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Abstract—Alcohols are tetrahydropyranylated rapidly in high yields in the presence of a catalytic amount of TBATB in
dichloromethane at room temperature. Depyranylation to their parent alcohol is achieved in quantitative yields by merely
changing the solvent to methanol. © 2001 Elsevier Science Ltd. All rights reserved.

THP ethers are one of the most widely used protecting
groups employed during a multi step organic synthesis
because of low cost and stability towards various reac-
tion conditions such as strong bases, Grignard reagents,
hydrides, redox reagents, alkylating, acylating agents
and catalytic hydrogenation and easy removal under
mild acidic conditions. Numerous methods have been
reported for tetrahydropyranylation' and detetra-
hydropyranylation.!>* Protection is normally achieved
with a mild acidic reagent in an aprotic solvent such as
CH,Cl,, THF, acetone etc.; and deprotection also with
an acidic reagent but in a polar or protic solvent such
as methanol, ethanol, isopropanol, acetonitrile, etc.
Commonly used catalysts are potassium dode-
catangestocobaltate trihydrate (K;CoW,,0,,-3H,0),’
ZrCl,,°* I,-microwave irradiation,” LiBr,® acetonyl-
triphenylphosphonium bromide,’ I,,'° NH,CL,!! hetero-
poly acids,'> which catalyse both these transformations
effectively by merely changing the solvent system. How-
ever, some of these procedures suffer due to the use of
expensive and toxic reagents, high temperature, longer
reaction times and incompatibility with other acid-sen-
sitive functional groups.

Therefore there is a need to develop an alternative
method for the protection as well as deprotection of
alcohols under mild reaction conditions. Recently, tet-
rabutylammonium tribromide (TBATB) has been used
as a brominating agent'® and for the cleavage of tert-
butyldimethylsilyl ethers,'* cleavage of dithioacetals'
and acetalisation of carbonyl compounds.!® In this
letter we report a mild and efficient method for the
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tetrahydropyranylation of alcohols wusing tetra-
butylammonium tribromide (0.025 equiv.) as a pro-
moter in the presence of 3,4-dihydro-2H-pyran (1.1
equiv.) in methylene chloride at room temperature,
whereas the detetrahydropyranylation could be readily
achieved using the same quantities of the reagent in
methanol at room temperature.

Tetrahydropyranylation did not occur when the blank
runs were performed in the absence of TBATB. Despite
the use of an aprotic solvent during pyranylation, the
occurrence of this reaction may be attributed to the in
situ formation of HBr by the interaction of alcohol
with TBATB, as shown in Scheme 1. It has been shown
that organic ammonium tribromide such as ben-
zyltrimethylammonium tribromides generate HBr and
MeOBr in methanol.!” Taking cues from this and our
earlier observations'*!¢ the following mechanism has
been proposed for the deprotection, as shown in
Scheme 2. Gas chromatographic co-injection analysis
unequivocally established the formation of 2-
methoxytetrahydropyran as a  transacetalisation
product and in turn the mechanism. 2-Methoxytetra-
hydropyran was prepared by reacting methanol with
3,4-dihydro-2H-pyran in the presence of I,.!° Other
alcoholic solvents such as ethanol and isopropanol can
also be used for the deprotection.

Protection:
®0O CH,Cl, ®0
BuyNBr; + ROH HBrI + ROBr + BuyNBr
ROH + @ J J\/j
CH,Cly R—0" 0

Scheme 1. Proposed mechanism of protection.
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Deprotection:

®0O ® 0O
BusNBrz + MeOH —— |HBr |+ MeOBr + BugNBr

pmm e ; R—OH

Scheme 2. Proposed mechanism of deprotection.

Several examples illustrating this novel and rapid proce-
dure for tetrahydropyranylation of alcohols and their
successive deprotection are presented in Table 1. The
general applicability of this methodology can be seen
from the wide spectrum of hydroxyl compounds rang-
ing from primary, secondary, tertiary, benzyl alcohols,
which are protected/deprotected as THP ethers in high
yields with TBATB as the promoter. The tolerance of
various protecting groups under the reaction conditions
has been examined by reacting substrates bearing sub-
stituents such as nitro, alkene, alkyne, esters, OBn, Boc,
isopropylidine, OTs, etc. and the reaction conditions
were compatible both in the protection and deprotec-
tion stages.

In conclusion, this methodology provides a useful alter-
native for the preparation as well as cleavage of tetra-
hydropyranyl ethers to the corresponding alcohols. The
main advantages of our methodology are mild reaction
conditions, high efficiencies, quick and clean, economic
viability of the reagent, industrial applicability and
tolerance to a wide range of functionalities. We believe
that this will be a useful addition to modern synthetic
methodologies. The possibility of deprotection using
the same catalyst with slight change in experimental
protocol makes this method an attractive strategy,
offering advantages over other methods, which use
different catalysts.

(a) General procedure for the tetrahydropyranylation of
alcohols: To a solution of alcohol (5 mmol) in
dichloromethane (10 mL) was added 3,4-dihydro-2H-
pyran (5.5 equiv.) and tetrabutylammonium tribromide
(TBATB) (0.125 mmol) and the resulting solution was
left at room temperature. The progress of the reaction
was monitored by GC/TLC. On completion, a satu-
rated solution of sodium bicarbonate (10 mL) was
added and the product was extracted with CH,CI,
(2x25 mL). The organic layer was separated, washed
with water, and dried over anhydrous Na,SO,. The
solvent was removed to give crude THP ether, which
was purified through a short column of silica to obtain
a pure sample of the THP ether. GC retention time was
identical with that of an authentic sample. IR and 'H
NMR data were in good agreement with the spectral
data published.

(b) Detetrahydropyranylation of OTHP ethers of alco-
hol: To a solution of THP ether (5 mmol) in methanol
(10 mL) was added TBATB (0.50 mmol) and the
resulting solution was left at room temperature. The
progress of the reaction was monitored by GC/TLC.
On completion of the reaction, methanol was removed

Table 1. Tetrahydropyranylation/depyranylation of alco-
hols in the presence of TBATB

Protection Deprotection
Substrate i . [ : b
Time / h Yield/%®° Time/h Yield/%*
U7 0oH (1) 050 87 0.08 95
C>j'OH (20 0.75 88 0.66 95
OH (3)  1.00 85 0.16 95
NO,
OH (4 2.00 79 0.50 95

CIQjOH (5) 100 85 0.50 95

Cl
(6) 1.00 78 2.00 90
H

0
OH
0.41 85 1.00 97
W @)

{ »on ® 100 75 0.08 92¢
OH (9) 1.00 74 0.08 92
Phy OH 15y 050 50 1.00 75
P
®_\\/OH(11) 200 65 0.16 98
HO H
W —oHn 05 o5 0.16 95
o, 12
— d
Jumon 03B o 0.33 92
O/\/OH
(14) 1.00 71 0.16 97
N Q ~_OH
g O 15 100 75 0.16 96
~_0
1% j 1.00 76 0.16 92
1) 1o
@ﬁowﬁ 100 73 0.20 92
(17) HO
TsO 13 0H(18) 1.50 80 0.50 93
HO~._—OH
NHBoc (19) 2.00 74 1.00 95
HO
o Ura
oHo (200 041 88 15 75
X

aReactions were monitored by TLC, GC. ? Confirmed by
comparision with IR and *H NMR. °Determined by GC.
dDouble amounts of THP were used.
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under vacuum and product was purified through a
short column of silica gel to obtain pure alcohol. GC
retention time was identical with that of an authentic
sample and IR and 'H NMR data were in good agree-
ment with the spectral data published.
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