Tetrahedron Letters No. 5, pp. 357-360, 1963. Pergamon Press Ltd.
Printed in Great Britain.

REACTIVITY OF HYDROXY AND ALKOXY RADICALS IN PRESENCE OF OLEFINS AND
OXIDATION-REDUCTION SYSTEMS.
INTRODUCTION OF AZIDO, CHLORO AND ACYLOXY GROUPS IN ALLYLIC PdSlTION
AND AZIDO-CHLORINATION OF OLEFINS
Francesco Minisci and Hemo Galli
Istituto di chimica Generale del Politecnico Milano.

(Received 4 December 1962)

IN a previous let1;er1 we pointed out kow it is possible to add two azido
groups to the olefinic double bond, according to a process which was

outlined by us as follows:

H,0, + re*t 3 HO» 4+ HO + Fe'T (a)
HO» + (Fen3)+* —_ (FeuE)™ 4 Ny (v)
11
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NB-cH: + (FeN3) - 1‘:34’:—{:-1«3 + Fe (a)

The last step (d) may be correlated with previous reactions of
organic peroxides discovered by usz, in which carbon free radicals,

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

Peroxide + Me+ —_ R 4+ Me++

Re + (mex)* — 35 BX + Mo

¥e* = Cu' or Fe++; Re = carbon free radical.

0.Na,R'0CS,.

X = Cl,Br,J,N 2% 2

350K, CN, 3
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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,Thus in the decomposition of cyclohexanone
peroxide, simply indicated with the structure I , witih ferrous salt in
the presence of both chlorine and azido ions, we cbiained mostly § —chlor-

caproic acid:

HO /uOH
j Cl, N
—:9—>Fe HuuC-(LHZ)—Cl
1

This result suggested that, if the addition of two azido groups
occurs via the sequence outlined oy us in (¢} ana (d), in carrying out
the reaction in the presence of ferric chloride, we should obtain the
azido-chlorination of the olefin.This actually occurred: thus, for in-
stance, in the hydrogen pcroxide !ero position with ferrous sulphate in
the presence of sodium azide, ferric chlorine and cyclohexene, i-chlor-
2-azido-cyclohexane was obtuined,The interactions resulting in the forma-
tion of this compound should, therefore, be the following:

+4 +++

Fe' 4 H,0, — 3 Fe + oH o+ H
«OH + (F8N3)++ _ (FeuH)++ + .N3
N
3
.N3 ' O -
.

N
3 N
C]/. + (Fecl)+t—) O:Ci + Fe'?

So this result, besides being a_new type of addition to olefins

sheds new light on the addition mechanism of two azide groups to olefins
and, in some respects, may be included in the general group of reactions,
which also includes Sandmeyer's reaction of diazonium salts, which we
have fully discussed previouslyz.

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 reaction
of the t-butyloxy radical, besides its further reduction to t-butylalcohol
by the ferrous salt, results in a hydrogen atom abstraction, yielding an
allylic radical and consequently azidocyclohexsne:

(cE ++

COH + Fe @ —03 (CH3)300- + OB+ me*TY

3)3

(0}33)300- + O —_— (cn3)30cm + O

O + (li‘eN:’)Jr+ — Q + Pt
3

Similarly the corresponding chlorcyclohexene was obtained in pre-
sence of ferric chloride., Among the side products, cyclohexenol is formed.
The latter can arise from hydrolysis of the allylic derivative or from
the oxidation of the allylic radical by the oxidant ion, since the reaction

is carried out in alcoholic-agueous solution:
[:::ﬂ + Fe+++ —— + Fe
v (+)
©+ Hy0 +

) da

While allylic halogenation is exemplified, for instance, in the use
b
of N—bromosucc:i.nimide‘}E and t—butylhypochlorites}— , and as a secondery
rrocess in radical additions of halogen derivatives to olefins4, we belie-

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

was unknown until now.

;éC.Walling, Free Radicals in Solution p.132. John Wiley, New York (1957)

2 ivid. p.386.
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* 8,S.Huyser, J.urg.Chem, 26 3261 (1961).
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Further research is in progress in order to eustablish whether a re-
arrangement of the allylic system occurs in these reactions and whether
there is some analogy with the copper salt-catalysed reaction between
peresters and olefins, discovered by Kharasch and coworkers5. In this re-
zard some reactions, studied by us, in the presence of copper acetate,
are significant., The t-butylhydropseroxide decomposition with ferrous sul-
phate in the presence of cyclohexene and cupric acetate in agueous-alcoho-
lic solution at low temperatures(: (°) led to the acetyloxycyclohexene
togheter with the corresponding alcohol. This leads us to think that ally-
lic radical oxidation in presence of cupric acetate is responsible for
the ester formation, as already sug.ested by some Authors in the case of

Kharasch reactions:

[:::B + Cu(OCUCH3)2 E— + Cuocucn3
LCucH,

Whereas in the case of the Kharasch's reaction the alkoxy radical
and the acetyloxy 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 acetyloxy group from the copper acetate, In com-
parison with the chlor- and azido-derivatives, the acetyloxy compound for-
mation is more affected by polar solvents. This behavior can be attributed
to & lower efficiency of copper acetate in blocking allylic radicals: con-
sequently the free radical oxidation to carbonium ion is increased. Alter-
natively the above behavior could also be attributed to the fact that the
formation of the acetyloxy derivative occurs through the oxidation of the
radical to a carbonium ion, at least in polar solvents: this, in our opi-
nion, does not occur in the case of chlor- and azido-derivatives.
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