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Abstract

The thioalkylation of unprotected 5-bromo-5-deoxy-D-ribono, D-arabinono, and D-xylono-1,4-lactone was per-
formed with the alkylthiol-sodium hydride reagent. The corresponding 5-S-alkyl-5-thio-D-pentono-1,4-lactones were
isolated in good yields (82–95%). Reduction with NaBH4 of these derivatives gave the 1-S-alkyl-1-thio-L-ribitols,
D-lyxitols and L-xylitols in 85–96% yields. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Amphiphilic carbohydrate derivatives dis-
play a number of interesting biological and
physiological activities.1–5 It is now well estab-
lished that such derivatives can form liquid
crystals and also find practical uses as surfac-
tants and non-ionic detergents.6 S-Alkylthio-
polyols are a new group of amphiphilic
carbohydrates.

The literature records a number of methods
for the preparation of alkyl 1-thioglycosides,7

which can be converted into 1-S-alkyl-1-thio-
hexitols.8 These syntheses require tedious pro-
tection–deprotection steps and lead to
substantially lower yields.

S-Alkylthiopentitols are obtained from the
corresponding itols by protection followed by

activation, thioetherification, and deprotec-
tion. Hence, starting from 2,3:4,5-di-O-iso-
propylidene-xylitol, 1-S-alkyl-1-thio-xylitols
were obtained in 34–63% overall yield in a
mixture with 1-S-alkyl-1-thio-2,3-O-isopro-
pylidene-xylitols.9

2. Results and discussion

We now report an efficient transformation
of unprotected D-pentono-1,4-lactones (D-ri-
bono, D-arabinono, and D-xylono) into 1-S-
alkyl-1-thiopentitols, in a three-step trans-
formation via the 5-bromo-5-deoxy-D-pen-
tono-1,4-lactones as key intermediate (Scheme
1). We have prepared these 1-S-alkyl-1-
thiopentitol derivatives in order to study the
relationship between structure and tensioac-
tive properties as well as modification in the
phase transition temperature.

We have previously described the prepara-
tion of 5-bromo-5-deoxy-D-pentono-1,4-lac-
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Scheme 1.

tones from D-pentono-1,4-lactones in good
yields (75–95%) with the reagent thionyl bro-
mide in DMF.10

Thioetherification could be performed by
using commercially available alkylthiolate salt
or the alkylthiol/base reagent to prepare the
alkylthiolate in situ.11

In a first approach, to a solution of a
commercially available hexanethiolate salt (1.2
equiv) in 1:1 Me2SO–THF, 5-bromo-5-deoxy-
D-ribono-1,4-lactone (1) was added and the
mixture was stirred at room temperature. The
reaction was controlled by TLC. After 2 h, the
reaction was stopped and a NMR analysis of
the crude reaction product showed the pres-
ence of 1 and 5-S-hexyl-5-thio-D-ribono-1,4-
lactone (4) in a 3:7 ratio. This ratio remained
unchanged by using an excess of thiolate (2
equiv) and longer reaction times. GC analysis
of the commercial thiolates pointed to the
presence of the corresponding disulfides, with
amounts up to 50%. For this reason, we de-
cided to prepare the thiolate in situ.

In thioetherification reactions, MeONa or
NaH are the commonly used bases. It has
been reported that yields of thioetherification
of 3 - deoxy - 3 - iodo - 1,2:5,6 - di - O - isopropyli-
dene-�-D-allofuranose are improved with Me-
ONa compared to NaH.12 In our study, use of
MeONa is to be avoided due to the presence
of the lactone functionality.13 To hexanethiol
(1.2 equiv) was added sodium hydride (1.2
equiv), at room temperature, in 1:1 Me2SO–
THF. The mixture was vigorously stirred for 1
h and the 5-bromo-5-deoxy-D-ribono-1,4-lac-
tone (1) was added. After 5 min, 1 was com-
pletely consumed and the 5-S-hexyl-5-
thio-D-ribono-1,4-lactone (4) was obtained in
95% isolated yield (Scheme 2). When the stir-
ring was not vigorous enough or when the
reaction was performed with an excess of
sodium hydride, epimerisation at C-2 took
place and 5-S-hexyl-5-thio-D-arabinono-1,4-

lactone (8) (90%), contaminated with a small
amount of 4 (10%), was obtained. We have
previously reported such epimerisation when 1
was treated with sodium azide.14 The configu-
ration of the new lactone formed 8, was iden-
tical with the one obtained from thioetheri-
fication of 5-bromo-5-deoxy-D-arabinono-1,4-
lactone (2).

Using this method, 5-S-octyl, decyl, and
dodecyl-5-thio-D-ribono-1,4-lactones (5, 6 and
7) were obtained in good yields. When 5-
bromo-5-deoxy-D-arabinono- (2) and D-xy-
lono-1,4-lactones (3) were treated in the same
conditions, no epimerisation could be ob-
served and the 5-S-alkyl-5-thio-D-arabinono-
and D-xylono-1,4-lactones (8–15) were ob-
tained as the only products, in rather good
yields (82–95%) (Table 1). In all cases, the
thioetherification occurred in less than 5 min.

The reduction of the 5-S-alkyl-5-thio-D-
pentono-1,4-lactones was then investigated to
access to 1-S-alkyl-1-thiopentitols. When 5-S-
hexyl-5-thio-D-ribono-1,4-lactone (4) was
treated with NaBH4 in EtOH at room temper-
ature for 1 h, the 1-S-hexyl-1-thio-L-ribitol
(16) was obtained in 90% yield (Scheme 3).

The method was extended to others 5-S-al-
kyl-5-thio-D-ribono-, D-arabinono-, and D-xy-
lono-1,4-lactones, which efficiently yielded
1-S-alkyl-1-thio-L-ribitols (17, 18, 19), D-lyxi-
tols (20, 21, 22, 23), and L-xylitols (24, 25, 26,
27) in good yields (85–96%), as shown in
Table 2.

Scheme 2.
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Table 1
Yields and physical data of 5-S-alkyl-5-thio-D-pentono-1,4-lactones

mp (°C) [� ]D
24 (°)Substrate Rf

aProduct [isolated yields (%)]

1 4 (95) 89–91 +25 (c 0.62, CH2Cl2) 0.34
95–96 +38 (c 1.15, CH2Cl2)5 (92) 0.46

6 (93) 104–105 +15 (c 1.00, MeOH) 0.58
99–100 +32 (c 0.85, CH2Cl2)7 (91) 0.63
69–70 +52 (c 1.00, MeOH)8 (95) 0.322
72–73 +70 (c 1.00, MeOH) 0.419 (82)
67–68 +67 (c 1.00, MeOH)10 (92) 0.52

11 (90) 75–76 +58 (c 1.00, MeOH) 0.61
sirup +51 (c 1.00, MeOH)12(89) 0.333

13 (92) sirup +64 (c 1.00, MeOH) 0.40
49–5014 (88) +54 (c 1.00, MeOH) 0.54
57–58 +50 (c 1.00, MeOH) 0.6115 (91)

a 3:2 EtOAc–hexane.

graphed on silica gel (4:1 EtOAc–petroleum
ether).

5-S-Hexyl-5-thio-D-ribono-1,4-lactone (4).
0.558 g; 1H NMR: � 5.10 (d, 1 H, J2,3 5.2 Hz,
H-2), 4.70 (m, 1 H, H-3), 5.11 (m, J4,5a=J4,5b

6.5 Hz, 1 H, H-4), 3.00 (m, 2 H, H-5a, H-5b),
2.5 (t, 2 H, H-�), 1.50–1.10 (m, 8 H, H-�–
H�–1), 0.80 (t, 3 H, H-�); 13C NMR: � 176
(C-1), 70.8 (C-2), 68.8 (C-3), 84 (C-4), 32.8
(C-5), 32 (C-�), 30.5–21.6 (C-�–C-�–1), 13.0
(C-�). Anal. Calcd for C11H20O4S: C, 53.22;
H, 8.06; S, 12.9. Found: C, 53.32; H, 8.18; S,
13.4.

5-S-Octyl-5-thio-D-ribono-1,4-lactone (5).
0.602 g; 1H NMR: � 5.20 (d, 1 H, J2,3 5.2 Hz,
H-2), 4.80 (m, 1 H, H-3), 5.00 (m, 1 H,
J4,5a=J4,5b 6.6 Hz, H-4), 3.10 (m, 2 H, H-5a,
H-5b), 2.60 (t, 2 H, H-�), 1.50–1.20 (m, 12 H,
H-�–H�–1), 0.80 (t, 3 H, H-�); 13C NMR: �
177.3 (C-1), 72.3 (C-2), 70.3 (C-3), 85.5 (C-4),
34.3 (C-5), 33.5 (C-�), 32.3–23.3. (C-�–C-�–
1), 14.6 (C-�). Anal. Calcd for C13H24O4S: C,
56.52; H, 8.69; S, 11.59. Found: C, 56.61; H,
8.71; S, 13.1.

5-S-Decyl-5-thio-D-ribono-1,4-lactone (6).
0.673 g; 1H NMR: � 5.25 (d, 1 H, J2,3 5.2 Hz,
H-2), 4.75 (d, 1 H, H-3), 5.10 (m, J4,5a=J4,5b

6.6 Hz, 1 H, H-4), 3.10 (m, 2 H, H-5a, H-5b),
2.6 (t, 2H, H-�), 1.55–1.25 (m, 16 H, H-�–
H�–1), 0.80 (t, 3 H, H-�); 13C NMR: � 176.8
(C-1), 70.2 (C-2), 68.8 (C-3), 83.9 (C-4), 32.8
(C-5), 32 (C-�), 30.7–21.7. (C-�–C-�–1), 13.1
(C-�). Anal. Calcd for C15H28O4S: C, 59.21;
H, 9.21; S, 10.52. Found: C, 59.22; H, 9.32; S,
11.10.

Scheme 3.

3. Experimental

General methods.—1H and 13C NMR spec-
tra were recorded in C5D5N with Me4Si as
internal standard on a Bruker 300 MHz spec-
trometer. Measurement of [� ]D values was
effected with a JASCO DIP-370 digital polar-
imeter, using a sodium lamp (�=589 nm).
Column chromatography was performed on
Silica Gel (E. Merck 230–400 mesh) using
EtOAc–petroleum ether or EtOAc–MeOH.
Analytical TLC was performed on E. Merck
glass backed Silica Gel sheets (Silica Gel F254).

General procedure for thioalkylation of 5-
bromo-5-deoxy-D-pentono-1,4-lactones.—To
a solution of alkanethiol (2.8 mmol) in 1:1
Me2SO–THF (8 mL) was added sodium hy-
dride (1.2 equiv). The mixture was vigorously
stirred at rt for 1 h. 5-Bromo-5-deoxy-D-pen-
tono-1,4-lactone (0.5 g; 2.37 mmol) was then
added and stirring was continued. After 5
min, MeOH (3 mL) was added and the solu-
tion was concentrated and co-concentrated
with water, at 50 °C, under diminished pres-
sure. The crude product was chromato-
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5-S-Dodecyl-5-thio-D-ribono-1,4-lactone (7).
0.715 g; 1H NMR: � 5.20 (d, 1 H, J2,3 5.2 Hz,
H-2), 4.70 (d, 1 H, H-3), 5.00 (m, J4,5a=J4,5b

6.6 Hz, 1 H, H-4), 3.10 (m, 2 H, H-5a, H-5b),
2.60 (t, 2 H, H-�), 1.50–1.20 (m, 20 H, H-�–
H�–1), 0.80 (t, 3 H, H-�); 13C NMR: � 175.7
(C-1), 70.2 (C-2), 68 (C-3), 83.8 (C-4), 33.3
(C-5), 31.7 (C-�), 31.2–24.5. (C-�–C-�–1),
14.0 (C-�). Anal. Calcd for C17H32O4S: C,
61.44; H, 9.64; S, 9.64. Found: C, 61.52; H,
9.51; S, 10.11.

5-S-Hexyl-5-thio-D-arabinono-1,4- lactone
(8). 0.562 g; 1H NMR: � 4.60 (d, 1 H, J2,3 8.0

Hz, H-2), 4.40 (t, 1 H, J3,4 8.2 Hz, H-3), 4.35
(ddd, J4,5a 3.4, J4,5b 6.1 Hz, 1 H, H-4), 2.90
(dd, J5a,5b 14.6 Hz, 1 H, H-5a), 2.70 (dd, 1 H,
H-5b), 2.30 (t, 2 H, H-�), 1.30–1.0 (m, 8 H,
H-�–H�–1), 0.60 (t, 3 H, H-�); 13C NMR: �
175.8 (C-1), 75.6 (C-2), 73.6 (C-3), 80.7 (C-4),
34.2 (C-5), 32.7 (C-�), 31.3–21.3. (C-�–C-�–
1), 14.0 (C-�). Anal. Calcd for C11H20O4S: C,
53.22; H, 8.06; S, 12.9. Found: C, 53.12; H,
8.15; S, 13.2.

5-S-Octyl -5 - thio -D-arabinono -1,4- lactone
(9). 0.533 g; 1H NMR: � 4.95 (d, 1 H, J2,3 8.0
Hz, H-2), 4.75 (t, 1 H, J3,4 8.2 Hz, H-3), 4.65
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Table 2
Yields and physical data of 1-S-alkyl-1-thiopentitols

mp (°C) [� ]D
24 (°) (c 1.00, MeOH) Rf

aSubstrate Product [isolated yields (%)]

16 (90) 78–79 +384 0.69
81–8217 (94) +335 0.62

6 18 (90) 83–84 +30 0.67
19 (96) 86–877 +22 0.73
20 (91) 62–638 +18 0.72

9 21 (87) 85–86 +7 0.63
10 0.58+1681–8222 (90)

23 (90) 89–9011 −49 0.63
24 (88) 56–5712 −25 0.77
25 (90) 49–5013 −20 0.76

14 26 (85) 58–59 −32 0.78
66–67 0.8215 27 (92) −17

a 9:1 EtOAc–MeOH.

(ddd, J4,5a 3.4, J4,5b 6.1 Hz, 1 H, H-4), 3.25
(dd, J5a,5b 14.6 Hz, 1 H, H-5a), 3.0 (dd, 1 H,
H-5b), 2.60 (t, 2 H, H-�), 1.50–1.10 (m, 12 H,
H-�–H�–1), 0.80 (t, 3 H, H-�); 13C NMR: �
175.8 (C-1), 77.6 (C-2), 75.7 (C-3), 81.9 (C-4),
34.5 (C-5), 33.8 (C-�), 32.3–23.2. (C-�–C-�–
1), 14.6 (C-�). Anal. Calcd for C13H24O4S: C,
56.52; H, 8.69; S, 11.59. Found: C, 56.63; H,
8.58; S, 12.10.

5-S-Decyl -5- thio -D-arabinono -1,4- lactone
(10). 0.662 g; 1H NMR: � 4.80 (d, 1 H, J2,3 8.0
Hz, H-2), 4.60 (t, 1 H, J3,4 8.2 Hz, H-3), 4.45
(ddd, J4,5a 3.3, J4,5b 6.0 Hz, 1 H, H-4), 2.90
(dd, J5a,5b 14.5 Hz, 1 H, H-5a), 3.10 (dd, 1 H,
H-5b), 2.40 (t, 2 H, H-�), 1.30–0.95 (m, 16 H,
H-�–H�–1), 0.70 (t, 3 H, H-�); 13C NMR: �
175.5 (C-1), 77.5 (C-2), 75.6 (C-3), 82.0 (C-4),
34.7 (C-5), 33.9 (C-�), 32.4–23.5. (C-�–C-�–
1), 14.7 (C-�). Anal. Calcd for C15H28O4S: C,
59.21; H, 9.21; S, 10.52. Found: C, 59.60; H,
9.32; S, 10.98.

5-S-Dodecyl-5-thio-D-arabinono-1,4-lactone
(11). 0.713 g; 1H NMR: � 4.65 (d, 1 H, J2,3 8.0
Hz, H-2), 4.45 (t, 1 H, J3,4 8.1 Hz, H-3), 4.30
(ddd, J4,5a 3.4, J4,5b 6.1 Hz, 1 H, H-4), 2.85
(dd, J5a,5b 14.6 Hz, 1 H, H-5a), 2.95 (dd, 1 H,
H-5b), 2.30 (t, 2 H, H-�), 1.20–0.85 (m, 20 H,
H-�–H�–1), 0.60 (t, 3 H, H-�); 13C NMR: �
175.3 (C-1), 77.4 (C-2), 75.5 (C-3), 82.1 (C-4),
34.9 (C-5), 34.1 (C-�), 32.5–23.8. (C-�–C-�–
1), 14.8 (C-�). Anal. Calcd for C17H32O4S: C,
61.44; H, 9.64; S, 9.64. Found: C, 61.00; H,
9.71; S, 10.22.

5-S-Hexyl-5-thio-D-xylono-1,4-lactone (12).
0.524 g; 1H NMR: � 5.01 (d, 1 H, J2,3 5.0 Hz,
H-2), 4.96 (m, 1 H, H-3), 5.16 (m, J4,5a 5.7,
J4,5b 6.9 Hz, 1 H, H-4), 3.36 (dd, J5a,5b 14.1
Hz, 1 H, H-5a), 3.25 (dd, 1 H, H-5b), 2.65 (t,
2 H, H-�), 1.56–1.12 (m, 8 H, H-�–H�–1),
0.80 (t, 3 H, H-�); 13C NMR: � 176.7 (C-1),
74.7 (C-2), 74.5 (C-3), 82.4 (C-4), 31.7 (C-5),
33.4 (C-�), 33.2–24.4. (C-�–C-�–1), 15.8 (C-
�). Anal. Calcd for C11H20O4S: C, 53.22; H,
8.06; S, 12.9. Found: C, 53.56; H, 8.01; S,
12.41.

5-S-Octyl-5-thio-D-xylono-1,4-lactone (13).
0.603 g; 1H NMR: � 5.0. (d, 1 H, J2,3 5.0 Hz,
H-2), 4.96 (m, 1 H, H-3), 5.15 (m, J4,5a 5.7,
J4,5b 6.9 Hz, 1 H, H-4), 3.36 (dd, J5a,5b 14.1
Hz, 1 H, H-5a), 3.25 (dd, 1 H, H-5b), 3.1 (t, 2
H, H-�), 1.55–1.14 (m, 12 H, H-�–H�–1),
0.81 (t, 3 H, H-�); 13C NMR: � 176.7 (C-1),
74.7 (C-2), 74.5 (C-3), 82.3 (C-4), 32.1 (C-5),
33.5 (C-�), 31.7–23.0 (C-�–C-�–1), 14.4 (C-
�). Anal. Calcd for C13H24O4S: C, 56.52; H,
8.69; S, 11.59. Found: C, 56.75; H, 8.56; S,
10.90.

5-S-Decyl-5-thio-D-xylono-1,4-lactone (14).
0.632 g; 1H NMR: � 5.00 (d, 1 H, J2,3 4.8 Hz,
H-2), 4.92 (m, 1 H, H-3), 5.15 (m, J4,5a 5.7,
J4,5b 6.9 Hz, 1 H, H-4), 3.36 (dd, J5a,5b 14.6
Hz, 1 H, H-5a), 3.25 (dd, 1 H, H-5b), 2.7 (t, 2
H, H-�), 1.52–1.26 (m, 16 H, H-�–H�–1),
0.85 (t, 3 H, H-�); 13C NMR: � 176.7 (C-1),
74.7 (C-2), 74.5 (C-3), 82.3 (C-4), 32.3 (C-5),
33.4 (C-�), 32.7–23.1 (C-�–C-�–1), 14.4 (C-
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�). Anal. Calcd for C15H28O4S: C, 59.21; H,
9.21; S, 10.52. Found: C, 59.56; H, 9.01; S,
10.91.

5 - S - Dodecyl - 5 - thio - D - xylono - 1,4 - lactone
(15). 0.711 g; 1H NMR: � 5.02 (d, 1 H, J2,3 4.8
Hz, H-2), 4.92 (m, 1 H, H-3), 5.16 (m, J4,5a

5.7, J4,5b 6.9 Hz, 1 H, H-4), 3.37 (dd, J5a,5b

14.1 Hz, 1 H, H-5a), 3.26 (dd, 1 H, H-5b), 2.7
(t, 2 H, H-�), 1.57–1.23 (m, 20 H, H-�–H�–
1), 0.83 (t, 3 H, H-�); 13C NMR: � 176.7
(C-1), 74.7 (C-2), 74.5 (C-3), 82.3 (C-4), 32.2
(C-5), 33.4 (C-�), 31.7–23.1 (C-�–C-�–1),
14.4 (C-�). Anal. Calcd for C17H32O4S: C,
61.44; H, 9.64; S, 9.64. Found: C, 61.66; H,
9.45; S, 9.23.

General procedure for reduction of 5-S-alkyl-
5-thio-D-pentono-1,4-lactones.—To a solution
of 5-S-alkyl-5-thio-D-pentono-1,4-lactones
(200 mg, 0.91 mmol) in EtOH (20 mL) was
added NaBH4 (1.6 equiv, 350 mg) at such a
rate that the pH was maintained below 7.
Then a further amount of NaBH4 (1.9 equiv,
415 mg) was added to increase the pH to 9.
Stirring was continued at rt for 1 h, before
adding more ion-exchange resin (Dowex 50×
8–100 ion) to decrease the pH to 3. The resin
was then removed by filtration. The filtrate
was concentrated and co-concentrated with
MeOH (3×18 mL) to give the crude mixture
which was chromatographed on Silica Gel
(95:5 EtOAc–MeOH).

1-S-Hexyl-1-thio-L-ribitol (16). 0.183 g; 1H
NMR: � 4.63–4.32 (m, 4 H, H-5a, H-5b, H-4,
H-3), 4.62 (m, J1a,2 2.8, J1b,2 8.5, 1 H, H-2),
3.47 (dd, J1a,1b 13.4 Hz, 1 H, H-1a), 3.23 (dd,
1 H, H-1b), 2.70 (t, 2 H, H-�), 1.70–1.06 (m,
8 H, H-�–H�–1), 0.76 (t, 3 H, H-�); 13C
NMR: � 37.2 (C-1), 74.1 (C-2), 75.6 (C-3),
74.9 (C-4), 65.1 (C-5), 33.3 (C-�), 31.8–22.9
(C-�–C-�–1), 14.3 (C-�). Anal. Calcd for
C11H24O4S: C, 52.38; H, 9.52; S, 12.70. Found:
C, 52.47; H, 9.96; S, 12.11.

1-S-Octyl-1-thio-L-ribitol (17). 0.190 g; 1H
NMR: � 4.60–4.30 (m, 5 H, H-5a, H-5b, H-4,
H-3, H-2), 3.25 (dd, J1a,2 2.8, J1a,1b 13.4 Hz, 1
H, H-1a), 3.52 (dd, J1b,2 8.5 Hz, 1 H, H-1b),
2.60 (t, 2 H, H-�), 1.60–1.10 (m, 12 H, H-�–
H�–1), 0.81 (t, 3 H, H-�); 13C NMR: � 37.5
(C-1), 74.2 (C-2), 75.8 (C-3), 75 (C-4), 65.2
(C-5), 33.5 (C-�), 32.5–23.2 (C-�–C-�–1),

14.6 (C-�). Anal. Calcd for C13H28O4S: C,
55.71; H, 10; S, 11.43. Found: C, 55.78; H,
10.19; S, 11.8.

1-S-Decyl-1-thio-L-ribitol (18). 0.181 g,; 1H
NMR: � 4.55–4.30 (m, 5 H, H-5a, H-5b, H-4,
H-3, H-2), 3.25 (dd, J1a,2 2.9, J1a,1b 13.3 Hz, 1
H, H-1a), 3.50 (dd, J1b,2 8.3 Hz, 1 H, H-1b),
2.75 (t, 2 H, H-�), 1.65–1.10 (m, 16 H, H-�–
H�–1), 0.85 (t, 3 H, H-�); 13C NMR: � 36
(C-1), 73 (C-2), 74.2 (C-3), 73.8 (C-4), 64
(C-5), 32 (C-�), 31–21.8 (C-�–C-�–1), 15.2
(C-�). Anal. Calcd for C15H32O4S: C, 58.44;
H, 10.38; S, 10.38. Found: C, 58.39; H, 10.80;
S, 11.10.

1-S-Dodecyl-1-thio-L-ribitol (19). 0.191 g;
1H NMR: � 4.61–4.29 (m, 5 H, H-5a, H-5b,
H-4, H-3, H-2), 3.75 (dd, J1a,2 2.7, J1a,1b 13.4
Hz, 1 H, H-1a), 3.50 (dd, J1b,2 8.4 Hz, 1 H,
H-1b), 2.70 (t, 2 H, H-�), 1.60–1.15 (m, 20 H,
H-�–H�–1), 0.80 (t, 3 H, H-�); 13C NMR: �
37 (C-1), 74.1 (C-2), 75.6 (C-3), 74.8 (C-4), 65
(C-5), 33.2 (C-�), 32.1–23 (C-�–C-�–1), 14.4
(C-�). Anal. Calcd for C17H36O4S: C, 60.71;
H, 10.71; S, 9.52. Found: C, 60.67; H, 11.11;
S, 9.92.

1-S-Hexyl-1-thio-D-lyxitol (20). 0.182 g; 1H
NMR: � 4.78 (m, 1 H, H-4), 4.56 (m, H-2),
4.31 (m, H-3, H-5a, H-5b), 3.51 (m, J1a,1b 12.9
Hz, 1 H, H-1a), 3.15 (dd, J1b,2 8.2 Hz, 1 H,
H-1b), 2.66 (t, 2 H, H-�), 1.60–1.10 (m, 8 H,
H-�–H�–1), 0.80 (t, 3 H, H-�); 13C NMR: �
38.4 (C-1), 72 (C-2), 74.5 (C-3), 72.5 (C-4),
65.2 (C-5), 33.3 (C-�), 31.8–22.9 (C-�–C-�–
1), 14.3 (C-�). Anal. Calcd for C11H24O4S: C,
52.38; H, 9.52; S, 12.70. Found: C, 52.17; H,
9.12; S, 12.11.

1-S-Octyl-1-thio-D-lyxitol (21). 0.170 g; 1H
NMR: � 4.8–4.2 (m, 5 H, H-5a, H-5b, H-4,
H-3, H-2), 3.45 (m, J1a,1b 13.4 Hz, 1 H, H-1a),
3.65 (dd, J1b,2 8.0 Hz, 1 H, H-1b), 3.10 (t, 2 H,
H-�), 1.60–1.30 (m, 12 H, H-�–H�–1), 1.20
(t, 3 H, H-�); 13C NMR: � 35.8 (C-1), 70.8
(C-2), 73.3 (C-3), 71.3 (C-4), 63.9 (C-5), 32.0
(C-�), 30.8–21.7 (C-�–C-�–1), 13.1 (C-�).
Anal. Calcd for C13H28O4S: C, 55.71; H, 10; S,
11.43. Found: C, 55.45; H, 10.23; S, 10.98.

1-S-Decyl-1-thio-D-lyxitol l (22). 0.181 g;
1H NMR: � 4.8–4.2 (m, 5 H, H-5a, H-5b,
H-4, H-3, H-2), 3.09 (m, J1a,1b 13.4 Hz, 1 H,
H-1a), 3.55 (dd, J1b,2 8.0 Hz, 1 H, H-1b), 2.67
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(t, 2 H, H-�), 1.62–1.20 (m, 16 H, H-�–H�–
1), 0.85 (t, 3 H, H-�); 13C NMR: � 37.1 (C-1),
70.7 (C-2), 73.2 (C-3), 71.2 (C-4), 63.9 (C-5),
32.0 (C-�), 30.9–21.7 (C-�–C-�–1), 13.1 (C-
�). Anal. Calcd for C15H32O4S: C, 58.44; H,
10.38; S, 10.38. Found: C, 58.21; H, 10.14; S,
10.83.

1-S-Dodecyl-1-thio-D-lyxitol (23). 0.182 g;
1H NMR: � 4.8–4.20 (m, 5 H, H-5a, H-5b,
H-4, H-3, H-2), 3.40 (m, J1a,1b 13.4 Hz, 1 H,
H-1a), 3.62 (dd, J1b,2 8.0 Hz, 1 H, H-1b), 2.78
(t, 2 H, H-�), 1.50–1.20 (m, 20 H, H-�–H�–
1), 1.10 (t, 3 H, H-�); 13C NMR: � 37.2 (C-1),
70.8 (C-2), 73.3 (C-3), 71.3 (C-4), 64 (C-5),
32.0 (C-�), 30.9–21.8 (C-�–C-�–1), 13.1 (C-
�). Anal. Calcd for C17H36O4S: C, 60.71; H,
10.71; S, 9.52. Found: C, 60.52; H, 10.21; S,
9.02.

1-S-Hexyl-1-thio-L-xylitol (24). 0.185 g� ; 1H
NMR: � 4.52–4.32 (m, 5 H, H-5a, H-5b H-4,
H-3, H-2), 3.32 (m, J1a,1b 13.2 Hz, 1 H, H-1a),
3.21 (m, J1b,2 5.9 Hz, 1 H, H-1b), 2.62 (t, 2 H,
H-�), 1.56–1.09 (m, 8 H, H-�–H�–1), 0.79 (t,
3 H, H-�); 13C NMR: � 37.1 (C-1), 73.6 (C-2),
75 (C-3), 73.4 (C-4), 64.9 (C-5), 33.3 (C-�),
32–23.1 (C-�–C-�–1), 14.5 (C-�). Anal.
Calcd for C11H24O4S: C, 52.38; H, 9.52; S,
12.70. Found: C, 52.50; H, 9.68, S, 13.10.

1-S-Octyl-1-thio-L-xylitol (25). 0.183 g; 1H
NMR: � 4.53–4.33 (m, 5 H, H-5a, H-5b H-4,
H-3, H-2), 3.33 (m, J1a,1b 13.2 Hz, 1 H, H-1a),
3.22 (m, J1b,2 5.8 Hz, 1 H, H-1b), 2.68 (t, 2 H,
H-�), 1.58–1.14 (m, 12 H, H-�–H�–1), 0.84
(t, 3 H, H-�); 13C NMR: � 37.2 (C-1), 73.6
(C-2), 74.9 (C-3), 73.4 (C-4), 64.9 (C-5), 33.4
(C-�), 32.5–23.1 (C-�–C-�–1), 14.5 (C-�).
Anal. Calcd for C13H28O4S: C, 55.71; H, 10; S,
11.43. Found: C, 55.78; H, 10.19; S, 11.90.

1-S-Decyl-1-thio-L-xylitol (26). 0.172 g; 1H
NMR: � 4,54–4.38 (m, 5 H, H-5a, H-5b H-4,
H-3, H-2), 3.33 (m, J1a,1b 13.2 Hz, 1 H, H-1a),
3.22 (m, J1b,2 5.9 Hz, 1 H, H-1b), 2.68 (t, 2 H,
H-�), 1.61–1.19 (m, 16 H, H-�–H�–1), 0.86
(t, 3 H, H-�); 13C NMR: � 37.1 (C-1), 73.6
(C-2), 75 (C-3), 73.4 (C-4), 64.9 (C-5), 33.3
(C-�), 32.5–23.1 (C-�–C-�–1), 14.6 (C-�).

Anal. Calcd for C15H32O4S: C, 58.44; H,
10.38; S, 10.38. Found: C, 58.39; H, 1080; S,
10.90.

1-S-Dodecyl-1-thio-L-xylitol (27). 0.186 g;
1H NMR: � 4.53–4.32 (m, 5 H, H-5a, H-5b
H-4, H-3, H-2), 3.33 (m, J1a,1b 13.2 Hz, 1 H,
H-1a), 3.22 (m, J1b,2 5.8 Hz, 1 H, H-1b), 2.71
(t, 2 H, H-�), 1.63–1.24 (m, 20 H, H-�–H�–
1), 0.89 (t, 3 H, H-�); 13C NMR: � 37.1 (C-1),
73.5 (C-2), 74.8 (C-3), 73.3 (C-4), 64.8 (C-5),
33.3 (C-�), 32.4–23.2 (C-�–C-�–1), 14.5 (C-
�). Anal. Calcd for C17H36O4S: C, 60.71; H,
10.71; S, 9.52. Found: C, 60.73; H, 11.11; S,
9.9.
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