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Abstract.- In the ferrous ion induced decomposition of alkyl hydroperoxides 

in the presence of cupric halides or pseudohalides, intramolecular functionalization, 

with ligand transfer from cupric salts to S-carbon atom, is achieved. 

Alkoxy radicals containing more than four carbon atoms in an alkyl chain, 

generated from different type of precursorsl, inculding alkyl hydroperoxides 
2 

3 and dialkyl peroxides , undergo intramolecular 1,5-hydrogen abstraction thus 

generating s-carbon centered radicals. The stabilization of %-alkyl radicals 

and functionality on the S-carbon atom are determined by the precursors of the 
1 

alkoxy radicals and reaction conditions . By each of the reactions of this type 

only certain functional groups could be introduced at the nonactivated S-carbon 

atomld4. In the ferrous ion induced decomposition of alkyl hydroperoxides and 

dialkyl peroxides in the presence of cupric acetate, an electron-transfer oxida- 

tion of g-alkyl radical occurs and &- olefinic alcohols are the principal reac- 

tion products, in addition to small amounts of Y-olefinic alcohols 2-5 . 

FeS04 
CH3CH2CH2CH2yHCH3 CucOAcjZ CH2=CHCH2CH2yHCH3 + CH3CH=CHCH2yHCH3 

OOH ’ 2 OH OH 

60% 10% 

As it had been established that a s-alkyl radical is certainly an inter- 

mediate in the ferrous ion reduction of alkyl hydroperoxides 
4-8 , it was intrigu- 

ing for us to investigate the ligand transfer oxidations of S-carbon centered 

radicals in order to introduce different functional groups at the nonactivated 

carbon atom starting from an alkyl hydroperoxides. The oxidative ligand transfer 

of halides and pseudohalides from a metal ion to alkyl radicals generated in the 

fragmentation of alkoxy radicals', decarboxylation of acyloxy radicals 
10 

or by add- 

ition reactions 
11 , have been widely investigated 6,7,12 . The decomposition of 2-hexyl 

hydroperoxides in the presence of ferrous ion and cupric chloride is the only example 

of the ligand transfer oxidation of s- alkyl radical generated by intramolecular 

hydrogen abstration4. 

3791 



3792 

In the ferrous ion induced decomposition of the primary la and l&, secondary - 
lc and tertiary alkyl hydroperoxides Id and &, the alkoxy radical 2 is generated - - 

which by subsequent intramolecular hydrogen abstraction affords the -CL carbon cen- 

tered radical 3. The alkoxy radical 2 as well as the - - 8-alkyl radical 2 are not in 

R‘ 
FeSO,, 7 

R‘ R‘ 
I I I 

RCH2CH2CH2y-OOH -RCHCH2CH2F-0' 
cux2 

- RCHCH2CH2y-OH ____c 

R " R" R" 

1 2 - - 3 

: 
R‘ 
I 

RCHCH2CH2F-OH 

R " 
a. R-CH 

4 3 
R'= R" z H X q Cl, Br, I, SCN, N 

3 
- b. R q C2H5 R'= RW q H 

c. R=R‘= CH3 R " =H 

d. R=R'= R" q CH 
3 

e. R=C2H5 R‘= R" = CH 
3 

radical pair system and they are sufficiently free that carbon centered radical 3 - 
can be oxidatively intercepted by means of appropriate ligand transfer reagents 

such as cupric salts. Thus, when ferrous ion induced decompositions of alkyl hydro- 

peroxides were performed in the presence of cupric halides or pseudohalides, such 

as chloride, bromide, iodide, thiocyanate and azide, oxidative interception of 

8-alkyl radical 3 occurs and ligand transfer from cupric ion to the alkyl radical - 

takes place and the corresponding halides and pseudohalides were introduced at the 

radicalic S-carbon atom, furnishing s-substituted alcohols 'I, Table 1. 

As it was proposed that the ligand transfer oxidation of alkyl radicals 

generated from the other precursors by using cupric pseudohalides as a ligand 

transfer reagents the oxidation proceeds by an inner-sphere mechanism 
12 

. Since 

isothiocyanate derivatives were not obtained 13 in the ferrous ion decomposition 

of alkyl hydroperoxides in the presence of cupric thiocyanate, we belive that 

inner-sphere oxidation of 8-alkyl radical 3 involves attack of SOMO of alkyl 

radical on the sulfur site of the thiocyanate ligand 
14 . If outer-sphere mecha- 

nism is involved the mixture of isothiocyanate and thiocyanate derivatives 
13 should be obtained . 

By using Cu3(en)2(CN)4 as a ligand transfer oxidans for g-alkyl radical 2 

poor yields (up to 8%) of the corresponding 8-cyano alcohols were obtained. 

As it has been pointed out, in the other well known reactions for intramo- 

lecular functionalization of the nonactivated s-carbon atom, the functionality is 

determined by the precursor of the alkoxy radical'. However, when s- carbon radi- 

cals are generated by the ferrous ion induced decomposition of alkyl hydroperoxides, 

they can be oxidatively intercepted either by cupric halides and pseudohalides as 

ligand transfer oxidans affording the corresponding 8-functionalized alcohols 4 - 
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: 
CH3CHCH2CH2yHCH 

cux2 

3- 
CH3CHCH2CH2yHCH3 

Cu(OAc)2 
- CH2=CHCH2CH2yHCH3 

OH OH OH 

4c - 

or by cupric acetate as an electron-transfer reagent yielding s-unsaturated alco- 

hols2'4. 

In a typical experiment: to a solution of 2.76 g of ferrous sulfate hydrate 

and 10 mmole of cupric halides or pseudohalides in 30 ml of acetonitrile/acetic acid 

(60/40 v/v) and 1 ml of water, 10 mmole of alkyl hydroperoxide was added over 0.5 hr 

period. The heterogenous reaction mixture was stirred under N2 at room temperture for 

5 to 8 hrs. The mixture was diluted with water and extracted with ether; the etheral 

solution was washed with aqueous NaHC03 and water. After removing of the solvent the 

reaction products were characterized as it is described in footnotes in Table 1. 
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