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With a view to expand the repertoire of chemoselective methods applicable to sensitive and multifunc-
tional substrates, the p-methoxybenzylation of alcohols under essentially neutral conditions is reported.
This was achieved by the silver triflate (AgOTf) activation of 5-(p-methoxybenzylthio)-1-phenyl-1H-tet-
razole (PMB-ST) in the presence of 2,6-di-tert-butyl-4-methylpyridine (DTBMP).

� 2009 Elsevier Ltd. All rights reserved.
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The majority of organic chemists would appreciate making mul-
tifunctional molecules without the need for any protecting
groups.1 Yet most complex molecules are only accessible in a prac-
tical fashion with the assistance of protecting groups. Typically, a
protection–deprotection strategy will influence the length, effi-
ciency2 and even the success3 of a synthesis. As a consequence, a
plethora of protecting group reagents and deprotection methods
has been deployed for a wide range of functionalities.4

In a chemoselective context, new methods to introduce protect-
ing groups are just as important as methods to remove protecting
groups. This is particularly true when modulating the reactivity
and stability of advanced intermediates during the developmental
stages of a synthesis. Indeed, subtle changes in the chosen protect-
ing groups, stemming from steric, electronic and anchimeric effects,
can often control the efficiency or even the success of a key step.
New methods should therefore be compatible with a multitude of
sensitive functionality. Ideally, these methods should also meet
the challenging demands (steric or electronic) presented by ad-
vanced intermediates, particularly in complex total synthesis.1–3,5

The para-methoxybenzyl (PMB) ether is a frequently employed
hydroxy-protecting group in organic synthesis, which offers mod-
ular lability3,6 over benzyl (Bn) and 2-naphthyl (NAP) ethers, for
example, by using DDQ, CAN or TFA.7 The introduction of PMB
ethers can, however, be problematic under basic conditions (NaH,
DMF, PMB-halide) or acidic conditions (BF3�Et2O, CSA, TfOH,
PMB-trichloroacetimidate).8 Noteworthy recent advances in aryl-
methyl etherification have been developed by the Dudley group,
for example, the benzyl (Bn) or PMB protection of alcohols by
pyridinium-derived reagents.9

In 1999, Hanessian and Huynh reported p-methoxybenzyl-2-
pyridyl thiocarbonate (PMB-TOPCAT),10 a reagent that provides
PMB ethers upon reacting alcohols in the presence of silver triflate
ll rights reserved.

65 6779 1691.
(AgOTf). In the same year, Marcune et al. reported a methoxy-
methyl (MOM) 2-pyridyl thioether11 for the MOM protection of
alcohols in conjunction with AgOTf and NaOAc. Inspired by these
reports and the success of our Ag(I)-activation of 2-deoxythiogly-
cosides in a complex total synthesis setting,12,13 we report herein
a new thiotetrazole-based system to transfer PMB groups onto
alcohols in a mild fashion. Notably, we demonstrate the virtues
of the complementary activation of both the electrophile and the
nucleophile by combining compatible Lewis acids with non-nucle-
ophilic Brønsted bases.

We initially targeted the PMB-thiocarbonyl tetrazole 5 akin to
Hanessian’s PMB-TOPCAT reagent (Scheme 1).10 Although the thio-
carbonate 5 was too unstable to be investigated systematically, it
conveniently underwent decarboxylation to a new PMB-transfer
reagent, 5-(p-methoxybenzylthio)-1-phenyl-1H-tetrazole (PMB-
ST, 1).14 By modification of reported procedures,15 the PMB-ST
reagent 1 could be prepared quantitatively in one-pot.16 Diphos-
gene was first reacted with 1-phenyl-1H-tetrazole-5-thiol (2) to
give the S,S0-bis(1-phenyl-1H-tetrazol-5-yl)dithiocarbonate (3).
Upon addition of p-methoxybenzyl alcohol (4), the mono-thiocar-
bonate that formed 5 decarboxylated spontaneously.17 The PMB
transfer reagent (PMB-ST, 1) is stable for use in air, at room
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Scheme 1. One-pot synthesis of PMB-ST reagent 1.



Table 2
Thiophilic activator and solvent screening

Activator (1.6 eq), Solvent

PMB-ST (1.6 eq) / DTBMP (1.25 eq)

RO H RO PMB
(1.0 eq)

Entry Activator Solvent Timea (h) Yieldb (%)

1 AgPF6 CH2Cl2 4 68
2 AgOTf CH2Cl2 4 89
3 AgBF4 CH2Cl2 12 43
4 AgSbF6 CH2Cl2 12 41
5 CuOTf CH2Cl2 12 65
6 ZnCl2 CH2Cl2 12 N.R.c

7 AgOTf THF 12 35
8 AgOTf ClCH2CH2Cl 12 30
9 AgOTf CH3CN 12 N.R.

10 AgOTf DMF 12 Trace
11 AgOTf CF3Ph 12 38

a Activator added at 0 �C, then reaction mixture was allowed to warm to rt.
Reagents are relative to 1 equiv of the alcohol.

b Isolated yields. Unreacted alcohol was fully recovered.
c No reaction.

Table 3
PMB-protection of alcohols (ROH) with PMB-ST 1

AgOTf (1.6 eq), CH2Cl2

PMB-ST (1.6 eq) / DTBMP (1.25 eq)

RO H RO PMB
(1.0 eq)

Entrya ROPMB Yieldb (%)

1
OPMB

89

2 OPMB 89

3 Cl
OPMB 78

4 OPMB 73
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temperature, and can be stored in a refrigerator for several months
without decomposition.

In order to design functional group tolerance in our reagent sys-
tem, we envisaged the concerted action of a compatible Lewis acid/
Brønsted base pairing, the concept being to both activate the thio-
ether (in 1) and facilitate deprotonation of the alcohol.18 We fur-
ther selected 1-phenyl-1H-tetrazole thiol 2 for two reasons: its
leaving group potential and its lack of odour.17,19 Table 1 shows
an optimization study for the PMB protection of cyclohexanol by
using AgOTf/DTBMP. Equimolar amounts of PMB-ST 1 and AgOTf
were found optimal (entries 2 and 3). The presence of at least
one equivalent of DTBMP was found to be essential in achieving
a good yield (entries 1, 3, 7 and 8). Trace amounts of water were
removed with activated molecular sieves (4 Å MS), which
improved the yields and minimized the generation of the bis-
PMB ether 6.

O

OMeMeO
6

Amongst the various thiophilic activators and solvents evalu-
ated (Table 2), silver triflate (AgOTf) and dichloromethane gave
optimal results (entry 2). The use of highly polar solvents such as
acetonitrile (entry 9) and dimethylformamide (Table 2, entry 10)
gave no reaction or only a trace amount of product. a,a,a-Trifluo-
rotoluene was found to be inferior as a substitute for dichloro-
methane (entry 11).

Under the established protocol,20 primary, secondary, tertiary,
phenolic and propargylic alcohols were found to give the corre-
sponding PMB ethers in moderate to good yields (Table 3). Both
acid and base labile functionalities were tolerated (entries 3, 4
and 6–11); for example, the successful PMB protection of the
acid/base-sensitive21 b-hydroxy silane (entry 11) is noteworthy
(the yield reflects the purity of the starting material). Neither
a-epimerization nor b-elimination was observed after p-meth-
oxybenzylation of the Roche ester, as indicated by chiral HPLC
analysis (entry 15).

Interestingly, the regioselective protection of a diol functional-
ity within carbohydrates could be addressed with this procedure;
for example, allyl-4,6-O-benzylidene-a-D-mannopyranoside and
allyl-2,3-di-O-carbonyl-a-D-mannopyranoside (entries 12 and 13)
Table 1
Optimization of PMB-etherification with PMB-ST 1

OH OPMB

AgOTf, 4 Å MS, CH2Cl2, 0 oC to rt

PMB
SN

N
N N

Ph N t-But-Bu

PMB-ST (1) DTBMP

(1.0 eq)

Entry PMB-ST (equiv) AgOTfa (equiv) DTBMP (equiv) Yieldb (%)

1 1.2 1.5 — N.R.c

2 1.4 1.6 1.25 75
3 1.6 1.6 1.25 89
4 2.0 2.0 1.25 79
5 1.6 1.6 2.0 72
6 1.6 1.6 1.5 74
7 1.6 1.6 1.0 77
8 1.6 1.6 0.5 43

a Activator added at 0 �C, then reaction mixture was allowed to warm to rt over
12 h. Reagents are relative to 1 equiv of the alcohol.

b Isolated yields. Unreacted alcohol was fully recovered.
c No reaction.

5 OPMB 65

6 BocHN OPMB 71

7 TESO
OPMB 76

8
FmocHN

OPMB 55

9 Br OPMB 61

10
H

OPMB 60

11 TMS

OPMB

23
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Table 3 (continued)

Entrya ROPMB Yieldb (%)
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a Activator added at 0 �C, then reaction mixture was allowed to warm to rt over
4–12 h. Reagents are relative to 1 equiv of the alcohol.

b Isolated yields. Although yields were not optimized for each case, all unreacted
alcohols were fully recovered.
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gave the mono p-methoxybenzylated products at the 3- and
6-positions, respectively. Although this selectivity is similar to
methods that employ dibutyltin oxide, the PMB-ST system is less
toxic.22 Lastly, PMB-ST 1 shows advantages over PMB-TOPCAT10

in terms of its stability and leaving group potential, typically giving
maximum yields within 24 h.

In summary, we report the synthesis and utility of 5-(p-meth-
oxybenzylthio)-1-phenyl-1H-tetrazole (PMB-ST, 1) as a new re-
agent for PMB etherification. The functional group tolerance of
the reagent system was studied over a range of alcohols. Even sen-
sitive substrates and functionality survived the PMB-ST/AgOTf/
DTBMP conditions, thereby allowing full recovery of precious start-
ing material. We thus envisage this reagent system to find utility in
the PMB protection of advanced, multifunctional substrates.
Improvements and application to other protecting modalities, such
as to the NAP, MOM, benzyl and allyl ethers and carbonates, are
ongoing.
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