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NOT aiwdys in the field of free radicals in solution is the right importance 

attached to the polar characteristics of the reagents. These features are 

often disregarded, and the 

to the formal distribution 

Regarding the radical 

out how thiyl radicals, to 

radicals considered as non-polar reagents, owing 

of the electronic charge. 

attack to olefins, Walling has already pointed 

which an electrophilic character is attributed, 

react more easily with styrenes having electron supplying groups in the 

u positi0n.l On the other hand the influence of polar factors in 

aromatic homolitic substitutions has recently been pointed out, especially 

by Hey and coworkers2, and long ago the importance of polar phenomena in 

rauical copolymerization processes was noted. 3 In our opinion, the in- 

fluence of the polar characteristics of free radicals is of great importance 

in some new interactions with olefinic systems discovered by us. We have 

already described the behaviour of the decomposition reaction of t-butyl 

- C. Walling, D. Seymour and K.B. Wolfstirn, 
(1948); C. Walling and W. Helmreich, 

J. Amer. Chem. Sot. ZQ, 2559 
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J. Amer. Chem. Sot. 81, 1144 (1959). 

G.H. Williams, Homolitic Aromatic Substitution. Pergamon Press, London 
3 (1960). 

C. Walling, Free Radicals in Solution p. 132. John Wiley, New York (1957). 
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hydroperoxide with ferrous and cuprous salts in presence of butadiene and 

chlorine, azido and thiocyan ions; 4 this reaction was outlined by us in the 

following manner: 

(CH3)3COO~ + Fe *- 

(CH3)3CO’ + C4H6 - 

(CH3)3COC4H6* + (FeX) +++ 

(CH3)3CO* + Fe +tt + OH- (a) 

(CH3)3CCC4H6’ (b) 

(CH3)3CCYC4H6X + Fe* (c) 

The last step of the process (c), i.e. the interaction of a carbon 

free radical with the anion coordinated with the metallic salt, is con- 

nected with the interpretation of Sandmeyer’s reaction by Waters 5 and with 

a group of organic peroxide reactions recently described by one of us, in 

which carbon free radicals, arising from decomposition of peroxides, give 

rise to products analogous to those obtained in Sandmeyer’s reaction. 6 

Other conjugated olefins such as cyclopentadiene and substances with some 

dienic character such as furan (in this case the reaction is further compli- 

cated by the easy hydrolysis and alcoholysis of l-4 addition products) 

behave similarly to butadiene. In carrying out the decomposition of the 

hydroperoxide tnder the same conditions in the presence of styrene we noted 

an unusual fact. While in the presence of chlorine ions the reaction 

occured normally and the chlor-ether, C H CHC1CH2CC(CH 
65 

) 
3 3’ 

was obtained as 

the only reaction product (obviously by means of a mechanism like that out- 

lined above for the butadiene), when the reaction was conducted in the 

presence of sodium-azide a mixture of azide-ether, C6H5CH(N3)CH2CC(CH3)3, 

4 F. Minisci, R. Galli and U. Pallini, Gazz. Chim. Ital. a, 1023 (1961). 
5 

6 
D.C. Nonhebel and W.A. Waters, Proc. Rov. Sot. s, 16 (1957). 

F. Minisci, Siazz. Chim. Ital. 89, 626, 1910, 1921, 1941, 2428, 2438 (1959); 
g, 1299, 1307, 1318 (1960); J.K. Kochi [Tetrahedron &, 483 (1962)] 
speaks of an anology in the catalytic action of copper salt between the 
Sandmeyer and Meerwein reactions of diazonium salts and the peroxide 
reactions. This analogy was pointed out by one of us in 1958 [F. Minisci, 
Rend. Accad. Naz. Lincei serie VIII, vol. XXV, fast. 6, 538 (1958) and 
following papers]. 
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and diazide, C6H5CH(N3)CH2d3, was obtained. In our opinion this fact must 

be connected with the strong electrophilic character of the alkoxy radical, 

which is easily able to attack olefinic systems with high electron density 

and rather less easily conjugated olefinic systems with electron-withdrawing 

groups. In this case two interactions of t-butoxy radical should take place 

at the same time, the former with styrene 

(CH3)3CO* + C6H5CH=C% + C6H5&EH20C (CH3 ) 3 

followed by the azide-ether formation, 

. 
C6H5-CH-CH,CC(CH3)3 + (FeN3) -I+ __) C6H5CH(N3)C%E(CH3)3 t Fe 

* 

and the latter with the azido group coordinated with the iron salt 

(CH3)3CO* + (FeN3) i+ + N3* + Fe -H-i. + (CH3)3CO- 

and yielding an azido radical, which would be able to attack the ehtylenic 

bond, 

N . + C6H5CHXH2 
3 + * C6H5CHCH;?N3 

and then form the diazide 

. 
C6H5CHCH2N3 + (FeN3)* ___) C6H5CH(N3)C%N3 . 

Obviously this is a simplified scheme which tends to point out the 

homolitic character of the interaction, since it can be reasonably supposed 

that interaction of the metallic salt with the ethylenic bond also occurs. 

In the case of olefins conjugated with strong electron-withdrawing groups 

we observed a greatly decreased reactivity of the alkoxy radical, so that 

in the t-butyl hydroperoxide decomposition in the presence of the Fe*/Fe* 

system, chlorine ions and acrylonitrile, a strongly decreased reactivity 

is observed compared with the other conjugated olefins considered above and 

a-chlor-butyronitrile is obtained as main reaction product. The strong 

electrophilic character of t-butoxy radical does not, in this case, lead 

to interaction with an “electron-deficient” ethylenic bond, but to re- 

arrangement resulting in a much less electrophilic methyl radical. On the 
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contrary it cal be reasonably maintained that the nucleophilic character of 

the H3C* radic31 is prevalent over the electrophilic one, since the tendency 

to lose electrons, H3C* + CH3+ + e, is greater than that to gain 

electrons, H3C. t e + (CH3:)-, 7 and is responsible for the reaction 

path* 

(CH3)3CO* & CH3COCH3 + H3C* 

H3C’ + CH2XHCN & CH3CH2iHCN 

CH3CH2?ZHCN f (FeCl)* w CH3CH2CHC1CN 

This behavior is analogous to that recently pointed 

t Fe 
+t . 

out by one of us 

in the case of haloalkylation of acrylic derivatives by means of l-hydroxy- 

hydroperoxides,>C(0H)OOH,8 and enables us to understand better the addition 

reactions of CC1 
4 

and CHCl 
3 

with acrylonitrile carried out in this labora- 

tory, from which a,Wy-tetrachlorbutyronitrile, CC13CH2CHC1CN, and a,w- 

trichlorbutyronitrile, CHC12CH2CHZlCN, are obtained as main products.9 

These last reactions were formerly interpreted as radical chain processes 

paralleling the radical addition of halogen derivatives to olefins. This 

former interpretation, although pointing out the radical character, was 

inadequate in that it offered no satisfactory explanation of the fact that 

radical addition of chloroform to olefins occurs, as a rule, according to 

the scheme,” CtC13 
II 

t # --+ CC1 CCH, while under our reaction con- 
311 

ditions with acrylonitrile a,W-trichlobutyronitrile was obtained. These 

* 

10 

Recently L. Kerk, A. Stefani and M. Szwarc [J. Amer. Chem. Sot. 82, 3038 
(1961)] have pointed out how the affinity of methyl radicals towards 
conjugated olefins increases with increasing electron-withdrawing power 
of conjugated groups. 
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new haloalkylation reactions of acrylonitrile, together with the fact that 

the reactions between acrylonitrile and Ccl4 and CHClj were carried out in 

presence of iron, lead us now to consider the latter as oxidation-reduction 

and not radical-chain processes. 

CHClj 
Fe 

+ *cHz12 

. CHC12 + CH2=CHCN _3 CHC12CH2&N 

CHC12CH2kN + (FeCl)++ - CHCl$H$HClCN 

The conviction that the reaction path between styrene and sodium azide 

was determined by the electrophilic character of the t-butoxy radical led 

us also to increase the electrophility of the oxygen radical and to form 

HO* radicals in the same reaction system, by using hydrogen peroxide instead 

of hydroperoxide; in this manner only the diazide was obtained. Moreover 

the reaction is not limited to styrene and conjugated olefins, as butadiene 

and cyclopentadiene for example, but is effective in general also for non- 

conjugated olefins (e.g. 2-pentene, 1-hexene, cyclohexene). 

Accordinqlv, this is a new general method of addinq two azido orouos 

to the double bond of olefins, based upon the hydrogen 

sition with ferrous sulphate in presence of olefin and 

series of interactions can be outlined as follows: 

very 

with 

H2°2 + Fe +’ __) HO* t HO- + 

HO* + (FeN3)* ___) (FeOH)* + 

N3-$+* t (FeN3)* __, N&N3 

peroxide decompo- 

alkaline azide. The 

Fe+++ 

l N3 

+-I- 
+Fe . 

According to this interpretation, the hydroxyl radical, owing to his 

strong electrophilic character, would not interact with the olefin, but 

the azido ion coordinated with the iron salt. Also the azido radical 
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‘N 
3 

shows an electrophilic character, although this is not so strong as 

that of the hydroxyl radical *OH, and thus the reaction will not be favoured 

in the case of ethylenic bonds conjugated with strong electron-withdrawing 

groups. Accordingly, the results obtained with 1-hexene, cyclohexene or 

butadiene are much better than those with acrylonitrile. Also in this case 

it is reasonable to suppose that an interaction between iron salt and 

olefin will influence the behaviour of the reaction. 

From the whole of the interactions considered above, it is plain that 

the electrophilic character of the reacting radicals, together with the 

resonance stabilization of intermediate radicals, result in a remarkable 

influence over the behaviour of reaction, although, considering the CO- 

ordinating ability of the metallic ion, one should speak more properly in 

these cases of “coordinated radical mechanisms”. 
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