spontaneous formation if diphenylnitroxide from monomeric nitrosobenzene 
and the general observation of the non-reactivity ofdimeric nitroso-alkanes suggest 
that some monomeric diphenylnitrosomethane must have baen present and initiated 
the reaction. This is in accordance with the observation that isomerization of di- 
phenylnitrosomethane to benzophenone oxime, which prcnzc4.s via the monomeric 
form. takes place at temperatures where nitroxide-formation is also important. 
Final support for these conclusions is obtained by the reaction between mixtures of 
(monomeric) t-nitrosobutane and (dimeric) 2-nitrosopropane. When a 1:3 mixture 
of the t-nitrosobutane and 2-nitrosopropane is heated to 120” only the di-t-butyl- 
nitroxide is formed. With a 1 :250 mixture the signal of the t-butyl-isopropylnitroxide 
is obtained. In the former case there is an excess of the monomeric t-nitrosobutane. 
while in the latter case monomcrS are present in comparable concentrations. On the 
basis of the foregoing results the possibility of the thermal nitroxide-formation via 
an (intramolecular) dimer-reaction as supposed by Theilackcr et ~1.~ and Strom and 
Rluhm3 can TV excluded. 

The influence of the wavelength on photochemicul nitroxide-jormation. For mono- 
meric nitroso compounds tooth UV and visible absorption bands have betn described. 
while for dimeric nitroso compounds only a UV absorption band is known.’ We 
have already mentioned the action of red light (ca, 680 nm) upon monomeric nitroso- 
alkanes and of UV-light (320 360 nm) upon nitrosobenzene.’ 

T~stt- 1, ESR-SPFCTRA OF NITROXII>= R,Rl NO (IK o-XYU~) 
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In the following typical cases we have demonstrated the formation of symmetrical 
nitroxides by irradiation with UV light (313 nm) from nitroso~nzene, l-acetoxy-l- 
nitrosocyclohexane, t-nitrosobutane and nitrosocyclohexane. In a systematic study 
of the eficctive wavelength it has been found that the two spectral regions, mentioned 
above, are capable of prducing nitroxides from nitroso-alkaaes. lo These coincide 
with the absorption bands of the monomer; the spectral interval between those bands 
is not active. Nitrosocyclohexane does not give nitroxide signals at 20” after irradi- 
ation with red light, indicating that no monomer is present. However, the nitroxide 
is formed with UV light at 313 nm. Since we have directly demonstrated, that dimeric 
nitroso-alkanes are dissociated into two monomers by irradiation with UV light at 
low temperatures, ‘I this can also be explained in terms of a monomer mechanism. 
This evidence makes it probable that after cleaving the dimcr. the resulting monomer 
can t>e converted into a nitroxide, although the possibility of a more direct pathway 
from the excited dimer cannot h entirely excluded in UV light induced reactions. 

EXPERlMENTAL 

The compounds L3aimcrhyl-2-nltrtbu~n~ phcnylniIrosorncthanc, l-phcnylnrtrosocrhane, di- 
phenylnitrosomcrhane and nitrosocumenc were prepared by photochemical nitro.sarion of [he corrcs- 

pndmg hydrcxarbons. ” All o&cr compounds were synthesrml according to known methods ” The 

FSR-sFm_tr;r wcrc mcasurcd using a Varran V 4502 LSR sfnxtromctcr wlrh 100 kc s modulallon along 

with a V 4531 mul~ipurpr cawty and a bariabk temp. axeswry. financed by ~hc Srrchtmg voor 

Schcrkundrg Onder.oek m Nederland 
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