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ABSTRACT

5-Thio-D-mannose (1), the first 5-thiosugar found
recently in nature, was synthesized in 12 steps from
D-mannose.

INTRODUCTION

D-Mannose, which has been shown to be recogniZed by
the hepatic mannose receptor in the clearance of circu-
lating glycoproteins,® is of potential relevance to the
problems of drug targeting.2? It is of interest to investi-
gate the specificity of the D-mannose receptor for its
5-thio analog, because 5-thio-D-glucose shows an inhibition
effect for some enzymes in the metabolism of carbohydrates.?3
5-Thio-D-mannose (1) was recently isolated from the marine
sponge Clathria pyramida as the only naturally occurring

example to date of a 5-thiosugar.? Attention is also paid
to the ecological role of this sugar in the organism. These
things prompted us to prepare 1 in a large quantity.
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A synthetic route to a S5-thiosugar has been already
developed by Whistler et al.® That method involves conver-
sion of a 5,6-epoxide into the corresponding 5,6-episulfide
with inversion of configuration. The same method was

applied to the synthesis of 1.

RESULTS AND DISCCUSSION

Methyl 2,3:5,6-di-0-isopropylidene~- o -D-mannofuranoside
(2), obtained in 73 % yield in 2 steps from D-mannose
according to the method of Randall®, was selected as the
starting material. Selective hydrolysis of 2 with 80 %
acetic acid gave methyl 2,3-0O-isopropylidene- a -D-mannofu-
ranoside (3, 93 % yield), which was converted into methyl
6~0-benzoyl-2,3-C-isopropylidene—- a -D-manncfuranoside (4) in
72 % yield using benzoyl chloride (1.05 equiv), 4-dimethyl-
aminopyridine and pyridine in dichloromethane at -28 °C.
Treatment of 4 with methanesulfonyl chloride in pyridine
gave methyl 6-0-benzoyl-2,3-0-isopropylidene-5-0-methane-
sulfonyl- a -D-mannofuranoside (S) in 95 % yvield. Attempted
epoxidation by treatment of 5 with sodium methoxide gave
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methyl 2,3-0O-isopropylidene-5-0-methanesulfonyl- « ~D-manno-
furanoside (6) in 82 % yield and none of desired epoxide.

This result was quite unexpected because in the course
of synthesis of 5-thio-D-glucose derivatives, treatment of
the analogous glucose derivative 12 under the same
conditions gave the epoxide 13 in 66 % yield.”?
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The difference of reactivity between 5 and 12 might be
explained by the motional flexibility of the reaction site.
*H NMR data from 5 (Ji.z = 0, Jz.3 = 6.2, Ja.a = 3.5, Ja.s=
= 8.0 Hz) (Table 1.) and 12 (J1.z = 3.5, Jz.3 = 0, Js,a =
3.0, Ja.s = 8.8 Hz)? indicate °T, and 2T, twist confor-
mations, respectively. As depicted in Figs. A and B, in the
case of manno isomer 5 the reaction occurs in the cage
(endocyclic region) of the 5-5 bicyclic system, while in
the case of gluco isomer 12 in the more flexible exocyclic
region. Thus, it is suggested that even the intramolecular
substitution reaction on the carbon which is not directly
attached to the bicyclic system may be sterically hindered
by the endo-methyl group.

O@
P
HaC,,
%, -H5 ’
o2
MsO ] Hy
5Ad3 0

Fig.A manno °T Fig.B gluco T3
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Further treatment of 6 with sodium methoxide under
reflux gave methyl 5,6-anhydro-2,3-0-isopropylidene- 8 -L-
gulofuranoside (7) in only 28 % yield. However, a much
better result was obtained when compound 6 was treated with
sodium hydride in N,N-dimethylformamide at room temperature
to give 7 in 74 % yield. Furthermore, treatment of 6 with
potassium tert-butoxide in tetrahydrofuran also gave 7 in
63 % vyield. Compound 7 was converted into methyl 5,6~
dideoxy-5,6-epithio-2,3-0-isopropylidene- ¢ ~-D-mannofuran-
oside (8) in 81 % yield. In the 23C NMR spectra of 8,
signals of C-5 and C-6 resonate at higher field compared
with that of 7 (Table 2.). Acetolysis of 8 with potassium
acetate, acetic acid and acetic anhydride gave methyl
6-0-acetyl-5-S-acetyl-2,3-0-isopropylidene-5-thio- o -D~-
mannofuranoside (9) in 96 % yield. Hydrolysis of 9 with 50 %
acetic acid at 100 °C followed by acetylation gave
1,2,3,4,6-penta~-0-acetyl-5-thio- o -D-mannopyranose (11) in
83 &% yield. *3C and *H NMR spectra of 10 and 3C NMR
spectra and the optical rotation of 11 are in accord with

those reported.“

EXPERIMENTAL

General Procedures. Melting points were determined
with a Yanagimoto micro melting-point apparatus and are
uncorrected. Specific rotations were determined with a
JASCO DIP-4 polarimeter. *H NMR spectra were recorded with
a JEOL JNM-PS100 spectrometer, and *3C NMR spectra were
recorded with a JEOL JNM-FX90Q spectrometer. Column chro-
matography was performed on silica gel 60 (Merck) with the
solvent system specified. Concentrations and evaporations
were conducted in vacuo.

Methyl 2,3-0-Isopropylidene- a -D-mannofuranoside (3).
A solution of 2 (9.53 g, 34.7 mmol) in aqueous acetic acid
(80 %, 100 mL) was kept at room temperature for 24 h. The
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reaction mixture was concentrated and the residue was chro-
matographed on a silica gel column (hexane-acetone, 2:1 v/v)
to give syrupy 3 (7.56 g, 93 %): bp 197-200 °C/ 0.5 mm,
[a]&* +65.1° (c 0.99, chloroform).

Anal. Calcd for CioHieOes: C, 51.27; H, 7.75. Found: C,
51.25; H, 7.84.

Methyl 6-0-Benzoyl-2,3-0O-isopropylidene- a -D-mannofu-—
ranoside (4). To a stirred solution of 3 (0.202 g, 0.86
mmol) in pyridine (0.42 mL) and dichloromethane (2 mL) was
slowly added a solution of benzoyl chloride (0.10 mL, 0.90
mmol) in dichloromethane (2 mL) at -28 °C. After 10 min, the
reaction mixture was mixed with water, and extracted with
chloroform. The combined organic layer was washed success-
ively with aqueous sodium hydrogencarbonate and water. After
concentration of the solution, the residue was chromato-
graphed on a silica gel column (hexane—-ethyl acetate, 2:1
v/v) to give syrupy 4 (0.209 g, 72 %): [ a ]JB° +54.2° (c
0.76, chloroform).

Anal. Calcd for Ci.,H220-: C, 60.35; H, 6.55. Found: C,
60.58; H, 6.50.

Methyl 6-0-Benzoyl-2,3-0O-isopropylidene-5-O-methanesul-
fonyl- a -D-mannofuranoside (5). To a stirred solution of 4
(0.335 g, 0.99 mmol) in pyridine (0.64 mL) and dichloro-
methane (3 mL) was slowly added a solution of methanesul-
fonyl chloride (0.46 mL, 5.95 mmol) in dichloromethane (3
mL) at 0 °C. After standing at room temperature for 20 h,
the reaction mixture was mixed with water and extracted
with chloroform. The combined organic layer was washed
successively with aqueous sodium hydrogencarbonate and
water. After concentration of the solution, the residue was
chromatographed on a silica gel column (hexane-ethyl
acetate, 3:1 v/v) to give syrupy 5 (0.393 g, 95 %): [« ]18?
+37.0°C(c 1.12, chloroform).

Anal. Calcd for CieH240e5: C, 51.91; H, 5.81; s, 7.70.
Found: C, 52.25; H, 6.00; S, 7.53.
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Methyl 2,3-0-Isopropylidene-5-O-methanesulfonyl- a -D-
mannofuranoside (6). A solution of 5 (1.13 g, 2.71 mmol) in
0.01 M scdium methoxide-methanol (12 mL) was kept at room
temperature overnight. The reaction mixture was neutralized
with gaseous carbon dioxide and concentrated. The residue
was dissolved in acetone and the solution was separated by
filtration through celite and the filtrate concentrated.
The residue was chromatographed on a silica gel column
{hexane-ethyl acetate, 3:2 v/v) to give crystalline 6
(0.6%4 g, 82 %). Compound 6 was recrystalized from hexane-
ethyl acetate: mp 127-128 °C, [a ]&° +34.7° (¢ 1.02, chloro-
form).

Anal. Calcd for C,3Hz00eS: C, 42.30; H, 6.45; S,
10.27. Found: C, 42.12; H, 6.47; S, 10.46.

Methyl 5,6-Anhydro-2,3-0O-isopropylidene- 8 -L-gulofuran-
oside (7).

(i) With sodium methoxide: A solution of 5 (0.263 g,
0.364 mmol) in 0.03 M sodium methoxide-methanol (16 mL) was
refluxed for 5 h. After cooling, the reaction mixture was
neutralized with gaseous carbon dioxide and concentrated.
The residue was dissolved in chloroform and washed with
water. The organic layer was concentrated and chromato-
graphed on a silica gel column (hexane-ethyl acetate, 4:1
v/v) to give crystalline 7 (0.022 g, 28 %).

(ii) with sodium hydride: To a stirred suspension of
sodium hydride (55 %, 0.18 g, 3.7 mmol) in N,N-dimethylform-
amide (2 mL) was slowly added a solution of 6 (1.14 g, 3.65
mmol) in N,N-dimethylformamide (5 mL) and the reaction mix-
ture was stirred at room temperature for 15 min. To the
reaction mixture was added ice-cold water and the mixture
was extracted with ether. The ether layer was washed with
water. After‘removal of the solvent, the residue was chro-
matographed on a silica gel column (hexane-ethyl acetate,
4:1 v/v) to give crystalline 7 (0.585 g, 74 %).
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(iii) With potassium tert-butoxide: A mixture of 6
(0.468 g 1.50 mmol)} and potassium tert-butoxide (0.184 g,
1.65 mmol) in tetrahydrofuran (2.5 mL) was stirred at room
temperature for 40 min. The reaction mixture was neutral-
ized with gaseous carbon dioxide and diluted with water.
After removal of tetrahydrofuran by evaporation, the water
layer was extracted with chloroform. The extract was con-
centrated and the residue was chromatographed on a silica
gel column (hexane-ethyl acetate, 4:1 v/v) to give crystal-
line 7 (0.203 g, 63 %).

Compound 7 was recrystallized from hexane: mp 66 °C,

[ a]g° +71.6° (c 0.79, chloroform).

Anal. Calcd for CioHisOs: C, 55.55; H, 7.46. Found:
C, 55.51; H, 7.44.

Methyl 5,6-Dideoxy-5,6-epithio-2,3-0-isopropylidene- a -
D-mannofuranoside (8). A mixture of 7 (0.585 g, 2.70 mmol)
and thiourea (0.58 g, 7.57 mmol) in methanol (10 mL) was
stored at room temperature for 4 days. After concentration
of the reaction mixture, the residue was dissolved in
dichloromethane and the solution was separated by filtra-
tion through celite and concentrated. The residue was
chromatographed on a silica gel column (hexane-ethyl
acetate, 12:1 v/v) to give syrupy 8 (0.511 g, 81 %): [« ]12&°
+37.0° (c 0.73, chloroform).

,Anal. Calecd for CioHie045: C, 51.70; H, 6.94; S, 13.80.
Found: C, 51.54; H, 6.87; S, 13.38.

Methyl 6-O-Acetyl-5-S-acetyl-2,3-0-isopropylidene-5-
thio- a -D—-mannofuranoside (9). A mixture of 8 (0.309 g, 1.33
mmol) and potassium acetate (0.66 g, 6.73 mmol) in acetic
acid (1.5 mL) and acetic anhydride (1.7 mL) was refluxed at
140 °C for 30 h. After cooling, the reaction mixture was
concentrated. The residue was dissolved in dichloromethane

and the solution was filtered through celite and concen-
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trated. The residue was chromatogmaphed on a silica gel
column (hexane-ethyl acetate, 6:1 v/v) to give crystalline
9 (0.403 g, 91 %). Compound 9 was recrystallized from petro-
leum ether: mp 60-61 °C, [a ]3&* +47.7° (c 0.94, chloroform).

Anal. Calcd for Ci<H220,S: C, 50.29; H, 6.63: S, 9.59.
Fouund: C, 50.10; H, 6.80; S, 9.50.

1,2,3,4,6-Penta-0—-acetyl-5-thio— a -D-mannopyranose
(10). A solution of 9 (0.302 g, 0.90 mmol) in 50 % aqueous
acetic acid (8 mL) was left at 100 °C for 38 h. After con-
centration, the residue was dissolved in water and the
solution was washed with chroloform. The water layer was
concentrated completely by coevaporation with toluene to
give a syrup. The syrup was acetylated with acetic anhy-
dride-pyridine in the usual manner to give, after column
chromatography (hexane-ethyl acetate, 2:1 v/v), amorphous
10 (0.241 g, 66 %): mp 85-87 C, [a ]&* +83.1° (c 1.22,
chloroform).

Anal. Calcd for CieH220105: C, 47.29; H, 5.46; S,7.89.
Found: C, 47.69; H, 5.54; S, 8.05.

5-Thio- a -D-mannopyranose (11). A solution of 10
(0.099 g, 0.24 mmol) in methanol-water-triethylamine
(7:3:1, 15 mL) was left at room temperature for 7 h. After
concentration, the residue was dissolved in water and the
solution was washed with chloroform. The water layer was
concentrated to give syrupy 11 (0.040 g, 83 %): [ a }8°
+49.7° (c 0.78, water). lit.* [a ]po +49.3° (c 0.75, water).
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