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. A simple method for the preparation of aryl l-thioglycosides is described. The reaction of p-glucose pen-
taacetate or 2-acetamido-2-deoxy-p-glucose tetraacetate with arenethiols in the presence of zinc chloride under

fusion conditions formed their 1-thioglycosides in good yields.

were studied as catalysts in the reaction.

The Helferich method was applied successfully to
the preparation of aryl 1-thioglycosides from sugar
acetates with arenethiols.

The method is known as a simple and general pro-
cedure for the synthesis of aryl glycosides; it consists
of fusing a sugar carboxylate and a phenol in the
presence of an acid catalyst. The first extension of
the method to the preparation of aryl 1-thioglycosides
was attempted by Hurd and Bonner, who obtained
phenyl  2,3,4,6-tetra-O-acetyl-1-thio-f#-p-glucopyrano-
side (3a) from 1,2,3,4,6-penta-O-acetyl-g-p-glucopyra-
nose (1-8) and benzenethiol (3) with a p-toluene-
sulfonic acid or zinc chloride catalyst.)) However, the
yield of the product (3a) was very low. After that,
in order to improve the vyields, this acid-catalyzed
condensation of sugar carboxylates with arenethiols has
been performed on a solution using inert solvents; the
method is considered to be a modification of the fusion
synthesis.2:3)

In the present work, we studied the condensation
of p-glucose pentaacetate or 2-acetamido-2-deoxy-p-
glucose tetraacetate with several arenethiols by the
Helferich method, under fusion conditions and at much
higher temperature than those shown in Hurd and
Bonner’s report,! and found that this simple proce-
dure was superior to any other synthetic methods in
the yields of products.

Thus, 1-f was treated with 3 on fusion in the
presence of zinc chloride to prepare a crystalline prod-
uct which was identified with an authentic 3a.2 Ac-
cording to the GLC analysis of the reaction product,
a small quantity of the 1-thio-a-glycoside (3a-a&) was
contained in 3a, but it was too small to isolate by a
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usual procedure using PLC silica-gel plates.?? The re-
action conditions, yield, and physical and analytical
data of 3a are shown in Table 1.

1,2,3,4,6 - Penta - O - acetyl - « - D - glucopyranose (1-a)
was also fused with 3 and a zinc chloride catalyst
under similar conditions; the same product (3a) was
thus obtained in a high yield, together with a small
quantity of the l-thio-a-glycoside (3a-a), which was
confirmed by comparing its physical data with those
in the literature.?

Several arenethiols besides 3 were allowed to react
with 1-f# and a zinc chloride catalyst under similar

Some Lewis acids in addition to zinc chloride

fusion conditions; p-chlorobenzenethiol (4), o-tolylthiol
(8), m-tolylthiol (6), p-tolylthiol (7), p-i-butylbenzene-
thiol (8), and 2-naphthalenethiol (9).

The condensation products of 1-# with 4, 5, 7,
and 9 were identified as p-chlorophenyl, o-tolyl, p-
tolyl, and 2-naphthyl 2,3,4,6-tetra-O-acetyl-1-thio-§-p-
glucopyranoside (4a, 5a, 7a, and 9a) respectively by
comparing their physical data with those of the cor-
responding 1-thio-f-p-glucosides in the literature.5—?
Also, the reaction products of 1-# with 6 and 8 were
confirmed to be m-tolyl and p-i-butylphenyl 2,3,4,6-
tetra-O-acetyl-1-thio-f#-D-glucopyranoside (6a and 8a)
respectively on the basis of their physical and analytical
data, which are summarized in Table 1.

1,3,4,6-Tetra- O - acetyl - 2 - acetamido - 2 - deoxy - « - D-
glucopyranose (2-&)® and its p-anomer (2-8)%10
were also treated with 3 and the same catalyst on
fusion to form an identical product, phenyl 3,4,6-tri-
O-acetyl-2-acetamido-2-deoxy-1-thio- 8- » - glucopyrano-
side (3b),') which was confirmed on the basis of its
physical and analytical data, in good vyields, but the
1-thio-a-glycoside was not found among those reac-
tion products.

Similarly, the fusion rcactions of 2-a& with the
arenethiols, 4, 5, 6, 7, 8, and 9, gave their 1-
thioglycosides, which were confirmed to be p-chloro-
phenyl, o-tolyl, m-tolyl, p-tolyl, p-i-butylphenyl, and 2-
naphthyl 3,4,6-tri-O-acetyl-2-acetamido-2-dcoxy-1-thio-
p-p-glucopyranoside (4b, 5b, 6b, 7b, 8b, and 9b) re-
spectively on the basis of their physical and analytical
data, as is summarized in Table 1.

Several Lewis acids in addition to zinc chloride were
studied as catalysts in the reactions of 3 with 1-a,
1-, 2-a, and 2-f under definite conditions, as
is shown in Table 2. Tin(II), tin(IV), and iron(III)
chloride are effective as well as zinc chloride, although
iron(III) chloride in the rcaction with an «-acetate
(1-@ or 2-a&) is a little inferior to the others. On
the contrary, p-toluenesulfonic acid, phosphoryl chlo-
ride, and boron trifluoride, which are used often in
the Helferich method, did not give good results in
the present work.

In the Helferich reaction with simple phenols, the
formation of f-glycosides was noted when p-toluene-
sulfonic acid, phosphoryl chloride, or tin(IV) chloride
was utilized as the catalyst, whereas zinc chloride
favored the formation of the a-anomers. However, the
reaction with arencthiols is always favorable for the
formation of 1-thio-f-glycosides, regardless of the cat-
alyst.
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TABLE 2. REACTION OF SUGAR ACETATES WITH
BENZENETHIOL IN THE PRESENCE OF ACID CATALYSTS

Sugar Reaction Compound Yield/%,
a o] ——
acetate®) - temp/°G ZnCl, SnCl, SnCl, FeCl,
3a 73 67 50 37
l-a 160 3a-a 4
1-8 160 3a 80 75 52 6l
2-a 175 3b 66 61 45 40
2-8 175 3b 68 59 47 52

a) A sugar acetate (10 mmol), benzenethiol (13 mmol),
and an acid catalyst (ca. 0.05g) were used. b) The
reaction time was 60 min.

Experimental

All the melting points are uncorrected. The H NMR
spectra were measured with a JMN-4H-100 Spectrometer
Japan Electron Optics Laboratory Co., Ltd.), using tetra-
methylsilane as the internal standard. The GLC analyses
were performed with a JGC-20 KFP model (Japan Elec-
tron Optics Laboratory Co., Ltd.). A 2-m analytical column
with 309, Silicone GE-SE 30 was used.

Preparation of Aryl 1-Thioglycosides (3a, 4a, 5a, 6a, 7a,
8a, 9a, 3b, 4b, 5b, 6b, 7b, 8b, and 9b) Listed in Table 1.
A mixture of a sugar acetate (1-8 or 2-&; 10 mmol) and
an arenethiol (3, 4, 5, 6, 7, 8, or 9; 13 mmol) was heated
in an oil bath at the temperature shown in the second column
in Table 1. After a few minutes, a catalytic amount of
freshly fused and powdered zinc chloride (ca. 0.05g) was
stirred into the melt. The temperature of the oil bath was
kept for the period given in Table 1. Then, the resulting
colored melt was cooled and dissolved in ethanol (ca. 50 ml).
After cooling in a freezer, the crystalline product was col-
lected and recrystallized from ethanol. The yields and phys-
ical and analytical data of all the products are summarized
in Table 1.

The melting point of 3a was not depressed upon admix-
ture with an authentic sample.? The products, 4a, 5a, 7a,
and 9a, were confirmed by comparing their melting points
and specific rotation values with those in the literature.’-?
The other products, 6a, 8a, 3b, 4b, 5b, 6b, 7b, 8b, and
9b, were confirmed on the basis of their analytical and NMR
data, in which the signals of anomeric protons were observed
at 4.68—4.94 ppm as a doublet, J=9.5—9.8 Hz, and on
the basis of their specific rotation values, which were negative
and not very different from each other.

Examination of Lewis Acids (Zinc Chloride, Tin(1l) Chloride,
Tin(1V) Chloride, and Iron(11I) Chloride) in Table 2 as Catalysts.
The Lewis acids were utilized as catalysts in the fusion reac-
tions between 3 (13 mmol) and four sugar acetates (1-a,
1-8, 2-a, and 2-B; 10 mmol). These reactions were per-
formed under the definite conditions shown in Table 2, ac-
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cording to the procedure described above. Among them,
the reaction of 1-@ with 3 in the presence of zinc chloride
yielded a small amount of 3a-g¢ in addition to 3a in the
following manner. After the reaction mixture was fused,
the resulting melt was dissolved in ethanol (¢ca. 50 ml), cooled,
and filtered to obtain a crude crystalline product. It was
recrystallized from ethanol to give 3a (3.20g, 73%). The
mother liquor, which on GLC (the column was at 200 °C,
and the carrier N, was 45 ml/min) showed two peaks, one
appearing immediately after the other (corresponding to 3a),
was evaporated till ca. 20 ml under reduced pressure and
then cooled. The colorless needles thus obtained were re-
crystallized from ethanol to yield 3a-@ (0.20 g, 4%,), which,
on GLC under the same conditions as above, showed just
one peak; mp 90—91 °C, [«]¥ +235° (¢ 0.52, CHCL),
(lit,» mp 91—92 °C, [«]y +234° (¢ I, CHCIy)). HNMR
(CDCl,), 6=2.00—2.12 (12H, 4x CH,CO), 4.20 (2H, oct,
H-6,6'), 4.60 (1H, m, H-5), 5.02—5.22 (2H, m, H-2, H-4),
5.50 (1H, t, H-3), 5.97 (IH, d, anomeric H, J=5.5 Hz),
7.25—7.60 (5H, aromatic H). Found: C, 54.72; H, 5.30;
S, 7.40%. Caled for C,H,,0,5: C, 54.54; H, 5.49; S,
7.28%,.

The authors wish to express their thanks to Professor
Juji Yoshimura of the Tokyo Institute of Technology
and the staff in his laboratory for their kind help in
getting some of the NMR spectra.
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