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ABSTRACT

A reaction system was found to prepare tetra-O-acetyl-1-thio-D-glycopyranose in both
o and B-forms. Methanolysis of the adduct prepared from the reaction of tetra-O-
acetyl-a-D-glucopyranosyl bromide with N,N-dimethylthioformamide afforded the
corresponding tetra-O-acetyl-1-thio-D-glucopyranose with an anomer ratio o/f of
52:48 in 98% yield. The anomer mixture was easily separated by column
chromatography to obtain the product of o-form. This synthetic method is very
convenient to proceed by one-pot reaction under ordinary conditions.
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INTRODUCTION

Tetra-O-acetyl-1-thio-D-glucopyranose is usually prepared by the reaction of tetra-
O-acetyl-a-D-glucopyranosyl bromide with thiourea followed by hydrolysis in alkaline
solution of the isothiouronium bromide. This method gives tetra-O-acetyl-1-thio-B-D-
glucopyranose selectively.!"! In a preceding paper,'”” we reported that the reaction of
tetra-O-acetyl-a-D-glucopyranosyl bromide with thioacetamide instead of thiourea
gives an adduct identified as 2-(tetra-O-acetyl-D-glucopyranosylthio)ethaniminium bro-
mide, methanolysis of which affords tetra-O-acetyl-1-thio-B-D-glucopyranose. This
method also gives tetra-O-acetyl-1-thio-B-D-galactopyranose, tetra-O-acetyl-1-thio-o-D-
mannopyranose, hepta-O-acetyl-1-thio-f-lactose, hepta-O-acetyl-1-thio-B-maltose or
hepta-O-acetyl-1-thio-f-cellobiose starting with tetra-O-acetyl-D-glycopyranosyl bro-
mide or chloride.

The reaction of acylated sugar affords generally per-O-acetyl-1,2-trans-glycoside
owing to the participation of a neighboring acyl group.*>* Utilizing this characteristic a
variety of per-O-acetyl-1,2-trans-1-thioglycoses have been successfully prepared, but it
is generally difficult to prepare per-O-acetyl-1,2-cis-1-thiosugars by this method in a
good yield." Since the work of P. Brigl®® that reported the preparation of tetra-O-
acetyl-1-thio-a-D-glucopyranose from 3,4,6-tri-O-acetyl-1,2-anhydro-a-D-glucopyra-
nose, some attempts for synthesis of 1,2-cis-1-thioglycose have been explored using,
for example, alkyl or benzyl xanthates'® and thioacetic acid.”’ ~'"! It was also reported
that tetra-O-acetyl-1-thio-o-D-glucopyranose is prepared through the reaction of the
phenylmercury(Il)thio derivative of tetra-O-acetyl-1-S-acetyl-1-thio-o-D-glucopyranose
with hydrogen sulfide.!'!]

In the course of our investigations, we found that a modification of our method,™!
in which N,N-dimethylthioformamide is used, gives an anomeric mixture of tetra-O-
acetyl-1-thio-D-glucopyranoses, from which the o-anomer can be readily separated.

RESULTS AND DISCUSSION

Initially, the reaction of tetra-O-acetyl-o-D-glucopyranosyl bromide with N,N-
dimethylthioformamide instead of thioacetamide under anhydrous conditions was not
successful. As described previously,”” the starting materials (tetra-O-acetyl-o-D-
glucopyranosyl bromide and N,N-dimethylthioformamide in this case) are soluble in
a warm nonpolar organic solvent (e.g., benzene), but the thioiminium salt is barely
soluble. K. Hattori!'?! and Y. Kobayashi'®! reported that thioiminium salts can be
prepared from the reaction of alkyl or aryl halides with N,N-dimethylthioformamide, so
we reexamined our reaction under modified conditions. As a result, it was found that
the reaction takes place if a slight amount of water is present, at approximately 100°C.
The reaction system was estimated to contain ca. ~0.2% of water. The product was
mainly N,N-dimethyl(tetra-O-acetyl-D-glucopyranosylthio)methaniminium bromide as
indicated by FAB-MS data; the fragment positive ion peaks of m/z 420
(IM — Br~1%) and 331 (pyranosyl ring cation) (Figure 1) and the negative ion
peaks of m/z 578, 580, 582 ([M + Br ] ) and 363 (glucosylthiolate anion) and 79,
81 (Br ™) were clearly observed (Figure 2). The methanolysis of the thioiminium salt
gave an anomeric mixture of tetra-O-acetyl-1-thio-D-glucopyranose with the anomer
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Figure 1. FAB spectrum (positive ion mode) of thioiminium salt from tetra-O-acetyl-o-D-
glucopyranosyl bromide with N,N-dimethylthioformamide.

ratio of o:f = 52:48 in 98% yield. This anomer mixture was easily separated by

column chromatography.

Little is known about the effect of a slight amount of water in these reactions. It
was reported that the anomeric mixture of pyridinium bromide derivatives obtained

from the reaction of tetra-O-acetyl-o-D-glucopyranosyl bromide in pyridine is 1

-1 [14,15]

Although the effect of moisture was not mentioned, the anomer ratio of the product
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Figure 2. FAB spectrum (negative ion mode) of thioiminium salt from tetra-O-acetyl-o-D-
glucopyranosyl bromide with N,N-dimethylthioformamide.
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varied with the concentration of tetra-O-acetyl-a-D-glucopyranosyl bromide in
pyridine."">! This reaction is probably a first example of the reaction which is not
affected by the participation of neighboring groups in the absence of a catalyst.

The present method was unsuccessful when tetra-O-benzyl-o-D-glucopyranosyl
chloride instead of bromide was used. The present method gave a similar result by
using N,N-dimethylthioacetamide instead of N,N-dimethylthioformamide and, therefore,
this reaction is considered to require a tertiary thioamide. The use of primary or se-
condary thioamides gives a different result from that of tertiary thioamide. Primary or
secondary thioamides react with tetra-O-acetyl-o-D-glucopyranosyl bromide under
completely anhydrous conditions to give exclusively tetra-O-acetyl-1-thio-B-D-gluco-
pyranose. On the other hand, the reaction system containing a slight amount of water
affords an anomeric mixture of the product, but the content of a-form product is rather
low (20 ~ 30%).

EXPERIMENTAL

'H and '>C NMR spectra were recorded with a JEOL GX-400 instrument using
tetramethylsilane as a standard. FAB MS spectra were recorded by direct inlet probe
with a JEOL MS 700 instrument using glycerin as a matrix and Xe as a reaction gas.
Chemical ionization mass spectra were recorded by direct inlet probe with a JEOL
JMS-AMII 150 instrument using trimethylmethane as a reaction gas. Optical rotation
was determined with a Horiba SEPA-200 polarimeter at 20°C. HPLC analysis (RI
monitor) was accomplished by using a Senshu Pak silica-3301-N column (8 x 300
mm, Senshu Kagaku Co. Ltd.), with hexane and ethanol (9:1) as an eluent at a flow
rate of 1.5 mL/min.

General method. Freshly prepared tetra-O-acetyl-a-D-glucopyranosyl bromide
(2.5 mmol, 1.03 g) and N,N-dimethylthioformamide (2.6 mmol, 0.23 g) were stirred
mechanically under an argon stream at approximately 100°C for 5 min. Dry methanol
(20 mL) was added after cooling to 20°C, and the mixture was stirred for about 10 min
(until the solid dissolved). Solvent was evaporated under reduced pressure, and the
precipitated product was separated and purified by silica gel chromatography (benzene—
chloroform, 9:1). The products are tetra-O-acetyl-1-thio-o-D-glucopyranose (0.46 g,
51%) and tetra-O-acetyl-1-thio-B-D-glucopyranose (0.42 g, 47%) as a colorless syrup.

Tetra-0O-acetyl-1-thio-a-p-glucopyranose. Ry 0.59 (benzene:chloroform 9:1); mp
93-94°C (Lit. 92-93°C'"Y; [a]p2° + 171° (Lit. + 168°"") (¢ 0.8, chloroform); 'H
NMR (chloroform-d): 6 1.91 (d, 1H, J, sy 5.77 Hz, SH), 4.11 (dd, 1H, Js¢, 2.20, Jea.6p
12.50 Hz, H-6a), 4.30 (dd, 1H, Jsgp 4.12, Jeaep 12.50 Hz, H-6b), 4.44 (ddd, 1H, Js¢,
2.20, Jsp 4.12, J45 10.16 Hz, H-5), 5.03 (dd, 1H, J,, 5.77, Jo3 9.89 Hz, H-2), 5.07
(dd, 1H, J34 9.89, J45 10.16 Hz, H-4), 5.39 (dd, 1H, J34 9.89, J,3 9.89 Hz, H-3), 5.94
(dd, 1H, Jy, su 5.77, J1, 5.77 Hz, H-1); 13C NMR (chloroform-d): 6 61.6 (C-6), 68.9
(C-4), 69.9 (C-3), 70.3 (C-2), 77.1 (C-5), 77.2 (C-1), CIMS: m/z 365 (M + 1).

Tetra-0-acetyl-1-thio-B-p-glucopyranose. R; 0.62 (benzene:chloroform 9:1); mp
113-114°C (Lit. 115°C™); [a]p>° + 11° (¢ 1.0, chloroform); "H NMR (chloroform-d):
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§ 2.32 (d, 1H, Jy sy 9.61 Hz, SH), 3.73 (ddd, 1H, Jsg, 2.20, Jsg, 4.94, J45 9.75 Hz,
H-5), 4.13 (dd, 1H, Jsg, 2.20, Jeaep 12.36 Hz, H-6a), 425 (dd, 1H, Js ¢ 4.94,
Joasp 12.36 Hz, H-6b), 4.55 (dd, 1H, J; sy 9.61, J,_ , 9.61 Hz, H-1), 4.98 (dd, 1H,
Jix 9.61, Jo3 9.34 Hz, H-2), 5.11 (dd, 1H, J34 9.61, J45 9.75 Hz, H-4), 5.20
(dd, 1H, J34 9.61, Jo5 9.34 Hz, H-3); °C NMR (chloroform-d): & 62.0 (C-6), 68.1
(C-4), 73.5 (C-2), 73.6 (C-3), 76.3 (C-5), 78.7 (C-1), CIMS: m/z 365 (M + 1).

10.

11.

12.

ACKNOWLEDGMENT

We thank Ms. Fujita for measurements of NMR spectra.

REFERENCES

Horton, D. 1-Thio-D-glucose. In Methods in Carbohydrate Chemistry; Whistler,
R.L., Ed.; Academic Press, Inc.: New York, 1963; Vol. 2, 433—-437.

Fujihira, T.; Chida, M.; Kamijo, H.; Takido, T.; Seno, M. Novel synthesis of 1-
thioglycopyranoses via thioiminium salts. J. Carbohydr. Chem. 2002, 21, 287-292.
Igarashi, K. The Koenigs—Knorr reaction. In Advances in Carbohydrate Chemistry
and Biochemistry; Tipson, R.S., Horton, D., Eds.; Academic Press, Inc.: New York,
1977; Vol. 34, 243-283.

Schmidt, R.R. Synthesis of glycosides. In Comprehensive Heterocyclic Chemistry:
The Structure, Reactions, Synthesis and Uses of Heterocyclic Compounds;
Katritzky, A.R., Rees, C.W., Eds.; Pergamon Press, Inc.: London, 1984; Vol. 6,
33-64.

Horton, D.; Huston, D.H. Developments in the chemistry of thio sugars. In
Advances in Carbohydrate Chemistry, Wolform, M.L., Tipson, R.S., Eds.;
Academic Press, Inc.: New York, 1963; Vol. 18, 123-199, and references cited
therein.

Sakata, M.; Haga, M.; Tejima, S.; Akagi, M. Thiosugars. VI. Reaction products of
potassium alkyl- and benzylxanthates with acetylated glucosyl halides. Chem.
Pharm. Bull. 1964, 12, 652—-656.

Blanc-Muesser, M.; Defaye, J.; Driguez, H. Synthesis stereoselectives de 1-thio-
glycosides. Carbohydr. Res. 1978, 67, 305-328.

Blanc-Muesser, M.; Defaye, J.; Driguez, H. Stereoselective thioglycoside syntheses.
Part 4. A new approach to 1,4-linked 1-thio-disaccharides and a synthesis of
thiomaltose. J. Chem. Soc., Perkin Trans. 1, 1982, 15-18.

Defaye, J.; Driguez, H.; Ohleyer, E.; Orgeret, C.; Viet, C. Stereoselective syntheses
of 1,2-trans-related 1-thioglycoses. Carbohydr. Res. 1984, 130, 317-321.
Gadelle, A.; Defaye, J. A simple preparation of 2,3,4,6-tetra-O-acetyl-1-S-acetyl-
1-thio-a-D-glucopyranose. Carbohydr. Res. 1990, 200, 497-498.

Defaye, J.; Driguez, H.; Poncet, S.; Chambert, R.; Glatron, M.F.P. Synthesis of
1-thiosucrose and anomers, and the behavior of levansucrase and invertase with
this substrate analog. Carbohydr. Res. 1984, 130, 299-315.

Hattori, K.; Takido, T.; Itabashi, K. The synthesis of thiols by use of N,N-
dimethylthioformamide. Nippon Kagaku Kaishi 1979, 101-105.

MarceL DEkkER, INc.

270 Madison Avenue, New York, New York 10016

@ Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.



Downloaded by [North Dakota State University] at 16:05 11 February 2015

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

78

13.

14.

15.

16.

Fujihira et al.

Kobayashi, Y.; Kawamoto, N.; Sato, Y. Fast atom bombardment mass spectral
analysis of thioimidate-ester salts. Bunseki Kagaku 1992, 41, 441-446.

Fischer, E.; Raske, K. Verbindung von Acetobromglucose und Pyridin. Bericht
1910, 43, 1750-1753.

Lemieux, R.U.; Morgan, A.R. The mechanism for the formation of 1,2-cis-pyridine
nucleosides from 1,2-cis-acetohalogenosugars. A novel rearrangement. J. Am.
Chem. Soc. 1963, 85, 1889-1890.

Durette, P.L.; Shen, T.Y. Synthesis of 1-thio-B-cellobiosides. Carbohydr. Res.
1978, 67, 484—-490.

Received July 17, 2002
Accepted December 23, 2002



