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ASYMMETRIC SYNTHESIS vi4 ACETAL TEMPLATES. ]2.] HIGHLY DIASTEREOSELECTIVE

COUPLING REACTIONS WITH A KETENE ACETAL. AN EFFICIENT, ASYMMETRIC
SYNTHESIS OF R-(+)-a-LIPOIC ACID

John D. Elliott,* John Steele and William S. Johnson

Department of Chemistry, Stanford University,
Stanford, California 94305

Abstract: TiCly catalyzes the essentially quantitative coupling of chiral acetals

I with I-t-butoxy-I1-t-butyldimethylsilyloxyethene & to generate B-alkoxyearboxylates

in which the new asymmetric center is formed with excellent diastereoselection.

B-Hydroxycarboxylic acids of high ce result from removal of the chiral auxiliary.

The procedure has been applied to the synthesis of R-(+)-a-lipoic acid 10.

Recent work2 has delineated the high diastereoselection realized in the TiC14—cata1yzed
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 2,3 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 1b) or 3 (for lc) mol
equiv of T1'C]4 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-butyl esters, rich in the former --
were hydrolyzed by aqueous trifluoroacetic acid to the diastereomeric carboxylic acids 3/4.
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TABLE 1: Results of Transformations Shown in Scheme 1*

Coupling Product
Entry Acetal % Yield | Ratio 3:47
1 la 3a/4a%2 98 97:3
2 b 3b/4b%° 98 98:2
3 1c 3c/4c5%5P 90-93 98:2

*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. 158 Thys the products
were also racemic, i.e., 3 + enantio-3 and 4 + enantio- 4 This expedient gives complete in-
formation regarding the stereoselectivity 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,R-acetal enantio—lg? was
converted, by the we]] estab]ished oxidation/g-elimination method8 (76%), into 3R-3-hydroxy-
undecanoic acid 5 [u] -17°, ¢ =1, CHC]3). This product differed from naturally-occur-
ring 35-5,” of estab11shed 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 SN2~1ike transition state model proposed in an earlier commum'cat'ion.]0

SCHEME 2
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The availability of essentially optically pure 8-hydroxycarboxylic acids by this method
prompted us to apply the technique to the synthesis of R-(+)-o-lipoic acid 10, the coenzyme
associated with a-ketoacid dehydrogenases.]1 The R-configuration of 10 has recently been
confirmed by Go]dz‘ng]2 via a synthesis of the unnatural antipode enantio-10 from S-malic
acid. Existing syntheses of (+)-a-lipoic acid have invariably relied upon resolution of an
appropriate racemic precursor, 13 hence the route delineated in Scheme 3 represents the first
asymmetric synthesis. Requisite $,S-acetal ]CGa b was obtained via aldehyde 6 in two steps
from cyclohexene using the ozonolytic procedure of Schreiber14 followed by acetalization with
§,§72,4-pentaned101]5b (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.

TiC] mediated coupling of 1c and 2 afforded 3c (93% yield, 98:2 diastereoselec-
tivity7). 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

6a,b
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SCHEME 3
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9 R=i-Pr (647) 8 7
10 R=H (6% 822 9%

a03/_1'_7Pr0H/-78°C then Ac,0/Et3N; b(2§,4§)—pentan-2,4-d1'o1/p-to]uenesu]phom’c acid/CgHg,
CTiC14/CH2C12/ketene acetal 2/-78°C then TFA/H,0; dJones' oxidation; epiperidinium acetate/
CeHg/reflux; fBH3~THF, then 4M-aqueous KOH; gMeSOZC]/Et3N/O°C; hto give 9: Na,S/S/DMF/-79°C;
Jto give 10: K,C03/MeOH/H0.

proved to be the most facile method of B-elimination. Thus, §;z§a was isolated in 97% yield.
Reduction of 7 to 1,3-diol 8 was achieved (824)%% by BH,-THF complex'® (2 equiv in THF, 22°C,
1.5 h), using aqueous KOH (4 M, 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 Go]ding's.]2
Mesylation of 8,/ followed by disulfide displacement (Na,S/S/ONMF, 20 h at 70°C)'® gave (+)-
isopropyl 1ipoate 9 in 65% yield.52*2>1920 Lyarotysis of 9 (K,C0,/MeOH/H,0, 22°C, 40 h)

and crystallization left R-(+)-a-lipoic acid 19?6 (96%), m.p. 43-45°C, [a]g3 +102° (¢ = 0.91,
66H6), reported]] m.p. 46-48°C, [a]g3 +104° (¢ = 0.88, C6H6). The foregoing sequence pro-
ceeded in 37% overall yield based on S,5-2,4-pentanediol.

With the exception of Heathcock's work,3 previous approaches to optically pure B-hydroxy
carboxylic acid527 have favored the use of chiral acetate equivalents to serve as nucleaphiles,
and have suffered from variable diastereoselection. The elegant valinol-derived oxazolid-
inones of Evans22 serve as very effective propanoate enclate equivalents; however, relatively
poor selectivities were reported with the appropriate acetate analog. The current work offers
an efficient aldol-type route to optically active B-hydroxy carboxylates of predictable abso-
lute stereochemistry from achiral aldehydes and an achiral ketene acetal.
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