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A facile cleavage of allyl ethers on solid phase
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Abstract

A simple and efficient protocol for the cleavage of allyl ethers on solid phase using a palladium(0)-
catalyzed allyl transfer reaction is reported. © 2000 Elsevier Science Ltd. All rights reserved.
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During the past decades, solid-phase synthesis has become an important tool in organic
chemistry. In the context of combinatorial synthesis, many types of reactions have been
performed successfully on solid support.1–4 Nevertheless, there are several limitations concerning
reaction conditions which can be applied to polymer-linked substrates. They reduce the number
of protecting groups that can be utilized to allow selective manipulations on the substrate, for
example in combinatorial derivatizations of polyfunctional molecules.

Owing to its high chemical stability, an allyl ether should be ideal as a hydroxy protecting
group, but many of the methods developed for its removal including rhodium- or palladium-
catalyzed isomerizations,5,6 the use of Grignard reagents,7 or nickel-catalyzed hydrometallation/
elimination reactions,8 do not operate or cause side reactions on polyfunctional molecules. In
addition, only a few of the described methods meet the requirements for an application to
solid-phase chemistry. The palladium(0)-catalyzed allyl transfer reaction9,10 has a remarkable
substrate tolerance and can be employed for the mild and selective removal of allyl esters or the
allyloxycarbonyl- (Aloc-) protecting group.5,6,11,12 Allyl ethers do not react under these classical
allyl transfer conditions, because an alkoxide ion is a poor leaving group compared to a
carboxylate, carbonate or carbamate. From a thermodynamic point of view, cleavage of allyl
ethers using an allyl transfer reaction should be feasible, but for kinetic reasons activation of the
ether oxygen by a Lewis acid is required. Allyl ethers can be cleaved by Pd(PPh3)4 and acetic
acid as a proton source at room temperature, but stoichiometric amounts of the complex have
to be employed.13 In 1997, Nagakura and co-workers published a protocol for cleavage of allylic
protecting groups including allyl ethers using a sulfinic acid as both allyl acceptor and proton
source in combination with catalytic amounts of Pd(0).14
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In our hands, the described deprotection of 3-O-allyl-1,2,5,6-di-O-isopropylidene-D-gluco-
furanose in CH2Cl2 turned out to be delicately dependent on parameters like concentration
and reaction time. Side products were formed along with the formation of orange-colored Pd
complexes. An oxidation of the catalyst15 or the nucleophile16 by CH2Cl2 could be the cause
of the observed ambiguities since cleaner reactions have been performed using ethers as
solvents.

Experiments with solid-phase bound allyl ethers revealed a strong influence of the type of
the catalyst as well as the solvent on the cleavage efficiency, showing especially 1,2-
dimethoxyethane (DME) and 1,4-dioxan to be superior to CH2Cl2. In addition, reactions
carried out in these diethers showed reduced precipitation of finely divided Pd metal (so-
called plating out), which may constitute a problem when Pd complexes with monodentate
ligands are used. Catalysts with bidentate ligands such as Pd(DIPHOS)2 proved to be less
reactive than Pd(PPh3)4 in the described transallylation reaction. In any case, Pd metal plated
out inside the resin beads when using higher concentrations of the catalyst during long
reaction times can be easily removed by washing the resin with a dilute solution of ammo-
nium pyrrolidinedithiocarbamate in MeOH/THF (Scheme 1).

Scheme 1.

The sensitive thioglycoside anchor in our solid-phase bound substrates was not affected
under the reaction conditions, nor were esters, carbamates, amides, benzyl ethers, aryl chlor-
ides and the TBDPS group. Thus, the elaborated cleavage protocol permits the use of allyl
ethers as protection for hydroxy functions of complex molecules on solid phase.19 Allyl esters
as well as Aloc groups are also removed efficiently under the conditions described here.

Conversion of the allyl ethers to the corresponding alcohols (Table 1) was quantified by
RP-HPLC electrospray MS analysis of the anomeric 1-O-ethylglycosides obtained after cleav-
age of the thioglycoside anchor through reaction with a mixture of NBS or bromine and
2,6-di-tert-butylpyridine in dry CH2Cl2 and subsequent ethanolysis of the produced 1-bromo-
sugars in the presence of Et4NBr.17,18 Under these conditions, unreacted allyl ethers were
transformed to the corresponding 2,3-dibromopropyl derivatives.

HPLC–MS chromatograms of the products revealed the formation of small amounts (about
0.5%) of the corresponding propyl ethers as the only detectable side products.
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Table 1
Cleavage of allyl ethers on polyfunctionalized monosaccharide templates by Pd(0)-catalyzed allyl transfer to

p-toluenesulfinic acid in dimethoxyethane (DME)

Compound R3R1 Repeats (see text) Conversion (%)R2

H (galacto-configuration at C-4) 1H \99tBuPh2Si1
4-Cl-PhNHCOBn H 1 \982

4-Me-PhCH2CO 24-F-PhNHCO \99Me3
PhCO 24 \99Me 4-F-PhNHCO
4-CF3-PhNHCO 24-F-PhNHCO \985 Me

4-F-Bn 3-CN-PhNHCO 4-F-PhNHCO 2 \996
4-Me-PhCH2CO 23-CN-PhNHCO \997 4-F-Bn
4-Cl-PhNHCO 18 \994-F-Bn 3-CN-PhNHCO
4-F-PhNHCO 24-Cl-PhNHCO \999 4-Me-Bn

10 4-Me-PhCH2CO4-Me-Bn 2 \994-Cl-PhNHCO

As an example, the data obtained from ethylglycoside 11 produced by thioglycoside activation
of resin 4 (Table 1) and reaction with ethanol are shown in Fig. 1. Traces of the 3-O-propyl
derivative are the only detectable impurity formed during the deallylation reaction. The peak at
Rt=2 min originates from a side product formed in the second of seven synthetic steps on solid
support.17,18

DME can be easily degassed by ultrasonication under argon. Both polystyrene- and Tent-
agel™-resins swell efficiently in this solvent. The catalyst as well as the sulfinic acid are stable

Figure 1. HPLC chromatogram (evaporative light-scattering detection) of the crude product obtained after cleavage
of substrate 4 (Table 1) from the polymer
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at +4°C for several months, rendering the described procedure very convenient. To our
knowledge, this is the first single-step cleavage of highly functionalized alkyl allyl ethers on solid
support. In addition, it only requires catalytic amounts of the expensive Pd complex.
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