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ABSTRACT

Diphenyldisulfone is a mild and efficient reagent for selective cleavage of methylprenyl (2,3-dimethylbut-2-en-1-yl), prenyl (3-methylbut-2-en1-
yl), and methallyl (2-methylallyl) ethers. These reaction conditions are compatible with the presence of other protecting groups such as
acetals, acetates, and allyl, benzyl, and TBDMS ethers. Exposure of 2,3-dimethylbut-2-en-1-yl and 3-methylbut-2-en1-yl ethers to diphenyldisulfone
led to the formation of 2,3-dimethylbuta-1,3-diene and isoprene, respectively. 2-Methylallyl ethers undergo isomerization to 2-methylpropenyl
ethers, which are easily hydrolyzed into the corresponding free alcohols and isobutyraldehyde.

The protection and deprotection of alcohols is a central theme
of organic chemistry. Sophisticated synthetic schemes may
fail because of protective groups that cannot be removed
under suitable conditions without product decomposition.
Some of the most valuable protective groups for alcohols1

include allyl ethers, which can be cleaved under a variety
of conditions.2,3 In most cases, metal-catalyzed isomerization
(Pd, Rh, Ir) of the allyl ether into the corresponding alkenyl
ether and subsequent acidic hydrolysis are used to liberate
the desired alcohol together with propanal.4 The latter method
can be applied to methallyl and more substituted allyl ethers.
The higher the degree of substitution of the allyl ether, the
slower is the transition-metal-catalyzed isomerization.5 We
report here that in the presence of a catalytic amount of

diphenyldisulfone, methallyl, prenyl, and methylprenyl ethers
are cleaved readily, the fastest reaction occurring with the
most substituted allyl systems. Significantly, allyl ethers are
not affected. These reactions are initiated by the benzene-
sulfonyl radical formed from thermal homolysis of (PhSO2)2.6
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This discovery permits the cleavage of alkyl-substituted allyl
ethers under neutral conditions, without heavy metals and
with a useful reactivity sequence, i.e., methylprenyl> prenyl
> methallyl . allyl. Furthermore, other protected alcohols
such as silyl ethers, esters, and benzyl ethers are not affected
under these conditions.

Menthol derivatives1a-g (Table 1) were prepared fol-
lowing standard procedures.7 All compounds1a-g remained
unchanged in CH2Cl2 after 24 h at 80°C. In the presence of
10 mol % (PhSO2)2, allyl ether 1a, benzyl ether1e, silyl
ether1f, and acetate1g were not affected by heating to 80
°C. In contrast, the methyl-substituted allyl ethers1b, 1c,
and 1d were cleaved, and menthol was isolated nearly
quantitatively after aqueous workup.8

In the case of1b, isomerization into alkenyl ether3b
(Scheme 2) could be monitored by1H NMR. On addition
of 1 mol of water3b was hydrolyzed at 80°C into 2 and

isobutyraldehyde. In the cases of1c and1d, no isomerized
ethers could be detected during the reactions as1c and1d
underwent fast 1,4-eliminations with formation of isoprene
and 2,3-dimethylbutadiene, respectively, together with men-
thol. The reactivity sequence was methylprenyl> prenyl>
methallyl . allyl.

Deprotection of methylprenyl ether1d was examined with
hydrogen abstraction agents such as hexa-n-butylditin and
benzoyl peroxide at 80°C in CD2Cl2. Benzoyl peroxide
deprotects methylprenyl ether1d approximately four times
more slowly (half-life 23 h) than diphenyldisulfone (half-
life 6 h). With (Bu3Sn)2 we observed only traces of
deprotected menthol2 after prolonged heating.

As a test for the usefulness of these new reactions, we
prepared theD-glucofuranoside derivative7 according to
David’s method using dibutyltin oxide (Scheme 3).13

Compound7 stayed unchanged upon heating to 80°C in
CH2Cl2 (sealed tube). In the presence of 10 mol % (PhSO2)2

in CH2Cl2 and at 80°C, 1,4-elimination occurred giving6
+ 2,3-dimethylbutadiene (Scheme 4). The reaction was
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Scheme 1. Deprotection of Menthol Derivatives1a-g by
Diphenydisulfone

Table 1. Approximate Half-Life of1a-g in Wet CD2Cl2 at 80
°C in the Presence of 10 Mol % (PhSO2)2

a

a N.R. ) no reaction.

Scheme 2. Diphenyldisulfone-Catalyzed Cleavage of
Methallyl (1b)-, Prenyl (1c)-, and Methylprenyl (1d)-Protected

Menthol Derivatives

Scheme 3. Synthesis ofD-Glucofuranoside Derivative7a

a (a) Allyl bromide, NaH, Bu4NI, THF;9 (b) H2SO4, 50 °C,
MeOH/CH2Cl2;10 (c) methallyl iodide,11 Bu2SnO, toluene, reflux
methylprenyl bromide, NaH, Bu4NI12 (82%).
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complete in 26 h, and6 could be isolated in 86% yield.
Further heating to 80°C liberated diol5 (isolated in 62%
yield) together with isobutyraldehyde (aqueous workup).

After further heating to 80°C in the presence of 10 mol
% (PhSO2)2, the allyl ether of5 remained intact (24 h; 95%
recovery of5).

The same selectivity order of deprotection was observed
with D-glucofuranoside11 prepared as outlined in Scheme
5.

Upon heating of11 to 80°C in the presence of 10 mol %
(PhSO2)2, 1,4-elimination of the prenyl group occurred,
giving 12and isoprene (Scheme 6). The reaction was finished
after 28 h and12 could be isolated in 82% yield. Further
heating of12 to 80 °C liberated diol13 in 68% yield.

To test further the practicability of our new deprotection
method, we synthesized allylic ethers9 and14-22. Ethers
9 and14-21 were easily cleaved on heating at 80°C in the

presence of 10 mol % of diphenyldisufone. However, allylic
ether22gave exclusively cyclohexa-1,3-diene resulting from
a 1,4-elimination (Table 2).

The mechanism of the isomerization of the methallyl ethers
23 might involve the formation of oxyallyl radical24
(Scheme 7), as this isomerization was inhibited by radical
scavenging agents such as TEMPO. Both 1,4-elimination1c
f 2 + isoprene and1d f 2 + 2,3-dimethylbutadiene might
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Scheme 4. Deprotection ofD-Glucofuranoside Derivative7

Scheme 5. Synthesis ofD-Glucofuranoside Derivative11a

a (a) Methallyl chloride, NaH, Bu4NI, THF,14 92%; (b) H2SO4 1
M, 50 °C, MeOH, CH2Cl2,10 71%; (c) prenyl bromide, Bu2SnO,
toluene, reflux;13 (d) allyl bromide, NaH, Bu4NI, THF,9 92%.

Scheme 6. Deprotection ofD-Glucofuranoside Derivative11

Table 2. RO-Allyl Ethers9 and14-21 Are Cleaved into
Corresponding Alcohols ROH in the Presence of 10 Mol %
Diphenyldisulfone in CH2Cl2 at 80°C
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imply the intermediacy of alkyl-substituted allyl radical
intermediates, as both reactions were also inhibited by
TEMPO. These radical intermediates might undergo fast
heterolysis15 that competes with other intermolecular hydro-
gen transfers required for the allylf alkenyl isomerization.
Allyl silyl ethers have been isomerized into corresponding
enol silyl ethers in the presence of radical-chain initiators
and arenethiols as polarity reversal catalysts.16 In our case
(23 f 25) PhSO2H could play the role of polarity reversal
catalyst (mechanism B in Scheme 7).

The reactivity sequence methylprenyl> prenyl > meth-
allyl . allyl can be explained invoking a direct hydrogen
abstraction mechanism, the energy barrier of which depends
on the ionization energy of the alkene (the more electron-

rich the alkene,17 the better it stabilizes charge-transfer
configurations of the transition states, the PhSO2

• radical
being an electrophilic species.18,19

It should be noticed that bond dissociation enthalpies for
the allyl C-H bond are not significantly different between
propene and 2-methylpropene.21 No doubt more work is
required to limit the number of possible mechanisms of the
reaction disclosed in this report.

Methylprenyl, prenyl, and methylallyl ethers become
valuable protected forms of alcohols, as they can be cleaved
under mild conditions that do not require acid, base, or heavy
metal reagents or catalysts.
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Scheme 7. Possible Mechanisms of Deprotection of
Methallyl, Prenyl, and Methylprenyl Ethers in the Presence of

Diphenyldisulfone
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