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Chloroethyl 1-thioB-p-glycopyranosides of the-galactoandp-gluco configurationsba—5cwere pre-
pared by alkylation of the corresponding 1-tiffim-hexopyranose8a—3c with 1-bromo-2-chloro-
ethane followed by deacetylation. The starting 1-{him-hexopyranoses were obtained from ti
acetylated glycopyranosyl halides via isothiouronium salts. It was demonstrated that the chlol
thioglycosidessa—5cundergo hydrolysis in aqueous solutions to give the 2-hydroxyethyl thioglycos
6a—6cand reducing hexoses and that this hydrolysis proceeds via episulfonium salts. The hyd
was monitored byH and'3C NMR spectroscopy. In 1% aqueous solutions of sodium carbonate
taining phenol or aniline, the thioglycosidga—5cprovide, in addition to the above hydrolysis prot
ucts, also the phenoxyethyl and phenylaminoethyl thioglyco$ide&0a and9b, 10b, respectively.
Key words: 2-Halogenoethyl thioglycosides; Synthesis; Nucleophilic substitution; Mechanism of
drolysis; *H and3*C NMR.

Thioglycosides are known to be more reluctant to undergo acid hydrolysis than ¢
sides and not to be split by normal glycosidas&ais property of thioglycosides i
utilized in affinity chromatograptyand in the preparation of enzyme formation i
ducers. In view of those facts, investigation of the feasibility of functionaliz
polymeric carriers, proteins and/or peptides with thioglycosyl groups under mild ct
tions in aqueous solutions is of interest. Glycosylation agents for this purpose
include 2-haloethyl thioglycosides, containing an atom of chlorine, bromine or io
in their molecules; such compounds have been examined only scarcely so fa
present work was aimed at developing a suitable procedure for the preparation ¢
substances and investigating their behaviour as glycosylation agents.

The 2-haloethyl thioglycopyranosides were prepared by a modification of the
lished procedur&. The starting compounds, viz. acetylated-glycopyranosyl halides
la—1¢ were converted to isothiouronium s&ts-2cby reaction with thiourea iacetone,
and spli#°to the corresponding acetylated 1-tffim-glycopyranosesa—3c.Alkyla-
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tion of the latter with 1-bromo-2-chloroethane or 1,2-dibromoethane, with subse
nucleophilic substitution of chlorine with bromine or iodine as appropriate, gave
acetylated 2-haloeth-D-thioglycopyranosideda—4g The corresponding 2-hydroxy
ethyl thioglycosidegth, 4i were obtained by analogous alkylation with 2-iodoetha
or by reaction with oxirane. Deacetylation of the thioglycosidas4c 4h, 4i with
sodium methoxide in methanol gave the thioglycoskes5cor 6a, 6b, respectively.
Attempts at a similar deacetylation of the bromoethyl and iodoethy! thioglycakiddsg
were accompanied by splitting off of the halogen and formation of solvolysis prod
mainly 2-methoxyethyl thioglycosides, which were not in the focus of our interest
The chloroethyl thioglycosideSa—5c are well soluble in water but their aqueo
solutions hydrolyze slowly, whereupon the chlorine atom is substituted by a hyc
group giving rise to the 2-hydroxyethyl thioglycosidés—6¢ simultaneously, a side
reaction occurs, during which the C(1)-S bond is split and an anomeric mixture

CH,0Ac CH,0Ac NH CH,0Ac
2
R3 o S— C SH
“NH
OAc 2
R? X
Rl
Rl R2 R® X Rl R2 R® X Rl R2 RS
la | OAc H OAcBr 2a | OAc H OAcBr 3a | OAc H OAc
1b | OAc OAcH Br 2b | OAc OAcH Br 3b | OAc OAcH
1c | NHAc OAcH CI 2c | NHAc OAcH CI 3c | NHAc OAc H
CH,0Ac CH,OH 2OH
RS o SCH,CH,X SCH,CH,CI R3 SCH,CH,0OH
OAc
R2
Rl
Rl R2 R® X Rl R2 RS Rl R2 RS
4a | OAc H OAcCI 54 | OH H OH 6a | OH H OH
4b | OAc OAcH CI 50 | OH OH H 6b | OH OH H
4c | NHAc OAcH CI 5¢ | NHAc OH H 6¢c | NHAc OH H

4d | OAc H OAcBr
4e | OAc OAcH Br
af OAc H OAcl
4g | OAc OAcH |
4h | OAc H OAcOH
4 OAc OAcH OH
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corresponding hexoses, vir-galactosep-glucose, and 2-acetamido-2-deoxyglu-
cose, is formed. The time development of the hydrolysis and the structure of it:
ducts were monitored b{H and*3C NMR spectroscopy in deuterium oxide solutior
The reaction mixture compositions in 48 h are given in Table I.

The NMR data of the starting chloroethyl thioglycosiées-5cwere measured im-
mediately after dissolution. The 2-hydroxyethyl thioglycosi@as6care the major hy-
drolysis products, whose NMR data were obtained after allowing the solutions c
compoundsba-5cto stand for several hours; authentic samples were also meas
The replacement of the chlorine atom by the hydroxy group manifests itself most
kedly by upfield shifts of signals of the S—€hlydrogens (about —0.2 ppm) and tt
anomeric H-1 hydrogen (about —0.05 ppm). The expected downfield shift of t (
hydrogen signal (about 0.1 ppm), on the other hand, is overlapped to a consid
extent by the signals in the region®8.5-3.9. Thé3C NMR spectra exhibit a marke
downfield shift for the CHX group (approximately 17 ppm) while the signals of t
remaining carbons are very little affected (<1 ppm). THeand '3C NMR data of
substance$a-5¢ 6a—6care given in Tables Il and Ill. The reducing hexopyranos
which are formed in small amounts, were identified based ortHhand *C NMR
spectra of authentic samples.

We assumeitithat the mechanism of hydrolysis of substarf@sscis similar to that
for other 2-chloroethyl sulfidési.e. that in the polar aqueous medium, the chloride
is split off with the participation of the neighbouring sulfur atom giving rise to
unstable episulfonium sal& which give the hydroxyethyl thioglycosidéa—6c¢,thiirane,
and hexopyranosyl catiors which, in turn, react with water to give the reducit
hexoses (Scheme 1).

Since the reaction of the chloroethyl thioglycosiflas5cis accompanied by libera
tion of the equivalent amount of hydrogen chloride, we verified on authentic samp

TaBLE |
Reaction of chloroethyl thioglycosidésm—5c with water. Population of the components of reacti
mixture (after 48 h standing)

Population of reaction components after 48 h standing

Starting
compound
—SCH,CH,CI —SCH,CH,OH —OH@)? —OH®)°
5a 8% 6a) 78% (63a) 5% (Gale) 9% (GalB)
5b 10% 6b) 74% (Bb) 6% (Glca) 10% (GlcB)
5c 5.5% 60) 86% (60) 5% (GIcNAc«) 3.5% (GIcNACB)

2 Correspondingi-p-hexoses® Corresponding3-o-hexoses.
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O_ SCH,CH.CI
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R = OH or NHAc
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hydroxyethyl thioglycoside$a—6c that the decrease in the pH value of the react
medium does not cause their hydrolysis to the reducing hexoses even in several |
standing at room temperature. In agreement with the expected hydrolysis mech
we were able to demonstrate that the thiirane signal (singde &8) is present in the
'H NMR spectra of chloroform extracts of aqueous solutions of the chloroethyl

glycosidessa—5¢ addition of the authentic sample of thiirane increases the intensi
that signal. The mechanism of this reaction of aqueous solutions of chloroethyl th
cosides is also borne out by the facts that water-insoluble thiirane polymers se
from the solutions and that authentic thiirane also polymerizes to poly(thiirane) in

lar reaction conditiorfs The thiirane polymers were characterized by their NMR sp

tra (see Experimental).

TasLE Il
Carbon-13 chemical shifts (ppm) of compourtdand6 in D,O

Compound C-1 C-2 C-3 C-4 C-5 C-6 S-¢H -CH-X —NHAc
5a 87.42 8052 70.86 70.17 75.17 62.52 33.92 45.41 -
5b 88.39 82.68 75.08 72.27 79.96 63.66 35.30 46.76 -
5c 85.62 55.71 80.93 70.72 76.07 61.81 33.74 44.77 175.43; 23
6a 87.32 80.30 71.06 70.17 75.25 62.52 33.75 62.52 -
6b 88.23 82.68 75.08 72.27 80.20 63.66 35.06 63.90 -
6¢C 85.33 55.70 80.81 70.71 76.06 61.80 33.43 61.94 175.40; 23
Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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Furthermore, we examined the reactions of phenol and aniline with the thiog
sides5a-5cin 1% aqueous solutions of sodium carbohaiée found that in addition
to the hydrolysis products of the starting thioglycosiflas5c(see above), the corres
ponding 2-phenoxyethyl or 2-phenylaminoethyl derivati®as 10a and 9b, 10b, re-
spectively, are also formed in yields of 27-56%.

CH,OH CH,OH
HO O SCH,CH,X O SCH,CH,X
OH OH
HO
OH NHAC
9a, X=0CgHs 10a, X = OCgHs
9b, X =NHCgHs 10b, X = NHCgH;

The corresponding phenyl glycosidesNsphenylglycosylamines failed to be ident
fied in the reaction mixtures; this is consistent with the short lifetime of the hex
ranosyl cation¥, which react rapidly with the surrounding water molecules. Basec
these results we developed a method of 1-thioglycosylethylation of some proteir
polymeric carriers in aqueous medium in physiological conditfons

The structure of the compounds prepared within this work and their occurrence
4C, conformations was proved by NMR spectroscopy (Table I1).

EXPERIMENTAL

The melting points, determined on a Boétius micro melting-point apparatus, are uncorrected. T
tical rotations were measured on a Bendix—Ericsson ETL-NPL 143 A polarimeter at 20Go P2e
1H and!3C NMR spectra were measured on a Varian UNITY-500 spectromideat(500 MHz;
13C at 125.7 MHz) in CDG| D,0, or CD,OD solutions. The 2D-COSY technique was applied to |
structural assignment of the proton signals where appropriate’*ChRMR spectra were measure
by using the attached proton test pulse sequence. Mass spectra were measured on a ZAB-
Analytical) instrument using the FAB method (TG matrix, Xe ionization). Thin layer chromatogr:
was performed on DC Alufolien plates (Merck) having a layer of Kieselgel,60 Betection con-
sisted in spraying with 50% sulfuric acid and mineralization; an UV lamp was also employe
derivatives of aromatic compounds. Preparative chromatography was carried out in columns c
ing Kieselgel 60 silica gel (Merck) 70—230 mesh ASTM. The solutions were evaporated at a re
pressure (water jet pump) at temperatures not exceedif@.4&thylene sulfide (thiirane, purity >97%
was obtained from Fluka Chemie AG.

2-Acetamido-3,4,6-tri9-acetyl-2-deoxy-1-thig3-p-glucopyranose3c)

To a solution of the thiouronium s&2c (24.0 g, 54 mmol) in water (55 ml) were added potassil
disulfite (10.5 g, 47 mmol) and chloroform (100 ml), and the stirred mixture was heated on a
bath at 80°C for 20 min. The chloroform layer was separated, washed with water, dried with ¢

Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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drous NaSQ,, and distilled to dryness. The product was recrystallized from ethanol. Yield 1€
(91%), m.p. 165-167C, [a]p —19 (c 0.75, chloroform) (ret®: m.p. 167-168C, [a]p —14.5 (c 0.9,
chloroform)). TLC (chloroform—methanol 15 : 1jR- 0.13. For G4H,;NOgS (363.8) calculated:
46.27% C, 5.82% H, 3.85% N, 8.82% S; found: 46.21% C, 5.83% H, 3.91% N, 8.76% S.

Acetates of 2-Chloroethyl Thioglycosidéa—4c General Procedure

To a solution of the thiohexoa—-3c(10 g, 27.5 mmol) in acetone (35 ml) were added a solutior
K,C0O;(3.85 g, 77 mmol) in water (30 ml) and 1-bromo-2-chloroethane (11 g, 77 mmol). The mi
was agitated under argon at room temperature and the reaction was monitored by TLC us
benzene-acetone 4 : 1 or ethyl acetate—benzene 2 : 1 system. After completion of the r
(roughly in 1 h), the reaction mixture was extracted twice with chloroform (60 ml in total), the
bined extracts were washed with 3% hydrochloric acid and water and dried with anhydrous s
sulfate, and the solvent was removed by evaporation. The remaining syrup was crystallized fr
hydrous methanol or from a dichloromethane—ether—light petroleum mixture.

2-Chloroethyl 2,3,4,6-tetra-O-acetyl-1-th@o-galactopyranosid¢4a). The starting thiohexosza
was prepared following ref. Yield 9.9 g (85%), m.p. 76—7&, [a]p —1C° (c 1.2, chloroform) (ref?:
syrup, p]lp —6.4 (c 0.5, chloroform)). For GH,3:ClOgS (426.9) calculated: 45.02% C, 5.43%
8.31% Cl, 7.51% S; found: 45.13% C, 5.46% H, 8.64% Cl, 7.65% S.

2-Chloroethyl 2,3,4,6-tetra-O-acetyl-1-thfe-glucopyranosid® (4b). The starting thiohexosgb
was prepared following réf. Yield 9.5 g (81%), m.p. 97-98C, [a]p —38° (c 0.7, chloroform). For
C16H23ClOgS (426.9) calculated: 45.02% C, 5.43% H, 8.31% ClI, 7.51% S; found: 45.28% C, 5
H, 8.06% Cl, 7.33% S.

2-Chloroethyl 2-acetamido-3,4,6-O-acetyl-2-de@ay-glucopyranosid€4c). This compound, hich was
prepared from the thiohexo8e, crystallized directly after diluting the reaction mixture with wate
Yield 10.1 g (86%), m.p. 196—-19&, [a]p —28 (c 0.2, chloroform). TLC (ethyl acetate—2-propanol
water 9 : 4 : 2)R: 0.83. For GgH,,CINOgS (425.9) calculated: 45.12% C, 5.68% H, 8.32% G9% N,
7.53% S; found: 45.29% C, 5.63% H, 8.17% ClI, 3.25% N, 7.83% S.

2-Bromoethyl 2,3,4,6-Tetr@-acetyl-1-thiof-p-galactopyranosides(l)

The substance was prepared following “rafnd purified for analytical purposes by chromatograp
on an L 100/250 silica gel column (Lachema); elution with chloroform. Symi, §5.7 (c 0.5,
chloroform).

2-Bromoethyl 2,3,4,6-Tetr@-acetyl-1-thiof-p-glucopyranoside4g)

The substance was prepared following%ahd purified by chromatography on a silica gel colum
elution with chloroform. M.p. 108-11¢C, [a]p —32 (c 0.5, chloroform).

2-lodoethyl 2,3,4,6-Tetr®-acetyl-1-thioB-p-galactopyranosidesf)

Solution of4d (5.0 g, 12.5 mmol) in anhydrous acetone (50 ml) was heated with sodium iodide (2
61 mmol) to boil under a reflux condenser for 2 h. The separated sodium bromide was filter
and the solution was evaporated to a syrup. The latter was dissolved in chloroform and wash
water (2x 25 ml), and the chloroform layer was dried with anhydrous sodium sulfate and evapt
to dryness. Yield 4.9 g (89%), syrum]| —7.6° (c 0.5, chloroform). For gH,3lOS (521.3) calcu-
lated: 36.86% C, 4.45% H, 24.85% I; found: 37.19% C, 4.51% H, 24.15% I.

Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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2-lodoethyl 2,3,4,6-Tetr@®-acetyl-1-thiof-p-glucopyranoside4g)

The substance was prepared from the starting compéeihy a procedur€ analogous to that usec
for the iodo derivative. The syrup was crystallized from ethanol. Yield 4.9 g (89%), m.p. 125€1,2€
[a]p —35.8 (c 0.5, chloroform). For GH,3104S (521.3) calculated: 36.86% C, 4.45% H, 24.85%
6.15% S; found: 37.15% C, 4.69% H, 24.23% |, 6.27% S.

2-Hydroxyethyl 2,3,4,6-Tetr@-acetyl-1-thioB-p-galactopyranosidé (4h)

A) Thiogalactose3a (10.9 g, 30 mmol) in acetone (30 ml) was alkylated by agitation with 2-ic
ethanol (5.8 g, 33 mmol) in the presence gCR; (4.14 g, 30 mmol). The reaction mixture wa
treated as reported above for substant®sic The syrup obtained was chromatographed on a ¢
umn of Silica Gel L 100/250 (Lachema); elution with chloroform. Yield 8.1 g (70%), crystalline
lidified syrup, plp +23° (c 0.5, chloroform). TLC (benzene—ethyl acetate 1 : Ry:0.25. For
C16H24010S (408.4) calculated: 47.05% C, 5.93% H, 7.85% S; found: 47.28% C, 6.02% H, 7.62

B) A gentle stream of oxirane was fed for roughly 2 h into a solution of thiogalaBto&e?2 g,
20 mmol) in chloroform (50 ml). After completion of the reaction (TLC, see above), the rea
mixture was nitrogen purged and extracted consecutively with 5% sodium hydroxide (25 ml
sulfuric acid (25 ml), and water. After drying, the chloroform solution was evaporated and chi
tographed (see procedud®. Yield 6.7 g (88%), properties identical with those of the product [
pared subd).

2-Hydroxyethyl 2,3,4,6-Tetr@®-acetyl-1-thiof-p-glucopyranoside4()

A) The substance was prepared by alkylation of comp&bn@0.9 g, 30 mmol) with 2-iodoetha.
nol (5.8 g, 33 mmol) by procedurk for substanceth above. Yield 10.5 g (86%), m.p. 70-73,
[a]lp =1# (c 0.5, chloroform). TLC (benzene—ethyl acetate 1 :R):0.24. For GgH»,040S (408.4)
calculated: 47.05% C, 5.93% H, 7.85% S; found: 47.32% C, 6.21% H, 7.62% S.

B) The substance was obtained by reacting comp8bn@.2, 20 mmol) with oxirane as describe
in procedureB for substanceth above. Yield 6.6 g (87%).

Preparation of the Free Thioglycosides-5¢ 6a, 6b by Deacetylation after Zemplén

To a solution of acetylated thioglycoside—4¢ 4h, 4i (10 g) in anhydrous methanol (100 ml) we
added sodium methoxide prepared from sodium (0.1 g) and methanol (10 ml). The syste
allowed to stand for 2 h at room temperature or overnight in a refrigeratotGtduring which the
deacetylation was accomplished (TLC monitoring using the benzene—acetone 4 : 1 or ethyl a
2-propanol-water 9 : 4 : 2 system). Where the crystalline product failed to separate, the soluti
neutralized by adding a catex (Dowex 5028 in the H cycle) and evaporated to a syrup. Add
tional fractions were obtained from the mother liquors on crystallization from methanol.

2-Chloroethyl 1-thioB-p-galactopyranosid€5a). M.p. 93-98°C (decomposition),d]p —23° (c 0.8,
water), (ref: m.p. 92-98°C, [a]p —24.6 (c 0.5, water)), yield 5.5 g (91%). The product crystalliz
with an approximately equimolar amount of methanol, which can be removed by drying in a ve
over BOg at 64°C. For GH;sClOsS (258.7) calculated: 37.14% C, 5.84% H, 13.70% ClI, 12.39%
found: 37.19% C, 5.84% H, 13.81% Cl, 12.37% S.

2-Chloroethyl 1-thioB-p-glucopyranosidg5b). Yield 5.4 g (90%) of a partly crystallized syrug
whose purification for elemental analysis faileall[—38 (c 0.7, water).

2-Chloroethyl 2-acetamido-2-deoxy-1-tifies-glucopyranosidgsc). Yield 6.24 g (89%), m.p. 174-17€
(dec.), plp —3# (c 0.4, methanol). For gH;gCINOsS (299.8) calculated: 40.06% C, 6.05% H, 11.83%
4.67% N, 10.69% S; found: 37.89% C, 6.10% H53% ClI, 4.43% N, 10.51% S.
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2-Hydroxyethyl 1-thid3-p-galactopyranosidé6a). Yield 4.9 g (83%), m.p. 148-15C, [a]p, —21° (c 0.7,
water) (ref: m.p. 151-152C, [a]p —21.4 (c 0.5, water); ret® m.p. 148.5-150C, [0]p —21.8 (c 0.55,
water)).

2-Hydroxyethyl 1-thig3-p-glucopyranosideg6b). Yield 4.8 g (81%), m.p. 98-9C, [a], —55° (c 0.27,
water). For @H;¢06S (240.3) calculated: 39.98% C, 6.66% H, 13.33% S; found: 40.31% C, 6.50
13.28% S.

Reactions of Phenol or Aniline with Chloroethyl Thioglycosiasand5c. Preparation of Thiogly-
cosides9a, 9b, 103 10b

Phenol (1.88 g, 20 mmol) or aniline (1.86 g, 20 mmol) and chloroethyl thioglycésid& g, 3.9
mmol) or5c (1 g, 3.3 mmol) were added to a solution of sodium carbonate (1 g, 9.4 mmol) in"
(200 ml), and the whole was stirred vigorously at room temperature for 24 h. The reaction was
tored by TLC using the ethyl acetate—2-propanol-water 9 : 4 : 2 system. After all the starting
rothioglycoside had reacted, the reaction mixture was extracted with benzenE0 (&), the pH of
the aqueous solution was adjusted with acetic acid to pH 7, and the solution was filtered witl
vated carbon and evaporated to dryness. The residue was treated as given below, and ct
graphed on a silica gel column (50 g) using the ethyl acetate—2-propanol-water 16 : 2 : 1 sys

2-Phenoxyethyl 1-thi@-p-galactopyranosid€9a). The evaporation residue was dissolved in wa
and the solution was demineralized (Dowex 50xV8 in the H cycle) and evaporated to drynes:
The residue was chromatographed on a silica gel column. Sub&@ifitey) gave the thioglycoside
9ain a yield of 0.34 g (28%); the product was recrystallized from ethanol. M.p. 103€108]p
—24 (c 1.8, methanol). TLCRg 0.39. For GH,,06S (316.4) calculated: 53.15% C, 6.37% t
10.13% S; found: 52.83% C, 6.37% H, 10.06% S.

2-Phenylaminoethyl 1-thif-p-galactopyranoside(9b). The evaporation residue was extracte
with hot anhydrous methanol, the solvent was removed by evaporation, and the residue was ¢
tographed on a silica gel column. Thioglycoskke (2.7 g) and aniline afforded thioglycosi@b
(0.68 g, 56%), which was recrystallized from an ethanol-ether mixture. M.p. 127 °€18f, —26
(c 0.27, ethanol). TLCR: 0.34. For G4H,;NOsS (315.4) calculated: 53.32% C, 6.71% H, 4.44%
10.17% S; found: 53.04% C, 6.86% H, 4.34% N, 10.16% S.

2-Phenoxyethyl 2-acetamido-2-deoxy-1-tBio-glucopyranoside(10a). The product crystallized
directly from the reaction mixture and was recrystallized from ethanol. Thioglycbsidad phenol
gave thioglycosidelOa in a yield of 0.5 g (42%). M.p. 200-20Z, [a]p —31° (c 0.23, methanol).
TLC: R: 0.44. FAB MS,m/z 358 (M + H), 380 (M + Na). For gH»3NOgS (357.0) calculated:
53.77% C, 6.49% H, 3.92% N, 8.97% S; found: 53.24% C, 6.60% H, 3.70% N, 8.60% S.

2-Phenylaminoethyl 2-acetamido-2-deoxy-1-tBio-glucopyranoside (10b). The evaporation
residue was extracted with 2-propanol, the solvent was removed by evaporation, and the resic
chromatographed on a silica gel column. Thioglyco&dg1.0 g) gave substand®b in a yield of
0.49 g (41%). M.p. 152-15%C, [a]p —31° (c 0.11, ethanol). TLCR: 0.48. FAB MS,m/z 357 (M + H),
379 (M + Na), for GgH,4N,O5S calculatedn/z 356.

NMR Monitoring of Hydrolysis of Chloroethyl Thioglycosidés—5c

A) The chloroethyl thioglycosidBa, 5b, or 5¢ (0.1 mmol) was dissolved in deuterium oxide ai
its NMR spectrum was measured immediately. Subsequently, the solution was allowed to s
room temperature and stirred occasionally. In 30 or 60 min the solution was extracted with de
chloroform (1 ml) and the spectra of the two phases were measured. The aqueous phase cc
in addition to the starting substance, thandp anomers of the reducing hexosegalactosep-glu-
cose or 2-acetamido-2-deoryglucose) and the corresponding 2-hydroxyethyl thioglyco6aesb,
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or 6¢. The®H NMR spectrum of the chloroform layer exhibited the thiirane signal (single2z8),
whose intensity increased on addition of the authentic sample.

B) Solution of the chloroethyl thioglycosidi, 5b, or 5¢cin deuterium oxide was allowed to stan
at room temperature, and the decomposition was monitored by NMR spectroscopy. The reactic
ture composition in 48 h of standing is given in Table |. The fractions of the components were
mined based on the intensities of signals of the anomeric carbons C-1, hydrogens H-1, and hy
in the CHOH or CH,CI group in the aglycone part of the glycoside. A small quantity of a wil
amorphous precipitate separated slowly from the solution due to the polymerization of thiirane
precipitate was mixed with water, centrifuged, and dried ow€s,Pand its NMR spectra were
measured in hexadeuteriodimethyl sulfoxide. The spectra contained signals identical with th
poly(thiirane) formed from authentic thiirane in aqueous hydrochloric acid in conditions simul
those of hydrolysis of chloroethyl thioglycosides (see later), as well as signals corresponding
sugar parts. The presence of hexoses and hydroxyethyl glycosides in the reaction mixture a
hydrolysis of the chloroethyl thioglycosidém—5c was also demonstrated by chromatography ol
Whatman No. 4 paper using the butanol-acetic acid—water 4 : 1 : 3 system, applying detectic
ammoniacal solution of silver nitrate and heating. Before application, the solution samples wer
tralized with the anex Dowex 2 in the H®ycle.

Polymerization of Authentic Thiirane inM HCI

Thiirane (0.6 g, 10 mmol) was added taa HCI (10 ml), and the mixture was agitated occasiona
at room temperature. Gradually, the solution became turbid and a white amorphous substance
tated. The precipitate was separated by centrifugation, rinsed with distilled water, and driet
P,Os. The poly(thiirane) so obtained was partly dissolved in hexadeuteriodimethyl sulfoxide, a
13C and!H NMR spectra were measured. THE NMR spectrum only displayed signals of carb
atoms in the CH-S group(d 24.51, 27.41, 31.48, 31.64, 31.76. 31.97, 32.02, 34.07, 35.20) and i
CH,—O group & 61.24). Similarly, th¢H NMR spectrum showed signals of hydrogen atoms in
CH,-S group ad 2.45-2.91 and in the GHO group ad 3.53-375 at the ratio of approximately 12 :
in favour of the former group.

Stability of Hydroxyethyl Thioglycoside8a, 6b in 1 m HCI

Solutions of the substancés, 6b (10 mg) in 1m HCI (2 ml) were allowed to stand at room ten
perature for 7 days, and their composition was monitored by TLC on silica gel using the chloro
2-propanol-concentrated ammonia—water 10 : 10 : 1 : 1 system. No reducing hexoses were (
with 50% sulfuric acid and mineralization.

This work was partly supported by the Fund for the Development of Universities, Grant No. -
(1994).
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