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Abstract

A diastereoisomeric mixture of 5-C-trifluoromethylated analogs of D-glucuronolactone and L-iduronolactone was synthesized in a five-step
procedure from 1,2-O-isopropylidene-a-D-glucofuranose. The key step involves a tandem radical trifluoromethylation—nucleophilic cycli-

zation of a ketene dithioacetal derived from 1,2-O-isopropylidene-«-D-xylo-pentodialdo-1,4-furanose.
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1. Introduction

Various changes are expected concerning the chemical and
biological properties of target molecules by substitution of
hydrogen atoms by fluorine or triflucromethyl groups [1,2].
For this reason, many monofluoro and diflnorosugars exhib-
iting interesting biological activities have been synthesized
[3,4], but little is known about C-trifluoromethyl carbohy-
drates probably due to the lack of preparative methods. To
our knowledge the few examples of C-trifluoromethyl sugars
known were prepared either starting from a trifluoromethy-
lated synthon [5-11] or through the nucleophilic trifluoro-
methylation of oxosugars with the Ruppert reagent [ 12-16]
(CF,SiMe,) or a trifluoromethylated organometallic [17].

We report here the synthesis of 5-deoxy-5-C-(trifluoro-
methyl) aldurono-6,3-lactones by a tandem radical trifluoro-
methylation-nucleophilic cyclization of a sugar-derived
ketene dithioacetal followed by an oxidative hydrolysis of
the dithio-orthoester (Scheme 1).

Our targets were the 5-deoxy-5-C-trifluoromethyl-o-D-
glucurono- and B-L-idurono-6,3-lactones. The former is a
trifluoromethylated analog of glucuronolactone (antiarthritic
and detoxificant [ 18-201).

The glucose-derived ketene dithioacetal 1 was prepared
from commercially available 1,2-O-isopropylidene-«a-D-glu-
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cofuranose by periodic oxidation [21-24], followed by a
Peterson reaction with the 2-lithio-2-trimethylsilyl-1,3-dithi-
ane (Scheme 2).

We have recently reported the radical F-alkylation of the
ketene dithioacetal 1 and its 3-O-protected derivative with F-
alkyl iodide initiated with sodium dithionite [25]. The inter-
mediate iodide was trapped in situ by the free 3-hydroxyl
group to give the cyclic adduct. Thus 1 was treated with
bromotrifluoromethane under pressure (7-10 bar) following
the same pathway except that the sulfoxylate radical anion
was generated from an HCO,Na/SO, system [26] in DMF.
The trifluoromethylation—cyclization occurred in 72% yield
(Scheme 3) but showed a poor stereoselectivity as previously
observed for a long-chain perfluoroalkyl analog [25]. A 60/
40 ratio of two diastereomers was obtained. These diaster-
eomers were separated by silica gel chromatography, but their
configurations could not be determined unambiguously.

The oxidative hydrolysis of the dithio-orthoester 2 was
carried out with 1,3-dibromo-5,5-dimethylhydantoin ( DBH)
in a THF/H,0/acetone mixture. Calcium carbonate was
added to avoid the acetal removal. The conversion was effec-
tive but the a-bromolactone 3 was obtained in addition to the
expected D-glucuronolactone analog 4a and L-iduronolactone
analog 4b even on using a slight excess of DBH. The GC
monitoring of the reaction showed the formation of the
bromolactone at the very beginning of the reaction. We thus
decided to perform a two-step procedure to convert 2 into the
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expected lactone 4 (Scheme 4). Treatment of 2 with a large
excess of DBH (3 equiv.) gave a 90/10 mixture of 3 and 4
in good yield (84%), each being a mixture of diastereomers.

The crude product was then submitted to tributyltin hydride
reduction of the carbon halogen bond to afford 4in 92% yield
as a 75/25 mixture of two diastereomers, the idurono analog
being the major one. It should be noted that this ratio remained
unchanged by treatment of the 4a/4b mixture in acidic
(PTSA) or basic (Et;N) medium. No epimerization at C-5
occurred under these conditions and this ratio seems to reflect
the thermodynamic equilibrium. Unfortunately, we were un-
able to separate the two lactones by silica gel chromatography
or HPLC.

The D-glucurono and the L-idurono configurations were
assigned to each lactone by correlation with literature data
[27-29] (Table 1).

We have thus demonstrated that the tandem trifluoro-
methylation—cyclization reaction of w-hydroxy ketene
dithioacetal provides a new route to highly functionalized
lactones. If the reaction is stereoselectively poor using the
glucose derivative, we reported more stereoselective reac-
tions with a mannose compound giving rise to various deriv-
atives of 2-C-trifluoromethyl heptopyranose [30].

2. Experimental section

2.1. General methods

Melting points are uncorrected. FT-IR spectra were run on
a MIDAS apparatus. 'H, '°F, and >C NMR spectra were

recorded on a BRUKER AC-250 spectrometer. All chemical
shifts are reported in ppm. against internal tetramethylsilane
for 'H and '*C NMR spectra and CFCl, for '°F NMR spectra.
MS data were obtained on a Fison VG autospec apparatus at
70 eV in the electron impact mode. Elemental analyses were
performed with a Perkin-Elmer CHN 2400 apparatus. All
reactions were monitored by TLC (Merck F 254) or GC. GC
analyses were performed on a HP 5890 chromatograph
equipped with a polydimethylsiloxane HP ultra I column and
a flame ionization detector. Silica gel Merck 9385 (40-63
pm) was used for flash chromatography.

2.1.1. 2-(5-Deoxy-1,2-O-isopropylidene-a-D-xylo-furanose-
S-ylidene)-1,3-dithiane (1)

A solution of n-BuLi (1.6 M in hexane, 15 ml, 2.4 1072
mol) was slowly added under argon at — 50°C to a solution
of 1,2-O-isopropylidene-a-D-xylo-pentodialdo-1,4-furanose
(4.10 g, 2.18 1072 mol) in anhydrous THF (25 ml). After
20 min stirring, a solution of 2-lithio-2-trimethylsilyl-1,3-
dithiane was slowly added at —50°C to the reaction mixture
(2-lithio-2-trimethylsilyl-1,3-dithiane was previously pre-
pared by addition at —30°C of a 1.6 M solution of n-BuLi
(17.7 ml, 2.83 102 mol) to a solution of 2-trimethylsilyl-
1,3-dithiane (5.45 g, 2.83 1072 mol) in THF (25 ml) and
stirring 30 min). The mixture was stirred overnight at room
temperature and was neutralized with a 2 N HCI solution and
a saturated NH,C1 solution. After extraction with CH,Cl,,
the organic layer was dried over MgSO, and the solvent was
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Table 1
NMR correlation
Product 3H, (J,2) 3 H, () SH; (s SH, (3L,5)
R H
: 0 R=0Tf [14,15] 6.06 (3.7) 4.86 (0.5) 493 (3.1) 5.07 (4.0)
o R=CF () 6.03 (3.7) 4.84 (0) 4.86 (3.3) 5.17 (4.5)
H ."O/t/
R H
-2 0 R=0Bz [14] 6.01 (3.7) 4.89 (0.5) 4.94 (3.4) 5.23 (0.5)
O:(I)" R=CF, (4b) 5.99 (3.4) 4.88 (0) 494 (3.4) 5.10 (0)
o L
H -O%

evaporated under reduced pressure. The residue was washed
with a small amount of diethylether and filtered to give 1
(3.79 g, 60%) as a white solid: mp=171.5°C; '"H NMR &
1.33 (s, 3H, CH;), 1.54 (s, 3H, CH;), 1.80 (m, 1H, OH),
2.12-2.23 (m, 2H, SCH,CH,CH,S), 2.80-3.06 (m, 4H,
SCH,), 4.16 (m, 1H, H;), 4.55 (d, 1H, *J,,=3.8 Hz, H,),
5.14 (dd, 1H, 37, ,=2.9Hz,’J, s=7.8 Hz, H,), 5.92 (d, 1H,
31,5s=7.8Hz,H;),5.94 (d, 1H,*J,,=3.8Hz,H,); "CNMR
8 24.25 (SCH,CH,CH,S), 26.8 and 26.3 (C(CH;),), 29.3
and 29.0 (SCH,), 76.2 (Cs), 78.1 (C,), 85.1 (C,), 104.4
(C)), 111.7 (C(CH;),), 122.8 (Cs), 135.4 (C¢); IR (KBr)
3428, 1582, 1221, 1163, 1076, 1003 cm™'; MS m/e (%)
290 (M*, 9), 160 (100), 59 (34); Anal. Calcd for
C-H,50.5;: C, 49.63; H, 6.25. Found: C, 49.42; H, 6.14%.

2.1.2. 6,3-Anhydro-5-deoxy-1,2-O-isopropylidene-6,6-
[propylenebis(sulfanediyl)]-5-C-trifluoromethyl-a-D-gluco-
and B-L-ido-furanose (2)

A solution of 1 (1.48 g, 5.1 mmol) in DMF (12 ml) was
introduced in the autoclave reactor with sodium hydrogen-
carbonate (10.2 mmol), pyridine (10.2 mmol), sulfur diox-
ide (3—4 M) in solution in DMF (10.2 mmol) and sodium
formate (30.3 mmol). The apparatus was purged and sub-

mitted to a 8—10-bar pressure of CF;Br at room temperature
with vigorous stirring. After 8 h the pressure was released
and the solvent was evaporated under vacuum. The crude
mixture was diluted with CH,Cl, and washed with water. The
aqueous layer was extracted three times with CH,Cl,. The
combined organic layers were washed with brine and dried
over MgSO, and the solvent was evaporated to give 2 (72%)
as a 60/40 mixture of two diastereomers which were sepa-
rated by silica gel chromatography (petroleum ether/ AcOEt
9/1).

Minor diastereomer. White solid: mp=93°C; 'H NMR 3
1.35 (s, 3H, CH;), 1.49 (s, 3H, CH,), 1.96-2.19 (m, 2H,
SCH,CH,CH,S), 2.74-2.83 (m, 2H, SCH,), 2.96 (dq, 1H,
3Jur=9.0Hz,?J, s=5.0Hz, H;), 3.29-3.52 (m, 2H, SCH,),
472 (d, 1H, *J, ,=3.8 Hz, H,), 4.80 (d, 1H, *J; ,=4.2 Hz,
H,), 5.16 (t, 1H, *J;,— —*J,s=4.6 Hz, H,), 6.12 (d, 1H,
3J,,=3.8 Hz, H,); "*C NMR & 24.03 (CH,), 26.85 (CH;),
27.26 (SCH,), 27.35 (CHs), 2891 (SCH,), 60.31 (q,
2Jor=28.9 Hz, CH-CF;), 81.57, 84.08 and 86.99 (C,, C;
and C,), 91.90 (S-C-S), 107.96 (C)), 112.97 (C(CHj;),),
123.26 (q, 'Jor =280 Hz, CF;); ""FNMR 8 —60.05 (d, 3F,
3Jur=9.0 Hz, CF,); MS m/e (%) 358 (M™, 78), 343
(M—15, 17), 301 (5), 285 (7), 269 (28), 241 (8), 227
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(26),213(21),173 (51),129 (11), 106 (100); Anal. Calcd
for C;H;,0,4F;S,: C, 43.57; H, 4.78. Found: C, 43.81; H
4.40%.

Major diastereomer. White solid: mp =83°C; 'H NMR $§
1.31 (s, 3H, CH3), 1.45 (s, 3H, CH;), 1.88-2.17 (m, 2H,
SCH,CH,CH,S), 2.62-2.78 (m, 2H, SCH,), 2.95 (dq, 1H,
3Jar=10.0 Hz, *J,5=3.1 Hz, H;), 3.19-3.49 (m, 2H,
SCH,), 4.74 (d, 1H, *J,,=3.4 Hz, H,), 474 (d, 1H,
3J;,=4.6 Hz, H;), 5.05 (dd, 1H, °J;,=4.6 Hz, °J,5=3.1
Hz, H,), 5.99 (d, 1H, *J,,=3.4 Hz, H,); *C NMR 3 23.8
(CH,),26.4 (SCH,), 26.6 and 27.2 (2x CH3), 28.8 (SCH,),
63.8 (q, 2Jor=28.0 Hz, CH-CF;), 83.1, 83.5 and 85.8 (C,,
C, and C,), 92.3 (§-C-8), 107.1 (C)), 112.6 (C(CH;),),
123.9 (q, "Jcr=279 Hz, CF,;); ''FNMR & —64.16 (d, 3F,
3J4r=10.0 Hz, CF;); IR (KBr) 2998, 2934, 1391, 1377,
1273 (vs), 1173 (vs), 1130 (vs), 1030 (vs),905,710cm ™ !;
MS m/e (%) 358 (M, 100), 283 (6), 269 (9), 241 (5),
227 (9), 213 (16), 173 (33), 157 (28), 119 (68); Anal.
Calcd for C3H,,0,F;S,: C, 43.57; H 4.78. Found: C, 43.33;
H, 4.36.

2.1.3. 5-Bromo-5-deoxy-1,2-O-isopropylidene-5-C-
trifluoromethyl-D-glucurono-6,3-lactone and 5-bromo-5-
deoxy-1,2-0-isopropylidene-5-C-trifluoromethyl-
L-idurono-6,3-lactone (3)

A solution of 2 (0.396 g; 1.10 mmol) in 15 ml of a THF/
H,O/acetone (1/2/1) mixture was reacted during 3 h at 0—
10°C with DBH (0.948 g, 3.31 mmol) in the presence of
CaCO, (0.772 g, 7.73 mmol). The mixture was poured into
a CH,Cl,/H,0 mixture and the aqueous layer was extracted
three times with CH,Cl,. The combined organic layers were
washed with a saturated solution of NH,Cl, dried over MgSO,
and the solvent was evaporated. The crude product (0.549
g) was submitted to silica gel chromatography (petroleum
ether/ AcOEt 85/15) to give 3 (0.292 g, 76%) as a 55/45
mixture of diastereomers and 4 (0.025 g, 8%).

3 (major diastereomer): 'H NMR & 1.38 (s, 3H, CH;),
1.55 (s,3H,CH,), 4.84 (d, 1H, *J, , =3.4Hz, H,),5.11 (m,
2H, H, and H,), 6.06 (d, 1H, °J, ,=3.4 Hz, H,); ’C NMR
5 26.46 and 27.06 (C(CH5),), 52.26 (q, 2Jcr=33.5 Hz,
CH-CF,), 80.58, 83.61, 83.98 (C,, C;, Cy), 107.87 (C)),
114.29 (C(CH;),), 121.08 (q, "Jcr=281 Hz, CF;), 164.87
(C=0); F NMR & —66.95 (s, CF,;); IR (KBr) 2998,
2942 (w), 1804 (vs), 1389, 1321, 1302, 1262, 1196 (vs),
1167 (vs), 1071, 1024 (vs), 982 (vs), 897, 822, 685, 523
cm L
3 (minor diastereomer; representative peaks are
described): 'TH NMR 8 1.38 (s, 3H, CH;), 1.55 (s, 3H,CH,),
4.95 (d, 1H, *J,,=3.7 Hz, H,), 5.03 (s, 2H, H; and H,),
6.04 (d, 1H, *J,,=3.7 Hz, H,); °C NMR 8 58.59 (q,
2Jor=31.5 Hz, CH-CF;), 122.01 (q, 'Joz=281 Hz, CF;);
F NMR & —70.85 (s, CF;); MS m/e (%): 333 (M+1-
15,97), 331 (M —1-15, 100), 291 (40), 289 (40), 251 (4),
209 (24),190 (5),151 (10); Anal. Calcd for C,oH,,05F;Br:
C, 34.61; H, 2.90. Found: C, 34.63; H, 2.56%.

2.1.4. Reduction of (3) into (4a) and (4b)

The compound 3 (0.292 g, 0.84 mmol, a 55/45 ratio of
two diastereomers) was introduced into a round bottom flask
equipped with a condenser. Toluene (5.5 ml), tri-n-butyltin
hydride (0.26 ml, 0.97 mmol) and AIBN (14 mg, 0.08
mmol) were added and the mixture was stirred 2 h at 70—
80°C under argon. After cooling to room temperature, the
solvent was evaporated. The crude product was purified by
dissolving in CH,CN and washing the CH;CN layer three
times with petroleum ether to get rid of the tin (I1I) residues.
The polar layer was evaporated to give a 4a/4b (25/75)
mixture (0.206 g, 92%) as a white solid which can be recrys-
tallized in toluene.

2.1.5. 5-Deoxy-1,2-O-isopropylidene-5-C-trifluoromethyl-
a-D-glucurono-6,3-lactone (4a)

'"H NMR 5 1.37 (s, 3H, CH;), 1.54 (s, 3H, CH,), 3.52
(dg, 1H, *J,;z=8.0 Hz, °J,s=4.6 Hz, Hs), 4.84 (d, 1H,
*J1,=3.7 Hz, H,), 4.86 (d, 1H, °J;,=3.3 Hz, H;), 5.17
(dd, 1H, *J;,=3.3 Hz, *J,s=4.5 Hz, H,), 6.03 (d, 1H,
*J,,=3.7Hz,H,); ?C NMR 8 26.45 and 26.92 (C(CH,),),
49.87 (q, 2J-r=30.8 Hz, CH-CF;), 81.64, 83.86,76.91 (C,,
C;, Cu), 10696 (C,), 113.60 (C(CHs),), 122.18 (q,
\Jog=278 Hz, CF,), 166.48 (C=0); YFNMR 8 —63.15
(d, 3F, *Jyr=17.5 Hz, CF,).

2.2. 5-Desoxy-1,2-O-isopropylidene-5-C-trifluoromethyl- -
L-idurono-6,3-lactone (4b)

"H NMR 8 1.37 (s, 3H, CH,), 1.54 (s, 3H, CH,), 3.46 (q,
1H, *Jz=9.9 Hz, Hy), 4.88 (d, 1H, *J, ,=3.4 Hz, H,), 4.94
(d, 1H, *J5 ,=3.4 Hz, H,), 5.10 (d, 1H, *J;,=3.4 Hz, H,),
5.99 (d, 1H, 3/, ,=3.4Hz, H,); "*C NMR 8 26.41 and 26.95
(C(CH3),), 52.15 (q, *Jcr=28.9 Hz, CH-CF,), 78.32,
82.08, 85.33 (C,, C5,C,), 106.03 (C,), 113.41 (C(CH;),),
122.30 (q, "Jcr=280 Hz, CF;), 166.85 (C=0); '°"F NMR
8 —66.74 (d, 3F, *Jyz = 7.4 Hz, CF,); IR (KBr) 3000, 2940,
1800 (vs), 1389, 1254 (vs), 1171 (vs), 1123 (vs), 1074,
1026 (vs), 899, 826,691 cm™'; MS m/e (%) 253 (M —15,
100), 211 (98), 191 (7), 165 (6), 152 (15), 132 (9), 123
(8); Anal. Caled for C,H,,0,F; (4a/4b mixture): C, 44.79;
H, 4.13. Found: C, 45.20; H, 3.81%.

Acknowledgements

The authors thank the ‘Ministere de |’ Education Nationale,
de I’Enseignement Supérieur et de la Recherche’ for a fellow-
ship (GF), The ‘Département de 1a Marne’ for financial sup-
port, and Henri Baillia and Sylvie Lanthony for their help in
NMR and elemental analysis.

References

[1] I Ojima, J.R. McCarthy, J.T. Welch, Biomedical frontiers of fluorine
chemistry, ACS Symposium Series 639, 1996.



(2]
(3]

[4]
[5]

(61
(71
[8]
[91
[10]
{11]
{12]
{13]

{14]
{15]

G. Foulard et al. / Journal of Fluorine Chemistry 91 (1998) 179-183 183

J.T. Welch, S. Eswarakrishnan, Fluorine in Bioorganic Chemistry,
Wiley, 1991.

N.F. Taylor, Fluorinated carbohydrates, chemical and biological
aspect, ACS Symposium Series 374, 1988.

P.J. Card, J. Carbohydr. Chem. 4 (1985) 451.

K. Kawada, O. Kitagawa, T. Taguchi, Y. Hansawa, Y. Kobayashi, Y.
Iitaka, Chem. Pharm. Bull. 33 (1985) 4216.

T. Yamazaki, K. Mizutani, M. Takeda, T. Kitazume, J. Chem. Soc.,
Chem. Commun. (1992) 55.

T. Yamazaki, K. Mizutani, T. Kitazume, Tetrahedron: Asym. 4
(1993) 1059.

K. Mizutani, T. Yamazaki, M. Takeda, T. Kitazume, J. Chem. Soc.,
Chem. Commun. (1995) 51.

T. Yamazaki, K. Mizutani, T. Kitazume, J. Org. Chem. 60 (1995)
6046.

U. Wucherpfennig, T. Logothetis, A.U. Eilitz, K. Burger, Tetrahedron
52 (1996) 143.

E. Differding, W. Frick, R. W. Lang, P. Martin, C. Schmit, S. Veenstra,
H. Greuter, Bull. Soc. Chim. Belg. 99 (1990) 647.

R.C. Bansal, B. Dean, S.I. Hakomori, T. Toyokuni, J. Chem. Soc.,
Chem. Commun. (1992) 796.

P. Munier, D. Picq, D. Anker, Tetrahedron Lett. 34 (1993) 8241.

C. Schmit, Synlett (1994) 241.

C.R. Johnson, D.R. Bhumralkar, Nucleosides Nucleotides 14 (1995)
185.

[16)
[17]
[18]
[19]
[20]
(21}
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]

S. Lavaire, R. Plantier-Royon, C. Portella, J. Carbohydr. Chem. 15
(1996) 361.

Y. Hansawa, J.-I. Uda, Y. Kobayashi, Y. Ishido, T. Taguchi, M. Shiro,
Chem. Pharm. Bull. 39 (1991) 2459.

P.M. Collins, Carbohydrates, Chapman & Hall Chemistry Source-
books, London, 1987.

Benjamin et al., U.S. Patent 2 627 520 (1953).

Mehltretter et al., U.S. Patent 3 012 041 (1961).

R. Schaffer, H.S. Isbell, J. Res. Natl. Bur. Standards 56 (1956) 191.
H. Paulsen, C. Gunther, Chem. Ber. 110 (1977) 2150.

M.L. Wolfrom, G.H.S. Thomas, Methods in Carbohydrate Chemistry,
Vol. I1, p. 32.

R.D. Youssefyeh, J.P.H. Verheyden, J.G. Moffatt, J. Org. Chem. 44
(1979) 1301.

S. Bergeron, T. Brigaud, G. Foulard, R. Plantier-Royon, C. Portella,
Tetrahedron Lett. 35 (1994) 1985,

J.-L. Clavel, B. Langlois, R. Nantermet, M. Tordeux, C. Wakselman,
J. Chem. Soc., Perkin Trans. 1 (1992) 3371.

R. Csuk, H. Honig, J. Nimpf, H. Weidmann, Tetrahedron Lett. 21
(1980) 2135.

B.P. Bashyal, H.-F. Chow, L.E. Fellows, G.W.J. Fleet, Tetrahedron
43 (1987) 415.

H.W.C. Raaijmakers, B. Zwanenburg, G.J.F. Chittenden, Recl. Trav.
Chim. Pays-Bas 113 (1994) 79.

G. Foulard, T. Brigaud, C. Portella, J. Org. Chem. 62 (1997) 9107.



