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Abstract : Diastereoselective ring-openings of meso-dicarboxylic anhydrides with the Li- and Zn-
complexes generated in situ from sterically congested chiral N-sulfonylaminoalcohols proceed with
areversal of high stereoselection.  Copyright © 1996 Elsevier Science Ltd

Asymmetrization of o-symmetric compounds is a versatile, synthetic technique which permits the
generation of multiple stereogenic centers with correct stereochemistry in a single step.l A number of strategies
for the enantiodivergence of meso-dicarboxylic acid derivatives have been developed through stoichiometric and
catalytic processes including the use of enzymes and biocatalysts.2

Highly efficient differentiation between the enantiotopic carbonyl groups of meso-1,2-dicarboxylic
anhydrides including bicyclo[2.2.2] and bicyclo[2.2.1] ring skeletons has been achieved in the presence of
hexamethylphosphoric triamide (HMPA) with the lithium salts of sterically hindered chiral N-arenesulfonyl-2-
aminoalcohols such as 3-5.° Our continuing study on the ‘mesotrick method’ has now revealed that the
enantiotopic stereoselection of meso-anhydrides by such N-sulfonylaminoalcohols is dependent on the
organometals employed as bases and that a striking reversal of the diastereoselection is observed when ZnEt; is

substituted for BuLi in such reactions.
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This paper describes such a reversal in diastereoselection for the ring-opening of simple 6-symmetric
dicarboxylic anhydrides (6a-e) by the Li- and Zn-salts generated in situ from sterically constrained N-
sulfonylaminoalcohols. In this study we have explored a series of aminoalcohol reagents (1-5)> with N-
mesyl, N-tosyl and N-2, 4, 6-triisopropylbenzensulfony] (Tps) groups, which are readily obtained by
hydrolytic cleavage of the corresponding N-sulfonyl-2-oxazolidinones derived from the 2-oxazolidinone chiral
auxiliaries, DHAOx> and DMAOx>".
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Treatment of meso-1, 3-dicarboxylic anhydride (Ga)6 with the dilithium salts derived from N-
tosylaminoalcohol (2) and BuLi (2 equiv) in THF at -78 °C resulted in highly diastereoselective ring-opening to
give the (R)-monoester (7a)” above 93 % de in 81 % yield under the optimum conditions using LiCl (2 equiv)
as an effective additive. Among the N-sulfonylaminoalcohols examined, the N-tosyl compound (2) proved to be
the reagent of choice, giving the highest diastereoselectivity and yield. The more sterically congested 3-5 were
less effective, in contrast to the promising findings previously pointed out.? Metal salts such as LaCls, LiBr and
LiClO4 functioned equally well as effective additives for the enhancement of the diastereoselectivity, while the
addition of HMPA and 15-crown ether was not nearly as effective.

On the other hand, the zinc-complexes, generated in siru from an equimolar mixture of N-tosyl-
aminoalcohol (2) and ZnEt; in CH,Cl,, underwent an unexpected cleavage to the (§)-monoester (8a)7 of the
opposite configuration with 91 % de.? although the reaction proceeded sluggishly and required the prolonged
treatment (24 hr) even at 25 °C, compared to the smooth ring-opening with the lithium salts. The N-tosyl agent
2 was the reagent of choice in this reaction as well.” Reactions using THF, ether and toluene as solvents
resulted in lower diastereoselectivity below 62 %, 70 % and 74 % de, respectively. In this case, additives such
as LiCl, ZnCl, and HMPA were ineffective in enhancing selectivity.

Such a reversal in stereochemisry was also observed for the enantiotopic monoesterification of 1, 2-
dicarboxylic anhydrides 6b-e. The anhydrides 6b and ¢ were previously reported to be smoothly converted in
the presence of HMPA to the (R)-esters (7b and ¢) with nearly complete diastereoselectivity above 500 : 1, on
treatment with the Li-salts of sterically hindered 3-5.3 while treatment of 7b and ¢ with the zinc-complexes
generated in sizu from 2 and ZnEt; in CH,Cl; resulted in the preferential formation of the (S)-esters (8b and ¢)
with high diastereoselectivity, nearly 90 % de. An enhancement in diastereoselectivity of up to 93 % de was
observed by the addition of equimolar amounts of THE.® In contrast to ring-opening with lithium salts, the
diastereoselective ring-opening of cyclic 1, 2-dicarboxylic anhydrides 6b-e, mediated by the zinc-compelxes,
were considerably affected by the ring-size of the cycloalkane moiety,10 as shown in Table 1.

Similar treatment of 3-isopropylglutaric anhydride (9! with the dilithium salts derived from 2 in THF at
-78 °C resulted in a moderate level of diastereoselection (up to 74 % de'?), while ring-opening using zinc-salts

proceeded only with poor selectivity of reversed stereochemistry (Scheme 3).



aminoalcohols 2 and §

Table 1. Diastereoselective Ring-openings of meso-Anhydrides with Metal Salts of N-Suifonyl

Anhydride Reagents (equiv) Additive (equiv)  Conditions (equiv) Yield (%) 7 : 8 (% de)®
6a 2 /BuLi (2.0) none THF, -78 °C, 3 hr 82 8:1(78)
6a 2 /BuLi (2.0) LiCl (2.0) THF, -78 °C, 3 hr 81 28 :1(93)
6a 2 /Buli (2.0) LaCl3 (2.0) THF, -78 °C, 3 hr 77 16 :1(88)
6a 2 /ZnEt, (1.0) none CHCly, 25 °C, 24 hr 90 1:2209Db
6b 5 /BuLi (1.0) HMPA (5.0), THF, -78 °C, 2 hr 93 500 : 1 (>99)9
6 ) THF (1.0), CH;Cl, .

b 2/ZnEt; (1.0) none reflux. 6 hr 85 1:26(93)
6¢ §/BuLi (1.0) HMPA (5.0) THF, -78 °C, 2 hr 90 500 : 1 (>99) 9
6¢ 2 /ZnEt; (1.0) none CH;Cly, 25 °C, 24 hr 89 1:17(89)
6d 5/BuLi (1.0) HMPA (5.0) THF, -78 °C, 2 hr 78 500 : 1 (>99)
6d 2/ZnEt; (1.0) none CH3Cly, 25 °C, 24 hr 82 1: 4 (60)
6e 5/ BuLi (1.0) HMPA (5.0) THF, -78 °C, 2 hr 95 500 : 1 (>99)
6e 2 /ZnEt; (1.0) none CHCly, reflux, 24 hr 85 1:1.3(13)

a) Determined by HPLC after conversion to the alcohols (with BH3) or methyl esters (with CHaNj).
b) The use of 2 equimolar amounts of ZnEt) improved the selectivity up to 95 % de (1 : 38).
c) Taken from ref. 3.
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Reversal of the diastereoselection as a function of the metal species may be of interest from the standpoint

of reaction mechanism, although the details are not clear at the present.
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