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Proof that the Absolute Configuration of Natural a-Lipoic Acid is R by the 
Synthesis of its Enantiomer [(S)-(-)-a-Lipoic acid] from (S)-Malic Acid 
Michael H. Brookes,a Bernard T. Golding,*a David A. Howes,a and Alan T. Hudsonb 
a Department of Chemistry and Molecular Sciences, University of Warwick, Coventry CV4 7AL, U.K. 

Wellcome Research Laboratories, Langle y Court, Beckenham, Kent BR3 3BS, U.K. 

The absolute configuration of natural ( +)-a-lipoic acid is confirmed to be R by the synthesis of its enantiomer 
from (S)-malic acid. 

cc-( +)-Lipoic acid, the coenzyme for a-ketoacid dehydrogen- 
ases,l was assigned the (R)-configuration (la) by Mislow and 
Meluch,2 by comparison of the melting point-composition 

diagrams for mixtures of (R)-( +)-3-methyloctanedioic acid 
with (+)- and with (-)-3-mercapto-octanedioic acid, respec- 
tively. By synthesis, these mercapto-diacids had been correl- 
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Scheme 1. Reagents: i, CH,=CHCH,CH,MgCl, Li,CuCl, 
(catalytic), THF; i i ,  PhCH,Br, NaH, THF; iii,  HBSia,, THF, aq. 
Hoe-; iv, pyrjdinium dichromate, DMF; v, MeOH-HCl; vi, Pd/ 
C, H,; vii, MeSO,Cl, Et,N; viii, Na,S, S, DMF; ix, aq. HO-. 
THF = tetrahydrofuran; DMF = dimethylformamide; Sia = 
PriC(Me)H-. 
* Sequence rule priorities of atoms (groups) at the chiral centre 
change in this step, although the absolute configuration does not. 

ated with (-)- and (+)-a-lipoic acid, respectively. Studies 
of the biosynthesis of (1) by Escherichia coli have revealed 
that if GC-( +)-lipoic acid has the (&)-configuration, then inser- 
tion of sulphur at C-6 of octanoic acid must occur with inver- 
sion of config~ration.~,~ We now report a synthesis of (S)-a- 
(-)-lipoic acid (lb) from (S)-malic acid (Scheme 1) by a route 
that features a single inversion of configuration at the chiral 
centre. Thus, Mislow and Meluch, were right and the con- 
c l u s i o n ~ ~ ~ ~  from biosynthetic studies about the stereochem- 
istry of sulphur insertion are validated. 

Our strategy to (S)-a-(-)-lipoic acid is shown in Scheme 2. 
Initially, we planned to treat (S)-(2-benzyloxyethyl)oxirane (3) 
[prepared from (S)-malic a ~ i d ~ ~ ~ ]  with an organometallic 
derivative of 1-(3-chloropropyl)-4-methyl-2,6,7-trioxabicyclo- 
[2.2.2]octane (2).7 However, neither a Grignard reagent nor 
an organolithium derivative could be prepared from the 
orthoester (2). Therefore, the epoxide (3) was treated (-78 
"C, 3 h -+ room temp., overnight) with but-3-enylmagnesium 
chloride (3 mol. equiv.) in tetrahydrofuran containing 10 mol 
% (based on epoxide) of lithium tetrachlorocupratealQ to give 
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Scheme 2. X = protecting group for OH; Y = masked carboxy- 
group; M = metallic entity. 

6-hydroxy-8-(benzyloxy)oct-1 -ene (4).t This was benzylatedlO 
to give 6,8-bis(benzyloxy)oct-l-ene (5),t which was hydro- 
borated with di-siamylborane in tetrahydrofuran.ll The 
resulting trialkylborane was converted by alkaline hydrogen 
peroxidell into 6,8-bis(benzyloxy)octan-l-01 (6),? which was 
oxidised by pyridinium dichromate in dimethy1formamidel2 
to give 6,8-bis(benzyloxy)octanoic acid (7). Esterification 
(MeOH-HCl) of (7) [+ ester (S)?] and removal of benzyl 
groups (Pd/C, H2) gave methyl 6,8-dihydroxyoctanoate (9),t 
which was treated with methanesulphonyl chloride and tri- 
ethylamine in di~hloromethanel~ to afford the dimethane- 
sulphonate (10). This was converted into (-)-methyl lipoate 
(1 l ) t  by treatment with sodium sulphide nonahydrate and 
sulphur in dimethy1f0rmamide.l~ Anaerobic alkaline hydro- 
lysis (0.1 M aq. KOH, room temp., 20 h)15 in darkness gave a 
crude product from which a-( -)-lipoic acid could be directly 
crystallised: m.p. 4 5 4 8  "C m.p. 46-48 "C), [a]2,2- 117" 
(c 1.8 in benzene) (lit.l6 [a]"," - 113" (c 1.8 in benzene)). The 
circular dichroism of this sample showed A, - 0.075 ()I 262 
nm), +0.075 (312 nm), and -0.12(9) (355 nm) (in 2,2,4-tri- 
methylpentane at 29 "C), which is essentially the mirror image 
of data published17 for natural a-lipoic acid. Eliel et al,14 
have shown that reactions of Na2S + S in dimethylformamide 
with the ditoluene-p-sulphonates of meso- and rac-pentane- 
2,4-diol, respectively, are processes which effect almost com- 
plete inversion at each secondary carbon centre. Hence, the 
a-( -)-lipoic acid obtained by the sequence described must 
have the S-configuration, and so the absolute configuration of 
natural (+)-a-lipoic acid is R. 

It is notable that for the 9-step route described converting 
the epoxide (3) into (-)-a-lipoic acid none of the intermediates 
was chrornatographed, distilled, or crystallised. $ The overall 
yield from (3) to (11) was ca. 25%. The poorest step in the 
synthesis is the hydrolysis of the ester (11) which proceeded 
in 53 % yield [of twice recrystallised (-)-a-lipoic acid]. 
Previous syntheses of optically active a-lipoic acids have all 
relied on resolution of a racemic intermediate.16Ja Our syn- 
thesis shows how one member of the 'chiral p001"~ of cheap 
optically pure natural products can be used to make (S)-( -)- 
oc-lipoic acid. For the synthesis of (R)-( +)-lipoic acid, 

t An analytical sample of this compound was obtained by 
preparative layer chromatography (silica gel PFZ5,) and kugelrohr 
distillation (where applicable). The compound showed 'H n.m.r. 
and i.r. spectra, and an electron impact mass spectrum (including 
exact mass measurement of M + ) ,  in accord with the assigned 
structure. 
1 The route described has also been used to prepare in similar 
overall yield rac-a-lipoic acid, m.p. 59.5-62 "C (not depressed 
on admixture with commercial rac-cr-lipoic acid, m.p. 59-61 "C) 
from rac-(2-benzyloxyethyl)oxirane [obtained in two steps 
(benzylation, epoxidation) from but-3-en-1-01]. 
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among the approaches being studied is the use of (R)-but-1- 
ene-3,4-diol [from (R,R)-tartaric acidI5 as starting material for 
the preparation of (R)-(3). 

Added in proof. D. Arigoni and P. Berta have recently 
independently confirmed that the configuration of natural cc- 
lipoic acid is R (D. Arigoni, personal communication). 

We thank the S.E.R.C. and Wellcome Foundation for 
financial support, Prof. D. Arigoni for the communication of 
unpublished results, and Dr. P. M. Scopes, Westfield College, 
for measuring the circular dichroism spectrum of (- )-a-lipoic 
acid. 
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