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Abstract: The use of a homopolymer 2a of methyl 5-vinylsalicylate, as well as of stati-
stical copolymers 2b-f, in the diastereoselective protonation of the chiral keto-enolate 1
leads to selectivities of up to 93:7 in favor of product 3. © 1998 Elsevier Science Ltd. All rights reserved.

The use functionalized polymers as reagent is a fascinating aspect of modern preparative chemistry since it
opens new perspectives for conducting reactions (e.g., in membrane reactors) and for the recovery and multiple
use of the often very valuable reagents[l]. Whereas the application of this principle to stereoselective oxidations,
reductions and cycloadditions has been described, there is hardly any precedent for the use of functionalized
polymers in stereoselective protonations!2], a reaction that is of high current interest for the controlled
construction of stereogenic centersl3]. Recently, we have shown that chiral endocyclic keto-enolates can be
protonated with high cis-selectivities under reagent control when chelating proton donors such as salicylates are
used as proton sourcel4:3), This finding makes the usual trial and error search for stereoselective protonating
agents unnecessary and allows the deliberate use of a certain class of proton sources, e.g. in natural product
synthesis{5). We now report the use of functionalized polymers 2 containing salicylate units in these stereo-
selective protonations; this facilitates the separation of the product from the proton source, and the multiple use of
recycled polymeric protonating agents is also possible. To the best of our knowledge, there are no previous
reports on the use of polymeric chelating proton donors in the literature.
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The homopolymer 2a (m = 20, n = 0) was prepared by radicalic polymerization of methyl 5-vinylsalicylate in
the presence of AIBNI6.7], and the statistical copolymers 2b-f (n = 1-9) with a smaller "concentration” of
salicylate units were obtained accordingly by polymerization with various amounts of styrene (yields: 77-94%).
As substrate for the diastereoselective protonation, we chose the chiral enolate 1 which is readily accessible by
anti-selective 1,4-addition of lithium dimethylcuprate to (R)-carvone in diethyl ether(3]. The protonation with
monomeric chelating proton donors is carried out in diethyl ether at -80°CI5); protonation of 1 with methyl
salicylate under these conditions gives a diastereoselectivity of 3 : 4 = 98 : 2. The polymers 2, however, are
virtually unsoluble in diethyl ether, and the protonation of 1 with a slurry of polymers 2 in diethyl ether gave
unsatisfactory product ratios. Therefore, dichloromethane or ethyl acetate were used as solvent for polymers 2 in
the diastereoselective protonation of 1 (Table 1).

Table 1. Diastereoselective protonation of the chiral enolate 1 with polymeric chelating proton donors 22.

Entry  Proton Source nb Eq.c Solvent  Ratio 7:8
1 2a 0 9 CH2Cl 83:17
2 2b 1 15 CH;Cl, 88:12
3 2d 5 5 CH>Cly 86:14
4 2¢ 3 5 EtOAc 83:17
5 2d 5 5 EtQAc 87:13
6 2e 7 5 EtOAc 87:13
7 2f 9 5 EtOAc 93 . 7

2 The enolate 1 was prepared by addition of MeaCulLi « Lil 1o (R)-carvone in dicthyl ether, and this mixture was added at -80°C to a
slurry or solution of the polymer in the appropriate solvent. The product ratio was determined by GCl45], - b Ratio of styrenc to
salicylate units in the copolymers 2. - € Equivalents of salicylate units in the polymer with regard to cnolate 1.

It turns out that a product ratio of 3 : 4 = 83 : 17 can be reached with homopolymer 2a (entry 1), and the
selectivity could be increased somewhat by using the copolymers 2, but not beyond the value of 88 : 12 found
with a large excess of 2b (entry 2). This result seems to indicate that steric hindrance between neighboring
salicylate moieties disfavors the formation of a chelate complex with the enolate which may be necessary for
obtaining high stereoselectivities(4-3], This trend was confirmed when ethyl acetate was used as solvent for the
polymeric protonating agents (entries 4-7): the product ratio rose steadily from 3 : 4 = 83 :17 with 2¢ up to
93 : 7 with 2f, i.e. close to values obtained with monomeric chelating proton donors! The product can be separa-
ted from the proton source by extraction with an unpolar solvent like pentane or cyclohexane, and repeated use of
the recovered polymers 2 in the protonation of enolate 1 gave consistingly high diastereoselectivities. Currently,
we are extending this principle to other types of functionalized polymers which shall also be used as stereo-
selective protonating agents.
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