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Abe&&-By decomposition of alkyl hydroperoxidea l-8 with ferrous rulfate-cupric acetate reagent, 
intramolecular functionahation of remote non-activated C atom takes place and unsaturated alcohols 
with double bond mainly at g-porition are obtained. Ibe reaction prwecds involving the corrapond- 
ing alkoxy radical 9 and l-carbon radical 10 PI intermediates. Ono-ekctron oxidative interception of 
g-carbon radical by cupric acetate does not involve tho correapoodiag carbonium ion; inrtead, the 
alkyl-copper intermediate 11 is formed and by elimination afford, olethic akohob. The kotope effect 
for thb elimination procua was found to be k&o = 6.1. 

Intramolecular functionalisation of remote non- 
activated C atoms was achieved by hydrogen trans- 
fer from conformationally close g-C atom to the 
electron-deficient alkoxy or amino radicals, as a 
key step in this type of reaction.14 Alkoxy radicals 
can be generated from diflerent types of precursors. 
However, in all cases where intramolecular hyd- 
rogen abstraction takes place, alkoxy radicals are 
part of a radical pair system.‘-7 The participation of 
the radical x’ (cq. 1) in the l,S-hydrogen transfer 
process and functionalisation of g-C atom was 
widely investigated.‘-’ 

RO-X+ RO’ ‘X (1) 
X = Cl, Br, J, NO, Pb(OAc),, OH 

Alkyl hydropcroxidcs arc convenient substrates 
which, by metal-ion-promoted decomposition, can 
generate the alkoxy radicals that cannot be in the 
radical pair system with metalic ion~.~~ Tertiary 
alkyl hydroperoxidcs can be converted into the 
corresponding g- or ~-unsaturated alcohols by ferr- 
ous and cupric ion promoted decomlxxition.9 

This reaction has been extended to the primary 
and secondary alkyl hydroperoxidcs containing a 
side chain of at least four C atoms.’ The reaction is 
more suaxxful with primary and secondary alkyl 
hydroperoxidcs than with &tiary systems, prcsum- 
ably because the competing &fragmentation rcac- 
tion is suppressed (Scheme 1). Although dispropor- 
tionation of alkoxy radicals to corresponding satu- 
rated alcohols and carbonyl compounds takes place 
to some extent it is still less than &cleavage pro- 

cess in the decomposition 
peroxides>9 

of tertiary alkyl hydro- 

‘Ihe ferrous sulfatcdlpric acetate promoted de- 
composition of primary and secondary alkyl hyd- 
roperoxides 14 (Table 1). afford the corresponding 
b- and ~-unsaturated alcohols as main products, in 
addition to small amounts of saturated alcohols and 
carbonyl compounds. Alkyl hydroperoxidcs un- 
dergo one-electron reductive decomposition of the 
pcroxy bond with ferrous ion, as in Fenton’s rc- 
agent, generating the corresponding alkoxy radical 
9 (Scheme 2).’ *‘I The resulting ferric ion (with 
stable 3d’ electron con5guration) does not interact 
with the alkoxy radical. Further fate of the alkoxy 
radical depends on the nature and structure of the 
alkyl chain and the reaction conditions. By p<wres- 
sing at least one hydrogen at 43-C atom, in- 
tramolecular hydrogen abstraction is the prcferen- 
tial route of stabilization of primary and secondary 
alkoxy radicals, thus generating a d-c radical 10. 
When the g-carbon radical is generated from alkyl 
hypochlorites they undergo the chain reaction 
affording the correqontig 1,4-chlorohydrins~” 
nitroso-alcohols arc obtained in the Barton’s 
photolysis of alkyl nitrit~#~ and tetrahydrofuran 
derivatives are formed in the lead tctraacctate oxi- 
dation of alcohols.‘.‘* However, the b-carbon radi- 
cal 10 generated by ferrous ion promoted decom- 
position of alkyl hydroperoxides, can be oxldativoly 
intercepted by cupric ion rtlording the correspond- 
ing b- and 7-uneaturated alcohols 12 and l3 as 
final products” (scheme 2). 
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Interception of the 6-C radical by cupric Ion, in 
the intr8molccular functionalisatioYl reactions, w8s 
also achieved in the photolysis of alkyl nitrites in 
the presence of cupric accu& and by thermal or 
ferrous ion induced decomposition of dialk~l 
peroxides in the presence of cupric aa~tatc.‘~* ’ 
However, intcrccption of g-alkyl radical, generated 
from the alkyl hypohalitcs or by lead tctraacctatc 
oxidation of alcohols could not bc achieved by 
cupric 8cctatc. 

The formation of an olcgnic double bond is not a 
simple elimination reaction, bccausc the main pro- 
duct of intramolecular functionalisation is an un- 
saturated alcohol possessing a double bond at the 
g-position 12, and even a terminal double bond is 
formed. ‘Ihe ratio of y- and g-unsaturated al- 
cohols, even if the latter have the less substituted 
olellnic bond, is bctwccn 1 to 4 and 1 to 9; e.g. the 
ratio of 4-hcxcn-2-ol (U) to S-hcxen-2-ol (xic), 
obtained in the decomposition of 2-hcxyl hydro- 
peroxide (2), is 1 to 6 (Table 1). It means that the 
formation of the olcllnic bond from g-carbon radi- 
cal 10, in the oxidativc elimination process by 
cupric acctatc involving one inner-sphere clcctron- 
transfer process, is not simple clhnmation, because 
there is substantial preferentiality of removing a 
hy.drogcn from e-C and then from y-C atom in the 
open chain hydroperoxidcs. This electron-transfer 
elimination process is therefore in accordance with 
neither Zaitsev’s nor Hofmann’s rule for introduc- 
tion of an olcfinic doubk bond in elimination rcac- 
tions. lhc oxidation of &carbon radical 10 
(Scheme 2) by cupric ion does not involve the 
corresponding b-carbonium ion 14, beenuse if the 
carbonium ion was involved the more substituted 
double bond should bc formed. Alkyl substituents 
on the e-C and 74 atoms do not control the 
direction of climhmtiqn of hydrogen from the adja- 
ant C atom. Cupric ion is responsible for the 
courses of elimination of hydrogen from the adja- 
cent C atom involving alkyl-copper intcrmcdiatc 11 
which undergoes the simultaneous C&u and C.- 
H (or CT-H) bonds scission, big the oleflnic 
akohols (12 and l3) and cupric hydride.== In the 
alkyl+zoppcr intcrmcdiatc lln, the cupric ion prob- 
ably is coordinativcly attached to the hydroxylic 

oxygen forming a 6-membered cyclic transition 
stat0 lln Fii. 1. Formation of a double bond, from 
the cyclic transition state, rather proceeds through 
syn E2 type of elimination than anti-elimination.‘0 
Rcfercntial expulsion of hydrogen from 6-C atom 
is due to conformational rcquiremcnts necessary 
for syn E2 elimination bccausc only C.-H bonds 
(e.g. H1 can reach eclipsing conformation with 
C&u bond (dihedral angle is 0”). In such confor- 
mation the distance between the Cu atom and with 
it eclipsed hydrogen at 8-C atom (C!:-H’) is 2.5 A 
(by Drciding’s model) allowing proton transfer to 
the Cu ion. Quasi-axial hydrogens on the y-C atom 
(Iy’), in the cyclic transition state 14 cannot reach 
c&psing evocation with C,-Cu bond (dihedral 
angle is about 607 and syn-climination occurs only 
to a slight cxtcat affording ~-unsaturated alcohol 
(Table 1). We assume that anti-elimination of hyd- 
rogen, either from y-C or E-C atom, is not in- 
volved because in such a cast we should obtain at 
least the same ratio of the S- and yslctinic al- 
cohols, since quasi-equatorial CT-H” bond and C.- 
Cu bond have dihedral angle of 180” favourable for 
a~ti~~&tion, as well as hydrogens on 84 atOm 
may exist in anti-position with C,-Cu bond. 

Evidence supporting the suggested mechanism of 
this one electron-transfer reaction and double bond 
formation is the oxidation of S-alkyl radical by 
cupric acetate was also obtained in the decomposi- 
tion of alkyl hydropcroxides 5 and 6 (‘Iable 1) 
having a ncopcntyl type 8-C atom(s). No ncopcntyl 
type rearrangement compounds were found among 
the products of ferrous and cupric ion promoted 
decomposition of alkyl hydropcroxides 5 and 6 
(Schemes 3 aud 4). indicating that neopcntyi car- 
bonium ion 16 is not involved in the oxidation of 
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alkyl radical I.5 (Scheme 3) but alkyl-copper inter- 
mediate 17 being rather involved leading to the 
products of ligand or electron-transfer processes 111 
and 20 respectively. 

Thus, in the reaction of 3,3-dimethylbutyl hydro- 
peroxide (9 with ferrous sulfate-cupric acetate 
reagent, only 3,3-dimethyltetrahydrofuran 10 was 
obtained and no traces of producta of Wagner- 
Meenvein rearrangement were identitled (Scheme 
3). Since the formation of double bond cannot 
occur, alkyl-copper intermediate 17 undergoes the 
cyclisation, by intramolecular ligand transfer pro- 
cess affording the corresponding tetrahydrofuran 
derivative lg. 

In the reaction of S,S-dimethylhexyl hydro- 
peroxide (6) with ferrous sulfate and cupric acetate, 
00 products of neopentyl type of rearrangement 
were found; the functionalisation of the neopentyl 
C atom involves alkyl radical I9 and its one elec- 
tron oxidation to the corresponding alkyl-oopper 
intermediate (Scheme 4). This leads to S,S- 
dimethyl-3-hexenol 20. 

Since in the functionalisation of neopentyl C 
atoms Wagner-Meenvein rearrangement did not 

occur, alkyl-copper specie-s can be intermediates 
rather than the corresponding carbonium ion in 
these oxidations. In contrast, in the lead tetra- 
acetate oxidation of alcohols, functionalisation of 
neopentyl C atoms occw~ with skeletal rearrange- 
ment by a way of 1,Zalkyl migration, indicating 
that in such functionalisation processes carbonium 
ions must be involved.“’ 

In order to get more evidence concerning the 
mechanism of the oxidation of S-carbon radical by 
cupric ion to give atkenes, we replaced H atoms on 
the s-C by deuterium and investigated an isotope 
effect in this elimination process. The most conve- 
nient substrate for this investigation was 5,5,5-U+ 
deuterio-isohexyl hydroperoxide (6). By ferrous 
and cupric ion promoted decomposition of alkyl 
hydroperoxide 8, the mixture of S,S-dideuterio-4- 
methyl-4~pentenol (22) and 4-trideuterio-methyl- 
4-pelltenol(23) was obtained as chief reaction pro- 
duct, and also a small amount of 4&deuterio- 
methyl-3-pentenol (24) (Scheme 5). Two isotopi- 
tally isomeric alcohols 22 and 23 were isolated 
from the reaction mixture by glc, and by NMR 
measurements of CH, (vinyl) (23)lCH~ (allyl) (22) 
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peaks and also by mass spectrum measurements of 
ratio of molecular peaks m/c 103 (23) and 102 (22) 
the isotope effect was determined to be k&,= 
6.1. This isotope effect indicates that the formation 
of oletlnic double bond in one-electron oxidation of 
&carbon radical by cupric ion is concerted E2 type 
of elimination process and that this elactron- 
transfer reaction does not involve the corrcspond- 
ing b-cahonium ion a8 an intermediate. 

When the decomposition of alkyl hydroperoxides 
was carried out with cupric chloride, instead of 
cupric acetate, and ferrous sulfate, there also occur- 
red intramolecular functionalisation of 6-C atom; 
however, corresponding cyclic ethers were obtained 
as major products of the reaction, instead of un- 
saturated alcohols, in addition to a small amount of 
1,4-chlorohydrins (Scheme 6). No traces of tetra- 
hydrofuran derivatives were obtained in the reac- 

Table 1. Roducta of deunnp&ion of alkyl hydropcraxida by fcrrom sulfate- acetate 
MBent 

+d’e’WH &4’OHc’ 
(34 

(17) b9l 
P 

H 0" @Hd' (27’ (I 

,,A 
(26) 

OOH 02c&vOH jkOH 

I m.8’ 154.21 (91 (lb] 

. Carbon-13 NMR showed prmeoce of CL- and tmnr-iromers with mtio ,l : 10. 
big the reaction of 2-hexyl hydropcroxidc with cupric chloride and ferrous rutfate the 

iotcrmedii ~hloro-2-hexanol is converted ioto 53% yield ~mixtwc of ct- and f~~-2.5- 
dimethy1t&allydrot. 

= 2-r-Butyltctrahydrofuran is obtaiocd only in 2% yield. 
d6-HcptcnaJ was isolated ia 13% yield. 
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3 ml water. The miaturc was stirred under Ns for 2 hr and 
worked up as before. The products were isolated bv ale 
and identified by IR, l&R and mass spectra, *3>- 
DimethyItetrahydrofuram IR (fun’) 1075an-’ (C-G 
strcch.); NMR g - 1.10 (s 6H), 8 = 1.63 (t 2H), 8 - 3.30 (s 
2Hl and 3.75 (t 2H); mass s~&nun m/r 100 (I@, 85,70 
and 55. For the 3,3dirncthvlbutanai and 3.3dimethvl- 
butanol spcchai data were in-full agreement with auth&- 
tic sample!+. 

Decomparfdon of 5,S-d~~y~l hydmperoxkie (6). 
The mixture of 1.468 5,S-dimethyIhexyl hydmperoxide 
(95% purity), b.p. 500/0.04 mm Iig, 1.11 g FeSO,+7HsO, 
1.45 g Cu(OAchHsO. 12ml AcGH and 1.5 ml water 
was stirred, at room tctnp under Ns for 1.5hr. The 
miaturc was worked up as described and the foilowing 
compounds isolated by ale: S.Sdimethvl-3-hcxcnol. IR 
(8hn) 3020~‘~’ (vinyi C-Ii); 980anei (&at’s dhkti- 
tuted 01~5): NMR 8 = 1.00 (s 9II). 
8 = 3.50 (t iii> and 5.30 (vinyl’2H). ” 

8 -2.17 (a 2M. ,. ~~ ,. 

Dcwmposffion of wibhtptyl kydtoprnuiac 0. A mix- 
ture of 1.9 8 Fsso,~7Hs0, 2.70 g Cu(OAc)sHaO, 25 ml 
AcGH, 2 ml water and 2.60 g cycloheptyl hydroperoxidc 
(89% purity) b.p. 300/0.05 mm Hg, was stirred under Ns 
for 1 hr. 4Cycloheptcnol was isolated from the mixture 
by glc and chara@eriacd by IR (tihu) 3005cm-‘. 
1640 cm-‘, 1045 cm-’ and 710 em-‘; NMR 8 = 1.4-2.4 
(broad multiplct 8IB, b-3.78 (m HI), U- 5.75 (ZH); 
mass spectrum is in auxudance with the proposed struc- 
ture. However, isomeric J-cycloheptcnol was not isolated 
as a pure compound, because it was contaminated with 
isomeric 4-cycloheutenoi. but a& socctral data su~mrted 
the pro& st&ture; 6-Hept&al: IR 306-$cm-‘, 
271Ocm-‘. 172Ocm-‘. 164Oan-‘. 995 cm-’ and 
920 cm-‘; .NMR 8 - 1.36-1.70 (m 4H), g = 1.90-2.60 (m 
4H), 8 = 5.02 (m 2H). 8 = 5.70 (m 1H) and 7.50 o&et 
14OH.z (1H); 2,4~~phcny~y~ne m.p. 95’c. 
Satisfactory spectral data were obtained for cycloheptanot 
and cycloheptanonc. 

Synthesis of S,5,S-tnidcuurio-iso-hexyl hydmpewxide 
(8). Alkylation of diethyl methyimalonatc (13 g) was car- 
ried out by 10 g of ~deute~ome~ 

1. 
I iodide in the pres- 

ence of 1.74 g Na in 65 ml abs EtGH. Diethyl trideutcrio- 
methyl-methyl malonatc, b.p. 40420/0.1 mm Hg, was 
obtained in 91% yield (13g). with satisfactory spectml 
data (IR: 2240, 2120 and 207Ocm- for GD3. Decar- 
bethoxyhttion of this malonic ester was car&i out by 
Naa (5 a) in wet dimethvl suIfoxide (65 mI) at lSS*ss and 
ethyl a-tieutcriomethy~propionate was obtained in 78% 
yield (6.4 9). b.pd 1100. Reduction of this aster with 
LAH, tosylation of the corrcqnnding alcohol and sol- 
volysis in KI solonz7 yieided 2-~deu~~me~yl~pyl 
iodide (5.1 g). AIkylation of dicthyl malonate (4.80 g) was 
repeated but now with 5.1 g of 2-trideuteriomethyIpropy1 
iodide in 30 ml dry EtOH and 0.7g Na2’ alkyiated 
malonic cater was obtained in 86% yield (4.98) with 
satisfactory spectr8l evidence for this structure. 
Dccarbcthoxylatio” was carried out in the same manner 
as described with 75% yield.= After reduction by LAH, 
1.7 g of 5,5,5-trideutetio-ihe~nol was obtained in all 
over yield from CDs1 of 22% with correct IR, NMR and 
mass spectra: IR (film) 33OOcm-‘, 2200 cm-’ and 
206Oan-’ (for -CDs), 1050 cm-‘; NMR 8 -0.88 (d 
3H). 8 - 1.00-1.80 (m SH) and g = 3.55 (2H); mass spcc- 
hum m/c 105 (M), 90, 88 and 87. S,S.S-Tridauterio-iso- 
hexyl hydropcroxide was prepared as described for iso- 
heavl hvdroocroxide. 

daco;npa;lrion of S,S,S-trideuteria-iso-hexyl hy&v- 
DcroxIdc (8). ‘Ibe mixture of 0.45 P Fe8&7I-L0. 0.65 a 
‘Cu(OAc)&,O, 10 ml AcGH, O.$ml wrier &d- 0.57 g 
S.S,S-trideuterio-iso-hexyl hydroparoaidc was stine-d 
under N2 for 1.5 hr. Two isotopicahy isomeric unsatu- 
rated alcohols (23) and (22) were isolated by gk as a 
mixture: IR (tBm) 3040 cm-‘, 2055 cm-‘, 2185 cm-’ and 

221Ocm-’ (last three peaks for C-D), lOSOcm-’ and 
89Ocm-‘; NMR spectrum consisti peak characteristic 
for isotopically isomeric alcohols, but integral of peaks for 
CHs- (from 22) and peaks for vinyl protons (from 23) 
showed the ratio of these two isomeric alcohols to be 
14 : 86. The same ratio of isotopicdly isomcric &ohoIs 22 
and 23 have been obtained and by mass spectrum. inten- 
sity of molecular peaks m/c 102 (from 22) and 103 (from 
23) showed the ratio to be 4:24.X Determination of 
isotope effect by both methods gave the same vahm for 
k& - 6.1. rlTridcuteriomethyl-3-peatenol(u) was not 
isolated and it was identified by comparing the retention 
time (on glc) with corresponding compound obtained in 
the decomposition of iso-hexyl hydroperoxide. 
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