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Abstract: TiCZq catalyzes the essentially quantitative coupling of chiral acetals 
1 with I-t-butoxy-I-c-butyZdimethyZsilyloxyethene 2 to generate O-alkoxycarboxylates 
Tn which the new asynrmetric center is formed with gxcellent diastereoselection. 
B-Hydroxycarboxylic acids of high ce result from removal of the chiral auxiliary. 
The procedure has been appZ7:ei-Z to the synthesis of R-i+l-a-lipoic acid 10 _. 

n 

Recent workL has delineated the high diastereoselection realized in the TiC14-catalyzed 

aldol-type coupling of chiral acetals such as 1 with various enol silanes. We now describe 

the extension of this work to the use of the ketene acetal nucleophile &3 which is easily 

prepared in multigram quantities from t-butyl acetate by well established procedures.4 The 

outcome of TiC14-promoted coupling reactions between 2 and three representative acetals is 

summarized in Table 1. 

In all cases, excellent isolated yields and high diastereoselectivities were best ob- 

tained by a concurrent addition of the acetal and ca. 2 (for la and &) or 3 (for lc_) mol - 

equiv of TiC14 to a solution of ca. 4 mol equiv of the ketene acetal 2 in CH2C12 at -78"C.5 

The immediate coupling products -- mixtures of silyl and t-hutyl esters, rich in the former -- 

were hydrolyzed by aqueous trifluoroacetic acid to the diastereomeric carhoxylic acids 3/4 - _* 

SCHEME 1 
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1 2 3 

a R = c~clohe~~~l 

b R = n-octyl 
c R = (Cti214C02i-Pr 
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TABLE 1: Results of Transformations Shown in Scheme l* 

*The results reported herein were obtained from studies made with racemic acetals, i.e., 
1+ enantio-1, derived from the readily available (')-2,4-pentanediol.15a Thus the products 
were also racemic, i.e., 3 + enantio-3 and 4 + enantio-4. This expedient gives complete in- 
formation regarding the stereoselecti?ty of the coupling reaction. 

Evidence for the stereochemical course of the process depicted in Scheme 1 was obtained 

by the transformation shown in Scheme 2. Enantio-3b_, derived from R,E-acetal enantio-E2 was 

converted, by the well established oxidation/@-elimination method8 (76%), into 3&-3-hydroxy- 

undecanoic acid 5 6a (bl;5 -17", c = 1, CHC13). This product differed from naturally-occur- 

ring 35-5 
9 

- -9 of established absolute configuration, only in the sign of its optical rotation. 

Thus, mechanistically, the stereochemical outcome of the reactions in Table 1 is consistent 

with the SN2-like transition state model proposed in an earlier communication. 10 

SCHEME 2 

2 1) Jones 
enantio-3b/4b oxldation 

TiCl,,/CH2C12/-78°C 2) KOH/H20 

then CF3C02H/H20 MeOH 

enantio-lb 5 

The availability of essentially optically pure fi-hydroxycarboxylic acids by this method 

prompted us to apply the technique to the synthesis of E-(+)-a-lipoic acid NJ, the coenzyme 

associated with a-ketoacid dehydrogenases. 
11 

The E-configuration of jJ has recently been 

confirmed by Gelding" via a synthesis of the unnatural antipode enantio-10 from z-malic - 

acid. Existing syntheses of (+)-a-lipoic acid have invariably relied upon resolution of an 

appropriate racemic precursor, hence the route delineated in Scheme 3 represents the first 

asymmetric synthesis. RequisiX S_,S-acetal &6ayb was obtained via aldehyde 5 in two steps 

from cyclohexene using the ozonolytic procedure of Schreiber l4 followed by acetalization with 

S,z-2,4-pentanediol 15b (84% overall). Selection of the carboxyl protecting group was governed 

by a desire to avoid competitive ester hydrolysis during basic treatment at a later stage in 

the synthesis. 

TiC14 mediated coupling of k and 2 afforded 6a'b & (93% yield, 98:2 diastereoselec- 

tivity'). Oxidation of the secondary alcohol was effected by Jones' reagent (98%) but, in 

contrast to the earlier example, freshly prepared piperidinium acetate in boiling benzene2 
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SCHEME 3 

0 I - 
C 

cl-lo b Ic c 
ref. 14 CO, i-Pr 84% Table 1 

6 
Entry 3 

RO,Cw +g,h,j i-PrQC_ l f i-Pro,& 

s-s HO OH 

9 R = i-Pr (64X) a 

10 R=H (96%) 82% 

/ 

3c 

93% 

I d,e 

~COIH 
HO 

1 

95% 

a03/i-PrOH/-78"C then AczO/EtaN; b(2S_,4S)-pentan-2,4-diol/p-toluenesulphonic acid&Ha, 

'TiC1,+/CHzC12/ketene acetal 2/-78°C then TFA/H,O; dJones' oxidation; epiperidinium acetate/ 

CsHs/reflux; fBHs.TtiF, then 4M-aqueous KOH; gMeS0,C1/Et3N/O"C; hto give 9. Na,S/S/DMF/-79OC; 

Jto give 10. K,COs/MeOH/H,O. 
_* 

-. 

proved to be the most facile method of B-elimination. Thus, 2-f” was isolated in 97% yield. 

Reduction of L to 1,3-diol 8 was achieved (82%)6a by BH3*THF complex16 (2 equiv in THF, 22"C, 

1.5 h), using aqueous KOH (4 f$ 2.5 equiv, 22"C, 2 h) to hydrolyze the intermediate cyclic 

borate ester. No Competitive Saponification of the isopropyl ester was detected. Straight- 

forward completion of the synthesis followed essentially the same route as Golding's. 12 

Mesylation of g,17 followed by disulfide displacement (Na2S/S/DMF, 20 h at 70°C)18 gave (+)- 

isopropyl 'lipoate 2 in 65% yield. 6ayb"gy20 Hydrolysis of 9 (K2C03/MeOH/H 0, 22"C, 40 h) 

and crystallization left E-(+)-a-lipoic acid a 
23 

11 
m.p. 46-48'C, [a]i3 

6a (96%), m.p. 43-45"C, [a], +102" (c = 0.91, 

C6H6), reported +104" (c = 0.88, C6H6). The foregoing sequence pro- 

ceeded in 37% overall yield based on L,S_-2,4-pentanediol. 

With the exception of Heathcock's work,3 previous approaches to optically pure B-hydroxy 

carboxylic acids 
21 

have favored the use of chiral acetate equivalents to serve as nucleophiles, 

and have suffered from variable diastereoselection. The elegant valinol-derived oxazolid- 

inones of Evans22 serve as very effective propanoate enolate equivalents; however, relatively 

poor selectivities were reported with the appropriate acetate analog. The current work offers 

an efficient aldol-type route to optically active a-hydroxy carboxylates of predictable abso- 

lute stereochemistry from achiral aldehydes and an achiral ketene acetal. 
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