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A convenient synthesis of enantiomerically pure aldopentono-l,4-thiolactones is described. Thus, 
4-thio-~-ribono-l,4-lactone (12) has been prepared from D-gdono-1,4-lactone (l), via ita 2,3-0- 
isopropylidene derivative 3. The 5,6-glycol system of 3 was oxidized with NaIO4. Chemoselective 
reduction of the resulting aldehyde function with NaBH3CN led to 2,3-0-isopropylidene-~-lyxono- 
1,l-lactone (7). Tosylation of 7 and subsequent treatment of the tosyiate 8 with sodium methoxide 
afforded methyl 4,5-epoxy-2,3-0-isopropylidene-~-lyxonate (9) as a key intermediate. Treatment of 
9 with thiourea gave the 4,5-thiirane derivative having the ~ - r i b o  configuration (10). Regioselective 
opening of the thiirane ring and simultaneous thiolactonization took place by heating 10 with KOAc- 
HOAc-DMF. The resulting 5-O-acetyl-2,3-O-isopropylidene-4-thio-~-ribono-1,4-lactone (11) was 
readily converted, by acid removal (2 % HC1) of the protecting groups, into the crystalline thiolactone 
12. A similar approach was employed for the synthesis of 4-thio-~-lyxono-1,4-lactone (19), starting 
from ~-ribono-l,4-lactone (13). 

Introduction 

~-Ribono-1,4-lactone has been considered’ a “chiral 
cornerstone” because of ita use as a chiral template in the 
synthesis of natural products and molecules of biological 
interestqu In spite of the numerous derivatives described 
for D-ribonolactone, its 4-thio analogue, the Cthio-~-  
ribono-l,4-lactone, had not been previously synthesized. 
In fact, only a few attempts to prepare sugar thiolactones 
from aldonic acids have been reported.6 Thus, 2,3-0- 
isopropylidene-4-thio-~-erythrono-1,4-lactone was ob- 
tained by nucleophilic attack of potassium thioacetate on 
C-4 of the 2,3-acetal derivative of D-erythronolactone. 
However, this procedure proved to be unsuccessful for 
higher-carbon sugar lactones having C-4 substitution. 
Recently, per-0-alkylated derivatives of 5-thio-~-glucono- 
1,Blactone were obtained by HO-1 oxidation of the 
correapondw 2 , 3 , 4 , 6 - t e t r a - O - e - 5 - ~ o - ~ ~ u c o p y a n o ~  
As far as we know, the above-mentioned are the only 
examples of the preparation of sugar thiolactones. In the 
search for a general synthetic procedure for the preparation 
of 4-thioaldopentono-l,4-lactones, and in connection with 
our project on the synthesis and properties of 
4-thiosugars,7-11 we report here the f i i t  syntheses of 4-thic~ 
~-ribono-1,4-lactone (12) and 4-thio-~-lyxono-l,4-lactone 
(19). Compounds 12 and 19, enantiomerically pure and 
with the opposite configuration at C-4, may be employed 
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as convenient chiral precursors for the synthesis of 
naturally occurring thiolactones.12J3 

Results and Discussion 

The retrosynthetic analysis for the construction of the 
thiolactone ring is depicted in Scheme I. Disconnection 
of the C-1-S bond produces a synthon i (D-ribO config- 
uration), which would derive from an open-chain precursor 
ii, with opposite configuration at C-4 ( L - ~ ~ x o )  since the 
thiol group is commonly introduced by nucleophilic 
displacement of conveniently substituted HO-4.’* Since 
the synthetic equivalent of ii, the ~-lyxono-1,4-lactone, is 
not commercially available, we employed D-gdono-1,4- 
lactone (1) as a suitable starting material. 

Isopropylidenation of 1 with acetone-HzS04 afforded 
the 2,3:5,6-di-O-isopropylidene derivative 2, which was 
selectively hydrolyzed to 2,3-0-isopropylidene-~-gulono- 
1,4-lactone14 (3) in 82% overall yield (Scheme 11). The 
5,6-diol functionality of 3 was oxidized with 1 mol equiv 
of sodium periodate in water to give the L-arabinuronic 
acid 2,blactone derivative 4 in almost quantitative yield. 
The I3C NMR spectrum of 4 showed that the aldehyde 
carbonyl group was partially hydrated, since besides the 
aldehyde carbon signal (195.0 ppm), a characteristic 
re~onancel~ for the hydrated carbonyl (88.7 ppm) was 
observed. 

Attempted selective reduction of the aldehyde function 
of 4 with 1 mol of NaBH4 in ethanol resulted also in the 
reduction of the lactone carbonyl group, affording 2,3- 
0-isopropylidene-cr-L-lysofuranose (5) in 62 % yield. This 
procedure itself constitutes a short and convenient syn- 
thesis of an L-lyxose derivative. Conventional acetylation 
of 5 with acetic anhydride-pyridine gave the diacetate 6. 
Compound 6 gave the same mp and optical rotation value 
(but opposite in sign) as ita enantiomer, obtained on 
acetonation of D-lyxose under kinetic control, followed by 
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with pyridine-tosyl chloride in a 1.3:l molar ratio.lg 
Treatment of compound 8 with sodium methoxide caused 
opening of the lactone ring by methanolysis, followed by 
nucleophilic attack of the resulting C-4 alkoxide on C-5 
and displacement of the tosylate, to give the 4,5-epoxide 
9 (Scheme 111). The formation of the oxirane ring was 
readily determined by the 1H and I3C NMR spectra of 9. 
Thus, H-4,5, and 5'showed the same chemical shift pattern 
(6 3.01,2.80, and 2.69, respectively) and coupling constant 
values (J4,5 4.0, J4,5' 2.6, andJ5,sJ 5.1 Hz) as those described 
for similar epoxide derivatives of sugars.2o As C-4 and 
C-5 are now incorporated within the three-membered 
oxirane ring, their resonances are shifted considerably 
upfield (25 and 23 ppm, respectively) relative to the same 
signals of 8. Reaction of epoxide 9 with thiourea gave the 
thiirane derivative 10, with inversion of the C-4 config- 
uration. The replacement of the ring oxygen atom of the 
epoxide by sulfur produces a further upfield displacement 
for the C-4 and C-5 signals (20 ppm) in the '3C NMR 
spectrum of 10. 

Attempts to open the thiirane ring under acid or alkaline 
conditions proved unsuccessful, as decomposition took 
place. However, regioselective ring opening and simul- 
taneous thiolactonization could be accomplished on treat- 
ment of 10 with KOAc in HOAc-DMF, at  reflux tem- 
perature. The formation of the thiolactone ring was 
evident from the l3C NMR spectrum of 11, which showed 
a downfield shift of the thiolactone carbon resonance (6 
203.6) and a strong upfield shift of the C-4 signal (6 47.5) 
relative to the same signals of ~-ribono-l,4-lactone~~~~~ 
(180.0 and 88.3 ppm, respectively). Removal of the 5-0- 
acetyl and the 2,3-0-isopropylidene groups of 11 by 
hydrolysis with HC1 in H20-THF afforded the free 4-thio- 
~-ribono-1,4-lactone (12) in crystalline form. The 13C 
NMR spectrum in2Hz0 of 12 showed asignalcharacteristic 
of a thiolactone carbonylat 210.1 ppm. The mass spectrum 
of the 2,3,5-tris-O-trimethylsilyl (TMS) derivative of 12 
showed a fragmentation pattern similar to that of the TMS 
derivative of ~-ribonolactone.~~ 

A similar sequence of reactions was employed for the 
synthesis of 4-thio-~-lyxono- 1,4-lactone (19) from D-ribono- 
1,4-lactone (13) (Scheme IV). Isopropylidenation of the 
cis-diol system of 13, followed by tosylation of HO-5 led 
to 2,3-O-isopropylidene-50-tosyl-~-ribono-1,4lact~ne (15) 
in80% overallyield from 13. Treatment of 15 withsodium 
methoxide afforded the 4,5-epoxide derivative 16, whose 
lH NMR spectrum was like that of 9. The J3,4 values (5.8 
Hz for 9 and 6.4 Hz for 16) would indicate some degree 
of conformational unstability around the C-3-C-4 bond, 
the rotamer having H-3-H-4 in an antiperiplanar rela- 
tionship being preferential. The epoxide function of 16 
reacted with thiourea in methanol to give the thiirane 
derivative 17. Its lH and 13C NMR spectra were also 
similar to those of 10. The large value for J3,4 for 10 (8.7 
Hz) and for 17 (8.5 Hz) would indicate that the most 
populated conformation is the one having an antiperplanar 
disposition of H-3 and H-4. These rotamers are free of 
unstabilizing effects such as l,&parallel interactions and 
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Scheme I 

4-thio-Dribono- 
1.4-lactone 

i 

a 
L-lyxono-1 +lactone ii 

Scheme 11. 

iv G l z l e c o  (Ac) .G ; ZS 
0 (i) NaIOd; (ii) N a b ,  EtOH (iii) NaBHsCN, pH 4; (iv) AczO, 

pyridine; (v) TsCl, pyridine, CHCb. 

acetylation.ls The lH and 13C NMR spectra for 5 and 6 
are shown in Tables I and 11. On the other hand, when 
4 was treated with 0.25 mol of NaBH4 in order to avoid 
the reduction of the lactone group, a mixture of at  least 
three products and some unreacted 4 were detected by 
TLC. The mixture was not further analyzed. 

Chemoaelective reduction of the aldehyde function of 
4 was achieved by using NaBH3CN in acid medium (pH 
4). Under these conditions the 2,3-0-isopropylidene-~- 
lyxono-1,4-lactone (7) was obtained with a yield (74% from 
3) much higher than those reported17J8for the preparation 
of the enantiomer of 7. Furthermore, the synthesis of 7 
by these published procedures would require the very 
expensive ~-1yxosel~ or L-galactosel* as the starting sugar. 

Sulfonylation of the free hydroxyl group of 7 with 
p-toluenesulfonyl chloride (tosyl chloride) in pyridine gave 
the tosylate 8 in 60% yield. A better yield (78%) was 
obtained by conducting the reaction in chloroform and 
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Table I. 1H NMR Chemical Shift and Coupling Constant Data 
6 (ppm) J (Hz) 

compd H-2 H-3 H-4 H-5 H-5/ C(CHa)2 OCHs J2.a J3.4 Jib J4,w Jtip 

2' 4.72 4.62 4.31 1.25,1.29,1.35 (X2) 5.6 3.2 
3' 4.75 4.46 4.02 1.28,1.36 7.2 

66 4.66 4.80 4.10-4.46 1.32,1.46 5.8 3.2 
7 4.87 4.59 3.97 1.38,1.46 
8 C  4.82 4.70 4.40 4.27 1.36,1.38 1.9 4.5 7.1 11.2 
9 4.73 4.12 3.01 2.80 2.69 1.39,1.63 3.80 7.2 5.8 4.0 2.6 5.1 
10 4.72 3.80 2.83 2.52 2.29 1.37,1.64 3.80 6.8 8.7 6.1 5.0 1.5 
1 Id 4.67 4.64 4.12 4.35 1.40,1.50 4.9 0.6 4.5 
12e 4.66 4.45 3.84-3.90 4.4 1.2 
16 4.78 4.07 3.00 2.81 2.72 1.40,1.62 3.80 6.9 6.4 3.9 2.5 5.1 
17 4.73 3.88 2.86 2.42 2.23 1.38,1.64 3.80 7.1 8.5 6.4 5.3 1.5 
lBd 4.69 4.77 4.24 4.63 4.39 1.39,1.46 4.6 4.2 6.0 8.3 11.3 
19* 4.62 4.57 4.15 4.07 3.89 4.0 3.1 6.3 8.0 11.4 

56 4.60 4.79 4.27 3.89 1.30,l.U 5.9 3.7 

0 Resonances for H-6, H-6' appeared at 3.71 and 4.11 ppm (for 2), and 3.69 and 3.78 ppm (for 3). Resonances for H-1 appeared at 5.42 
ppm, 512 < 0.5 Hz (for S), and 6.14, J l , 2  < 0.5 Hz (for 6). e It showed a singlet (3 H) at 2.47 ppm due to the CHsCfi. It showed a singlet 
(3H) at 2.10 ppm due to CH3C0. * Recorded in 2Hz0. 

Table 11. 1F NMR Chemical shift Data (6. DDm) 
~~~~~ 

compd C-1 C-2 C-3 C-4 C-5 C(CH3)z c(m3)2 

2* 173.5 76.1' 75.8' 80.9 75.3' 114.7,110.5 26.8,26.7, 
25.9.25.3 

3c 
6 
6 
7 
8 
9 
10 
11 
12d 
16 
17 
18 
19d 

173.2 76.5' 76.1' 79.4 70.9 
100.5 85.4 79.9 79.9 60.8 
100.7 85.0 79.90 79.4' 62.4 
174.2 76.0 76.0 79.7 60.4 
172.4 75.8' 75.64 75.2' 66.7 
169.5 75.3 78.2 50.0 43.7 
169.4 76.9 82.7 30.5 22.7 
203.6 83.4 78.6 47.5 65.1 
210.1 78.7 71.7 54.6 63.3 
169.4 76.2 77.7 49.5 45.0 
169.2 76.8 82.3 32.8 21.3 
203.3 86.0 76.4 44.5 63.7 
209.5 81.3 70.9 50.3 61.8 

114.7 
112.4 
113.4 
113.9 
114.4 
111.5 
111.4 
112.6 

111.6 
110.0 
113.0 

26.8,25.9 
25.7,24.4 
26.2,25.0 
26.5,25.5 
26.5,25.6 
26.6,25.3 
27.0,25.5 
27.5,25.9 

26.9,25.4 
26.5,25.3 
27.2,25.9 

4 Signals may be interchanged. C-6 appeared at 65.3 ppm. e C-6 
appeared at 62.5 ppm. Recorded in 2Hz0. Data for compound 4, 
see Experimental Section. 

Scheme 111. 

9 10 

I 1  12 

0 (i) NaOMe, MeOH; (ii) (NH2)&S, MeOH; (iii) KOAc, HOAc, 
DMF; (iv) 2% HCl in 2 1  THF-H20. 

the sulfur atom hockey sticks effect,?' which will operate 
in the other possible conformations. 

Thiirane ring opening and thiolactonization took place 
by heating 17 a t  reflux with KOAc in HOAcDMF. The 
5-0-acetyl-2,3-O-isopropylidene-4-thio-~-lyxono-1,4-lac- 
tone (18) was obtained in crystalline form after chro- 
matographic purification. The 13C NMR spectrum of 18 
showed the characteristic signal for the thiolactone carbon 
at  203.3 ppm. Acid removal of the acetyl and isopropyl- 

(24) Zefirov, N. s.; Blagoveshchensky, V. s.; Kazimirchik, I. V.; Surova, 
N. S. Tetrahedron 1971,27,3111. 

Scheme IV* 

17 i a  19 

(i) MezCO, HzSO4; (ii) TsC1, pyridine, CHCL (iii) NaOMe, 
MeOH; (iv) (NH2)2CS, MeOH; (v) KOAc, HOAc, DMF; (vi) 2% HCl 
in 2:l THF-H20. 

idene protecting groups of 18 afforded crystalline 4-thio- 
~-lyxono-1,4-lactone (19). The presence of a sulfur atom 
within the ring was again evidenced in the 1aC NMR 
spectrum of 19, by the large shift of the signals corre- 
sponding to the carbons bonded to sulfur (6c.1209.5 and 

The synthetic routes described herein constitute effi- 
cient procedures for the preparation of aldono-1,4-thi- 
olactones having D-fibo (12) and L-lyxo (19) configurations 
[the overall yield for 12 was 20% from 1 (37% from 7), 
and for 19,32% from 131. This methodology can also be 
applied to the synthesis of other aldopentonothiolactones 
having different configurations. 

6c.r 50.3). 

Experimental Section 
General Procedures. Melting points were determined in a 

Thomas-Hoover apparatus and are uncorrected. Optical rota- 
tions were measured with a Perkin-Elmer 141 polarimeter. 1H 
NMR spectra were determined with a Varian XL-100 or a Bruker 
500 spectrometer at 100 or 500 MHz, respectively. 18C NMR 
spectra were recorded with a Varian XL-100 at  25.2 MHz. Unless 
otherwise indicated the spectra were determined in CDCh 
solutions and with tetramethylsilane (0.00 ppm) as an internal 
reference. Signal assignments for the lSC NMR spectra were 
made on the basis of selective heteronuclear decoupling exper- 
iments. Data are shown in Tables I and 11. Analytical thin-layer 
chromatography (TLC) was performed on 0.25-mm silica gel 60 
F m  (Merck) aluminum-supported plates with A, EtOAc; B, 1:l 
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hexane-EtOAc; C, 3:l toluene-EtOAc; and D, 6 1  hexane-EtOAc. 
Detection was affected by exposure to UV light or charring with 
10% H&O4 (v/v) in EtOH. Column chromatography was 
performed on silica gel 60 (230-400 Mesh, Merck). The following 
solvents were distilled before use: MeOH (from IJMg), THF 
(from Na/benzophenone), acetone (from KMnO4 and KzCOs), 
and acetic acid% (from AczO and CrOs). DMF was purified by 
sequential drying% with 3-A molecular sieves and distillation. 
The GC-MS of the TMS derivatives of 12 and 19 were performed 
with a Varian Aerograph 1400 chromatograph coupled to a mass 
spectrometer Varian MAT CH7 A (70 eV), employing a SP-2330 
column. 
2,3-O-Isopropylidene-~-gulono-l,4-lactone (3). Compound 

3 was prepared from ~-gulono-l,4-lactone (1) via the 2,35,6-di- 
O-isopropylidene-~-gdono-1,4-lactone (2) as previously de- 
scribed." 

2,3-OIsopropylidene-a-~-lyxose (5). To a solution of com- 
pound 3 (2.28 g, 10.4 mmol) in water (28 mL) was added a 1 M 
solution of aqueous NaI04 (10.5 mmol). After 20 min of stirring 
in the dark at room temperature, the starting material 3 (R10.32, 
solvent A) was not detected by TLC. The solution was freeze- 
dried and the residue extracted with CHzClz and concentrated. 
The homogeneous (Rf 0.57, solvent A) syrupy product obtained, 
characterized as 3,4-O-isopropylidene-~-arabinuronic acid 
2,5-lactone (4,1.94 g, 99% yield) showed to be a mixture of the 
aldehyde and its hydrated form: l3C NMR (CDCW aldehyde 6 
195.0 (C-5, CHO), 174.8 (C-1),114.1 (CMeZ), 81.2 (C-4),76.4,76.2 
(C-2,3), 26.7, 25.7 (C(CH3)z); hydrated form S (inter alia) 173.4 
(C-1), 114.9 (CMe2), 88.7 (CH(0H)z). 

To a solution of crude 4 (124 mg, 0.57 mmol) in ethanol (5 mL) 
was added NaBH4 (22 mg, 0.58 mmol). After 40 min of stirring 
at 0 "C, monitoring by TLC showed the formation of a single 
spot (RfO.55, solvent A) slower moving than 4. The solution was 
made neutral by addition of 10% aqueous HOAc and then 
Concentrated. The residue was filtered through a short column 
of silica gel with 1:l hexane-EtOAc as solvent, affording 5 (66 
mg, 62%): mp 78-80 'C (lit.16 mp 80-82 'C for the enantiomer). 

1,5-Di- Oacetyl-2,3- Oisopropylidene-a-clyxofuranose (6). 
Acetylation of 5 (35 mg, 0.18 mmol) with acetic anhydride (0.5 
mL) and pyridine (0.5 mL) for 2 h afforded, after evaporation, 
compound 6 (42 mg, 84% yield) which had mp 47-49 'C; [a]D 
-53.4' (c 1.1, CHCls) (lit.16 mp 48-50 'c; [a ]D  +59.5' for the 
enantiomer). 

2,3- OIsopropylidene-L-lyxono- 1,a-lactone (7). The crude 
aldehyde derivative 4 (1.94 g) was dissolved in methanol (16 mL) 
containing a trace of bromocresol green. To this solution was 
added NaBHsCN (1.7 g, 26 mmol), and the yellow color (pH 4) 
was maintained by dropwise addition of 0.4 N methanolic HC1. 
After 6 h of stirring at room temperature, the solution was 
concentrated. The residue was extracted with CH2C12, and the 
extract was washed with saturated aqueous NaC1, dried (MgSO,), 
and concentrated. The resulting syrupy product (R10.51, solvent 
A) was purified by flash chromatography (3:l hexane-EtOAc). 
Compound 7 crystallized from hexane-EtOAc (1.46 g, 74%); 
recrystallized from the same solvent it gave mp 96-98 OC, [ a l ~  
-85' (c 1.1, acetone). The analogous derivative in the D series 
had17mp99-100 'C, [a1~+106', andll8mp 88-93 OC, [ a I ~ + 1 0 8 ~ .  
Anal. Calcd for C&lzOs: C, 51.06; H, 6.43. Found C, 50.90; H, 
6.27. 

2,3- 0-Isopropylidene-5- O(ptolylsulfonyl)-~-lyxono-1,4- 
lactone (8). (A) To a solution of 7 (0.70 g, 3.70 mmol) in dry 
pyridine was added tosyl chloride (1.50 g, 7.90 mmol). The 
mixture was kept at 0 "C for 24 h and then poured into ice-water 
to yield compound 8 as a chromatographically homogeneous solid 
(R, 0.56, solvent B), which was recrystallized from EtOH (0.76 
g, 60 %). After recrystallization from the same solvent, 8 had mp 
121-123 "C; [ a ] ~  -66.8' (c 0.4, CHCU. Anal. Calcd for 
ClaHlsO,S C, 52.62; H, 5.29. Found C, 52.47; H, 5.24. 
(B) To a stirring solution of 7 (0.96 g, 5.1 mmol) in dry CHCla 

(5 mL), cooled at 0 OC, were added pyridine (0.82 mL, 10.1 mmol) 
and toeyl chloride (1.44 g, 7.6 mmol). After 4 h of stirring at 0 
OC was added water (5 mL) dropwise, and the stirring was 
maintained for 0.5 h. The mixture was diluted with CHzCl2 (60 
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mL) and it was successively washed with 2 N aqueous HC1, 
saturated aqueous NaHCOs, and water. The organic extract was 
dried (MgSO4) and concentrated. Compound 8 crystallized upon 
addition of EtOH (1.36 g, 78%); it showed the same physical 
constants as those described in A. 

Methyl 4,5-epoxy-2,3-O-isopropylidene-~-lyxonate (9). 
Compound 8 was added to a stirring solution prepared by 
dissolving sodium (40 mg) in anhydrous methanol (6.5 mL). After 
20 min of stirring at room temperature, a single spot, migrating 
faster than 8 (Rf 0.60, solvent B) was detected by TLC. 
Evaporation of the solvent afforded a residue which was extracted 
with ether. The extract was concentrated and the resulting syrup 
diseolved in hexane and fiitered. Upon evaporation of the solvent, 
compound 9 was obtainedas a chromatographically homogeneous 
oil (0.30 g, 85%): [ a ] ~  -13.1' (c 1.1, CHCh). Anal. Calcd for 

Methyl 4,5-Dideoxy-4,5-epithio-2,3-O-isopropylidene-~- 
ribonate (10). To a stirring solution of 9 (0.13 g, 0.64 mmol) in 
anhydrous methanol (7.7 mL) was added thiourea (83 mg, 1.1 
mmol). After 48 h of stirring at room temperature, TLC showed 
asingle spot (R10.74, solvent C). The solution was concentrated, 
and the resulting residue was treated as described for 9, to afford 
compound 10 as a clear oil (0.13 g, 93%): [a]D -84.4' (c 1.2, 
CHCls). Anal. Calcd for CsH1404S: C, 49.52; H, 6.46; S, 14.60. 
Found: C, 49.64; H, 6.36; S, 14.82. 

5- O-Acetyl-2,3- 0-isopropylidene-4-thio-D-ribono- 1,4-lac- 
tone (11). Compound 10 (0.16 g, 0.73 mmol) was dissolved in 
a mixture of anhydrous DMF (6 mL), glacial HOAc (6 mL), and 
KOAc (0.75 g, 7.6 mmol). The solution was heated at the reflux 
temperature for 16 h, under nitrogen, when a main spot (Rf 0.50, 
solvent C) was detected by TLC. The reaction mixture was 
diluted with CHzClz (60 mL) and washed with aqueous KOAc 
and water. The organic extract was dried (MgSO,) and con- 
centrated to a syrup, which was chromatographed using 5:l 
hexane-EtOAc. From the column, unreacted starting 10 (24 mg) 
was recovered, and the fractions containing the product of Rf 
0.50 were pooled and evaporated affording the thiolactone 11 
(0.11g,70% yield,basedonreacted 10); [a]D+23.5' (c l.l,CHCl& 
Anal. Calcd for C1&1406s: C, 48.77; H, 5.73. Found: C, 48.50; 
H, 5.56. 
4-Thio-~-ribono-1,4-lactone (12). Compound 11 (165 mg, 

0.67 mmol) dissolved in a mixture of THF (5 mL) and6 % aqueous 
HCl (2.5 mL) was stirred for 16 h at room temperature. 
Evaporation afforded a clear oil, which was filtered through a 
silica gel column with EtOAc as eluent. Fractions containing 
the product of 40.22 (solvent A) were evaporated, and compound 
12 slowly crystallized upon standing (95 mg, 86%). It had mp 
112-114 'C; [ a ] ~  +60.3' (c 0.9, methanol). Anal. Calcd for 

S, 19.51. 
Compound 12 was conventionally silylated with Sylon HTP. 

The GC-MS of the silylated derivative was performed: MS m/z  
(re1 inten) 380 (0.6), 365 ( l l ) ,  290 (6), 262 (13), 260 (ll), 219 (lo), 
218 (40), 217 (41), 204 (8), 191 (9), 147 (41), 146 (14), 133 (13), 
103 (16), 75 (131, 74 ( l l ) ,  73 (100). 
2,3-OIsopropyl~dene-5-O-(ptolylsulfonyl)-~-~bono- 1,4- 

lactone (15). To a solution of 2,3-0-isopropylidene-~-ribono- 
1,4-lactoneZ7 (14,3.0 g, 15.9 mmol) in pyridine (2.6 mL, 32 mmol) 
and CHCls (16 mL) was added tosyl chloride (4.57 g, 24 mmol) 
at 0 'C. The mixture was stirred for 6 h a t  0 "C, when water was 
added dropwise, and the stirring was maintained for 0.5 h. TLC 
examination showed a single spot of R, 0.71 (solvent A). The 
product was isolated as described for 8, method B, affording a 
syrup, which crystallized upon addition of methanol (4.8 g, 88%); 
mp 116-118 "C; [(Y]D-15.5' (c  2.4, acetone) (lit.% mp 117.5-118 

Methyl 4,5-0pOXy-2,3-OiSOpropylidene-D-ribonate (16). It 
was prepared as described for 9, starting from 15 (0.67 g, 1.9 
mmol). Compound 16 was obtained as a syrup (0.36 g, 93%), 

Methyl 4,5-Dideoxy-4,5-epithio-2,3-O-isopropylidene-~- 
lyxonate (17). To a solution of 16 (0.12 g, 0.6 mmol) in dry 

C9H1405: C, 53.45; H, 6.98. Found: C, 53.22; H, 6.98. 

CsHeO4S: C, 36.58; H, 4.91; S, 19.53. Found C, 37.03; H, 5.19; 

OC, [a]D -15.8'). 

[ a ] ~  -10.7' (C 4.7, CHCls) (lit.% [ a ] ~  -11.7'). 

(25) Orton, K. J. P.; Bradfield, A. E. J. Chem. SOC. 1927, 983. 
(26) Burfeld, D. R.; Smithers, R. H. J. Org. Chem. 1978,43, 3966. 

(27) Kandil, A. A.; Slessor, K. N. J. Og.  Chem. 1985,50, 5649. 
(28) Hough, L.; Jones, J. K. N.; Mitchell, 13. L. Can. J. Chem. 1958, 

(29) Hoffmann, R. W.; Ladner, W. Chem. Ber. 1983,116, 1631. 
36, 1720. 
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methanol (8 mL) was added thiourea (92 mg, 1.2 mmol). The 
solution was stirred for 48 h at room temperature, when TLC 
showed a single spot (Rr0.65, solvent C). The residue was treated 
as described for 9, to afford compound 10 as a clear oil (0.12 g, 

49.52; H, 6.46. Found C, 49.46; H, 6.19. 
5- OAcetyl-2,3- Oisopropylidene-4-tho-~-lyxono- 1,dlac- 

tone (18). Compound 17 (0.20 g, 0.9 mmol) was dissolved in a 
mixture of DMF (7 mL), HOAc (7 mL), and KOAc (0.9 g, 9.1 
mmol) and refluxed, under nitrogen, for 18 h. TLC showed a 
main spot (Rf 0.52, solvent C) which was isolated and purified 
(column chromatography with 5:l  hexane-EtOAc) as described 
for 11. The thiolactone 18 (0.14 g, 57%) gave mp 56-58 'C, [a]D 
-114' (c 1, CHCU. Anal. Calcd for C&rO&: C, 48.77; H, 
5.73; S, 13.02. Found C, 48.96; H, 5.63; S, 13.36. 
4-Thio-~-lyxono-l,4-lactone (19). Compound 18 (0.30 g, 1.2 

mmol) was dissolved in a mixture of THF (9 mL) and 6% HC1 
(4.5 mL), and the resulting solution was stirred for 18 h at  room 
temperature. The reaction mixture, which showed by TLC a 
main spot of Rf0.26 (solvent A), was concentrated. The resulting 

88% 1; [a]D-84.4' (c 1.2, CHCh). And. Calcd for C&&& C, 

Varela and Zunszain 

syrup was purified through a short column of silicagelwithEtOAc 
as eluent. Upon evaporation of the solvent, crystalline 19 (0.17 
g, 86%) was obtained. After recrystallization from acetone, 19 
gave mp 146-148 'c; [a]D -136' (c 1, methanol). And. Calcd 
for C&O& C, 36.58; H, 4.91; S, 19.53. Found C, 36.71; H, 
4.71; S, 19.49. 

Compound 19 was conventionally silylated with Sylon HTP. 
The GC-MS of the silylated derivative was performed MS mlz 
(re1 inten) 380 (3), 365 (33), 290 ( l l ) ,  262 (26), 219 (18), 218 (68), 
217 (loo), 204 (16), 191 ( l l ) ,  147 (41), 146 (14), 133 (111,103 (7), 
75 (4), 73 (47). 
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