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Abstract—A simple, mild and efficient method for tetrahydropyranylation and dehydropyranylation of alcohols in the presence of

ferric perchlorate are described.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

The protection—deprotection of hydroxyl groups is of
paramount importance in multi-step organic synthesis.
THP ethers are one of the most useful protective groups
in multi-stage synthesis, because they are stable under
neutral and basic conditions, and resistant to oxidizing
and reducing agents.! THP ethers can be easily prepared
from a variety of hydroxyl containing compounds with
3,4-dihydro-2H-pyran (DHP). Some efficient and com-
mercially available reagents® and some readily available
naturally occurring clays® have been utilized as efficient
and versatile catalysts for this interconversion. Very
recently, the reaction was performed using acetonyl tri-
phenyl phosphonium bromide supported on poly-
styrene.* Deprotection of THP ethers for regeneration
of hydroxyl compounds usually entails rather harsh
acidic conditions, which are rarely compatible with
sensitive substrates.’

In recent years, ferric perchlorate has gained importance
as a versatile reaction medium for effecting various or-
ganic transformations such as regio and stereoselective
alcoholysis and hydrolysis of epoxides,® transformation
of allylic and benzylic ethers” and synthesis of amides
from benzylic alcohols.® Ferric perchlorate is a hygro-
scopic compound, which is readily prepared by the reac-
tion of ferric hydroxide and perchloric acid, and can be
stored for a long time in a desiccator. It is non-toxic,
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inexpensive and soluble in most of the organic solvents,
and is not explosive even when heated in solution. In
line with the continuing interest, in this communication
we wish to report that ferric perchlorate is also an excel-
lent and efficient catalyst to perform tetrahydropyranyl-
ation in Et,O and deprotection in MeOH at room
temperature (Scheme 1).

The mild, facile, high yielding and homogeneous reac-
tion conditions applied for tetrahydropyranylation and
the easy work up procedure ensures an efficient rout
and provides an attractive and variable alternative to
the previously reported procedure for protection of hy-
droxyl groups as THP ethers. In addition to tetrahydro-
pyranylation by changing of solvent to methanol the
reverse process, that is, deprotection, is also brought
about with similar ease, is high yielding and effective.

All types of alcohols (primary, secondary, tertiary, benz-
ylic, allylic and propargylic) were easily converted to
THP ethers by the treatment of 3,4-dihydro-2H-pyran
with catalytic amounts of ferric perchlorate in Et,O at
an ambient temperature (Table 1). Of various phenols
studied, only phenol itself furnished THP ether with
low yield whereas substituted phenols either with elec-
tron withdrawing or electron-releasing substituent did
not react at all.
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Table 1. Ferric perchlorate catalyzed tetrahydropyranylation of
hydroxyl compounds in Et,O

Entry Hydroxyl Time Product Yield®
compound (h) (%)
1 @CHZOH 13 @CHZOTHP 9
OTHP

&}
o
:O )

75
QOTHP 94

H ’ OTHP

R

5 YN s YT 90
OH OTHP

6 %OH 3 OTHP 92.5

7 _~_OH L5 _~_OTHP 85

8 ~_OH 1 o~ OTHP 96

*Yields refer to GC analysis.
Table 2. Deprotection of THP ethers catalyzed by ferric perchlorate in

MeOH

Entry THP ether Time Product Yield®
(mln) (0 u)

@CHZOH 92

OH
Oror »
90 /\/\o 9

CH,OTHP 120
OTHP

%
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OTHP 90

5

OTHP H
5 m 45 \/\o? 94
6 %*OTHP 90 %OH 82
7 _~_OTHP 120 __~_OH 92
8 ~_OTHP 90  _~_OH 93

#Yields refer to GC analysis.

It is worth mentioning that ferric perchlorate did not af-
fect the double bond or triple bond of allylic and prop-
argylic alcohols (entries 7 and §8). Under acidic
conditions, tertiary alcohols (entry 6) are known to un-
dergo dehydration.® Ferric perchlorate could be applied
to catalyze the protection and deprotection of this com-
pound perfectly (Tables 1 and 2, entry 6). It is notewor-
thy that under these conditions no oxidation of alcohols
and even benzylic alcohols (Tables 1 and 2, entry 1) is
observed. Although Fe(IIl) reagents are known to be
strong oxidants,'® Fe(IIl) of ferric perchlorate, in this
reaction behaves solely as a powerful and highly selec-
tive Lewis acid. The oxidation potential of ferric per-
chlorate in methanol is only 0.70v.'! The reactions

occur under essentially neutral conditions and are par-
ticularly well suited for acid labile substrates.

The deprotection of THP ethers can be carried out un-
der similar mild reaction conditions and with the same
ease as the protection process. The results of the selected
examples are illustrated in Table 2.

In summary, we have developed ferric perchlorate as an
excellent catalyst for protection and deprotection of hy-
droxyl groups in different medium under mild condi-
tions. In addition, the reactions are high yielding and
easy to work up. Due to the catalytic nature of the reac-
tion, mildness, non-toxic nature, neutrality of the condi-
tion, availability and the low cost of the reagent, we
believe it would be a useful addition to the available or-
ganic methodologies.

2. Experimental

All products were known and their analytical and spec-
tral data were compared with those of authentic
samples.

2.1. Protection of hydroxy compounds catalyzed by ferric
perchlorate. Typical procedure

Ferric perchlorate (0.0712 g, 0.154 mmol) in Et,O
(1 mL), DHP(0.42 g, 5mmol) and benzyl alcohol
(0.54 g, 5mmol) were mixed at room temperature for
1.5 h. The progress of the reaction was monitored by
TLC (eluent, n-hexane—ether, 4:1). Upon completion,
the reaction mixture was passed through a short column
of silica gel using petroleum ether as an eluent. The sol-
vent was evaporated to dryness to afford pure benzyl
THP ether in 98% yield.

2.2. Deprotection of THP ethers catalyzed by ferric
perchlorate. Typical procedure

Fe(ClOy4); (0.0712 g, 0.154 mmol) and benzyl THP ether
(0.96 g, 5 mmol) were stirred in MeOH (2 mL) at room
temperature for 45 min. The progress of the reaction
was monitored by TLC (eluent, n-hexane—ether, 4:1).
After completion of the reaction, the mixture was passed
through a short silica gel pad. The solvent was evapo-
rated off to afford pure benzyl alcohol in 92% yield.
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