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PREPARATION OF ENANTIOMERICALLY ENRICHED a-HYDROXY ACID DERIVATIVES FROM 
a-ALKOXYORGANOSTANNANES 
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Summary: Enantiomerically enriched (9598%) a-alkoxy acids of defined absolute stereochemistry 
were prepared in good (83-99%) yields from a-alkoxyorganostannanes. 

Optically pure a-hydroxy acids are useful intermediates for the preparation of homochiral 

natural products.1 and a number of approaches to these acids have been reported. Recent examples 

include the alkylation of chiral glycolate enolates,l enzymatic reduction of a-keto acids,3 opening 

of homochiral 2,3-epoxy alcohols with benzoic acid followed by periodate oxidation,4 and kinetic 

resolution of 2-furylcarbinols followed by oxidative cleavage. 5 We now report that a-hydroxy acid 

derivatives are easily prepared from enantiomerically enriched a-alkoxystannanes via 

transmetalation (n-BuLi) and reaction with CO2 or methyl chloroformate. Furthermore, and very 

importantly, the reactions proceed with complete retention of configuration to afford compounds 

with high optical purities and defined absolute configurations. 
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While it has been known for a decade that a-alkoxyorganolithium reagents may be alkylated 

(Me 2.8 0 4) with retention of configuration, 6 there have been few reports of the reactions of 

homochiral a-alkoxyorganolithiums with other electrophiles.7 The paucity of information in this 

area is probably related to the difficult chromatographic separation of diastereomers previously 

required to access homochiral a-alkoxyorganostannanes.6 Since the latter compounds are now 

readily available by asymmetric reduction of acylstannanes with BINAL-H,8 their potential as 

building blocks for asymmetric synthesis can be explored. In particular, we have shown that 

reductions of acylstannanes with (S)-BINAL-H consistently afford predominantly (94-9846 ee) the R 

stannanes while (R)-BINAL-H provides the expected antipodes. 9 Thus a-alkoxyorganostannanes of 

high enantiomeric purity and known absolute stereochemistry are now readily accessible. 
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The carboxylation of organolithium and Grignard reagents is a well-known process.10 and it 

was anticipated that the carboxylation of a-alkoxyorganolithium reagents would be an efficient 

process. Indeed, when a solution of a-alkoxyorganostannane la was allowed to react with n-BuLi 

(DME, -78 oC, 10 min) followed by CO2 (-78 oC!, 5 min), a single product was isolated in excellent yield 

after aqueous acidic workup. 1 1 s l2 Other organostannanes afforded very similar results (Table I). In 

all cases. good to excellent yields of the desired a-alkoxy acid were observed. The optical purities of 

the acids were ascertained by *H NMR and HPLC analysis of the derived (DCC, DMAP, HOBT) 

a -methylbenzylamides. These e.e.‘s were compared with the optical purities of the starting 

stannanes (determined by HPLC analysis of the derived (R)-MTPA esters13). In all cases, the acids 

were produced with complete retention of configuration. As the stereochemistry of the acids is 

predetermined by the absolute stereochemistry of the starting stannane, one should be able to 

prepare either enantiomer by the appropriate choice of reducing agent. 

Table I. Preparation of a-Alkoxy Acids from a-Alkoxyorganostannanes. 

pR’ 
1. n-BuLi 
2. co, 

y 

R&nBu3 3* H* 

4 

RhOOH 

Entry Stannane (i)a Acid (2) 

R R’ % e.e.b Y ieldc HDd % e.e.e 

1 la Me BOM 95 2a 92 -370 95 

2 lb Et BOM 95 2b 99 -490 95 

3 lc i-Pr BOM 98 2c 93 -570 98 

4 Id ~-W-II 1 ESOM 95 2d 83 -340 95 

5 le n-CsH11 MOM 98 2e 99 -580 98 

6 lf i-Bu MOM -- 2f 88 ____ __ 

Stannanes (except If) were prepared by reduction of the corresesponding acylstannane 
with (S)-BINAL-H according to reference 8. If was racemic. 
Determined by HPLC (silica, hexanes: i-PrOH) analysis of the derived 
Percentage isolated yields of spectroscopically pure materials. 
1% (w/v) solution in CHC13 at 24 cc. 
Determined by HPLC (silica, hexanes: i-PrOH) analysis of the amide 
(S)-a-methylbenzylamine. 
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As an additional check on the absolute stereochemistry of the acids produced, acid 2c was 

esterified (CH2N2) and the rotation of the ester 3c ([aID -540) was compared with that of material 

prepared from (S)-valine (4) ([a]B -44o).l4 Since the signs of the rotations are identical, the’ 

compounds prepared by the two routes have the same (5) absolute conftguration, and the starting 

stannane has an (R) configuration (as predicted). 
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We also examined the carbalkoxylation of a-alkoxyorganolithium reagents, and have found 

that reactions with methyl chlorofonnate afford the desired methyl ester in reasonable yields (Table 

II). The esters were isolated after column chromatography to remove small amounts of other 

(unidentified) side-products. 

Table II. Preparation of a-Alkoxy Esters from a-Alkoxyorganostannanes. 
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Stannane R R’ Ester Isolated Yield, % 

lb Et BOM 3b 71 

lc i-Pr BOM 3c 76 

Id n-CsH 11 BOM 3d 69 

le n-CsH 11 MOM 3e 73 

lp: i-B u BOM 3g 65 

Most of the reactions were performed with racemic materials but retention of 

stereochemistry was observed when enantiomerically enriched lb was used. Thus stannane of 95% 

e-e. provided ester 3b of 95% e.e. as determined by HPLC analysis of the (R)-MTPA ester of the 

derived (LAH) alcohol 5. It should be noted that esters 3 may also be prepared quantitatively from 

acids 2 by treatment with CH2N2. 
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lb 3b 5 
95% 8.8. 95% 8.8. 



1988 

In summary, we have shown that a-alkoxyorganolithium reagents react with CO2 to form 

a-alkoxy acids in high yields with total retention of stereochemistry. Thus, these materials may be 

with defined absolute configurations from homochiral a-alkoxyorganostannanes. 

We thank the Natural Sciences and Engineering Research Council of Canada (NSERC) for 

financial support. 
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