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A short enantioselective formal synthesis of methyl (S)-(—)-6,8-
dihydroxyoctanoate starting from readily available 2-nitrocyclo-
hexanone using a novel retro-Henry reaction is described.

R-(+)-a-Lipoic acid [(R)-1] is widely distributed in plants
and animals and is a vital cofactor in the multienzyme
complexes. It also finds diverse uses in biology, medicine,
cosmetics, and photography. Most recently R-(+)-a-li-
poic acid has been reported to inhibit HIV-1 replication
in T-cells and in HeLa-CD™ cells at non-toxic concen-
tration of 35—70 ug/mL.* Because of its importance, ever
since its isolation in 1950 by Reed et al.,? this biologically
important molecule has been the target of various syn-
thetic efforts.> ~® In continuation of our work in explor-
ing the chemistry of nitroaliphatic compounds, we have
recently developed a retro-Henry cleavage reaction® for
a short two-step synthesis of w-oxo nitroaliphatics start-
ing from easily available 2-nitrocyclohexanone. In this
communication we describe a short efficient formal syn-
thesis of methyl (S)-(—)-6,8-dihydroxyoctanoate, [(S)-8],
which is a key intermediate for the synthesis of R-(+)-a-
lipoic acid {thioctic acid; 6,8-dithiooctanoic acid; (R)-1]
(Scheme). Reaction of 2 equivalents of vinylmagnesium
bromide with 2-nitrocyclohexanone (2), as per the pro-
cedure described by Ballini et al.,'° gave exclusively trans-
(+)-3 in 64% vyield which on exposure to anhydrous
copper sulfate adsorbed on silica gel in anhydrous benz-
ene under reflux gave w-nitro «,f-unsaturated ketone 4
in 73 % yield as an oil. Conversion of 4 to oxo ester 5
was achieved by modifying the procedure reported by
Jacobson'! by treating compound 4 successively with a
sodium methoxide in methanol and sulfuric acid in meth-
anol system which gave in addition to 5 in 80 % yield,
an aldehyde 6 in 15% yield. The Jacobson’s procedure
is reported to give dimethyl acetals under these condi-
tions, however to our surprise our products were ester 5
and aldehyde 6 and no trace of the corresponding acetal
was detected.

The oxo ester 5 was enantiospecifically reduced with ba-
ker’s yeast according to the procedure described in the
literature® 13 to yield the chiral alcohol (S)-7. Selective
hydrolysis of the methyl ether (S)-7 with tetrabutylam-
monium iodide in CHCI; gave the chiral 1,3-diol (S)-
8 in 80% yield. Conversion of (S)-8 into R-(+)-o-li-
poic acid [(R)-1] has already been reported in the litera-
ture.3’ 4,6a,15

Mass spectra were obtained by EIl at 70 eV using INCOS 50 GC-MS
equipment. 'H NMR spectra were recorded in CDCI, solutions at
60 MHz and 300 MHz using TMS as an internal standard. IR
spectra were recorded as thin films unless otherwise stated. 2-Ni-
trocyclohexanone (2) and #rans-2-nitro-1-vinylcyclohexan-1-ol (3)

o OH
NOz a X NOz b
64% 73% /\ﬂ/\/\/\Noz
(o]
2 trans (1)-3 4

c

(¢}
PO
OR O
5, R=CHy, R’=0CHj (80%)
6, R=CHy, R'=H (15%)

OH
OR R 50%

o 7.R=CH;, R'=0CHy
|

8,R=H,R'=0CH,

Ref. 18 WCOOH
S-8
A- (+} - .- Lipoic acid, [(R)- 1]

(a) CH,=CHMgBr/THF, —30 to 0°C; (b) anhyd CuSO, - SiO,/
anhyd benzene, reflux; (c) NaOMe/MeOH,H,SO,, —30
to 0°C; (d) baker’s yeast/glucose/H,O, 48h; (e) Bu,NI/
Et,O - BF,/CHCI,.

Scheme

were prepared following literature!® procedure. Petroleum ether
(PE) used refers to bp 60—80°C.

1-Nitrooct-7-en-6-one (4):

A mixture of 2-nitro alcohol 3'° (0.68 g, 3.98 mmol) and CuSO,/
SiO, (3.5 g) in anhyd benzene (25 mL) was refluxed for 4 h. The
reaction was monitored by TLC. After completion of the reaction,
the mixture was filtered and the residue was washed with acetone.
The combined filtrates were evaporated under reduced pressure and
the product was purified by chromatography on silica gel (EtOAc/
PE, 1:10) to give 4 (0.5g, 73%) as an oil.

IR: v = 1675, 1540 cm ™%,

'HNMR: 6 =59 (m, 2H, HC=CH,), 5.5 (m, 1 H, CH=CH,),
4.2 (t, J=7Hz, 2H, CH,NO,), 2.35 (t, /= 6.5Hz, 2H, CH,
C=0), 1.2 (br, 6H, CH,).

MS: m/z =171 (M™), 144, 125, 111, 97, 83, 69, S5.

CgH,3NO; calc. C56.13 H7.65 N 8.18

171.2) found 56.25 7.50 8.23

Methyl 8-Methoxy-6-oxooctanoate (5):

A solution of 4 (0.15 g, 0.87 mmol) in methanolic NaOMe (7 mL)
was added dropwise to a solution of 9.74 N H,SO,, in MeOH (7 mL)
at —35°C. After complete addition of the substrate, CH,Cl,
(20 mL) was added. The mixture was washed with ice cold water
and then with dil NaOH solution, dried (Na,SO,) and concentrated
under reduced pressure. Finally the crude residue was purified by
chromatography to obtain 5 (0.12 g, 80%) as an oil along with
compound 6 (oil; 0.023 g, 15%). The compounds 5 and 6 were
successively eluted with EtOAc/PE (1 : 3) as solvent.
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5:

IR: v = 1705, 1725cm™ L,

THNMR (300 MHz): &=366 (s, 3H, CO,CH,), 363 (,
J=6.25Hz, 2H, OCH,), 3.3 (s, 3H, OCH,), 2.64 (t, J = 6.2 Hz,
2H, CH,CO,Me), 2.47 (m, 2H, COCH,), 2.33 (m, 2H, CH,CO),
1.6 (m, 4H, CH,).

MS: mjz = 203 ((M+1]"), 170, 139, 111, 59, 55.

C,oH;30, calc. C59.39 H 897
(202.2) found 59.45 8.85
6.

IR: v=1705cm™ 1.

'HNMR (300 MHz): 6 =98 (t, J=23Hz, CHO), 3.63 (t,
J=6.18 Hz, 2H, OCH,), 3.33 (s, 3H, OCH,), 2.6 (t, J = 6.18 Hz,
2H, CH,CO), 2.46 (m, 4H, COCH, and CH,CHO), 1.2 (m, 4H,
CH,).

MS: mjz = 171 (M—1]*), 139, 111, 97, 83.

C,H,0, cale. C62.77 H9.36

(1722)  found 6269  9.45

Methyl (S)-(—)-6-Hydroxy-8-methoxyoctanoate (7):

A suspension of baker’s yeast (128.28 g) and D-glucose (6.5 g) in
water (2.3 mL) was stirred for 30 min at 32°C. A solution of §
(0.1 g,0.49 mmol) in MeOH (2 mL) was added and the mixture was
allowed to stand at r.t. for 48 h. The mixture was filtered through
a Celite pad and washed with EtOAc (150 mL). The filtrate was
acidified with 2N HCI tili pH 1 and extracted with EtOAc. The
organic extract was dried (Na,SO,), evaporated and the residue
was purified by preparative TLC (EtOAc/PE, 1 : 3) to give 6 (0.05 g,
50%) as an oil; [«]2* —10.6 (c = 0.15, CHCl,).

IR: v = 3350, 1705cm ™.

'HNMR (300 MHz): § =3.55 (s, 3H, CO,CH;), 3.4 (m, 2H,
OCH,), 3.35 (s, 3H, OCH,), 2.5 (br, 1H, OH), 2.3 (t, /= 7.4 Hz,
2H, CH,CO,Me), 1.55 (q, J=54Hz, 7H, CH,CH (OH)
CH,CH,), 1.4 (m, 2H, CH,).

MS: m/z = 205 (M +11%), 187, 171, 155, 139, 113, 87.

C,0H,00, calc. C58.80 H 9.87

(204.3) found 58.94 9.82

Methyl (S)-(—)-6,8-Dihydroxyoctanoate (8):

To a mixture of (S)-7 (0.05g, 0.26 mmol) and Bu,NI (0.1g,
0.27 mmol) in anhyd CHCI, (5 mL) was added BF; - OEt, (0.04 g,
0.27 mmol) and the mixture was refluxed for 4 h. The mixture was
then treated with sat. NaHCO, solution (50 mL) and extracted with
CHCI;. The organic layer was washed with aq Na,S,0; solution
(20 mL) followed by water (50 mL) and dried (Na,SO,). The solvent
was removed in vacuo and the residue was purified by column
chromatography on silica gel (EtOAc/PE, 1 : 3) to furnish the pure
diol 8 (0.04 g, 80 %) as an oil; [«]2° —3.8 (CHCI,) (Lit.** [«]3° —3.9
(CHCL,) for S-isomer).

IR: v = 3370, 2940, 1735, 1460 cm ™ 1.
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'THNMR: 6=1.51 (m, 8H, CH,), 225 (i, J=73Hz, 2H
CH,CO,Me), 3.35 (m, 3 H, CH,OH + CHOH), 3.62 (s, 3 H, OCIL,),
4.53 (s, 2H, OH).

MS: mjz = 191 (M+1]*), 173, 163, 141, 130.
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