A mild and efficient method for the deprotection of fert-butyldimethylsilyl

ethers using iodine in methanol
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An effective method for the cleavage of tert-butyldimethyl-
silyl ethers using a 1% solution of iodine in methanol is
described.

The protection and deprotection of the hydroxy functional
group remain critical challenges to organic chemists in general,
and to carbohydrate chemists in particular. Indeed, an astound-
ing array of hydroxy-protecting groups exists.! Since its
introduction by Corey and Venkateswarlu in 1972,2 the tert-
butyldimethylsilyl (TBDMS) ether has become, perhaps, the
most popular silicon-containing protecting group used in
organic synthesis.! It is of particular benefit in nucleoside and
carbohydrate chemistry, where the steric bulk of the TBDMS
ether allows chemoselective introduction.?

As with most protecting groups, many methods are available
for the removal of the TBDMS ether, under a wide variety of
conditions. One of the most common methods for the cleavage
of silyl ethers is the exploitation of the high affinity that silicon
has for fluoride ions. Thus, many routes for the deprotection of
the TBDMS ether involve one form of fluoride or another.
Tetrabutylammonium fluoride (TBAF) has been used often,?4
however, this method suffers somewhat in that the use of the
strongly basic fluoride anion is not compatible with substrates
prone to elimination; indeed, TBAF is used often to induce
elimination reactions.> Furthermore, in the case of polyhydroxy
compounds, TBDMS ethers are known to migrate under basic
conditions.® Additionally, the use of such basic conditions may
also be problematic with polyhydroxy compounds in which
other hydroxy groups are protected as esters; acetic, and to a
lesser extent benzoic, esters are known to migrate under basic
conditions.”

A host of other reagents and methods for the deprotection of
the TBDMS ether exist. These include: acetic acid in aqueous
THF,8 HCl in EtOH,? tetrafluoroborate salts,® tetrafluor-
osilane,'® fluorosilicic acid,!! diethylboryl ethers,!2 2,3-di-
chloro-5,6-dicyano-p-benzoquinone,!?  diisobutylaluminium
hydride,'# aqueous HF in acetonitrile,!5 catalytic hydro-
genation, !¢ pyridinium toluene-p-sulfonate,!? ceric ammonium
nitrate'® and PdCl,(CH;CN),.19

The use of iodine in methanol is a well-known method for the
deprotection of cyclic acetals and thioacetals.?® Recently, we
reported that iodine in methanol selectively cleaves p-methox-
ybenzyl ethers in the presence of benzyl ethers.2! There are
many advantages to the use of iodine in methanol; no strongly
basic or acidic conditions are used, nor are expensive reagents
required, and no precautions need be taken to exclude moisture
or oxygen from the reaction system.

The deprotection proceeds simply by the treatment of the
compound with a 1% (m/v) solution of iodine in methanol at
reflux temperature until TLC indicates that no starting material
remains. The reaction is quenched by cooling and adding
Na;S,0; to reduce the remaining iodine. The solvent is
removed, the residue extracted into a suitable organic solvent,
and the solution is washed with water and dried. Removal of the
organic solvent affords the desired alcohol in high yield.
Purification of the product can be achieved readily by column
chromatography. The TBDMS ether is typically removed in
90-120 min. Some examples of the application of the method

are given in Table 1; of note are the lack of acyl migration,
particularly in entries 5 and 8, and the lack of any effect at the
anomeric position in the case of entries 2-5 and 8. Entry 1 also
provides another example of the selective cleavage of a
p-methoxybenzyl (PMB) ether in the presence of a benzyl (Bn)
ether, and is a reflection of the substantially longer time required
for the cleavage of a PMB ether than a TBDMS ether.2!

The mechanism for this cleavage is unclear. Many complex
processes are known to occur with iodine in methanol,?2 thus,
ascribing its mode of action to any one factor is difficult. A
reasonable explanation may be that the combination of a Lewis

Table 1 Cleavage of TBDMS ethers by I, in MeOH

Yield
Entry Starting material Producte th (%)
OTBDMS OH
1 EOPMB EOH 12 90
0OBn OBn
(o] o
HN { ' HNJ\/Ir !
2 TBDMSO OJ\N HO O0 N 2 86
0Bz OBz
(o] (¢]
HN l Me HN /UE/ME
3 TBDMSO OJ\N HO OJ\N 2 85
‘ :O: (o]
OTs OTs
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Me Me
HN ] HNJ]/
4 TBDMSO OJ\N HO C?J\N 2 82
5 1.5 92
6 2 9
7 3 94
OTBDMS OH
TBDMSO HO
BzO BzO
8 - ° 15 96
z o OBz o
o{-w o
Me Me
a All products were identified by 'H and 13C NMR spectroscopy.
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acid-like species that polarizes the ether oxygen, and a trace
amount of HI,§ which is known to be produced by the oxidation
of methanol by iodine,?3 serves to effect easily the deprotec-
tion.

Regardless of the rationale of the iodine-in-methanol ap-
proach, it is clear that its simplicity, the low cost of reagents, and
the ease of use make the method a very favourable process.
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Footnotes
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t Accurate measurement of pH for solvents other than H,O is difficult, and,
thus, was not attempted; see, for example, V. Gold and S. Grist, J. Chem.
Soc., Perkin Trans. 2, 1972, 89. The evolution of formaldehyde, under the
reaction conditions has been demonstrated qualitatively.2!
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