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S-Thioribofuranoside  of  Mercaptotriazole
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In this work  is presented the synthesis of the first S-riboside using 1H-3-(4-ethoxy-phenyl)-5-mercapto-
1,2,4-triazole as aglycone, in the Ferrier reaction conditions. The 1N-, 4N-glycosilated derivatives were not
observed during the reaction. The synthetised compounds were characterised by MS-EI,1H-NMR,I.R.,UV and
melting points.
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The thioglycosides of saccharides enjoyed a special
attention during the last 20 years, being used as inhibitors,
inductors or ligands in the affinity chromatography of
enzymes and proteins [1]. On the other hand, the
thioglycosides are valuable donors of glycosile in the
synthesis of O-glycosides and glycoconjugates [2]. Among
these donors are also the thioglycosides of the heterocycles
which present an outstanding stability and can easily be
converted into other chemical functions [3]. These
thioglycosides may function  both as acceptors and donors
in the synthesis of olygosaccharides. The thioglycosides of
heterocycles are found in both pyranosic and furanosic
series, the first being by far the most numerous [4,5]. The
thioglycosides of heterocycles with 5 atoms,  having the
ribose as a saccharide component (in the furanosic series)
have been synthetised with only a few aglycones: 1-
aminoimidazole 2(3H)-one  [6], 5,6-dicloro-2-mercapto-
benzimidazole [7], 1-(4-chlorophenyl) amino-2,3,-dihydro-
4-methyl-5-phenyl-1H-imidazole-2-thiones [8]. The aim of
this study  is to present the results obtained in the synthesis
of a thioglycoside of the ribose using 5-(4-ethoxyphenyl)-
3-mercapto-1,2,4-triazole as glycosile acceptor.

Experimental part
Materials and methods

The mass spectra were recorded on a mass
spectrometer Varian Finnigan MAT212 for EI= 40 eV which
operate in positive ion mode. The proton spectra were
recorded on a Varian Gemini 300MHz spectrometer. The
chemical shifts are given in ppm, and the coupling
constants in Hz. The infrared spectra were recorded in a
KBr pellet on a Carl Zeiss-Jena Specord M-80 spectrometer.
The ultraviolet spectra were recorded on a Perkin Elmer
Lambda 12 spectrophotometer. The reactives and solvents
used were purchased from: Fluka (D-ribose, the pyridine,
acetic anhydride, 4-ethoxybenzoic acid, dimethyl-
formamide), Chimopar (dichloromethane, acetic acid,
ethylic alcohol, methylic alcohol), Riedel de Haen (sodium
hydroxide) and Aldrich (4,4’-dimethylamino pyridine
(DMAP)). The thin layer chromatography (TLC) was realised
on Kieselgel (Merck) F254 plates. The separation of
intermediates and products was done by flash
chromatography, using silicagel 220-400 Mesh (Aldrich).
The chromatograms were visualized with a solution of
H2SO4 20% in EtOH and heating the plate at 120oC for 5
min. The solvents were dried over P2O5 or sodium and
distilled under argon.

General procedures
The synthesis of 5-(4-ethoxiphenyl)-3-mercapto-1,2,4-

triazole was realised  following the reactions presented in
figure 2.  The syntheses were done according to the general
procedure. steps of the mercaptotriazoles [20]. The
synthesis of 5-O-trityl-1,2,3-tri-O-acetil-ribofuranose (2)
was done by fitting to the procedure of the synthesis of the
diethyldithioacetal of 2,3,4-tri-O–acetyl-5-O-trityl-D-
arabinose, [19]. The trityl protecting group of the compound
(2) was removed with acetic acid 60% at 80oC, according
to the general method [19] The acetylation of the tri-O-
acetyl compound (3) was done follow the typical procedure
from  the chemistry of carbohydrates (Ac2O,Py) [19]. The
synthesis of the S-(2’,3’,5’-tri-O-acetil-β-D-ribofuranosyl)-
3-mercapto-5-p-ethoxi-phenyl-1,2,4-triazole, was done
according to the previous method of the mercapto-triazoles
from the pyranosic series [5].

(1) 5-O-trityl-ribofuranose  white solid; MS-
EI(40eV)m/z = 392 (M+.); M.p. (oC) (lit.)[9]
= 1 2 5 ; ( e x p ) = 1 2 7 - 1 2 8 ; I . R . ( K B r , c m - 1 ) :
7 0 4 , 7 6 6 , 1 0 0 0 , 1 0 1 0 , 1 0 4 6 , 1 0 7 8 , 1 4 4 8 , 1 4 9 2 , 3 3 9 2 ;
UV(MeOH)εm(λmax ,215nm) =21847.

(2) 5-O-trityl-1,2,3-tri-O-acetyl-ribofuranose: white
solid; MS-EI(40eV)m/z=518(M+.); M.p.(oC)(lit.)[9]=36-
4 0 ; ( e x p ) = 3 8 - 4 0 ; I . R . ( K B r , c m - 1 ) :
706,750,964,986,1028,1092,1220,1370, 1754 UV
(MeOH)εm(λmax ,220nm) = 17910.

(3) 1,2,3-tri-O-acetyl-ribose: foam; MS-EI(40eV)m/z
= 275 [M-H]+;

(4)1,2.3,5-tetra-O-acetyl-ribose:white solid MS-
EI(40eV)m/z =275[M-Ac]+; M.p. (oC) (lit.) [10] = 81-83;
(exp) = 82-84;I.R.(KBr, cm-1): 976, 1004, 1020, 1074,
1138,1218,1756

(7); 1-(4-ethoxy-benzoyl)-tiosemicarbazide: yelow
solid  MS-EI(40eV)m/z=239 [M+.] ; M.p. (oC) (lit) [11]
=205-206; (exp)=221-224;I.R.(KBr, cm-1): 3364, 3266,
3179, 3072, 2988, 2930, 2879, 1665, 1607, 1502, 1266, 768,
695

 (8)  1H-3-(4-ethoxy-benzoyl)-5-mercapto-1,2,4-
triazole: white crystals MS-EI(40eV)m/z= 221[M+.];
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M.p.(oC) =261-264;I.R.(KBr, cm-1): 3342, 3089, 2916,
2872, 2586, 1614, 1520, 1258, 1228, 1181, 823

(9)  S-(2’,3’,5’-tri-O-acetyl-βββββ-D-ribofuranosyl)-3-
mercapto-5-p-ethoxy-phenyl-1,2,4-triazole: white
crystals 1H-NMR(CDCl3, δδδδδ     ppm, J Hz): 11.8(bs, 1H, HN);
7.91(d, 2H, H-10-14, 8.1); 6.94(d, 2H, H-11-13, 8.1); 5.75(m,
1H, H-1); 5.53(m, 1H, H-2); 5.43(m, 1H, H-3); 4.39(m, 2H,
H-4, HA-CH2-5); 4.22(m, 1H, HB-CH2-5); 4.07(q, 2H,
OCH2CH3); 2.12; 2.11; 2.09(3s, 3H,OCOCH3);1.43(t, 3H,
OCH2CH3); M.p (oC) = 92-94; I.R.(KBr,cm-1): 976,1044,
1088, 1256, 1378, 1452,1502,1614,1746; MS-EI (40eV) m/
z = 479 (M+.); UV(AcOEt)(λmax263) εm =21847

(10)S-βββββ-D-ribofuranosyl)-3-mercapto-5-p-ethoxy-
phenyl-1,2,4-triazole: white crystals 1H-NMR (DMSO-d6,
δδδδδ ppm, J Hz): 7.90(d, 2H, H-10-14, 8.4); 7.05(d, 2H, H-11-
13, 8.4); 5.59(m, 1H, H-1); 4.09(m, 3H, H-2, 2H-15); 3.99(m,
1H, H-3); 3.83(m, 1H, H-4); 3.49(m, syst.AB,2H-5)); 1.35(t,
3 H , H - 1 6 , 7 . 3 ) ; M . p . oC ) = 7 4 - 7 6 ; I . R . ( K B r, c m - 1) :
1046,1076,1092,1260, 1290,1502,1616,2932,3408;MS-
EI(40eV) m/z = 353 (M+.) ;UV (MeOH) (λmax,263)
εm=19871

Results and discussions
The derivatives of mercaptotriazoles (I) and their

isosteres, mercaptothiadiazoles (II), mercaptooxadiazoles
(III) and mercaptopyrazoles (IV) (fig. 1) are substances
with physiological action. They are used as: anticonvulsives
[12], hypoglycemics and diuretics, antiinflamatories
[13,14] as well as insecticides [15] and fungicides [16].The
coupling of 1,2,4-triazoles with a saccharide moiety

allowed to obtain the first N-glycosidic compound with a
large spectrum antiviral action: the ribavirine (VIRAZOL@,)
[17].  Bioisosteres of guanosine(V), pseudonucleotides with
mimetic action (VI) can compete in the formation of the
ARNm ( viral nature e.g.). They  can be obtained either as
N- or S-glycosides of mercaptotriazoles and their
derivatives [18]. In order to obtain a compound with a
potential mimetic action, the 5-(4-ethoxyphenyl)-3-
mercapto-1,2,4-triazole was glycosylated with tetraacetyl
ribofuranose (fig. 2).

The 1,2,3,5-Tetra-O-acetyl ribofuranose  can not be
obtained through the direct acetylation of ribose (Ac2O/Py
sau Ac2O/AcONa) at room temperature conditions,
because the 1,2,3,4-tetra-O-acetyl ribopyranose is obtained
(the more stable thermodynamic product) [19]. The
attempts at increasing the temperature for the acetylation
reaction with the aim of obtaining exclusively the furanosic
form lead invariably to a pyranosic and furanosic mixture
which are difficult to separate. The protection of the
hydroxylic group at C5 with the form of a tritylate derivative
(1) followed by its full acetylation leads to the furanosydic
triacetylate derivative (2). The deprotection of the hydroxyl
group at C5, by removing the trityl group, followed by its full
acetylation leads to the desired tetra-O-acetyl compound
(4) (fig. 2). The intermediaries were characterised by mass
spectrometry (MS), melting point (m.p.) and I.R
spectroscopy. The global yield of reactions was 32%.

The synthesis of the aglycone was done according to
the procedure for the mercaptotriazoles [20]. The 4-
ethoxybenzoic acid (5) was transformed to the (6) acid
chloride corresponding   by treatment with thionyl chloride,

Fig. 1. Isostere heterocycles of mercaptotriazole. The S-glycoriboside of mercaptotriazole,
possible or potential mimetic of guanosine.

Fig. 2.a)TrCl,Py,4DMAP,r.t,12h.b)Ac2O,Py,4DMAP,r.t.4h;c)AcOH(60%),80oC,0.5h;
d)Ac2O,Py,r.t,2h;e)SOCl2,50oC,2h;f)NH2C(=S)NH2NH2,DMF,Py,r.t. → 50oC,4h;g)EtOH, NaOH, 78oC;

h)BF3.Et2O/DCM/Ar;0oC-r.t.,24h i)MeOH/Na/r.t.,3h

Ribose

HS
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in chloroform as a solvent, at 50oC,   for 2 h. The excess of
thionyl chloride and solvent were removed at low pressure,
and the crude product (6) was used in the next step without
further purification. The cyclization of the acylthio-
semicarbazide (7) was realised with sodium-ethanolic
hydroxide, at reflux. The  desired aglycone (8) was purified
by recrystallization from water (fig.2). The intermediaries
were characterised by melting point and mass
spectrometry. The global yield of sequence was 85%.

The S-glycofuranoside (9) was obtained by the
glycosilation reaction of 5-(4-ethoxyphenyl)-3-mercapto-
1,2,4-triazole (8) with the tetra-O-acetyl ribofuranose (4)
under the conditions of the Ferrier reaction with an yield of
78%.  The TLC shows the formation of a crude single
product which was separated and purified by  flash column
chromatography (Tol:AcOEt = 1:2). The examination of
the sample by mass spectrometry confirms the formation
of a glycoside having 5-(4-ethoxyphenyl)-3-mercapto-1,2,4-
triazole as an aglycone. In order to confirm the formation
of the S-glycoside and not the N-glycoside, the product
was dissolved in  a solution of acetone –water (4:1)  and
treated for 48h with AgNO3.. The Ag cation  is well known
as thiophyl agent which ensure the cleveage of the carbon
–sulf bond [21].  The TLC examination of a sample  indicates
the formation of the 2,3,5-tri-O-acetyl ribofuranose as
anomers mixture (compared to a standard), following the
cleveage of the Canom-S bond, which indicates clearly the
formation of the S-glycoside (the N-glycosides do not
present this reaction). The regioselectivity of reaction, by
forming of β-S-glycoside is ensured due to the assistance
of the protecting acetate group from C-2. This  was
confirmed by NMR experiments (H, HxH, APT, NOESY). In
order to test the biologic activity, the S-glycoside was
underwent to the deprotection of the alcoholic functions.
The removing of the protecting acetate groups was
performed according to the Zemplen method (MeONa/
MeOH). The reaction was monitorized by TLC. After the
deprotection, the thioriboside (10) was purified by
recrystallization and the product analysed by I.R. The
spectrum confirms the complete deprotection by the
absence of the valence vibration νC=O from 1746 cm-1,
presented in the protected compound (9). The structure of
compound (10) was then confirmed through mass
spectrometry  and proton nuclear magnetic resonance.
1H-NMR spectrum with the numbering of the atoms is
showed  in the figure 3.

Fig. 3. The numbering of the atoms of (9) and (10) compounds
used in the description of 1H-NMR spectra
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