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A method for the preparation of D-xylofuranose derivatives with a free terminal
(C5) alcohol function was developed, starting from monocyclohexylidene-3,5-disulfo-
nyl- or 5-O-sulfonyl-3-O-methyl ester. The regioselective displacement of the C5
sulfonyl ester function with acetate ion in dimethylsulfoxide afforded the corresponding
5-O-acetyl-1,2-O-cyclohexylidene-3-O-sulfonyl or 5-O-acetyl-3-O-methyl-[}-D-xylo-
furanose. These esters could be readily hydrolysed into the desired 1,2,3-trisubstituted
xylofuranose.
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INTRODUCTION

For the preparation of D-xylofuranuronic acid, xylofuranose derivatives with free
terminal (C5) hydroxyl function were needed for oxidation. The easily accessible
1,2-O-cyclohexylidene-3,5-di-O-sulfonyl-U-D-xylofuranose was seen as a convenient
starting material.

Examples of the selective sulfonylation of hydroxyl groups in carbohydrates are
numerous. The selective regeneration of the alcohol function from disulfonates (poly-
sulfonates) seems to be a more complicated task.

In this paper, we report on the two step, high yield preparation of 1,2,3-tri-
substituted [+D-xylofuranose. The method consists in the regioselective displacement
of the S-sulfonylester group in 3,5-di-O-sulfonyl esters of 1,2-O-cyclohexylide-
ne-[FD-xylofuranose with the acetate ion in dimethylsulfoxide. Subsequent hydrolysis
of the 5-O-acetyl group is readily achieved with sodium hydroxide in methanol, giving
high yields of the desired products, Scheme 1.

RESULTS AND DISCUSSION

Sulfonates are labile and undergo substitution or elimination reactions very eas-
ily. Direct methods for the conversion of sulfonates to alcohols (regeniration of the
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Scheme 1. Formation of 1,2,3-trisubstituted derivatives of xylofuranose.

hydroxyl group), including reduction with sodium amalgam,! hydrogenolysis on
nickel,2 reduction with sodium in ammonia,3 or the action of metal magnesium in
methanol? are either too complicated for preparative work or are not appropriate for
selective desulfonylation. Direct action of hydroxide ions on 3,5-disulfonyl esters of
1,2-alkylidene-[}D-xylofuranose, particulary, is known to effect 3,5-anhydro ring clo-
sure® by an intramolecular nucleophilic C30 C5 attack.

On the other hand, highly regioselective substitution of primary 5-O-sulfonyl group
in 3,5-disulfonyl esters of 1,2-O-cyclohexylidene-[+D-xylofuranose with anionic nucleo-
philes (halogenes) was proven earlier in our laboratory,® pointing to the considerable differ-
ence in reactivity between a primary and a secondary sulfonyl ester group.

The method for the selective desulfonylation in xylofuranose-3,5-disulfonates
was based on experimental observations in the preparation of the 5-O-acetyl-3-O-me-
thyl derivative 1a. Namely, it was found that when acetate ions are present in
nonstoichiometric large amounts in dimethylsulfoxide, they quantitatively displace the
primary sulfonyl ester group in 1a in a short time on boiling the reaction mixture
(Scheme 1). Simple workup of the reaction mixture gave 5-O-acetyl derivative 2a in a
high isolated yield.

On applying the same rigorous experimental conditions to 3,5-disulfonyl esters 1
b,c, an unexpected outcome of the reaction was registered: the 3,5-disulfonyl esters 1
b,c gave exclusively the 5-O-acetyl-3-O-sulfonates 2 b,c. Analysis of the reaction mix-
ture by TLC revealed that no 3,5-diacetate, 5-sulfonyl-3-O-acetate, nor 3,5-anhydro
ring was formed, pointing to the high selectivity of the action of the acetate ion. It seems
that key to the high reaction rate of the nucleophilic substitution, and the unespectedly
short reaction times, lies in the ability of dimethylsulfoxide to solvate cationic species,
which leads to the more nucleophilic acetate anion.’

On the other side, the high regioselectivity in the displacement of the primary
sulfonyl group in the xylofuranose disulfonyl derivatives 1 b,¢ could be understood in
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line with the well known evidence relating to the inability of an anionic nucleophile to ef-
fect the displacement of certain secondary leaving groups attached to a furanose ring.8

The resulting acetyl derivatives 2a,b,c are easily and selectively hydrolyzed in
sodium hydroxide-methanol system at room temperature. On hydrolysis, they gave the
3-O-methyl derivative 3a, or the 3-O-sulfonyl ester derivatives 3 b,c, suitable for oxida-
tion at their terminal C5 position.

The starting 5-O-sulfonyl-3-O-methyl derivative 1a was prepared by selective
C5 sulfonylation, followed by C3 methylation with Mel/silver(I) oxide, while the
sulfonyl esters 1b,¢ are prepared from 1,2-O-cyclohexylidene-[}-D-xylofuranose under
the standard sulfonylation procedure (sulfonyl halide in pyridine).

EXPERIMENTAL

General methods

Melting points were determined on a Biichi SMP 50 apparatus and are not corrected. IR spec-
tra were recorded on a Perkin-Elmer model 577 spectrometer. NMR spectra were taken on a Bruker
AC250E apparatus in CDCl3, using Me4Si as an internal standard. The chemical shifts (0) are ex-
pressed in ppm (s, d, t and m denote, respectively, singlet, dublet, triplet and multiplet form of the sig-
nal). The assignmats of the signals in the lH-NMR spectra are given after the description of the syn-
thesis, while the assignments of the signals in the 13C-NMR spectra are given in Table I. Mass spectra
were recorded with a Finingen MAT311A spectrometer, the first number in the referring spectra de-
notes the m/z value, while the numbers in parenthesis correspond to the abundance of the mass peaks.
Optical rotations were measured on an automatic polarimeter Polamat A (Karl Zeiss, Jena). TLC was
performed on Silica gel alufolien (Merck 5333), with benzene—ethyl acetate 4:1 as mobile phase.
Visualisation of the spots was achieved by spraying with 50 % sulphuric acid and subsequent heating
to 150 °C. All organic extracts were dried with anhydrous sodium sulphate.

5-O-Benzenesulfonyl-1,2-cyclohexylidene-3-O-methyl-o-D-xylofuranose (1a)

5-O-Benzenesulfonyl-1,2-cyclohexylidene-3-[}+D-xylofuranose (10.0 g, 27.7 mmol) and silver(I)
oxide (30 g, 129.3 mmol) were refluxed in iodomethane (100 mL) for 20 h. After cooling to room temper-
ature, chloroform (200 mL) was added to the reaction mixture upon which an insoluble material sepa-
rated. Evaporation of the solvent under vacuo left a crude product, which on crystallysation from metha-
nol gave crystalline 1a, m.p. 111 °C (10.34 g, 97 %), (p2% = -24.42 (¢ 1.0, CHCl3).

For CgH»407S, found: C 56.48, H 6.52, calculated: C 56.24, H 6.29.
Mass spectra: 384(M™, 11), 341(14), 267(7), 233(40), 150(31), 55(31)

IH-NMR: 1.32-1.73, m, 10H, from cyclohexylidene; 3.31, s, 3H, methyl; 3.73, d, 1H, H-3,
J34=3.1;4.13,dd, 1H,H-5a,J5, 4= 5.8, J5, 5, = 9.4; 4.30, dd, 1H,H-5b, J5, 4=5.9;4.36, m, 1H, H-4;
4.53,d, 1H,H-2,J1 5 =3.7; 5.83, d, 1H, H-1; 7.52-7.98, group of signals, SH, aromatic.

5-O-acetyl-1,2-O-cyclohexylidene-3-O-methyl-o-D-xylofuranose (2a)

5-0-Benzenesulfonyl-1,2-O-cyclohexylidene-3-O-methyl-[}-D-xylofuranose (1.15 g, 3 mmol),
anhydrous sodium acetate (2.4 g, 29 mmol) and dimethylsulfoxide were mixed together in a 50 mL
round-bottom, long neck reaction flask, and heated with an open flame and boiled for 10-15 s. After cool-
ing to room temperature, the semi-solid reaction mixture was extracted with benzene—petroleum ether 1:1
(5[20 mL). The combined extracts were washed with concentrated aqueous sodium chloride (20010 mL),
dried, and decolourised with active carbon. Evaporation of solvent in vacuo and distillation at 150 °C/0.02
mm Hg gave pure 2a as an oil (800 mg, 92.7 %).



TABLE I. C-NMR spectral parameters of compounds 1-3 (Cin ppm)

No. CI C2 C3 C4 C5 34,5 2.6 cr Aromatic C=0  Me
la 10451 80.53 83.37 77.11 67.14 23.30,23.61,24.57 3547,3621 112.44 127.70,129.07, 133.71, 135.45 Cq 57.54
2a 10475 8094 8434 7797 6242 23.51,23.81,2481 35.65,3636 112.41 170.84 gggg
b 10424 8252 81.66 7621 60.61 23.24,23.58,2455 35443601 11351 12770, 129.35, 13422, 13556 Cq  170.04  20.45
2¢ 10422 82.51 8143 7621 60.70 23.21,23.56,24.53 35.43,36.00 113.07 127.72,129.90, 132.49 Cq, 145.38 Cq  170.00 g?'g;
3a 10442 81.13 8528 79.90 60.59 23.43,23.73.2473 35.65,3630 112.27 57.67
3b 104.16 82.82 81.93 7925 59.50 2339,23.7,24.68 35.67,36.15 11331 127.82, 129.51, 134.44, 135.54 Cq

3c 10406 8273 81.62 79.18 59.42 2328 23.61,2458 3558,3605 113.0 127.75,130.01, 1323 Cq, 145.58 Cq 21.56
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For C14H7,0¢, found: C 58.97, H 7.64, calculated: C 58.73, H 7.75.

Mass spectra: 286(M™*, 79), 255(12.5), 244(100), 170(36), 151(49).

IH-NMR: 1.3-1.7, m, 10H, from cyclohexylidene; 2.08, s, 3H, acetyl methyl group; 3.39, s,
3H, methoxy methyl group; 3.74, d, 1H, H-3, J3 4 =3.1; 4.19, dd, 1H, H-5a, Js, 51 =12.6, J4 5,=8.5;
4.32-4.40, m, 2H, H-5b and H-4; 4.56, d, 1H, H-2, J1,=3.8; 5.92,d, 1H, H-1.

5-O-Acetyl-3-O-benzenesulfonyl-1,2-O-cyclohexylidene-o-D-xylofuranose (2b)

3,5-di-O-Benzenesulfonyl-1,2-O-cyclohexylidene-[}-D-xylofuranose (2.0 g, 3.92 mmol), anhy-
drous sodium acetate (4.0 g, 48.8 mmol) and dimethylsulfoxide (10 mL) were mixed together in a 50 mL
round-bottom, long neck reaction flask and heated with an open flame and boiled for 10-15 s. On cooling,
the reaction mixture formed a semi-solid mass, which was extracted with benzene—petroleum ether 1:1
(520 mL). The combined extracts were washed with concentrated aqueous sodium chloride (30110 mL),
dried, and the solvent evaporated. The remaining oil solidified on standing, and after crystallisation from
methanol—ethyl acetate gave 2b, m.p. 111112 °C (1.52 g, 94 %). (p20 = -27.31 (¢ 0.997, CHCl3).

For C19H»403S, found: C 55.22, H 5.58, calculated: C 55.32, H 5.86.

Mass spectra: 412(M™, 65.1), 328(15.4), 371(85.9), 240(21.6), 150(81.7).

IH-NMR: 1.33-1.72, m, 10H, from cyclohexylidene; 1.96, s, 3H, methyl; 4.03, dd, 1H, H-5a,
Jsa,56=11.65,J5,4=5.8;4.15,dd, 1H,H-5b,J5, 4=6.7;4.41,m, 1H,J3 4=2.9;4.70,d, 1H,H-2,J; »
=3.7,4091,d, 1H, H-3; 5.94, d, 1H, H-1; 7.54-7.98, 5H, aromatic.

5-0-Acetyl-1,2-O-cyclohexylidene-3-O-tosyl-a-D-xylofuranose® (2c)

1,2-O-cyclohexylidene-3,5-di-O-tosyl-[-D-xylofuranose!9 (2.0 g, 3.71 mmol), anhydrous so-
dium acetate (4.0 g, 48.8 mmol) and dimethyl sulfoxide (10 mL) were mixed together in a 50 mL
round-bottom, long neck reaction flask and heated with an open flame and boiled for 10-15 s. On cooling,
the reaction mixture formaed a semisolid mass, which after the described workup and crystallisation from
methanol—ethyl acetate 9:1, gave 2¢, m.p. 136-138 °C (1.37 g, 87 %), 0p20 =-27.17 (¢ 0.91, CHCIy).

Mass spectra: 426(M™, 65.1), 397(21.5), 382(71.2), 254(35.8), 169(54.8), 139(74.4).

IH-NMR: 1.31-1.72, m, 10H, from cyclohexylidene; 1.96, s, 3H, acetyl methyl group; 2
methyl group; 4.04, dd, 1H, H-5a, Js5, 5= 11.6, J5, 4 =5.7; 4.15, dd, 1H, H-5b, J5p 4 = 6.7; 4.41, m,
1H,H-4,J3.4=2.9;4.70,d, 1H,H-2,J, ,=3.7;4.88,d, 1H,H-3;5.94,d, 1H, H-1; 7.37 and 7.81, 2d,
4H, aromatic.
1,2-O-Cyclohexylidene-3-O-methyl-o-D-xylofuranose (3a)

The 5-O-acetyl-1,2-O-cyclohexylidene-3-O-methyl derivative 2a (750 mg, 2.6 mmol) was
added to sodium hydroxide (0.5 g) dissolved in methanol (5§ mL), and left at room temperature. The
end of reaction was established after 30 min (vide TLC). The reaction mixture was concentrated in an
evaporator and chloroform (50 mL) added. The chloroform solution was washed with concentrated
sodium chloride, dried and decolourised with active carbon. Evaporation of chloroform left 3a as an
oil (560 mg, 88 %). Analysis vide TLC revealed a single spot.

Mass spectra: 244(M*, 30.12), 202(52.3), 139(36.5), 100(15.07), 55(39.17).

IH-NMR: 1.33-1.74, m, 10H, from cyclohexylidene; 2.38, bs, 1H, OH; 3.43, s, 3H, methyl;
3.82,d,1H,H-3,J3 4=3.0;3.85-3.96,m,2H, 5-CHy, J5, 5 =11.9,J50.4=7.3,J5p 4=5.2;4.27,m, 1H,
H-4;4.58,d, 1H,H-2, J1,=3.7; 5.95, d, 1H, H-1.
3-O-Benzenesulfonyl-1,2-O-cyclohexylidene-o-D-xylofuranose (3b)

The 5-O-acetyl-3-O-benzenesulfonyl derivative 2b (4.12 g, 10 mmol) was added to a solution
of sodium hydroxide (0.5 g) in mixture of methanol (80 mL) and water (20 mL) and left stirring at
room temperature. After 10 min all the solid had dissolved and TLC revealed the end of reaction after
30 min. The reaction mixture was concentrated to approximately 15 mL, and chloroform (100 mL)
added. Washing the chloroform layer with concentrated sodium chloride, drying and evaporation of
the chloroform left 3b as a colourless oil (3.40 g, 92 %), pure according to TLC.
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Mass spectra: 370(M™, 3.12), 327(2.8), 285(1.5), 139(4.19), 98(44.9), 69(39.2).

TH-NMR: 1.2-1.9, m, 10H, from cyclohexylidene; 2.32, ¢, 1H, 5-OH, Jou,5-cH, = 6.3;3.60,m,
1H, H-5a, J54 55 =11.8,J4 5,=6.1;3.77, m, 1H, H-5b, J4 5,= 6.6;4.33, td, 1H,H-4,J3 4=2.5;4.56, d,
1H, H-2,J15,=3.7;4.92,d, 1H, H-3; 5.89, d, 1H, H-1; 7.53-7.99, m, 5H, aromatic.
1,2-O-Cyclohexylidene-3-O-tosyl-a-D-xylofuranosell (3c)

5-0O-Acetyl-1,2-O-cyclohexylidene-3-O-tosyl-[J-D-xylofuranose (2¢) (4.26 g) was added to a
solution of sodium hydroxide (0.5 g) in methanol (100 mL) and left stirring at room temperature.
Thin-layer chromatography showed the complete disapearance of the starting material and the for-
mation of a more polar product. The reaction mixture was then concentrated to about 20 mL and chlo-
roform (100 mL) added. The chloroform solution was washed with concentrated sodium chloride (3
U015 mL), decolourised with active carbon, dried and evaporated to leave an oil which crystallysed on
standing. Recrystallisation from di-iso-propyl ehter— petrolether gave 3¢, m.p. 87 °C (3.17 g, 83 %).
Op20 =-7.22 (¢ 0.97, CHCl3).

For C1gH407S, found: C 56.40, H 6.13, S 8.23, calculated: C 56.23, H 6.29, S 8.33.

Mass spectra: 384(M™*, 100), 343(78.9), 267(14), 155(57), 139(84).

TH-NMR: 1.27-1.8, m, 10H, from cyclohexylidene; 2.01, ¢, 1H, 5-OH, Jus,0n = 6.5;2.48, s,
3H, CH3;3.65,m, 1H,H-5a, Js, 55 =11.9, J54 4= 6.4; 3.80, m, 1H, H-5b, J5, 4 = 6.4; 4.36, td, 1H, H-4,
J34=2.8;4.59,d, 1H,H-2,J1,=3.7,4.92,d, 1H, H-3; 591, d, 1H, H-1.

Acknowledgment: Authors are indebted to Professor M. Popsavin for recording the NMR spec-
tra and valuable discussion.

U3BOJ
CEJIEKTUBHO JJECYJI®OHOBAE 3,5-IUCYJI®OHATA D-KCUJIIO®YPAHO3E

ITABIJIE A. XALIMh* n HAJJA C. BYKOJEBU'h

Hnciuuiyi 3a xemujy, ITpupoono-maitiemaiiuuxu garxyaitein, Yrnusepsuitieii y Hosom Caoy, Tpz /1. Obpadosutia 3,
21000 Hosu Cao

Paspabena je MmeTona 3a no6Gujame epuBaTa D-KCuioypaHose ca clIo60JHOM TepMHU-
HatHOM (C5) ankoxomHoM rpynoM. ITocTynak mojasu off JaKo JOCTYIHAX 3,5-UCyI(OHIIT
ecTapa MOHOIMKJIIOXEKCHITU/IeH-D-KCUI0(ypaHO3€e U CACTOjH Ce Y CEIEKTUBHO] CYICTUTYIHjU
5-cyndoHunecrapcke rpymne ageTuiaHoM rpynoM. CeleKTHBHA CYIICTUTYIUja Ce BPIIM alle-
TaTHUM jOHOM U3 HaTPHjyM-aleTaTa y JUMEeTIICYI(POKCUAY, IPH UeMy HACTajy OfiroBapajyhu
5-ageratu. OBU ce JaKO XUAPONM3Yjy HATPUjyM-XUAPOKCHAOM Yy CHCTEMY METaHOI-BOJa
najyhu Bucoke npuHoce 1,2,3-TpUCYIICTUTYHCAHUX IepUBaTa D-KCUiIopypaHo3se.

(ITpumibeno 4. nreneM6pa 2000)
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