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Selective introduction and removal of protecting groups
is of great significance in organic synthesis. Acetals and
ketals are protected carbonyl compounds which can be
reduced to either ethers or hydrocarbons under a variety
of reducing conditions, e.g., trialkylsilanes in the presence
of Bronsted or Lewis acids.! Tetrahydropyranyl (THP)
ethers are mixed acetals (inter- and intramolecular) of
5-hydroxyvaleraldehyde and alcohols and are well estab-
lished as protecting groups for alcohols because of their
ease of formation and stability to various conditions. For
the deprotection of the THP ethers, quite often a transac-
etalization methodology is opted, mainly because under
normal hydrolytic conditions, sometimes the byproduct
formed in the reaction, 5-hydroxyvaleraldehyde, is prob-
lematic during workup and purification procedures. It
occurred to us that reductive cleavage of the exo C—0O
bond of THP ethers provides a convenient method for the
deprotection of THP ethers, since the low-boiling, cyclic
ether tetrahydropyran (H-THP) will become the byprod-
uct. Recently, Cossy et al.? reported that reductive
cleavage of THP ethers using 2 equiv of BH;—THF
furnishes 5-(alkyloxy)pentanols via the cleavage of the
endo C—0 bond (eq 1) in a regioselective manner. In

BH, THF
ROy ) " R-O-(CH,);-OH (eq. 1)
RT-40°C, 48 hr
NaCNBH,/BF.OEt,
RO, ——————> ROH  (eq.2)

contrast, we have discovered that reductive cleavage
using sodium cyanoborohydride in the presence of 1 equiv
of BFs*OEt; in dry THF efficiently cleaves the exo C—-0O
bond of the THP ethers furnishing the corresponding
alcohols in a highly regioselective manner (eq 2), which
in turn provided an alternative, simple, and efficient
nonhydrolytic method for the removal of the THP pro-
tecting group.?

A range of THP ethers* were prepared from the corres-
ponding alcohols including naphthol and phenols using
standard procedures (DHP and PPTS in CH)Cly) and
subjected to reductive cleavage using sodium cyanoboro-
hydride and BF3OEt; in dry THF at room temperature.
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Table 1. Reductive Cleavage of THP Ethers®

Entry R-O-THP Product Time Yield
(1) "CipHy-O-THP  "CypHys-OH 2h  90%
(2) Cholesteryl-THP  Cholesterol 3h 68%
OTHP OH
(3) >d_>-f W 3h 80%
(4) @,omp @_OH 8h 92%
(5) —@—OTHP —2_6_)-% 8h 95%
”
OTHP OH
(®) 8h  90%

HO
7 OHC—@-OTHP \@—OR 8h 83%

AR=THP, BR=H

@ Yields (unoptimized) refer to isolated and chromatographically
pure products. > When the reaction was stopped at 1 h, only pro-
duct A% was obtained. ¢ 5:3 mixture of the compounds A and B.

The results are summarized in Table 1. All the reactions
were clean and completed in less than 8 h. The corre-
sponding alcohols were obtained in very good yields. How-
ever, in contrast, the allyl and benzyl THP ethers were
found to generate mixture of products under these condi-
tions. Itis worth mentioning that in the case of aliphatic
THP ethers when the reaction was carried out under
dilute conditions (0.1 M) varying amounts (10—30%) of
5-(alkyloxy)pentanols were also formed. In the last entry,
quite expectedly, the aldehyde reduced faster than the
THP ether furnishing the corresponding® benzyl alcohol.?

In conclusion, we have discovered a simple, convenient,
and highly regioselective nonhydrolytic method for the
removal of the THP protecting group using a combination
of sodium cyanoborohydride and boron trifluoride ether-
ate in THF.

Experimental Section

General Procedure of the BFsOEt;-Catalyzed Reduc-
tive Cleavage of THP Ethers to Alcohols with Sodium
Cyanoborohydride. Sodium cyanoborohydride (1.5 mmol) was
added to a magnetically stirred solution of the THP ether (1
mmol) and BF3OEt; (1 mmol) in dry THF (2 mL), and the
reaction mixture was stirred at room temperature until the
completion of the reaction (monitored by TLC analysis). Aque-
ous sodium bicarbonate solution was added to the reaction
mixture and extracted with ether (5 mL x 2). The ether extract
was washed with brine and dried over anhydrous sodium sulfate.
Evaporation of the solvent followed by purification of the residue
over a silica gel (5 g) column using a combination of ethyl acetate
and hexane as solvent furnished hydroxy compounds, which
were identified by comparison (TLC, IR, and *H NMR spectra)
with authentic compounds.
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