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Azoalkanes decompose on heating or irradiation into molecular nitrogen and alkyl 

radicals. Whether this reaction is concerted or proceeds via diasenium has been a 

matter of controversy in recent years, l-7 

In this paper ve would like to present evidence which shovs that the photo decomposi- 

tion of azoesters is a tvo-step process as evidenced by the appearance of discrete diarenium 

radicals. 

The similarity in the photochemical and thermal reactions of azoesters led us earlier 

to suggest that they proceed via a conaon intermediate, triplet excited asoester. 
0 

- 

This species had as yet not been observed. We therefore photolysed a series of azoesters 

(la- lc) in the cavity of an ESP spectrometer at various temperatures. No triplet species 

vere detected. indicating that they are either unimportant in the photoreactions of 

azoester or too short lived to be observed even at 77 X. Instead, ESR signals ware observed 

which appear to stem from the diazenium radicals & - 2 (Table 1). 

R02C-N = N-CO28 & BO C-N = N' + 
2 

(-CO R) 
2 

la = R&i3 2a = R&H3 

lb = R=C2H5 2b = =2H5 

lc = ILt-C4H9 2C * &t-C4H9 

The ESR spectrum of the radical formed from dimethyl aeodicarboxylate (la) is shown 

in Fig. 1. The hyperfine splitting pattern obviously arises from the interaction of an 

unpaired electron vith tvo non-equivalent nitrogen atoms and three equivalent protons 

(aN 8.56 and 1.70 G, aH 0.30 G). The splittings are of the same magnitude as those ob- 

SeNed for the radical anion of dimethyl asodicarboxylate (aI 5.9 G, a,, 0.9 G.).’ 
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Fig. 1. 

Fig. 2. 
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BSR spectrum at 25’ of the radical formed on photolysis of la -* 

Calculated hyperfine coupling constants (in G) for the 
at various N-N distances. (N2 refers to the terminal 

Table 1. Hyperfine coupling constants (in G) and g values of the radicals formed on 
photolysio of the azoesters & - 2. 

Ester Dimethyl- (+25’) Diethyl- (-60°) Di-t-butyl- (-60’) 

aN 
a.56+0.05 a.5oto.05 8.5620.05 

ik 
I .78*0.03 1.85x0.05 1.75+0.05 

aH 0.38*0.02 0.3920.02 (CH2) not resolved 

linewidth 0.2 0.3 0.5 

g value not measured 2.0063f0.0002 not measured 

The diazenium radicals were unaffected by radical scavengers like oxygen, which 

merely caused reversible broadening of the signals, and could not be trapped by 2-methyl- 

-2-nitrosobutanone-3.” The unusual stability of the radicals 2 -C is further shown 

by their half lives of about 1 min at 25O. 

It is difficult to explain why earlier workers have failed to observe diazenium 

radicals of type 2.7*11 One possibility is of course that we have been observing radicals 

which stem from some impurity. However, we could not detect any impurities in our samples 

by TLC. 

The similarity between our observed spectra and that of compound 1 (ah = 1.67 and 

11.61 G) ‘I2 indicates that a strwzture related to 2 is also possible. 

0' 
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It is difficult to envis8gc a reasonable structure of this type derived from amester. 

Ve therefore strongly favour the diucnium structure 2 for the observed radicals. 

This assignment further supported by the result of an IMDO calculation of the split- 

tings as a function of the nitrogen-nitrogen distance in a radical of the type 2 

(Fig. 2).13 At N-N = 1.33 A, % = l-0 0, 
agreement with the observed val?eo. 

+ 
2 

= 8.8 G, and aI, I 0.17 0, which is in good 

While isotope effects and chemical evidence indicate that unsyswtrical axe capouods 

may be decomposed in a stepvise manner, 2,4,5 it has been suggested that the decomposition 

of oynnnetrical aeo compounds is concerted. 2.3 The photochemical decomposition of azoiso- 

butyronitrile may be an exception. This reaction has been cldrd to generate a diasenium 

radical but the claim has been disputed.6 Sovever, our results shov that a stepvise cleavage 

is indeed possible also for oymctrical azo compounds. 

Experimental 

ES&Spectra were recorded vith a Varian S-3 spectrometer l guipped vith standard quarts 

insert devar and variable temperature acessory. The vhole sweep range (0-6SCO G at 

9.2 GHr) vas investigated in the attempts to observe triplets. Hyperfine splittings vere 

determined relative to Fremy’s radical (13.0 0) and g values relative to DPPH (2.0036). 

Degassed 0.005 Ii solutions in 2O:SO iropentane-rcthylcyclohexane vere used. The hydrocar- 

bons vere purified according to Murray and Keller. 
14 

A Philips SP 900 V high pressure uercury lamp vas used for the irrdiations, uhich 

were generally done at -60’. Irradiations at -196’. -60’ and +25’ gave essentially the 

s&ms results. 

This vork has been supported by grants from the Svedish Board for Technical Develop- 
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