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ABSTRACT 

The first enantiospecific synthesis of natural (R)-(+)-a-lipoic acid in 13 steps 
starting from D-@UCOSe is described. 

INTRODUCTION 

Interest in the total synthesis of a-lipoic acid arose because of its physiological 
properties’. It is a cofactor in the biochemical decarboxylation of a-keto acids and 
a growth factor for a variety of micro-organisms, and it reduces the blood sugar of 
diabetic rabbits during a glucose tolerance test2. Although several syntheses of (k)- 
cw-lipoic acid have been reported, natural (R)-(+)-a-lipoic acid (1) has been ob- 
tained by resolution of the racema@. A recent communication4 on the asymmetric 
synthesis of (R)-(+)-cu-lipoic acid prompted this report of an enantiospecific 
synthesis. 

RESULTS AND DISCUSSION 

In planning our synthesis of 1, the first objective was the aldehyde 10, a useful 
precursor for C-C bond formation. 

3,4,~Tri-O-acetyl-D-glucal(2) was converted5 into crystalline ethyl 4,6-di-O- 
acetyl-2,3-dideoxy-a-r+eryfhro-hex-2-enopyranoside (3). Hydrogenation of 3 over 
freshly prepared Raney nickel afforded 93% of the 2,3-dideoxy derivative 4, 
ZemplCn deacetylation’j of which (+5) followed by conventional benzylation 
afforded 89% of the 4,4-d&O-benzyl derivative 6. Treatment of 6 with propane- 
dithiol-boron trifluoride etheratichloromethane at room temperature afforded 
80% of the dithiane derivative 7, the lH-n.m.r. spectrum of which was consistent 
with the assigned structure. 

Using the procedure of Barton and McCombie7, 7 was converted into 85% of 
the xanthate derivative 8 by reaction with sodium hydride-carbon disulfide-methyl 
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iodide. The ‘H-n.m.r. spectrum of 8 contained a downfield signal at S 5.95 (m) for 
H-4’. Treatment of 8 with a boiling mixture of tributyltin hydride-toluene-cu,c- 
azobisisobutyronitrile for 18 h gave 96% of 9, hydrolysis of which with mercuric 
oxide-boron trifluoride etherate in aqueous acetone yielded the desired aldehyde 
10. 

The next stage involved CZ homologation of 10. Accordingly, 10 and ethoxy- 
carbonylmethylenetriphenylphosphorane were heated under reflux in benzene to 
give the o&unsaturated ester 11 (80%). The large J2,3 value (16 Hz) of 11 con- 
firmed the truns configuration. Hydrogenation of 11 over excess of Raney nickel 
effected reduction of the double bond and debenzylation to give 90% of the diol 
12, which was converted into (R)-(+)-cY-lipoic acid (1) following the strategy 
developed by Golding and his co-worker#. 

Treatment of 12 with methanesulfony1 chloride-triethylamine in dichloro- 
methane gave the dimesylate 13 in almost quantitative yield. The ‘H-n.m.r. spec- 
trum of I.3 contained two singlets for mesyl groups, and signals at 6 4.28 (t) and 
4.80 (m) for H-8,8’ and H-6, respectively. Reaction of I.3 with sodium sulfide and 
sulfur in N&V-dimethylformamide at 90” afforded 70% of the expected ethyl (R)- 
(+)-a-lipoate (14), which gave n.m.r. signals at S 3.18 (t) and 3.60 (m) for H-8,8’ 
and H-6, respectively. The upfield shifts of the signals for these protons were 
expected because of the shielding effect of the sulfur atom. Hydrolysis of 14 with 
0.1~ potassium hydroxide in ethanol at room temperature afforded 75% of (R)- 
(+)-cw-lipoic acid (l), [all, +95” (benzene); lit.3 +91”; lit.“ +102”. 
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EXPERIMENTAL 

All evaporations were performed under diminished pressure. IH-N.m.r. 
spectra were recorded for solutions in CDCl, (internal Me,Si) with a Varian FT- 
80A or Bruker WH-90 spectrometer. Optical rotations were measured with a 
JASCO DIP-181 polarimeter. All solvents were purified and dried. Light 
petroleum refers to the fraction b.p. 60-80”. Dry-packed column chromatography 
was performed on silica gel (6&120 mesh). 

Ethyl 4,6-di-O-b@nlyl-2,3-dideoxy-~-D-erythro-kexc~u~oside (6). - To a 
solution of the diacetate 46 (10.4 g, 40 mmol; [(Y]~ +120.5” (c 1.2, chloroform); lit.6 
[a&-, +118” (ethanol)} in dry methanol (50 mL) was added sodium (40 mg). After 
18 h, the mixture was neutralized with Amberlite IR-120 (H+) resin and concen- 
trated, and benzene was distilled from the residue to afford the diol 56 (7.0 g, 
100%). 

To a solution of 5 (5 g, 28.4 mmol) in dry tetrahydrofuran (50 mL) under 
nitrogen was added sodium hydride (50% oil dispersion; 5 g, 210 mmol) during 1 
h. The solution was cooled, benzyl bromide (7 mL, 58 mmol) was added, and the 
mixture was left overnight at room temperature. Methanol (5 mL) was added, the 
solution was concentrated, and the residue was partitioned between ethyl acetate 
and water. The ethyl acetate layer was dried and concentrated. Column chromatog- 
raphy (ethyl acetate-light petroleum, 1:10+1:4) of the residue afforded 6 (8.9 g, 
89%), [ol],, +100.5” (c 0.8, chloroform). ‘H-N.m.r. data: S 1.19 (t, 3 H, CH,CH,), 
1.7 (m, 4 H, H-2,2’,3,3’), 3-4 (m, 6 H, H-4,5,6’ and (X&H,), 4.1-4.6 (m, 4 H, 2 
CH,Ph), 4.76 (bs, 1 H, H-l), 7.21 (d, 10 H, 2 Ph). 

Anal. Calc. for CzG04: C, 74.2; H, 7.9. Found: C, 74.0; H, 7.7. 
2-[ (3S,4R)-3,5-Dibenzy~oxy-4-hyden~~-~,3-dithiaPle (7). - To a solu- 

tion of 6 (5 g, 14 mmol) in dichloromethane (20 mL) was added propane-1,3-dithiol 
(2 g, 18.5 mmol) and boron trifluoride etherate (2 mL). The mixture was stirred for 
2 h at room temperature, then neutral&d with sodium carbonate, filtered, and 
concentrated. Column chromatography (ethyl acetatelight petroleum, 1: lo+1 : 1) 
of the residue afforded 7 (4.6 g, 800/o), [& +8” (c 1, chloroform). ‘H-N.m.r. data: 
6 1.4-2.4 (m, 7 H, 3 CH, at G1,2’,5 andOH), 2.80 (q, 4 H, 2 CH, at C-4,6), 3.5 
(m, 3 H, CH, at C-5’ and H-4’), 3.9 (m, 2 H, H-2,3’), 4.48 (s, 2 H, CH,Ph), 4.51 
(s, 2 H, CH,Ph), 7.3 (d, 10 H, 2 Ph). 

Anal. Calc. for &H,O,S,: C, 66.0; H, 7.2; S, 15.3. Found: C, 66.4; H, 7.2; 
s, 15.1. 

2-[(3S)-3,5-Dibentyloxypenty~-1,3-da’thianc (9). - To a stirred solution of 7 
(2.5 g, 6 mmol) in dry tetrahydrofuran (30 mL) under nitrogen was added sodium 
hydride (50% oil dispersion; 1.2 g, 25 mmol). After 1 h, dry carbon disulfide (2 
mL) was added, followed, after 20 min, by methyl iodide (2 mL). The mixture was 
stirred for 24 h at room temperature, methanol (3 mL) was added, the mixture was 
concentrated, and the residue was partitioned between chloroform and water. The 
chloroform layer was dried and concentrated. Short-column chromatography (ethyl 
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acetate-light petroleum, 1:4) of the residue gave the xanthate 8 (2.65 g, 85%). 
IH-N.m.r. data: S 1.7-2.4 (m, 6 H, 3 CH, at C-1’,2’,5), 2.56 (s, 3 H, SMe), 2.75 
(q, 4 H, 2 CH, at C-4,6), 3.8 (m, 4 H, CH, at C-5 and H-2,3’), 4.50 (s, 2 H, 
CH,Ph), 4.53 (dd, 2 H, CH,Ph), 5.95 (m, 1 H, H-4’), 7.25 (d, 10 H. 2 Ph). 

A solution of 8 (2.1 g, 4.13 mmol) in dry toluene (30 mL) containing QI,QI- 
azobisisobutyronitrile (15 mg) was heated under nitrogen and freshly prepared tri- 
butyltin hydride (3 mL) was added. The mixture was boiled under reflux for 18 h 
and then concentrated. Column chromatography (ethyl acetate-light petroleum, 
0: l-+1:9) of the residue afforded 9 (1.61 g, 96%), [a],, +14.5” (c 0.7, chloroform). 
‘H-N.m.r. data: 6 1.6-2.3 (m, 8 H, 4 CH, at C-1’,2’,4’,5), 2.78 (q, 4 H, 2 CH, at 
C-4,6), 3.5 (m, 3 H, CM, at C-5’ and H-3’), 3.95 (t, 1 H, H-2), 4.42 (s. 2 H, 
CH,Ph). 4.44 (dd;2 H, CH,Ph), 7.25 (s, 10 H, 2 Ph). 

Anal. Calc. for C,H,,O,S,: C, 68.7; H, 7.5; S, 15.9. Found: C, 68.1; H, 7.2; 
s, 15.8. 

Ethyl (S)-6,8-diberazyloxyoct-2-enoate (11). - To a stirred suspension of red 
mercuric oxide (1.06 g, 3.5 equiv.) and boron trifluoride (0.52 mL, 3 equiv.) in 
aqueous 17% acetone (15 mL) under nitrogen was added dropwise a solution of 9 
(0.56 g, 1.4 mmol) in tetrahydrofuran (3 tnL). After 20 h, the mixture was neutral- 
ised with a solution of sodium hydroxide in aqueous 75% acetone. The precipitate 
was removed, the acetone was evaporated, and the aqueous solution was extracted 
repeatedly with chloroform and then concentrated to dryness. The residue was 
extracted with chloroform, and the extract was dried and concentrated to afford 10, 
which was chromatographically homogeneous and was used without further purifi- 
cation. 

A solution of 10 (0.35 g, 1.12 mmol) in dry benzene (5 mL) was treated with 
ethoxycarbonylmethylenetriphenylphosphorane (1.17 g, 3 equiv.). The mixture 
was heated under reflux for 10 h and then concentrated. Column chromatography 
(ethyl acetate-light petroleum, 1:20) of the residue gave 11 (0.30 g, 80%), [a], 

+3” (c 1.1, chloroform). ‘H-N.m.r. data: S 1.24 (t, 3 H, CHJH,), 1.4-2.0 (m, 4 
H, H-5,5’,7,7’), 2.3 (m, 2 H, H-4,4’), 3.5 (m, 3 H, H-6,8,8’), 4.13 (q, 2 H, 
CH,CH,), 4.42 (s, 4 H, 2 CH,Ph), 5.71 (dt, 1 H, J 16 and 1.5 Hz, H-2), 6.88 (dt, 1 
H, J 16 and 6.5 Hz, H-3), 7.24 (d, 10 H, 2 Ph). 

Anal. Calc. for C,H,O,: C, 75.4; H, 7.9. Found: C, 75.3; H, 7.9. 
Ethyl (S)-tWdimesyloxyoctunoate (W). - A solution of 11 (0.4 g, 1.05 

mmol) in ethanol (10 mL) was hydrogenated over freshly prepared W2 Raney 
nickel (4 g) at normal pressure and temperature for 18 h, then filtered through 
Celite, and concentrated to afford the saturated diol 12 (0.192 g, 90%). 

To a solution of I2 (0.102 g, 0.5 mmol) in dry dichloromethane (2 mL) at 0” 
was added triethylamine (1 mL) and methanesulfonyl chloride (0.24 mL, 3 mmol). 
After storage for 4 h at 0”, the mixture was poured into aqueous sodium hydrogen- 
carbonate and extracted with dichloromethane, and the extract was dried and con- 
centrated. Column chromatography (ethyl acetate-light petroleum, 1: I) of the 
residue gave I.3 (0.18 g, loO%), [cy]o +17” (c 1, chloroform). IH-N.m.r. data: S 1.22 
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(t, 3 H, CHJH,), 1.3-2.5 (m, 10 H, 5 CH,), 3.00 (s, 6 H, 2 OMs), 4.15 (q, 2 H, 
CH,CHJ, 4.28 (t, 2 H, H-8,8’), 4.80 (m, 1 H, H-6). 

Anal. Calc. for C,,H,O,S,: C, 40.0; H, 6.7; S, 17.8. Found: C, 40.0; H, 6.7; 
s, 17.5. 

Ethyl (R)-(+)-a-Zipoate [ethyl (5R)-5-(1,2-ditholan-3-yl)pentanoate] (14). - 
A solution of W (0.36 g, 1 mmol) in dry iV,N-dimethylformarnide (3 mL) containing 
powdered sodium sulfide nonahydrate (0.24 g, 1 mmol) and sulfur (32 mg, 1 mmol) 
was heated at 90“ for 24 h, then poured into ice-water, and extracted with light 
petroleum. The extract was washed with water, dried, and concentrated. Short- 
column chromatography (benzene) of the residue afforded 14 (0.164 g, 70%), [aID 
+61” (~0.3, chloroform); vkxid 1730 cm-l (COOEt). ‘H-N.m.r. data: 6 1.27 (t, 3 
H, W&H,), 1.4-2.8 (m, 10 H, 5 CH,), 3.18 (t, 2 H, H-8,8’), 3.6 (m, 1 H, H-6), 
4.13 (q, 2 H, CH,CH,). Mass spectrum: m/z 234 (M+). 

Anal. Calc. for C,&I,,O,S,: C, 51.3; H, 7.7; S, 27.35. Found: C, 51.2; H, 7.8; 
S, 27.1. 

(R)-(+)-a-lipoic acid [(SR)-5-(1,2-dithiolan-3-yl)pentunoic acid] (1). - A 
solution of 14 (0.117 g, 0.5 mmol) in ethanol (5 mL) was treated with 0.1~ potas- 
sium hydroxide (5.5 mL) in the dark and under nitrogen at room temperature. 
After 24 h, ethanol was evaporated, and the aqueous solution was extracted with 
light petroleum, then acidified with SM hydrochloric acid to pH 1, and repeatedly 
extracted with ether. The combined extracts were concentrated and short-column 
chromatography (benzene+thyl acetate, 2O:l) of the residue afforded 1 (63 mg, 
75% based on recovered 14), m.p. 44”, [aID +95” (c 0.1, benzene); vzd 1695 cm_1 
(COOH); lit4 m.p. 4H5”, [a]n +102” (b enzene); lit.3 [aID +91” (benzene). lH- 
N.m.r. data: S 1.s2.8 (m, 10 H, 5 CH,), 3.10 (t, 2 H, H-8,8’), 3.53 (m, 1 H, H-6). 
Mass spectrum: m/z 206 (M+). 

Anal. Calc. for CsH1402S2: C, 46.6; H, 6.8; S, 31.1. Found: C, 46.55; H, 6.6; 
s, 30.7. 
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