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Abstract: The synthesis of the hitherto unknown racemic thioanalogue of ascorbic acid 1 was 

accomplished starting with the reductone derivative 3. Ether cleavage followed by benzylation 

furnished thiotetronic acid 10, which was employed in au a&l-type reaction with ten-butyl- 

dimethylsilyloxy acetaldehyde giving rise to a mixture of the rhreo- and eryrhro-adducts (f)lla and 

(f)llb. Subsequent catalytic hydrogenation of the rhreo-acetal (*)13 proceeded cleanly to yield 

racemic thioascorbic acid (f)14 after deprotection. 

Ascorbic acid 1 and its sulphur analogue 2 have different molecular geometries. Therefore it is 

likely that these two compounds differ in their properties, e.g. the redox potential, the acidity, the 

propensity for chelation as well as the physiological activity. In order to verify this assumption we 

have synthesized the hitherto unknown thioascorbic acid as a racemate (scheme 1). 
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Starting with the thiolactone 32, successive cleavage of the ether groups employing bmon 

tribmni& and hydrobmmic aci& afknded the reductone 4. The endiol xylylene ether 5, readily 

available via alkylation of 4 was subjected to an a&l-type reaction with rert-butyldimethylsilyloxy 

acetal&hyde5 furnishing a mixture of the diastemmerk aldols (*)6a/(i)6b in a ratio of 85:15, as 

depicted in scheme 2. After separadon by column cwphy the single isomers (&)6a and 

(f)6b we= desilylated by use of aqueous acetic acid giving rise to the glycols (i)7a and (f)7b, 

respectively. 
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The ‘H-NMR spectrum of the major product (*)7a displays (with exception of the xylylene 

peaks) similarity with the spectrum of ascmbic acid, whereas the signal pattern of the minor 

component (i)7b is distinctly diffexnt. Accordingly (*)7a is consider& to be the rhreo-isomer 

corresponding to the configuration of ascorbic acid cxylo-ascorbic acid) and hence (f)7b is the 

erythro-stemoisomer analogous to isoascorbic acid (u&o-ascorbic acid). This assignment has been 

confirmed by X-ray diffraction analysis of the acetonide (f)& which was readily obtained from 

(Wa (figure 1). 

Figure 1: Crystal structure of (*)s 

In the course of the catalytic debenzylation of (k)g. uptake of hydrogen subsided rapidly after 

consumption of 1.2 equivalents of Hz. After deketalization the 3-xylyl ether of thioasuxbic acid (*)9 

was isolated as the main product along with modest amounts of thioascorbic acid (f)14. In contrast, 

the conqonding ascorbic acid xylylene ether is reported to undergo hydrogenolytic cleavage to 

vitamin C fast and completely6. 

In order to circumvent the difficulties attached to the final debenylation, the reaction 

sequence was reiterated with the benzyl ether 10 in lieu of the diether 5 (scheme 2). 10 was 

conveniently prepared from nzductone 4 and phenyldiazomethane. Utilizing the aldol-type addition 

of 10 to ten-butyldimethylsilyloxy acetaldehyde a mixture of the diastereomeric isomers 

(f)lla/(f)llb in a 6:l ratio was obtained. These adducts were separated by flash chromatography 

and thereupon desilylated to the ~sponding glycols (f)l2a and (f)l2b. The major product (f)l2a 

was ke&lked to (*)W and subjected to hydrogenolysis over Pearlman’s catalyst. Following a lively 

uptake of the theoretical amount of hydrogen the newly obtained acetonide (f)17 was smoothly 

hydrolyzed to affod thioascorbic acid, mp. 173 ‘C! (deck) in a fairly good yield. 

Metbylation of (f)14 with diazomethane pmcecded stepwise leading to the monoetbcr (f)l5 

and then to the diether (i)16 (scheme 3). 
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For thioascorbic acid pIG values of 3.90 and 11.50 were measured by potentiometric titration’ 

(ascorbic acid p&t = 4.17; pIQ = 11.57). Thioascorbic acid (i)14 instantly decoloutixes iodine 

solution as well as Tillman’s reagent. A comparison of the cyclovoltammograms8 of ascorbic acid 

acetonide and its sulphur analogue (f)17 suggests the thiocompound is the mom powerful reducing 

agent, but due to the irreversibility of the electrochemical oxidation process no precise data could be 

deduced from the CV spectra On oxidimetric titration9 in a pH 4.90 buffer solution an electrode 

potential E = 0.055 V was measured at the half-equivalence point (ascorbic acid 0.115 V). 

EXPERIMENTAL 

Melting points were determined using a Gallenkamp Melting Point Apparatus and are uncorrected. 

Column chromatography was carried out on silica gel (230 - 400 mesh) from Fa. Merck. ‘H-NMR 

spectra wem recorded at 400 MHz using Me,$i as internal stat&u& 13C-NMR spectra at 100 MHx 

on JBGL GSX 400. Mass spectra wete obtained with Vatian CH7. Infrared spectra were measumd as 

EBr plates using a Perkin-Elmer 710B IR-Spectmmeter. UV analysis was performed in methanolic 

solutions on Uvikon 810 Anakomp 220. Microanalyses were carried out applying an Analysator 

CHN-G-Rapid of Fa. Heraeus. 

Solvents were purified according to standatd laboratory techniques. 

3,4_Dibydroxg_2(5H)-thiophenone (4): 

The mductone ether 3 (1.60 g, 10 mmol) was dissolved in anhydrous dichlommethane (100 ml) 

and cooled to -78 ‘C under Nz. Boron tribromide (7.52 g, 30 mmol) in CH$ls (30 ml) was added 

dropwise over 15 mitt while stirring. Themupon the mixture was allowed to warm up to -10 ‘C. Gn 

cooling to -78 OC! dry diethyl ether (20 ml) was slowly added and stirring continued for another 15 

min. After addition of dry methanol (20 ml) the mixture was allowed to reach r.t. The solvents wem 

temoved in vacua and the residue was evaporated with dry methanol until the distillate was free of 

borate. The resultant crystalline mass was dissolved in cont. hydrobromic acid (48% HBr, 50 ml) 

under Ns and heated to 60 ‘C for 4 h. After cooling the solution was poured onto ice and saturated 

with sodium chloride followed by iterative extraction with warm ethyl acetate. The organic phase 
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was dried over Na2S04, tiltemd and the volatiles stripped off in vucuo. The residue was 

chromatographed using 3% formic acid/my1 ether as eluent to afford 4 as colourless crystals. 

m.p. 153 “C (benxene&hyl acetate). Yield 0.79 g (60%). - IR: v = 3500 - 2200 cn~-~, 3373,2968, 

2934, 1701, 1620, 1573, 1413. - UV: k,,,&lg c) = 239 lll~l (3.777). 283 (3.689). - ‘H-NMR 

(d3-acetonitrile): 8 = 3.75 (s, 2 H). - Anal. (C4H,&S) Calcd C36.36; H,3.05; $24.27; found 

C,36.37; H,3.04; S.24.2096. - MS: 132 @I+). 

5,10-Dihydrotb~3.4-&[2.5lbenmdioxodn-1(3H)-one (5): 

Potassium carbonate (2.90 g, 21 mmol) w,as added to a solution of endiol4 (1.32 g, 10 mmol) 

in freshly distilled DMP (50 ml) under N2 and the mixture heated to 60 ‘C! for 45 min. o_Xylylene 

bromide (2.77 g, 10.5 mmol) in DMP (30 ml) was added in one portion and stirring continued for 

another 90 mm. On cooling the mixture was slowly (fQt) diluted with 2~ H#O, (100 ml) and 

extracted thrice with ethyl acetate. The combined organic phases were sequentially washed with 

water and brine before drying over Na2S04. After removal of solvents the residue was 

chromatographed using 20% ethyl acetate./hexane as eluent affording 5 as colourless needles, m.p. 

157 ‘C (diisopropyl ether). Yield 1.05 g (45%). - IR: v = 2918 cm-‘, 1688,1625,1497,1472,1447. - 

UV: k,,&lg e) = 240 nm (3.817), 266 (3.736). - ‘H-NMR (CD(&): 8 = 7.39 - 7.11 (m, 5 H), 5.72 (s, 

2 H), 5.36 (s, 2 H), 3.53 (s, 2 H). - Anal. (C1~Hn-,O.$) Calcd C,61.52; H,4.W, $13.69, found 

C.61.28; H,4.53; S,l3.80%. - MS: 234 (M’). 

Diisopropylamine (1.41 ml, 10 mmol) was dissolved in dry THP (50 ml) and cooled to 0 T 

under Np n-Butyllithium (6.25 ml of a 1.6 M solution in hexane, IO mmol) was added dropwise and 

the mixture left to stir for 30 mm. On cooling the solution to -78 ‘C xylylene ether 5 (2.34 g, 10 

mmol) in THP (20 ml) was added slowly via syringe. After 15 min terr-butyldimethylsilyloxy 

acetaldehyde (1.74 g, 10 mmol) in THP (10 ml) was added dropwise to the solution and stirring 

continued for another 15 min. The mixture was quenched by addition of sat. aq. citric acid solution 

(50 ml). After dilution with ethyl acetate (108 ml) the phases were separated and the aqueous phase 

was reextracted twice with ethyl acetate (2 x 50 ml). After drying over Na$04 and removal of the 

solvents in vucuo the residue was chromatographed using 20% ethyl acetate&exane as eluent to give 

(f)6a and (i)6b. 

(f)6a: Colourless needles, m.p. 104 ‘C (hexane/diisopmpyl ether). Yield 2.60 g (64%). - IR: v = 

3402 cm-‘, 2953. 2928, 2855, 1671, 1610, 1472. - UV: k,_(lg c) = 241 nm (3.882), 269 (3.709). - 

‘H-NMR (CDCls): 6 = 7.39 - 7.12 (m, 4 H). 5.82 (d, J = 12 Hz, lH), 5.65 (d, J = 12 Hx, H-I), 5.37 (6 

J = 15 Hz, HI), 5.33 (d, J = 15 Hz, lH), 4.10 (m, 2 H), 3.67 (dd, Jt = 4 Hz, h = 10 Hz, 1 H), 3.52 

(dd, Jr = 6 Hz, h = 10 Hz, 1 H). 1.91 (d, 1 = 8 Hz, 1 H, OH), 0.87 (s, 9 H). 0.04 (s. 6 H). - Anal. 

(C&IzsO$Si) Calcd C,58.79; H.6.91; S,7.85; found C,58.80; H,6.89; S,7.92% - MS: 408 @I+). 

(k)6b: Colourless crystals, m.p. 85 “C (hexanekiiisopmpyl ether). Yield 0.46 g (11%). - IRz v = 3467 
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cm-‘, 2935, 2854, 1661. 1610, 1459. - w: I,,&lg c) = 243 nm (3.944). 269 (3.766). - ‘H-NMR 

(CD@): 6 = 7.40 - 7.12 (m, 4 H), 5.85 (d, J = 12 Hz, 1 H), 5.62 (d, J = 12 Hz, 1 H). 5.39 (d, J = 15 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Anal. (&H&SSi) Calcd C,58.7% H,6.91; S.7.85; found C.58.68; H.7.02; f&7.86%. - MS: 408 

(M+). 

The silylated aldol (*)aa (2.05 g. 5 mmul) was dissolved in a mixtum of acetic acid (60 ml), 

THF(20ml)andwater(20ml)andleftatr.t.f~18h.Tbevolatileswereevapolstedinvocuoand 

the residue triturated with dibpropyl ether to affonl (f)7a as colourless crystals, m.p. 129 ‘T 

(diisoprupyl etherbcetonitrile). Yield 1.15 g (78%). - IR: v = 3415 cm-l, 2925, 1688. 1627, 1497, 

1448. - UV: k,,,&lg e) = 241 nm (3.904). 268 (3.746). - ‘H-NMR (d3-acetoniuile): 8 = 7.45 - 7.17 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

lH),4.09(d.:!=3Hz,lH),3.98(m,lH),3.46(m,~additionof~O:dd,~~=6Hz,~=11Hz. 

lH).3.35(m,afteradditionofD20:dd,L=6Hz,h =llHx,lH),2.94(t,~=5Hz,lH,OH), 

2.79 (d, I. = 6 Hz, 1 H, OH). - Anal. (C14H1405S) Calcd C,57.13; HP.79; SJO.89; found C.56.83; 

H.4.97; S,10.90%. - MS: 294 (M+). 

(3R*)-(~)-3-[(1R*)_1~~hyd~~yll-5, 
1(3H)-one ((f)7b): 

This compound was prepare!d in the same manner as (ct)7a using (*)6b (2.05 g, 5 mmol); 

reaction time 24 h. Colourless crystals, m.p. 170 ‘C (diisopqyl ether/acetoniuile). Yield 1.05 g 

(71%). - IR: v = 3451 cm-l, 3327.2915, 1668.1619, 1473. - UV: &(lg t) = 243 nm (3.956), 268 

(3.784). - ‘H-NMR (d3-acetonitrile): 6 = 7.44 - 7.13 (m, 4 H), 5.80 (d, J = 12 Hz, 1 H), 5.64 (d, J = 

12 Hz, 1 H), 5.32 (d, J = 15 Hz, 1 H), 5.25 (d, J = 15 Hz, 1 H), 4.22 (d, J = 4 Hx, 1 H), 3.94 (m, 1 H), 

3.45(d,~=4Hz.1H,OH),3.25(m,afteradditionof~~dd,~t=7Hz,~=10Hz,1H),2.81(m, 

afteradditionof~:dd,~t=4Hz,~=lOHz,lH),2.58(t,~t=4Hz,~=6HZ.lH,OH).-Anal. 

(C14Ht405S) Calcd C57.13; H.4.79; S,10.89; found C,56.94, H,4.88; S,lO.88% - MS: 294 (M+). 

2,2-Dimetboxypropane (0.7 g, 6.7 mmol) and one crystal of PTS wete added to a solution of 

glycol (i)7a (295 mg. 1 mmol) in dry dichbromethane (10 ml). After stirring for 6 h at r.t. the 

volatiles were nmoved in vacua and the residue triturated with hexane tc give (i)g as colourless 

small rods, m.p. 93 ‘C (hexaneAfiisopropy1 ether). Yield 265 mg (79%). - IR: v = 2990 cm’, 2937, 

2889, 1680, 1629, 1497, 1468. - UV: &(lg t) = 241 nm (3.936). 268 (3.746). - ‘H-NMR 

(d6-benzene): 6 = 6.93 - 6.46 (m, 4 H), 5.23 (d, I = 11 Hz, 1 H), 5.09 (d, I = 11 Hz, 1 H), 5.06 (dd, j 

= 14 Hz, 2 H), 3.71 (m, 2 H). 3.56 (m, 1 H), 3.31 (d, J= 7 Hz, 1 H). 1.21 (s, 3 H), 1.10 (s, 3 H). - 

Anal. (Ct7Ht*O$) Calcd C,61.06; H.5.43; S.9.60, found C.61.12; H,5.37; S,9.73% - MS: 334 (M+). 
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X-Ray Crystallographic Analysis Data. Crystal dara Ct7HtsOsS, M = 334.4, transparent 

colourless crystals of size 0.8 x 0.6 x 0.1 mm. Triclinic space group Pl, a = 6.523 (4). b = 10.500 (5). 

c = 12.914 (6) A, a = 74.48 (2), B = 78.41 (2). y = 75.70 (2) O, Z = 2, d = 1.359 g/cm3. Data 

Collection All data were collected on a Siemens R3m/V diEractometer with Ni-filteml CuK, 

radiation. 2179 unique reflections were collected, of which l%l satisfied the criterion F > 4.0 o (F’) 

and were used in the refinement. Structure Detetmination and Rejhment The structure was solved 

by direct methods using SHELXTL1o and refined by full matrix least squam routines [quantity 

minimized Zw(Fo-F& The hydrogen atoms were calculated from the positions of the carbons to 

which they are bound (riding model with fixed isotropic II). Anisotropic refinement cycles 

converged at WR = 6.92 46 (with unit weights). Full crystallographic data are available on request 

fmm the Cambridge Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, 

Cambridge CR2 IEW, UK. 

(5R*)-(rt)-5-[(lS*)-If-Dihydroxyethyll_4e 

W9): 
Pd(OHh/C (20 % Pd, 700 mg) was added to a solution of acetonide (*)s (335 mg, 1 mmol) in 

ethyl acetate (50 ml). The mixture was hydrogenated with Ha under atmospheric pressure, filtered 

under nitrogen through a small pad of Celite and evaporated under reduced pressure. Deketaliition 

furnished (*)9 as colourless crystals, m.p. 119 T (diisopropyl ether/ethyl acetate). Yield 213 mg 

(72%). Thioascorbic acid (f)14 was isolated by fractional crystallization of the mother liquor. Yield 

10 mg (5%). - IR: v = 3600 - 2200 cm-l, 3292,2920,1673,1608,1494,1452. - Uv: L,,,&lg E) = 237 

nm (3.670), 298 (3.804). - ‘H-NMR (d6-DMSO): 6 = 11.80 (s, 1 H, OH), 7.40 - 7.17 (m,4 H), 5.06 

(s, 1 H, OH), 4.91 (dd, J = 12 Hz, 2 H). 4.32 (d, J = 3 I-Ix, 1 H), 4.16 (m, 1 H), 3.47 (dd, Jt = 5 Hz, h 

= 10 I-Ix). 3.24 (dd, Jt = 7 I-Ix, h = 10 I-Ix), 2.34 (s, 3 H). - Anal. (C!r.tHt&S) Calcd C,56.74; H.5.44, 

S,10.82; found C.56.78; H.5.40, S.11.13%. - MS: 2% (M+). 

4-Renzyloxy-3-hydroxy-2(5H)-thiophenone (10): 

A solution of freshly distilled phenyldiaxomethane in hexane was added dropwise to an 

ice-cold methanolic solution of endiol 4 (132 mg, 1 mmol) until nitrogen evolution ceased. After 

quenching excessive reagent with acetic acid (1 ml) and removal of the volatiles in vacua the midm 

was chromatographed using 25% ethyl acetate/hexane as eluent affording 10 as pale yellow needles, 

m.p. 129 ‘T (hexaue/diisopmpyl ether). Yield 178 mg (80%). - IR: v = 3339 cm-‘, 2952,1694,1602, 

1499, 1455. - Uv: &,.Jlg E) = 206 nm (3.929), 242 (3.903), 280 (3.946). - ‘H-NMR (CDC13): 6 = 

7.41 - 7.35 (m, 5 H), 5.50 (s. 2 H), 5.38 (s, 1 H. OH). 3.69 (s. 2 H). - Anal. (CllH1&S) Calcd 

C59.44, H.4.53; $14.43; found C,59.47; H.4.65; S.14.21%. - MS: 222 (M+). 

4-Ben~loxy-(5R*>(~)-5-[(lS*)-2-(tcrf-butyl~~thy~l~xy)-l-hyd~ethyll-~hyd~~- 

2(5X%)-thioph- ((f)lla): 

These compounds were synthesized in the same manner as (*)6 employing diisopropylamine 
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(1.41 ml. 10 mmol), n-butyllithium (6.25 ml of a 1.6 M solution in hexane, 10 mmol). benzyl ether 10 

(1.11 g, 5 mmol) and rert-butyldimethylsilyloxy acetaklehyde (0.87 g, 5 mmol). Chmmatographic 

separation using 20% ethyl acetate/hexane as eluent afforded (f)lla and (f)llb. 

(f)lla: Colourless needles, m.p. 133 “C! (hexane/diisopropyl ether). Yield 1.34 g (68%). - IR: v = 

3313 cm-‘, 2928, 2857, 1691, 1605. 1559, 1469. - UV: k,,,,.Jlg t) = 242 nm (3.961). 284 (3.878). - 

‘H-NMR (CDCls): 6 = 7.42 - 7.36 (m. 5 H), 5.54 (s, 2 H), 5.32 (s, 1 H. OH). 4.27 (m, 1 H), 4.19 (d. J 

=2Hx, 1 H),3.74(dd.j1=4Hz,h= 10Hz,1H),3.64(dd,~t=5Hx,~=lOHz.1H),2.30(d,~= 

8 Hz, 1 H, OH), 0.87 (s. 9 H), 0.06 (s, 6 H). - Anal. (C&I~OsSSi) Calcd C57.54; H.7.12; S.8.08; 

found C.57.37; H.7.18; S,7.76%. - MS: 3% (M+). 

(f)llb: Colourless needles, m.p. 95 OC (hexane). Yield 0.22 g (11%). - IR: v = 3379 cm-l, 2952, 

2925, 2890, 2854, 1685, 1611, 1498, 1468. - UV &(lg e) = 243 nm (3.940). 284 (3.842). - 

tH-NMR (CDCls): 6 = 7.39 - 7.34 (m, 5 H), 5.50 (dd, J = 12 Hz, 2 H), 5.22 (s, 1 H, OH), 4.38 (d, I= 

6 Hz, 1 H). 4.19 (m, 1 H). 3.52 (m, 2 H), 2.91 (s, 1 H. OH), 0.87 (s, 9 H), 0.04 (s. 6 H). - Anal. 

(Ct,$#sSSi) Calcd C,57.54; H,7.12; S.8.08; found CJ7.72; H,6.93; S.7.81%. - MS: 3% (M+). 

Desilylation according to the procedure described for (*)7 employing zhreo-aldol (i)lla (4CM 

mg, 1 mmol) gave (f)12a as colourless crystals, m.p. 106 T @ethyl ether). Yield 226 mg (80%). - 

IR: v = 3283 cm-‘, 2938, 1690, 1619, 1500, 1454. - UV: &(lg t) = 241 nm (3.949), 284 (3.881). - 

‘H-NMR (d3-acetonitrile): 6 = 7.46 - 7.36 (m, 5 H), 6.19 (s. 1 H. OH), 5.53 (d, J = 12 Hz, 1 H), 5.46 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(dd, Jr = 7 Hz, & = 11 Hz, 1 H). 3.03 (s, 1 H, OH). - Anal. (CIsHt40sS) Calcd CJ5.31; H5.00; 

S.11.36; found C.55.23; H5.09, S,11.08%. - MS: 282 (M’). 

This compound was prepared in the same manner as (f)7 from erythro-aldol (i)llb (400 mg, 

1 mmol) affording (f)12b as colourless crystals, m.p. 118 T (diethyl ether). Yield 215 mg (76%). - 

IR: v = 3434 cm-‘. 2876, 1686, 1591, 1499, 1455. - UV: k,,,aJlg t) = 243 nm (3.946), 285 (3.882). - 

‘H-NMR (d3-acetonitrile): 6 = 7.45 - 7.36 (m, 5 H), 6.20 (s, 1 H, OH), 5.51 (d, J = 12 Hz, 1 H), 5.44 

(d, J = 12 Hz, 1 H), 4.37 (d, J = 4 Hz, 1 H). 4.18 (m, 1 H), 3.54 (m, 2 H), 2.79 (s, 1 H. OH). - Anal. 

(Ct3Ht4OsS) Calcd C55.31; H5.00, S.11.3& found C.55.34, H,4.96, S.11.26%. - MS: 282 (M+). 

4-Benzy~-(sR8)-(i)-5-[(4S1)-2~-~~hyl-1$-diaxdan4-y1]-3-hydroxy-2(5H~thiophe~e 

((913): 
2.2-Dimetboxypmpanc (0.7 g, 6.7 mmol) and one crystal of PTS were added to a solution of 

rlveo-glycol (k)lZa (282 mg, 1 mmol) in anhydrous dichloromethane (20 ml). After stirring for 1 h 

at r.t. the volatiles were removed in vocuo and the nsidue was filtemd through a small pad of silica 

gel using 33% ethyl acetate&exane as eluent to afford (*)13 as colourless needles, lap. 87 “C 

(hexane). Yield 260 mg (81%). - IR: v = 3361 cm-l, 2989, 2872, 1694, 1614, 1499. 1455. - UV: 

k,,&lg t) = 241 nm (3.949), 283 (3.870). - ‘H-NMR (CDCls): 6 = 7.42 - 7.35 (m, 5 H), 5.53 (d, J = 

12 Hx, 1 H), 5.49 (d, J = 12 Hz, 1 H), 5.37 (s, 1 H, OH), 4.19 (m, 1 H), 4.12 (dd, it = 7 Hz, & = 9 Hz, 
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lH).4.03(d,:!=8Hz,lH),3.93(dd,~~=6Hz,~=9Hz.lH),1.41(s,3H),1.33(~.3H).-Anal. 

(C1&in,OsS) Cakd C.59.61; H,5.63; S9.95; found C59.61; H.5.63; S9.8396. - MS: 322 (I@). 

2~ Hydrochloric acid (0.54 ml, 1.1 mmol) was added under Nz to a solution of endiol (f)17 

(232 mg, 1 mmol) in freshly distilled methanol (10 ml). The mixture was left at r.t. for 12 h. 

evaporated under reduced pressure and the residue dried at ambient temperature for 2 h under high 

vacuum. The remaining crystalline mass was washed once with a small amount of ice-cold methanol 

to give (f)14 as colourless crystals, mp. 172 - 173 T (benzene/methanol, dec.). Yield 154 mg 

(80%). - IR v = 3600 - 2200 cm-‘, 1705,1623,1474,1452. - UV: I,&lg t) = 240 nm (3.879). 288 

(3.717). - ‘H-NMR (d6-DMSO): 6 = 8.41 (s. 1 H. OH), 4.92 (s, 1 H, OH) 4.24 (d, I= 2 Hz, 1 H), 

4.10(m,1H),3.47(dd,~~=6Hz,~=11Hz,1H),3.26(dd,~~=7Hz.~=11Hz,1H).-13C-NMR 

@O): 6 = 194.3 (C-2), 161.5 (C-4). 129.8 (C-3), 69.3 (CH), 64.5 (CH2), 47.5 (C-5). - Anal. 

(C&0$) Calcd C,37.50; H,4.20, $16.68; found C.37.52; H,4.18; S,16.44%. - MS: 192 (M+). 

(5R*)-(f)-5-[(1S*)-lf-Dihydroxyethyl]-3-hydroxy-4-methoxy-2(SH~thioph~~e ((f)lS): 

On cooling a suspension of tbioascorbic acid (i)14 (192 mg, 1 mmol) in a 25% 

methanoWiethy1 ether mixture (20 ml) to -10 T under Nz etherical diazomethane solution was 

added dropwise, monitoring the reaction by TLC. The slightly yellow solution was evaporated under 

reduced pressure and the residue dissolved in a minimum amount of ether. On cooling (k)W 

separared as colourless needles, m.p. 111 “C! @ethyl ether/ethyl acetate). Yield 184 mg (89%). - IR: 

v = 3377 cm-‘, 2966, 2929, 1692, 1601, 1458. - UK I,,,,,(lg t) = 243 nm (3.893). 284 (3.776). - 

‘H-NMR (d3-acetoniuile): 6 = 6.06 (s, 1 H, OH), 4.35 (d, J = 4 Hz, 1 H), 4.15 (m, 1 H), 4.11 (s, 3 

H), 3.58 (s, 1 H. OH), 3.46 (IQ 2 H), 2.85 (s, 1 H. OH). - Anal. (C7HtaOsS) Calcd C.40.77; H4.89; 

$15.55; found C.40.67; H,4.99, S,15.84%. -MS: 206 (M+). 

(5R*)-(~)-5-[(lS*)-lf-Dihydroxyethyl]-3,4-dimethoxy-2(5H)-th~phen~e ((f)16): 

A slight excess of diazometbane solution was added to a metbanolic solution of thioascorbic 

acid (f)14 (192 mg, 1 mmol). After 1 h at r.t. the volatiles were evaporated in vucuo and the residue 

was chromatographed using 25% acetonitrile/diisopropyl ether as eluent affording (f)16 as 

colourless needles, m.p. 106 T (ether). Yield 165 mg (75%). - IR: v = 3396 cm-‘. 3292,2942,2919, 

2874, 1671, 1616. 1451. - UV: k,,,,(lg E) = 240 nm (3.986), 269 (3.738). - ‘H-NMR (CDC13): 6 = 

4.25 (d, J = 5 Hz, 1 H), 4.18 (s, 3 H), 4.17 (m, lH), 3.80 (s, 3 H). 3.69 (m, 2 H), 2.37 (d, J = 9 Hz, 1 

H. OH), 2.04 (s, 1 H, OH). - Anal. (CsH120$) Calcd C43.63; H.5.49; $14.56; found C.43.70; 

H,5.42; S,14.20%. - MS: 220 (M+). 

3,4-Dihydroxy-(5R*)-(~)-5-[(4S*)-2~-dimethyl-lJ-dioxolan4yl]-2(5H)-thiophenone ((f)17): 

Benzyl ether (A)13 (600 mg, 1.86 mmol) in ethyl acetate (100 ml) was added to a pm-reduced 

suspension of Pd(OH)A (20% Pd, 2.0 g) in ethyl acetate (300 ml). The resulting mixture was 

hydrogenated under atmospheric pressure for 4 h. Filtration through a small pad of Celite under N2 

followed by removal of the solvent in vucuo yielded (f)17 as colourless needles, m.p. 155 ‘C 
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(diisopropyl ether). Yield 360 mg (83%). - IR: v = 3322 cm-l, 2991,2935,2863,1694, 1609,1459. - 

w: X,&g c) = 240 nm (3.813), 291 (3.614). - ‘H-NMR (d3-acetonitrlle): 6 = 7.24 (s, 1 H, OH), 

4.40(m,lH),4.26(d,J=7Hz,lH),4.23(dd,~~=7Hz,~=9Hz,lH),3.91(dd.~~=6Hz,~=9 

Hz, 1 I-I), 1.42 (s, 3 IQ, 1.35 (8, 3 H).- 13C-NMR (d3-acetonitrlle): 8 = 188.7 (C-2), 155.2 (C-4). 

130.2 (C-3). 109.0 (o-C-0). 75.8 (CH), 67.7 (CH,), 46.5 (C-5). 25.4 (U-I;), 24.4 (CH3). - Anal. 

(C$&S) C&d C.46.54; H.5.21; S,13.81; found Q46.55; I&5.32; f&13.57%. - MS: 232 (I@). 
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potential for the redox pair Fe2+/Fe3+ in a half-oxidized solution was estimated to EP = 0.149 V 

corresponding to a real potential ER = 0.653 V. 
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