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ABSTRACT

p-Methoxybenzyl ethers have been found to transfer from alcohols to sulfonamides in the presence of catalytic trifluoromethanesulfonic acid.
This process for protecting group removal can be performed in solution with yields >94%. Through the use of sulfonamide-functionalized
(“safety-catch”) resins, p-methoxybenzyl ethers can be cleaved in excellent yields with minimal purification.

The p-methoxybenzyl (PMB) protecting group is used
widely. Its utility stems, in part, from its propensity to
undergo cleavage under conditions orthogonal to those
employed for benzyl group removal. PMB groups are
generally removed through the use of oxidizing agents such
as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) or
ceric ammonium nitrate (CAN).1 PMB groups may also be
cleaved in the presence of strong acids, but they are stable
to many acidic conditions.2 For example, PMB ethers are
used as protecting groups in many glycosylation reactions
promoted by catalytic acids.3 Consequently, we were sur-
prised to observe quantitative removal of a PMB ether group
during the attempted glycosylation of1, in which catalytic
trifluoromethanesulfonic acid (TfOH)4 was employed as a

promoter (Figure 1). Upon isolation of the byproducts, it was
found that the PMB group had been transferred to the
sulfonamide intermediate to yield3 in 94%. We hypothesized

that this process might constitute a new method for the
selective removal of PMB ethers.

To determine if the process is general, compound45 was
treated with 0.1 equiv of TfOH in the presence ofN-methyl-
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Figure 1. Initial observation of PMB ether cleavage in the presence
of catalytic triflic acid.
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p-toluenesulfonamide (5)6 (Figure 2). Complete removal of
the PMB group was observed, and sulfonamide3 and
menthol (6) were generated. Importantly, PMB removal was

not observed when sulfonamide5 was omitted from the
reaction. Silver triflate also promoted PMB group cleavage;
however,>1 equiv was required to obtain cleavage kinetics
similar to those observed with 0.1 equiv of triflic acid.
Attempts to effect PMB removal using weaker acids2 have
not been successful.

With this initial success, we explored the effect of
sulfonamide structure on the reaction. A primary sulfonamide
was tested in place of5 to determine whether two PMB
groups could be transferred to one sulfonamide. The reaction
of 4 in the presence of 0.1 equiv of TfOH with 0.55 equiv
of p-toluenesulfonamide (7) resulted in complete removal
of the PMB group. Two sulfonamide byproducts (8 and9)
were generated. The utility of an alkyl sulfonamide, ethane-
sulfonamide (10), also was explored. It, too, was effective,
generating6 in high yield along with the expected sulfona-
mides11 and 12. The rate of the reaction with the more
nucleophilic alkyl sulfonamide was not enhanced signifi-
cantly; consequently, we employed aryl sulfonamides in
subsequent studies.

The scope of the deprotection process was evaluated using
several PMB ethers,13-167 (Table 1). These were generated
from the corresponding alcohols via standard transformations.
Compounds4, 13, and14 all can be cleaved to afford very
high isolated yields of the product alcohols (Table 1). Most
reactions can be performed with the commercially available
p-toluenesulfonamide7. When theN-methyl derivative5 is
the acceptor, however, chromatographic separation is more
facile because only one sulfonamide is produced (3 vs. 8
and9).

Sulfonamide substitution also can influence the outcome
of the deprotection reaction for some substrates. For example,
treatment of benzylidene acetal15with tosylsulfonamide (7)
and TfOH resulted in a mixture of products; the desired
alcohol was produced in very low yield (<10%). Under these
conditions, the benzylidene acetal is labile, and competitive
sulfonimine formation occurs.8 In contrast, when secondary
sulfonamide5 was employed, compound15was transformed
into the desired alcohol in high yield (94%). The use of the
secondary sulfonamide eliminates the possibility of sulfon-
imine formation, thereby allowing for PMB group release
from substrates that contain acid-sensitive functional groups.

The method we have developed for PMB ether cleavage
is complementary to others. For example, it can be applied
to substrates sensitive to oxidation, as the reaction of
compound16 illustrates (Table 1). Hydroquinone derivatives
are oxidized by either DDQ or CAN; treatment of16 with
CAN yielded the quinone product exclusively.9 In contrast,
the reaction of16 in the presence of TsNH2 and TfOH
afforded the phenol in high yield. No unwanted quinone
byproducts were observed.

A key objective to be met in the development of new
methods is to streamline product isolation and purification.10

To this end, solid-supported reagents and scavenging resins
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Figure 2. The effect of sulfonamide structure on the deprotection
of PMB ether4. (a) 0.1 equiv of TfOH in Et2O.

Table 1. Deprotection of PMB Ethers Using Catalytic TfOH in
the Presence of a Sulfonamidea

a 0.1 M substrate in Et2O, 0.55 equiv of TsNH2 and 0.1 equiv of TfOH.
b Low yield due to formation of TsNdCHAr. c 1.1 equiv of TsNHMe instead
of TsNH2.
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function as scavengers in PMB ether cleavage reactions
prompted us to examine the utility of immobilized sulfona-
mides. Sulfonamide-functionalized resins are used widely in
solid-phase organic synthesis.11 We envisioned that these
could facilitate PMB ether removal by trapping the PMB
cation (Figure 3). Purification of the desired alcohol would

involve neutralization of the triflic acid and filtration.
PMB ether cleavage occurred with a resin-bound sulfon-

amide group under conditions similar to those used for
reactions in solution. The yield, however, was optimal when
dioxane solvent was used instead of diethyl ether. Because
the commercially available resins contain primary sulfona-
mide groups, only 0.5 equiv of resin is required, in principle.
The loading levels can vary, however, and some reaction
sites may be inaccessible; consequently, 0.7 equiv was used.
These conditions gave reproducible results. After the mixture
was neutralized, filtered, and concentrated, the desired
alcohol could be recovered in high yield and purity without
chromatography (Table 2). As anticipated, when substrate
15 was treated with resin18 competitive sulfonimine
formation led to low yields (<10%) of the target alcohol
(Table 2, entry 4). The use of an immobilized secondary
sulfonamide should circumvent this difficulty.

A typical procedure for the deprotection of PMB ethers
using safety-catch resin18 has been developed. The resin
18 (0.07 mmol) is allowed to swell in 1 mL of dioxane, 0.01
mmol of TfOH is added, and the mixture is agitated. The
resin is filtered, rinsed with dioxane, and resuspended in 1
mL of dioxane. The PMB ether (0.1 mmol) is added,
followed by TfOH (0.01 mmol). After 4-6 h, the reaction
is quenched by the addition of aqueous sodium bicarbonate.
The mixture is filtered through a small plug of silica gel to
remove water and salts, and the resulting solution is
concentrated. This procedure affords the desired alcohols in
excellent yields.

Our studies demonstrate that sulfonamides function as
excellent scavengers in the acid-catalyzed cleavage of PMB
ethers. Additionally, commercially available safety-catch
resins can be used to effect PMB protecting group removal
to afford target alcohols in high yields with minimal
purification. This protocol is convenient, and it can be used
with substrates sensitive to oxidation. Finally, our studies
suggest that sulfonamide-containing compounds, either in
solution or immobilized, may act to effectively capture
carbocation byproducts in a wide range of reactions.
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Figure 3. Example illustrating the strategy for PMB ether removal
using safety-catch resins as scavengers.

Table 2. Deprotection of Various PMB Ethers in the Presence
of Sulfonamide-Substituted Resins

a 0.1 M substrate in dioxane, 0.7 equiv ofp-toluenesulfonamide safety-
catch resin and 0.1 equiv of TfOH.b Reduced yield due to volatility of
product.c Low yield due to competitive sulfonimine formation.
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