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Abstract

Upon treatment with trifluoromethyltrimethylsilane (2 equiv) in oxolane at 0 °C in the presence of a catalytic
amount of tetra-n-butylammonium fluoride (0.2 equiv), various protected sugar derivatives having a thiocyanato
group attached to different positions (anomeric, secondary, primary) were converted into the corresponding
trifluoromethylthio derivatives. Under these conditions, highly selective, albeit partial transformations of primary
and secondary thiocyanate groups were achieved while a decreased selectivity was observed when the reaction
involved a more reactive anomeric thiocyanate group. However, in this case, lowering the reaction temperature led
to enhanced selectivity and higher isolated yields. The isopropylidene and benzoyl protecting groups in the resulting
trifluoromethylthiosugar derivatives were removed by standard methods to afford the corresponding free trifl-
uoromethylthio derivatives, generally in high yield and as crystalline solids. Hence, this method opens a practical
access to new trifluoromethylthiosugars obtained under smooth conditions as protected or unprotected derivatives.
© 1998 Elsevier Science Ltd. All rights reserved.

Keywords: Sugar thiocyanates; Trifluoromethylthiosugars; Trifluoromethyltrimethylsilane; Catalytic reaction

1. Introduction

Fluorosugars [1–3] represent a wide class of
sugar derivatives having applications in syn-
thesis, particularly for stereocontrolled gly-
cosidation reactions [4], in enzymatic studies
[5–10], in molecular recognition studies [11]
and as bioactive compounds [12,13] because
the introduction of fluorine or fluoroalkyl
groups may significantly modify the chemical,

physical and biological properties of such
derivatives. Consequently, there is a continu-
ing interest towards this class of compounds,
and recent literature provides a variety of
synthetic approaches dealing with the prepara-
tion of elaborated fluorosugars, containing ei-
ther one [14–19], two [18,20–22] or three
[18,23–28] fluorine atoms linked to the same
carbon atom or polyfluoroalkyl moieties [29]
so as to produce fluorine-containing com-
pounds with specific properties arising from
the high electronegativity and the hydropho-
bic/lipophilic character of this element.

In the frame of our continuing interest in
organofluorine chemistry, we recently pro-
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posed a new method for the preparation of
trifluoromethylthio derivatives [30,31] from
the corresponding thiocyanate precursors on
treatment with trifluoromethyltrimethylsilane
in the presence of a catalytic quantity of tetra-
n-butylammonium fluoride [32]. Since it is
well known that incorporation of fluorine
atoms may dramatically modify the properties
of the resulting glycomimetics, we decided to
extend our studies to appropriately protected
sugar thiocyanates [33] so as to develop an
easy access to unknown structures. We were
encouraged in this project by having in hand
recent papers describing the introduction of
trifluoromethyl group in sugar derivatives
[18,23–28].

2. Results and discussion

The trifluoromethylation reaction was ap-
plied to sugar thiocyanates 1 [34], 2, 3, 4 [35]
and 5 [34]. The b-thiocyanate 1 [34] was pre-
pared from the corresponding 2,3,4,6-tetra-O-
benzoyl-a-D-glucopyranosyl bromide on
treatment with potassium thiocyanate in ace-
tone in the presence of 18-crown-6 as de-
scribed. Applied to the preparation of the
2,3,4,6-tetra-O-acetyl-b-thiocyanate related to
1, this protocol was found less satisfactory,
due to competitive formation of the corre-
sponding more stable isothiocyanate [34]. 6-
Deoxy-1,2:3,4-di-O-isopropylidene-6-thiocyan-
ato-a-D-galactopyranose (2), 1-deoxy-2,3:4,5-
di-O-isopropylidene-1-thiocyanato-b-D-fructo-
pyranose (3), 3-deoxy-1,2:5,6-di-O-isopropyli-
dene-3-thiocyanato-a-D-allofuranose (4) [35]
and methyl 2,3-O-isopropylidene-5-deoxy-5-
thiocyanato-b-D-ribofuranoside (5) [34] were
prepared under similar conditions from re-
spectively 1,2:3,4-di-O-isopropylidene-6-O-tri-
fluoromethanesulfonyl - a - D - galactopyranose
[36], 2,3:4,5 -di -O - isopropylidene-1-O -meth-
anesulfonyl -b -D -fructopyranose [37], 2,3:4,5-
di-O-isopropylidene-1-O-trifluoromethanesul-
fonyl-b-D-fructopyranose [38,39], 1,2:5,6-di-O-
isopropylidene-3-O-trifluoromethanesulfonyl-
a-D-glucofuranose [40,41] and from methyl
2,3-O-isopropylidene-5-O-p-toluenesulfonyl-
b-D-ribofuranoside [42,43]. Nucleophilic dis-
placement of the trifluoromethanesulfonate

group in 1,2:5,6 - di - O - isopropylidene - 3 - O-
trifluoromethanesulfonyl - a - D - glucofuranose
by the thiocyanate ion involved a SN2 process
leading to the corresponding 3-thiocyanato-a-
D-allofuranose derivative [44].

Introduction of the trifluoromethyl group
was achieved by treatment of a sugar thio-
cyanate in THF (1 mL for 1 mmol of the
substrate) with trifluoromethyltrimethylsilane
and tetra-n-butylammonium fluoride (1:2:0.2
ratio) generally from 0 °C to room tempera-
ture, resulting in good isolated yields for the
trifluoromethylthio derivatives 6–10. Under
the applied conditions, transformation of the
sugar thiocyanates was not complete (con-
version ]60%) and, except for the more
labile anomeric thiocyanate 1 [34], the starting
material was recovered by column chromatog-
raphy. In the case of the isopropylidene-pro-
tected substrates, the transformation was
highly selective, giving for example 9 as a
single product from 4. In this series, in spite of
uncomplete conversions, the isolated yields
were in the range 39–68% with selectivities as
high as 98%. With the tetra-O-benzoyl thio-
cyanate 1, another more polar product was
detected by TLC when the reaction was con-
ducted at 0 °C to afford 6 in a 30% isolated
yield. Formation of this byproduct could be
minimized by carrying out the trifluoromethy-
lation reaction at a lower temperature fol-
lowed by immediate product purification, as
shown by improved isolated yields: 61%
(−25 °C, 1 h); 76% (−78 °C, 40 min). Hence,
a trifluoromethylthioether was conveniently
prepared from a precursor having a thio-
cyanato group attached to the anomeric cen-
tre but the transformations involving
unactivated thiocyanate groups at primary or
secondary positions were found even more
selective under ordinary conditions. The con-
version of thiocyanatosugars into the corre-
sponding trifluoromethylthio derivatives with
trifluoromethyltrimethylsilane as reported here
or into alkyl- and aryl-thioethers by means of
Grignard reagents [34] are similar with respect
to their mechanisms which both involve attack
of a thiocyanate group by nucleophilic species
with the cyano moieties acting as a leaving
group [32].
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Under acid-catalyzed transesterification in
methanol containing formic acid, cleavage of
the benzoyl groups in 6 led quantitatively to
the corresponding trifluoromethyl b-D-thioglu-
copyranoside 11 within �2 h. Transesterifica-
tion also proceeded under base-catalyzed
(MeONa, MeOH) conditions. However, with
an excess of MeONa, we observed the com-
plete transformation of 11 into methyl D-glu-
copyranoside (a anomer predominant as
judged from the TLC plates). Fully unpro-
tected reducing trifluoromethylthio sugars 12,
13, 14 and 16 were obtained from 7, 8, 9 and
10, respectively, by acid-catalyzed hydrolysis.
The methyl b-D-ribofuranoside 15 could also
be separated by column chromatography from
the main product 16, in the deprotection reac-
tion of 10. In the case of the 2,3;4,5-di-O-iso-
propylidene-1-trifluoromethylthio-b-D-fructo-
pyranose derivative 8, complex mixtures were
obtained under any of the acid-catalyzed con-
ditions tried, the desired compound 13 being
isolated in a �10% yield.

The vicinal homonuclear coupling constants
recorded for the D-galactopyranose derivatives
2 and 7 (J1,2:5.0, J2,3:2.5, J3,4:7.8, J4,5:
1.5, J5,6:6.5 and J5,6%:7 Hz) showed that the
pyranose ring assumes in both structures a
skew-boat conformation [45,46] as a result of
constraints in the tricyclic framework. Simi-
larly, as judged from the vicinal couplings
found for derivatives 3 and 8 (J3,4:2.6, J4,5:
7.9, J5,6:1.8 and J5,6%:1 Hz), the D-fructopy-
ranose adopted twist-boat conformations (6S4)
[46,47].

Since it has been shown that the presence of
a trifluoromethyl group attached to either the
anomeric centre or the C-4 position in methyl
furanosides decreases the rate of the acid-cata-
lyzed glycosidic bond hydrolysis up to 2000
times [23], enzymatic studies were carried out
with the deprotected compound 11, so as to
investigate its properties towards almond
emulsin. However, 11 was found to be a weak
competitive inhibitor of the almond b-glucosi-
dase (Ki 9 mM) compared with D-glucono-1,5-
lactone or phenylthio b-D-glucopyranoside
[48]. It was not substrate of the enzyme. Com-
pound 12 was found inactive.

In summary, treatment of protected sugar
isothiocyanates with excess trifluoromethyl
trimethylsilane in oxolane in the presence of a
catalytic amount of tetra-n-butylammonium
fluoride offers a direct route to unprecedented
sugar-derived trifluoromethylthio derivatives,
with potential applications to the synthesis of
trifluoromethylthio analogues of biologically
active methylthiosugars and nucleosides for
example in the lincosamine [49] and 5%-deoxy-
5%-(methylthio)-adenosine [50] series.

3. Experimental

General methods.—Melting points were de-
termined with a Büchi capillary apparatus and
were not corrected. Optical rotations were de-
termined with a Perkin–Elmer 241 polarime-
ter. 1H and 13C NMR spectra were recorded
with Bruker AC 200/AM 300 instruments for
solutions in CDCl3, unless indicated other-
wise, with Me4Si as the internal reference. 19F
NMR spectra were recorded with CFCl3 as
the internal reference at 188.31 MHz. Reac-
tions were monitored by TLC on Silica Gel 60
F254 (E. Merck) plates sprayed with H2SO4

followed by charring. Spraying successively a
fluorescein solution in absolute EtOH (0.1%
w/v), then 1:1 H2O2 (30% in water)–AcOH
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followed by charring was used to detect a
bromine-containing starting material which
appeared as pink-coloured spots. Column
chromatography was performed using Silica
Gel Geduran Si 60 (E. Merck).

S-Trifluoromethyl 2,3,4,6-tetra-O-benzoyl-1-
thio-b-D-glucopyranoside (6).—A solution of
the tetra-O-benzoyl thiocyanate 1 [34] (637
mg, 1 mmol) in THF (1 mL) under an inert
atmosphere (nitrogen or argon) was cooled
down to −10 °C. After addition of trifl-
uoromethyltrimethylsilane (300 mL, 2 mmol)
and tetra-n-butylammonium fluoride (1.1 M
in THF, 200 mL, 0.22 mmol, 0.22 equiv), the
reaction mixture was stirred for 1 h at
−25 °C and for 2 h at room temperature.
After concentration and purification by
column chromatography (7:3 petroleum
ether–acetone), the S-trifluoromethyl 1-thio-
b-D-glucopyranoside (415 mg, 61%) was ob-
tained as a colourless solid, mp 141–142 °C;
Rf 0.7 (7:3 petroleum ether–acetone); [a ]25

D +
34.5° (c 1, CHCl3). The reaction of tri-
fluoromethyltrimethylsilane with thiocyanate
1 was also carried out at −78 °C, 40 min or
0 °C, �5 min to afford 6 in 76 and 30% yield,
respectively. 1H NMR (200.13 MHz): d 7.81–
8.10 (m, 8H, H ortho), 7.22–7.59 (m, 12H, H
meta and para), 6.05 (t, 1H, J2,3=J3,4 9.5 Hz,
H-3), 5.72 (t, 1H, J4,5 9.7 Hz, H-4), 5.61 (t,
1H, H-2), 5.40 (d, 1H, J1,2 9.9 Hz, H-1), 4.67
(dd, 1H, J6,6% 12.2 Hz, J5,6% 2.8 Hz, H-6%), 4.51
(dd, 1H, J5,6 5.9 Hz, H-6), 4.31 (ddd, 1H, J4,5

9.8 Hz, H-5); 13C NMR (50.32 MHz): d
165.2–166.1 (C�O), 133.3–133.8 (C para),
129.8–130.0 (C ortho), 129.6 (C ipso), 129.5
(q, 1JC,F 309 Hz, CF3), 128.5–128.6 (C meta),
82.0 (q, 3JC,F 2.8 Hz, C-1), 76.9, 73.7, 70.1,
69.2 (C-2 to C-5), 63.1 (C-6); 19F NMR
(CDCl3): d −40.3 (s, SCF3). Anal. Calcd for
C35H27F3O9S: C, 61.76; H, 4.00; S, 4.71.
Found: C, 61.48; H, 4.15; S, 4.54.

S-Trifluoromethyl 1-thio-b-D-glucopyra-
noside (11).—Procedure A: debenzoylation
with sodium methoxide in MeOH. S-Trifl-
uoromethyl 2,3,4,6-tetra-O-benzoyl-1-thio-b-
D-glucopyranoside 6 (500 mg, 0.735 mmol)
was dissolved in MeOH (25 mL) containing a
catalytic amount of NaOMe (30 drops) pre-
pared by adding sodium (43 mg) to MeOH (2

mL). After 2.5 h, TLC monitoring showed the
conversion of the starting material (Rf 0.9 in
6:1 CH2Cl2–MeOH) into 11 (Rf 0.2). Concen-
tration and purification by column chro-
matography on silica gel (5.5:1
CH2Cl2–MeOH) afforded 152 mg (78% yield)
of S-trifluoromethyl 1-thio-b-D-glucopyranose
11 which crystallized at −10 °C from MeOH
upon addition of EtOAc and C6H6 as colour-
less crystals, mp 124 °C; Rf 0.2 (6:1 CH2Cl2–
MeOH); [a ]D

25 −36° (c 0.9, MeOH). Use of an
excess of NaOMe resulted in further transfor-
mation of 11 to afford presumably, as sug-
gested by TLC, a mixture of the
corresponding methyl D-glucopyranosides. 1H
NMR (200.13 MHz, CD3OD): d 4.86 (d, 1H,
J1,2 10 Hz, H-1), 3.84 (dd, 1H, J5,6 1.8 Hz, J6,6’

12.1 Hz, H-6), 3.70 (dd, 1H, J5,6% 4.2 Hz, H-6%),
3.42–3.20 (m, 4H, H-2, H-3, H-4, H-5); 13C
NMR (50.32 MHz, CD3OD): d 131.8 (q, 1JC,F

306.4 Hz, CF3), 85.6 (q, 3JC,F 2.1 Hz, C-1),
82.3, 79.4, 73.6, 70.8 (C-2 to C-5), 62.4 (C-6);
19F NMR (CD3OD): d −39.1 (s, SCF3);
CIMS (NH3): m/z 282 [M+NH4]

+. Anal.
Calcd for C7H11F3O5S: C, 31.82; H, 4.20; S,
12.13; F, 21.57. Found: C, 31.91; H, 4.35; S,
11.74; F, 20.26.

Procedure B: debenzoylation in HCOOH-
containing MeOH (10 ppm). Dissolution of
compound 6 in 99% grade MeOH containing
trace amounts of HCOOH (10 ppm), used as
purchased from Prolabo, resulted upon stir-
ring at room temperature for �2 h in deben-
zoylation to afford 11 in a �100% yield.

6-Deoxy-1,2:3,4-di-O-isopropylidene-6-thio-
cyanato-a-D-galactopyranose (2).—1,2:3,4-Di-
O-isopropylidene-6-O-trifluoromethanesulfon-
yl-a-D-galactopyranose [36] (2.8 g, 7.2 mmol),
dissolved in MeCN (180 mL), was stirred for 5
h at 75 °C in the presence of sodium thio-
cyanate (4.9 g, 50.4 mmol, 7 equiv), as de-
scribed for the preparation of the
3-thiocyanato-D-gluco- and D-allo-furanose
derivatives [35]. TLC monitoring showed that
the starting material (Rf 0.7 in 3:7 EtOAc–
petroleum ether) was converted to a new com-
pound (Rf 0.6). After concentration under
reduced pressure, water (70 mL) was added to
the residue and the organic material was ex-
tracted with CH2Cl2 (3×70 mL). The com-
bined organic phase was washed with brine
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(70 mL) then with water (2×70 mL). After
drying (Na2SO4) and concentration, the ob-
tained brown oil was purified by column chro-
matography (1:5 EtOAc–petroleum ether) to
give the thiocyanate 2 (1.9 g, 86%) as a syrup.
IR (KBr): 2160 cm−1 (n SCN); [a ]25

D −4.5° (c
1, CHCl3);

1H NMR (200.13 MHz): d 5.54 (d,
1H, J1,2 5 Hz, H-1), 4.68 (dd, 1H, J2,3 2.5 Hz,
J3,4 7.8 Hz, H-3), 4.36 (dd, 1H, H-2), 4.28 (dd,
1H, J4,5 1.9 Hz, H-4), 4.06 (dt, 1H, J5,6=J5,6%

6.7 Hz, H-5), 3.15 (d, 2H, H-6, H-6’), 1.59,
1.44, 1.35, 1.35 (4 s, 12H, isopropylidene); 13C
NMR (50.32 MHz): d 112.2 (SCN), 109.9,
109.3 (2CMe2), 96.5, 71.5, 71.0, 70.4, 66.7
(C-1 to C-5), 34.2 (C-6), 26.0, 25.9, 24.9, 24.4
(methyl). Anal. Calcd for C13H19NO5S: C,
51.81; H, 6.35; O, 26.55. Found: C, 50.75; H,
6.33; O, 26.43.

1,2:3,4-Di-O-isopropylidene-6-thio-6-S-trifl-
uoromethyl-a-D-galactopyranose (7).—A solu-
tion of thiocyanate 2 (808 mg, 2.7 mmol) in
THF (2.7 mL) under argon was cooled down
to −25 °C. After addition of tri-
fluoromethyltrimethylsilane (800 mL, 5.4
mmol, 2 equiv) and tetra-n-butylammonium
fluoride (1.1 M in THF, 533 mL, 0.59 mmol,
0.22 equiv) the reaction mixture was stirred
for 1 h at −25 °C. TLC monitoring showed
the partial conversion of the starting material
(Rf 0.4 in 1:4 acetone–petroleum ether) into a
new compound (Rf 0.7). After stirring was
continued for 2 h at room temperature, TLC
monitoring showed the presence of starting
material (�40%) and formation of byprod-
ucts (Rf 0.6). Diethyl ether (5 mL) was added
and the organic phase was washed with dis-
tilled water (2×5 mL), then dried over
MgSO4. Concentration under reduced pres-
sure led to a brown oil which was purified by
column chromatography (9:1 Et2O–petroleum
ether) to give 1,2:3,4-di-O-isopropylidene-6-
thio-6-S-trifluoromethyl-a-D-galactopyranose
(339 mg, 39% yield; based on the recovered
starting material the yield was 62%) as an oil
which solidified below room temperature. An-
other experiment conducted at a somewhat
higher temperature (0 °C, 5 min then room
temperature, 2 h) led with a similar selectivity
to 2 (42% isolated yield); [a ]D

21 −48.4° (c 0.9,
CHCl3);

1H NMR (300.13 MHz): d 5.54 (d,
1H, J1,2 5.0 Hz, H-1), 4.66 (dd, 1H, J3,4 7.9

Hz, H-3), 4.35 (dd, 1H, J2,3 2.5 Hz, H-2), 4.32
(dd, 1H, J4,5 1.5 Hz, H-4), 4.00 (dt, 1H, J5,6 7.7
Hz, J5,6% 6.4 Hz, H-5), 3.15 (dd, 1H, J6,6’ 14.2
Hz, H-6), 3.05 (dd, 1H, H-6%), 1.53, 1.46, 1.36,
1.35 (4 s, 12H, isopropylidene); 13C NMR
(75.47 MHz): d 130.5 (q, 1JC,F 306.3 Hz,
SCF3), 109.1, 108.4 (2CMe2), 95.9 (C-1), 70.7,
70.3, 69.8, 66.2 (C-2 to C-5), 29.1 (q, 3JC,F 2.1
Hz, C-6), 25.3, 25.2, 24.3, 23.8 (methyl); 19F
NMR (CDCl3): d −41.9 (SCF3). EIMS: m/z
329, 22% [M−15]+. Anal. Calcd for
C13H19F3O5S: C, 45.34; H, 5.56. Found: C,
45.39; H, 5.71.

6-Thio-6-S-trifluoromethyl-D-galactose (12).
—To a solution of 1,2:3,4-di-O-isopropyli-
dene-6- thio-6-S - trifluoromethyl -a - D - galac-
topyranose 7 (316 mg, 0.9 mmol) in
1,4-dioxane (1.3 mL), a 1 M aq solution of
hydrogen chloride (320 mL, 0.3 mmol, 0.35
equiv) was added. The mixture was heated to
100 °C for 3 h. TLC monitoring showed the
transformation of the starting material (Rf 0.9
in 6:1 CH2Cl2–MeOH) into a polar new com-
pound (Rf 0.3). After addition of sodium hy-
drogen carbonate (28 mg, 0.33 mmol), the
solution was concentrated under reduced pres-
sure to give an oil which was purified by
column chromatography (6:1 CH2Cl2–
MeOH). 6-Thio-6-S-trifluoromethyl-D-galac-
tose 12 (232 mg, 80% yield) was obtained as
an anomeric mixture (�4:1 a/b ratio) which
crystallized from MeOH and EtOAc as
colourless crystals, mp 117 °C; [a ]25

D +82° (c 1,
MeOH); 1H NMR (300.13 MHz, CD3OD), b
anomer: �20%: d 4.45 (d, J1,2 6.8 Hz, H-1); a
anomer: �75%: d 5.13 (d, 1H, J1,2 3.5 Hz,
H-1), 4.20 (t, 1H, J5,6 8.2 Hz, J5,6% 5.8 Hz,
H-5), 3.91 (broad d, 1H, J3,4 2.8 Hz, J4,5B1
Hz, H-4), 3.80 (dd, 1H, J2,3 10.1 Hz, H-3),
3.73 (dd, 1H, H-2), 3.22 (dd, 1H, J6,6’ 13.5 Hz,
H-6), 3.11 (dd, 1H, H-6%); 13C NMR (75.47
MHz, CD3OD), a anomer: d 130.8 (q, 1JC,F

304.5 Hz, SCF3), 92.3 (C-1), 69.5, 69.1, 68.1,
68.0 (C-2 to C-5), 29.4 (q, 3JC,F 2.2 Hz, C-6);
b anomer: d 96.8 (C-1), 72.8, 72.8, 71.3, 68.9
(C-2 to C-5), 32.3 (C-6); 19F NMR (CD3OD):
d −41.6 (SCF3, b anomer); −41.7 (SCF3, a
anomer); CIMS (NH3): m/z 282 [M+18]+.
Anal. Calcd for C7H11F3O5S: C, 31.82; H,
4.20; S, 12.13; F, 21.57. Found: C, 31.64; H,
4.24; S, 12.30; F, 21.11.
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1-Deoxy-2,3:4,5-di-O-isopropylidene-1-thio-
cyanato-b-D-fructopyranose (3).—A mixture
of 2,3:4,5-di-O-isopropylidene-1-O-trifluoro-
methanesulfonyl-b-D-fructopyranose [38,39]
(325 mg, 0.83 mmol) and potassium thio-
cyanate (566 mg, 56.7 mmol, 7 equiv) in ace-
tonitrile (21 mL) was refluxed for 19 h,
whereupon TLC monitoring showed an al-
most complete conversion of the starting ma-
terial (Rf 0.6 in 3:7 EtOAc–n-hexane) into the
thiocyanate 3 (Rf 0.42). After removal of ace-
tonitrile under reduced pressure, water (30
mL) was added to the residue. The organic
materials were extracted with CH2Cl2 (3×30
mL), washed with water, dried (MgSO4) and
concentrated. Column chromatography (1.5:1
Et2O–petroleum ether) gave the 1-thiocyanate
3 (181 mg, 0.6 mmol, 72% yield) which crys-
tallized from Et2O–petroleum ether as colour-
less crystals, mp 84 °C; [a ]25

D −10° (c 0.7,
CHCl3); IR (KBr) 2150 cm−1 (n SCN); 1H
NMR (200.13 MHz): d 4.62 (dd, 1H, J3,4 2.6
Hz, J4,5 7.8 Hz, H-4), 4.25 (d, 1H, H-3), 4.24
(dt, 1H, J5,6 1.8 Hz, J5,6%B1 Hz, H-5), 3.90
(dd, 1H, J6,6% 13 Hz, H-6), 3.78 (dd, 1H, H-6%),
3.47 (d, 1H, J1,1% 13.3 Hz, H-1), 3.22 (d, 1H,
H-1%), 1.56, 1.48, 1.45, 1.35 (4 s, 12H, methyl);
in acetone-d6: d 4.66 (dd, 1H, J3,4 2.6 Hz, J4,5

7.8 Hz, H-4), 4.36 (d, 1H, H-3), 4.27 (dt, 1H,
J5,6 1.8 Hz, J5,6%B1 Hz, H-5), 3.87 (dd, 1H,
J6,6% 13 Hz, H-6), 3.65 (dd, 1H, H-6%), 3.49 (s,
2H, H-1, H-1%), 1.51, 1.44, 1.42, 1.32 (4 s,
12H, methyl); 13C NMR (50 MHz): d 112.8
(SCN), 109.35, 109.3 (2CMe2), 101.2 (C-2),
72.4, 70.4, 70.0 (C-3 to C-5), 61.9 (C-6), 42.2
(C-1), 26.3, 25.9, 25.0, 24.1 (CH3). Anal.
Calcd for C13H19NO5S: C, 51.81; H, 6.35; O,
26.55; S, 10.64. Found: C, 51.70; H, 6.57; O,
27.10; S, 10.54.

Attempts to obtain 3 by nucleophilic dis-
placement of a methanesulfonate group at
position C-1 [37] by the thiocyanate anion in
N,N-dimethylacetamide resulted in lower
(31%) isolated yields.

2,3:4,5-Di-O-isopropylidene-1-thio-1-S-trifl-
uoromethyl-b-D-fructopyranose (8).—Treat-
ment of 1-deoxy-2,3:4,5-di-O-isopropylidene-
1-thiocyanato-b-D-fructopyranose 3 (0.3 g, 1
mmol) with trifluoromethyltrimethylsilane
(300 mL, 2 mmol) and tetra-n-butylammonium

fluoride (1.1 M in THF, 200 mL, 0.22 mmol)
at 0 °C as described for 7 led, after column
chromatography (1:4 acetone–petroleum
ether), to 2,3:4,5-di-O-isopropylidene-1-thio-1-
S-trifluoromethyl-b-D-fructopyranose 8 (0.234
g, 68% isolated yield, 97% selectivity) in addi-
tion to unreacted starting material (�30%).
Compound 8, isolated as a white solid had mp
44 °C; Rf 0.7 (4:1 petroleum ether–acetone);
[a ]21

D −9.2° (c 1, CHCl3).
1H NMR (200.13

MHz, acetone-d6): d 4.66 (dd, 1H, J3,4 2.6 Hz,
J4,5 7.9 Hz, H-4), 4.35 (d, 1H, H-3), 4.27 (ddd,
1H, J5,6 1.8 Hz, J5,6% 1 Hz, H-5), 3.87 (dd, 1H,
J6,6’ 13 Hz, H-6), 3.64 (dd, 1H, H-6%), 3.44 (d,
1H, J1,1% 12.9 Hz, H-1), 3.31 (d, 1H, H-1%) 1.49
(s, 3H), 1.42 (broad s, 6H), 1.33 (s, 3H, iso-
propylidene); 13C NMR (50.32 MHz): d 130.9
(q, 1JC,F 306 Hz, SCF3), 109.3, 109.1 (2CMe2),
101.5 (C-2), 72.5, 70.7, 70.3 (C-3 to C-5), 61.8
(C-6), 37.9 (q, 3JC,F 2.2 Hz, C-1), 26.5, 25.8,
25.2, 24.1 (methyl); 19F NMR (CDCl3): d −
42.1 (s, SCF3). EIMS: m/z 329, 73% [M−
15]+. Anal. Calcd for C13H19F3O5S: C, 45.34;
F, 16.55; H, 5.56. Found: C, 45.88; F, 16.57;
H, 5.51.

1 - Thio - 1 - S - trifluoromethyl - D - fructose
(13).—2,3:4,5 - Di - O - isopropylidene - 1 - thio-
1-S-trifluoromethyl-b-D-fructopyranose 8 (130
mg, 0.37 mmol) dissolved in a mixture of
acetic acid (1.5 mL) and water (0.5 mL) was
heated for 16 h at 100 °C. TLC examination
of the reaction medium showed the presence
of several compounds while the 1H NMR
spectrum of the crude reaction mixture
showed resonances corresponding to acetyl
groups. Therefore, the sample was kept for 72
h at room temperature in a 8:1:1 MeOH–
NEt3–H2O mixture (2.5 mL) before purifica-
tion by column chromatography (6:1
CH2Cl2–MeOH). Concentration of homoge-
neous fractions afforded the desired product
(Rf 0.8 in 6:1 CH2Cl2–MeOH) as an anomeric
mixture (10 mg, 0.038 mmol, 10% yield) show-
ing complex NMR spectra. 1H NMR (200.13
MHz, CD3OD): d 4.1–3.2 (m, 7 H); 13C NMR
(75.49 MHz, CD3OD) major isomer (b pyra-
nose): d 132.7 (q, 1JC,F 304 Hz, SCF3), 98.4
(C-2), 71.5, 70.9, 70.8 (C-3 to C-5), 64.9 (C-6),
37.8 (C-1); minor isomer (b furanose): d 132.5
(q, 1JC,F 303 Hz, SCF3), 98.4 (C-2), 83.7, 79.2,
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76.5 (C-3 to C-5), 63.8 (C-6), 37.0 (C-1); other
signals: d 102.0, 85.1, 83.2, 72.9, 63.1; 19F
NMR (CD3OD) d (relative intensities) −41.6
(21%); −41.8 (11%); −42.0 (8%). CIMS
(NH3): m/z 282 [M+18]+; 264 [M]+.

1,2:5,6-Di-O-isopropylidene-3-thio-3-S-trifl-
uoromethyl-a-D-allofuranose (9).—This com-
pound was prepared from 3-deoxy-
1,2:5,6-di-O-isopropylidene-3-thiocyanato-a-
D-allofuranose 4 [35] (0.305 g, 1 mmol), trifl-
uoromethyltrimethylsilane (300 mL, 2 mmol)
and tetra-n-butylammonium fluoride (1.1 M
in THF, 200 mL, 0.22 mmol) at 0 °C as de-
scribed for 7. Purification by column chro-
matography (1:4 acetone–petroleum ether)
afforded some unreacted starting material
(120 mg, 39%, Rf 0.4) and the desired trifl-
uoromethylthio ether 9 (0.206 g, 60% isolated
yield, 98% selectivity) as a syrup, Rf 0.7 (4:1
petroleum ether–acetone). [a ]21

D +69.2° (c 1,
CHCl3).

1H NMR (300.13 MHz): d 5.86 (d,
1H, J1,2 3.7 Hz, H-1), 4.76 (dd, 1H, J2,3 4.4
Hz, H-2), 4.35 (dt, 1H, J4,5 4.2 Hz, J5,6=J5,6%

6.5 Hz, H-5), 4.08–3.97 (m, 3H, H-4, H-6,
H-6%), 3.33 (dd, 1H, J3,4 10.3 Hz, H-3), 1.54,
1.46, 1.37, 1.37 (4 s, 12H, isopropylidene); 13C
NMR (50.32 MHz): d 130.5 (q, 1JC,F 307 Hz,
SCF3), 112.8, 110.1 (2CMe2), 104.3 (C-1),
81.1, 79.4, 75.5 (C-2, C-4, C-5), 65.3 (C-6),
46.7 (q, 3JC,F 1.8 Hz, C-3), 26.6, 26.5, 26.3,
25.2 (isopropylidene); 19F NMR (CDCl3) d
−40.8 (s, SCF3). EIMS: m/z 329, 18% [M-
15]+. Anal. Calcd for C13H19F3O5S: C, 45.34;
H, 5.56. Found: C, 45.52; H, 5.55.

3-Thio-3-S-trifluoromethyl-D-allose (14).—
1,2:5,6-Di-O - isopropylidene-3-thio-3-S - tri-
fluoromethyl-a-D-allofuranose 9 (120 mg, 0.35
mmol) was dissolved in trifluoroacetic acid (5
mL) containing water (0.5 mL). The mixture
was kept for 30 min at room temperature
whereupon TLC showed the disappearance of
the starting material (Rf 0.8 in 1:1 EtOAc–
petroleum ether) and formation of a new com-
pound (Rf 0.17). The volatiles were removed
under reduced pressure and the residue was
purified by column chromatography (1:1
petroleum ether–EtOAc then neat EtOAc) to
afford the desired product 14 (96 mg, 0.36
mmol, 100% yield) as a crystalline anomeric
mixture, mp 42 °C, giving complex NMR
spectra. [a]20

D +2° (c 0.1, H2O). 19F NMR

(CD3OD): d (relative intensities) −39.8
(25%); −40.5 (51%); −41.0 (8%); −41.3
(17%). CIMS (NH3): m/z 282 [M+18]+

100%; 264 [M]+ �8%; 246 [M−H2O]+ �
10%.

Methyl 2,3-O-isopropylidene-5-thio-5-S-tri-
fluoromethyl-b-D-ribofuranoside (10).—This
compound was prepared from methyl 2,3-O-
isopropylidene-5-deoxy-5-thiocyanato-b-D-ri-
bofuranoside 5 (0.245 g, 1 mmol), trifluoro-
methyltrimethylsilane (300 mL, 2 mmol) and
tetra-n-butylammonium fluoride (1 M in
THF, 200 mL, 0.22 mmol) as described for 7.
Purification by column chromatography (1:9
acetone–petroleum ether) afforded first the
desired trifluoromethylthioether 10 (Rf 0.8) as
a colourless syrup (113 mg, 56% isolated yield,
89% selectivity) and unreacted starting mate-
rial (Rf 0.4, 91 mg, 37%). [a ]21

D −54° (c 1,
CHCl3).

1H NMR (300.13 MHz): d 4.99 (s,
1H, H-1), 4.66 (d, 1H, J2,3 6.0 Hz, H-2 or
H-3), 4.63 (d, 1H, H-2 or H-3), 4.35 (dd, 1H,
J4,5 8.1 Hz, J4,5’ 7.7 Hz, H-4), 3.37 (s, 3H,
OMe), 3.14 (dd, 1H, J5,5% 13.6 Hz, H-5%), 2.99
(dd, 1H, H-5), 1.48, 1.32 (2 s, each 3H, 2 Me);
13C NMR (75 MHz): d 130.9 (q, 1JC,F 306 Hz,
SCF3), 112.9 (CMe2), 110.0 (C-1), 85.3, 85.2,
83.1 (C-2, C-3, C-4), 55.3 (OMe), 33.5 (q, 3JC,F

1.9 Hz, C-5), 26.4, 24.9 (isopropylidene); 19F
NMR (CDCl3) d −41.6 (s, SCF3). EIMS: m/z
273, 42% [M−15]+. Anal. Calcd for
C10H15F3O4S: C, 41.66; H, 5.24; S, 11.12.
Found: C, 41.45; H, 5.54; S, 11.21.

5-Thio-5-S-trifluoromethyl-D-ribose (16).—
Methyl 2,3-O-isopropylidene-5-thio-5-S-trifl-
uoromethyl-b-D-ribofuranoside 10 (200 mg,
0.7 mmol) was kept for 45 min in a mixture of
trifluoroacetic acid (1 mL) and water (0.5
mL). TLC monitoring showed the disappear-
ance of the starting material and formation of
two compounds, among which the more polar
was more abundant (Rf �0.9, �0.45 and
�0.25 respectively, in 1:1 EtOAc–petroleum
ether). After concentration, the residue was
applied to a column eluted with the same
mixture of solvent, then neat EtOAc. Methyl
5-thio-5-S-trifluoromethyl-b-D-ribofuranoside
15 was eluted first to give a solid (mp 58 °C)
after solvent removal (10 mg, 0.04 mmol, 6%).
[a ]21

D −11° (c 0.9, H2O); 1H NMR (CD3OD,
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200.13 MHz): d 4.73 (s, 1H, H-1), 4.09 (m,
2H), 3.89 (d, 1H, J 3.8 Hz), 3.33 (s, 3H,
OMe), 3.30 (m, 1H, H-5), 3.08 (dd, 1H, J5,5%

13 Hz, J4,5% 7.0 Hz, H-5%); 13C NMR (75.48
MHz, D2O): d 131.2 (q, 1JC,F 305.4 Hz,
SCF3), 108.5 (C-1), 80.8, 74.7, 73.8 (C-2, C-
3, C-4), 55.6 (OMe), 33.5 (q, 3JC,F 1 Hz,
C-5), 19F NMR (CD3OD): d 41.52 (s, SCF3).
Then, the 5-thio-5-S-trifluoromethyl-D-ribose
16 was obtained (70 mg, 0.3 mmol, 43%
yield) as a solid (mp 44–45 °C). [a ]21

D +34°
(c 0.4, H2O); 1H NMR (CD3OD, 200.13
MHz): d 5.26, 5.11 (d and broad s, �1/2
ratio, J1,2 4 Hz, �0 Hz respectively, H-1),
4.2–3.8 (m, 3H), 3.4–3.0 (m, 2H); 13C NMR
(75.48 MHz, D2O): major isomer: d 131.2
(q, 1JC,F 305.3 Hz, SCF3), 101.6 (C-1), 80.5,
75.6, 73.5 (C-2, C-3, C-4), 33.5 (q, 3JC,F 1
Hz, C-5); other isomer: d 96.9 (C-1), 80.6,
72.8, 71.0 (C-2, C-3, C-4), 32.3 (q, 3JC,F 1
Hz, C-5); minor isomer: d 103.8, 82.3, 80.1,
75.0, 72.2; 19F NMR (CD3OD): d (relative
intensities) −41.5 (10%); −41.5 (35%); −
41.54 (55%). EIMS m/z 217, [M−17]+, 3%;
CIMS (NH3) m/z 252, 100% [M+18]+; 234,
46% [M]+.
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