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A mild and selective method for the cleavage of ferz-butyl esters
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Abstract—A method for the cleavage of 7-butyl esters using silica gel in refluxing toluene is reported. Good yields of the
corresponding carboxylic acids are obtained, and the reaction is selective for ¢-butyl esters over ¢-butyl ethers and trimethyl-
silylethyl (TMSE) esters. © 2001 Elsevier Science Ltd. All rights reserved.

Acid labile protecting groups play an important role in
organic synthesis. Among them, terz-butyl esters are
commonly employed in the synthesis of peptides, alka-
loids and other natural products and substrates of
medicinal interest.! Removal of f-butyl esters often
involves the use of strong protic acids such as tri-
fluoroacetic and hydrochloric acid, or Lewis acids such
as ZnBr, and silyl triflates.! The harshness of these
conditions can often lead to unwanted side reactions
and decomposition of sensitive substrates. In addition,
chemoselectivity can be problematic if numerous acid-
sensitive protecting groups reside in the same molecule.
In an effort to identify a generally mild and selective
method for the deprotection of ¢-butyl esters a system-
atic study of acidic cleavage methods was undertaken.
Herein is reported a method using silica gel as an
efficient reagent for the cleavage of r-butyl esters
(Scheme 1).

The reaction of ¢-butyl esters with standard flash chro-
matography grade silica gel in refluxing toluene gave
high yields of the corresponding carboxylic acid. A
typical procedure is as follows.* A solution of the ester
(0.5 mmol) and silica gel (2.5 g, 230-400 mesh) in
toluene (10 mL) is refluxed with vigorous agitation until
the starting material is consumed, typically 0.5-7 h.
Upon cooling, the solution is diluted with 10%
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Scheme 1. General scheme for silica gel promoted cleavage of
t-butyl esters.
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methanol in methylene chloride, Celite® is added, and
the solution filtered through a pad of Celite®. The
solids are washed with methanol/methylene chloride,
and the filtrate concentrated to afford the product. For
scale-up purposes it is convenient to use a Dean—Stark
trap to azeotropically remove adventitious water in
order to prevent clumping of the silica gel.

The results of the deprotection reactions are shown in
Table 1. The derived carboxylic acids are obtained in
acceptably high purities and normally require no fur-
ther purification for subsequent chemical transforma-
tions.* A variety of substrates are amenable to the
reaction conditions and good to high yields of the
carboxylic acids are obtained. Benzene is also an
acceptable solvent, however, the associated increase in
reaction times due to a lower reflux temperature makes
this a less desirable solvent. For example, refluxing a
benzene solution of 2a with SiO, for 21 h resulted in
only 63% conversion to the acid. The enoates 3a and 4a
are stable to the reaction conditions, and the E/Z ratios
of 96/4 and 97/3, respectively, were unchanged in the
products. Also, protected amino acids and peptidic
substrates readily undergo the deprotection reaction to
afford high yields of the corresponding carboxylic
acids. Interestingly, the hydrophobic substrates tend to
require longer reaction times than the more polar
amino acid derivatives. This suggests that the rate of
the reaction is dependent upon the relative affinity of
the starting material for the silica gel, the more polar
substrates having higher affinities than the hydrophobic
ones.

The chemoselectivity of the silica gel deprotection was
explored using the substrates shown in entries 4,8 and
9. Of interest was to determine whether the ester groups
could be removed in the presence of other acid labile
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Table 1. Cleavage of ¢-butyl esters with SiO, in refluxing toluene
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*Based on "H NMR ratio of products
® Yield after flash chromatography using 90/9/1 dichloromethane/methanol/acetic acid
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functionalities. As can be seen from entries 4 and 8 the
selectivity for the cleavage of 7-butyl esters over ¢-butyl
ethers can be variable.® After a reaction time of 1.25 h
in refluxing toluene, the fully protected serine derivative
8a was completely consumed. The product was
obtained in 84% total yield, and analysis of the 'H
NMR showed a 9/1 ratio of mono-deprotected/bis-
deprotected material. There was no evidence of Fmoc-
serine ¢-butyl ester in the reaction product. The
4-t-butoxycinnamate derivative 4a undergoes reaction
in a less selective manner, affording the mono- and
bis-deprotected products 4b and 4c¢ in a ratio of 2.1/1.
In analogy to the serine derivative 8a, no evidence of
the phenol 7-butyl ester was observed. Thus, the extent
of selectivity encountered in the cleavage of ¢-butyl
esters over 7-butyl ethers appears to be substrate depen-
dent, with the rate of ester cleavage potentially being a
prime determinant.

The trimethylsilyethyl (TMSE) ester is another protect-
ing group often utilized for carboxylic acids, and a
common mode of deprotection is acid-catalyzed cleav-
age, conditions which will often result in the removal of
t-butyl esters. Entry 9 shows that TMSE esters survive
the SiO,-promoted cleavage conditions, in this case
affording the acid in 78% yield after chromatography.
The high preference for cleavage of 7-butyl esters over
TMSE esters has also been observed in a structurally
non-related substrate.” These results indicate that these
two carboxylic acid protecting groups can generally be
employed in an orthogonal protecting group strategy.®

In conclusion, it has been shown that the use of stan-
dard flash chromatography grade silica gel is a novel
alternative for the cleavage of z-butyl esters and
enhances the usefulness of this functional group. The
mild cleavage conditions broadens the synthetic appli-
cations in which protected carboxylates can be utilized,
and the moderate to high selectivity observed in the
presence of other acid-labile protecting groups extends
the utility of the ¢-butyl ester as an orthogonal protect-
ing group.
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