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IN a previous letter' we pointed out kow it is possible to 

groups to the olefinic double bond, according to a prooess 

outlined by us as follows: 
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The last step (cl) may be oorrelated with previous reactions of 
n 

organio peroxides disoovered by usL, in which carbon free radicals, 

arising from peroxide decomposition, would react according to the scheme: 

Peroxide + Me+ - En + Lie++ 

Be + (!4*X)+ - RX + Me+ 

Me+ - Cu+ or Fs++# Be - oarbon free radical. 

X = C1,Br,J,N3,SCN,CN,S203Na,R'OCS2. 

1 F.Minisci and B.Galli, Tetrahedron Letters No.12, 533 (1962). 

2F.Minisol,Ital.Pat. 580,012 by 17, 1957);Communi~ation to nIIth 
&stioml Congress of Chemistry,Torino,l 27, 1958: Gazz.Chim.Ital. 2 

626 (1959);La Chimioa e l'kdustria, 2, 740 (1962). 
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358 Reactivity of hydroxy and alkoxy radicals No.6 

We have now examined the competitive reactivity in the formation of 

azido- and chlor-derivatives .?hus in the decomposition of cyclohexanone 

peroxide, simply indicated with the structure 

the presence of both chlorine and azido ions, 

caproic acid: 

Cl, N, 

I , vri A ferrous salt in 

we cbtained mostly t-chlor- 

F’e++ S&(CH2)-Cl 

I 

This result su&ested that, if the addition of two azido groups 

occurs via the sequenoe outlined by us in (c) and (d), in carrying out 

the reaction in the presence of ferric chloride, we should obtain the 

aeido-chlorination of the olefin .T'iis actua1l.v o,;curred: thus, for in- 

stance, in the hydrogen g:roxida ‘--o.position with ferrous sulphate in 

the presence of sodium aeide, ferric chlorine and cyclohexene, I-chlor- 

2-azido-cyclohexane was obtained., Jhe interactions resulting in the forma- 

tion of this compound should, therefore, be the following: 

Fe++ + HO 
27 

.-, Fe+++ + .GI + OH 

*OH + (FeN3)++ ._p (FeuH)++ + l Nj 

N3 
+ (Feel)+++ 

N3 
Cl 

+ Fe+' 

So this result, besides being a new type of addition to olefins, 

sheds new li&t on the addition mechanism of two azido groups to olefins 

and, in some respects, may be included in the general group of reactions, 

which also includes Sandmeyer's reaction of diaeonium salts, whioh we 

have fully di.scussed previously'. 

The reaction occurs in a different way when t-butylhydroperoxide 
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is used instead of hydrogen peroxide. In this case the prevalent reaotion 

of the t-butyloxy radical, besides its further reduction to t-butylaloohol 

by the ferrous salt, results in a hydrogen atom abstraotion, yielding an 

allylic radical and oonsequently azidocyolohexener 

(CE3)3CCOH + Fe++ .-$ (CH3)3CO* + UH- + Fe+++ 

(CH3)3CC* + 

@J 

__) (CH3)3COH + 0 . 
OJ + (add)++ + + Fe++ 

. 

Similarly the corresponding chlorcyclohexene was obtained in pre- 

sence of ferric chloride. Among the side products, cyclohexenol is formed. 

The latter oan arise from hydrolysis of the allylic derivative or from 

the oxidation of the allylio radical by the oxidant ion, since the reaotion 

is carried out in alcoholic-aqueous solution: 

t Fe+++ __) 

0 

t Fe++ 

. ( 1 

0 
t H2U 

XD 
+ H+ 

(+) OH 

While allylic halogenation is exemplified, for instance, in the use 

of N-bromosuooinimide A% zl and t-butylhypochlorites , and as a secondary 

process in radical additions of halogen derivatives to olefins 
4 , we belie- 

ve that the direct introduction of an azido group in the allylic position 

was unknown until now. 

% .walling, Free Radicals in Solution p.132. John Wiley, New York (1957 

' ibid. p.386. 

.$ Z.S.Huyser, J.bri:‘. Chem. 26 3261 (1961). = 
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Further research is in progress in order to estsblish whether a re- 

arrangement of the ellylic system occurs in these reactions end whether 

there is some enalogg with the copper salt-oetelysed reeotion between 

peresters and olefins, discovered by Kharasoh and coworkers5. In this re- 

Serd some reactions, studied by us, in the presence of oopper acetate, 

are significant. The t-butylhydropsroxide decomposition with ferrous sul- 

phete in the presenoe of cyolohexene end cupric acetate in equeous-elooho- 

lio solution at low temperatures(i cr') led to the aoetyloxycyclohexene 

togheter with the oorresponding alcohol. This leads us to think that elly- 

lio radical oxidation in presence of cupric acetate is responsible for 

the ester fornation, as already sug,ested by some Authors in the case of 

Kharesch reaction: 
6 

+ Cu(OCuCH3)2 - + CuCCUCH 
3 

. 
3 

Whereas in the case of the Kheresoh's reaction the alkoxy radical 

and the ecetyloxy group would arise from the same perester molecule, in 

our case the alkoxy radical arises from the action of the ferrous salt on 

the hydroperoxide and the acetyloxp group from the copper acetate. In oom- 

psrison with the chlor- end aeido-derivatives, the acetyloxy compound for- 

mation is more effected by polar solvents. This behavior can be attributed 

to a lower efficiency of copper acetate in blocking allylic redioals: con- 

sequently the free radical oxidation to cerbonium ion is increased. Alter- 

natively the above behavior couldalso be attributed to the fact that the 

formation of the acetyloxy derivative ocours through the oxidation of the 

radical to a carbonium ion, at least in polar solvents: this, in our opi- 

nion, does nest occur in the case of chlor- end ezido-derivatives. 
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