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Spin Trapping: The Rate of Addition of t-Butoxycarbonyl Radicals to 
2-Methyl-2-nitrosopropane ('t-Nitrosobutane') 

By 11. JOHN PERKINS* and BRIAN P. ROBERTS 
(Depnrtmeiat of Cheinistry, Chelsea College, Manvesn Road, London SW3 6LX) 

Sui.lzmai/y The second-order rate constant for the title 
reaction has been determined to be 1.1 x loG 1 mol-l s-l 
in di-t-butyl peroxide a t  40". 

ALTHOUGH spin trapping, i.e. the forniation of relatively 
long-lived radicals by radical addition to diamagnetic 
scavengers (e.g. C-nitroso-compounds and nitrones) is now 
a widely recognised technique in free-radical chemistry, 
little quantitative information is available regarding the 
reactivities of the various scavengers in the additional step. t 

The only figure for the rate of radical addition to a C- 
nitroso-compound appears to be the approximate value for 
addition of methyl radicals to nitrosobenzene ( 10s-107 1 
mol-1 a t  65") which can be deduced from Szwarc's 
methyl affinity data" and an estimate of the rate of addition 
of methyl radicals to b e n ~ e n e . ~  

It seemed possible that rate data for related reactions 
might be obtained by studying the build-up of spin- 
adducts of radicals Re and R'. during competition between 
a unimolecular reaction of R. (+ R'.) of known rate, and 
the bimolecular scavenging of Re by the spin trap. Our 
initial studies of this possibility have been with the widely 
used scavenger t-iiitrosobutane, and we have now obtained 
reproducible results in the case of R. = ButOCO. These 
butoxycarbonyl radicals were generated by hydrogen 
abstraction from t-bu tyl formate using t-butoxyl radicals 
produced by thermolysis of di-t-butyl hyponitrite. Arr- 
henius parameters for unimolecular decarboxylation of 
ButOCO [equation (5)] are known with soine preci~ion.~ 
Furthermore the particular nitroxide spin-adducts formed 
by addition of both alkoxycarbonyl radicalsG and the 
fragment radicals R'. (=But.) to nitrosobutane are especi- 
ally long-lived, thus minimising possible cornplications 
from bimolecular decay of the spin adducts. 

A difficulty with the above procedure is that butoxyl 
radicals are themselves trapped by nitrosobutane, and the 
resulting adduct (I) fragments to give butyl radicals.' The 
kinetics of this fragmentation were therefore examined in 
the absence of t-butyl iormate in order that a correction 
could be made to the results obtained in its presence. For 
these experiments it was assumed that all the t-butyl 
radicals are scavenged by nitrosobutane and that the 
nitroxide (11) is not removed from the system. With these 
assumptions, the relationship [(II)lt - [(II)], = k,J: 
[(I)] dt may be derived (where 0 and t refer to time 0 and 

ButO. + ButN : 0 + ButONO. 
I 

(3) 

ButO. + ButOCHO -+ ButOH + ButOCO 

ButOC'O -+ But* + CO, 

ButOCO + ButN : 0 -+ ButOCON(But)O* 

(4) 

( 5 )  

(6) 
(111) 

time t ,  respectively). In all calculations the first moments 
(M) of the derivative spectra were taken as proportional to 
radical concentrations, employing the low-field lines of the 
nitroxides (1)-(111) which were well separated. A plot of 
{ (M(Ill)t - (M(II)) ,, } against S',M(,) dt (evaluated graphic- 
ally) was linear over a period sufficient for a tenfold increase 
in M(II). From the slope of this, the value of h, a t  40" in 

t Since this communication was submitted, a paper by Janzen et a1.2 has appeared in which the rate constant for spin-trapping of 
benzoyloxy radicals by phenyl t-butyl nitrone has been estimated to  be 105-10s 1 mol-l s-l at 40" 
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di-t-butyl peroxide solvent was calculated as 1.1 f 0.3 
x s-l, independent of nitrosobutane concentration 
(0.062-0.152~) and of the average concentration of (I) 
(varied by a factor of four by changing the concentration of 
di-t-butyl hyponitrite). From reactions between 20 and 40" 
in benzene, the temperature dependence of R,  may be 
approximated by the equation log (R,/s-l) = 16.0 - 27*3/0, 
where 8 = 2.303 RT kcal mol-l. The independence of h, of 
nitrosobutane concentration in both solvents supports the 
assumption that all the t-butyl radicals are scavenged by the 
nitrosoalkane under our conditions. 

In  the presence of t-butyl formate, and with the additional 
assumption that scavenging [equation (6)] and decarboxyla- 
tion [equation (5)] are the only reactions open to butoxy- 
carbonyl radicals, the relationship K , / K 5  = { [(111)It - 

may 
be derived. For reaction times of ca. 30min a plot of 

M(,)dt) gave a straight line from the slope of which R,/R5 
could be determined. 

In order to  minimise errors from solvent effect, &/k5 was 
determined in di-t-butyl peroxide, which had previously 
been employed as solvent for the determination of R 5 . $  At 
40" the ratio K6/h5 was essentially independent of nitroso- 

[(WloI/({C(II)lt - [(II)Io - ~ , J m l d t 1 [ B u t N :  01) 

W ( I &  - (M(I11))d against W ( 1 X ) ) t  - (M@))o - a- 
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butane concentration (0.0034-0.154~) and equal to 11 f 
3 1 niol-l. Extrapolation from the published data gives 
k ,  (40") = 1.0 x 105s-l, whence h, (40') = 1.1 x 10gl 
mol-l s-l in a 2~ solution of t-butyl formate in di-t-butyl 
peroxide. The rate constant for the addition reaction in 
benzene is probably very similar. 

Preliminary experiments with the nitrone PhCH = K- 
(4 0 ) B u t  indicate that the rate constant for its reaction 
with butoxycarbonyl radicals is also ca.  lo6 lmol-l s-l. 

In  the course of the earlier work on decarboxylation of 
butoxycarbonyl radicals,5 a parallel investigation of l-ada- 
mantyloxycarbonyl radicals had been undertaken. How- 
ever no l-adamantyl radicals could be detected. Wtilisa- 
tion of the spin-trapping method with this system has 
revealed the unexpected result that  butoxyl radicals 
abstract hydrogen from the 3-position of the adamantane 
nucleus far more readily than they do from the formyl 
group. Probably the 3-forrnyloxy-l-adamantyl radicals 
thus formed escaped detection in the earlier work because 
of the complexity (and consequent low signal strength) of 
their e.s.r. spectra. 

We thank the S.R.C. for grants in support of this work. 

(Received,  29tJi Novembev 1972; COWL. 1996.) 

$ The correction term k,  SbM,,,dt, which was usually small, was calculated using k ,  = 1.1 x s-1. The magnitude of k ,  is not 
expected to be greatly influenced by the presence of t-butyl formate. In di-t-butyl peroxide containing ethyl formate ( 2 ~ )  k,  (40') = 
8.0 x s-I; with t-butyl alcohol (ZM) k ,  (40") = 1.5 x 
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