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ABSTRACT 

Attempted cyclization of 2,3,4-tri-O-methyl-5-seleno-L-arabinose dimethyl 
acetal in acidic solution gave the corresponding diselenide. Intramolecular attack by 
the selenobenzyl group at C-5 of 5-U-p-tolylsulfonyl-L-arabinose dibenzyl diseleno- 
acetal resulted in the formation of benzyl I,5-diseleno-L-arabinopyranoside. Similarly, 
2,3,5-tri-O-methyk&@p-tolylsulfonyl-D-xylose dibenzyl diselenoacetal gave benzyl 
2,3,5-tri-O-methyl-l,4_diseleno-~-arabinofuranoside, and 2,3,4-tri-0-acetyl-5-O-p- 
tolylsulfonyl-D-xylose (or ribose) dibenzyl diselenoacetal gave benzyl 2,3,4-tri-O- 
acetyl-l,%diseleno-D-xylo- (or ribo-)pyranoside. The glycosylic benzylseleno group 

was removed from the pyranoside with mercuric acetate, but attempted deacetylation 

of the product led to decomposition and not to the expected 5-seleno-D-xylopyranose. 

INTRODUCTIOK 

The introduction of a sulfur or nitrogen atom as the hetero-atom in pyranose 
and furanose rings of a variety of monosaccharides has been very successful’. 
However, when the synthetic methods that had been used for the formation of the 
thio sugars were applied to the introduction of a selenium atom as the sugar ring 
hetero-atom, they usually failed. The formation of a selenol group at the terminal 
position of various O-methylpentose derivatives, and treatment with methanolic 
hydrogen chloride led to the formation of the corresponding diselenides’, instead of 
derivatives that contained selenium as the hetero-atom in the ring. Treatment of 
1,2-O-isopropylidene-5-seleno-D-xylofuranose with methanolic hydrogen chloride did 
not give the desired methyl 5-seleno-D-xylopyranose but, instead, dehydration between 
C-2 and C-5 resulted in the formation of D-tlrren-2,3.4,5-tetrahydro-3,4-dihydroxy-2- 
selenophene-2-carbaldehyde dimethyl aceta13. 

DISCUSSION 

5-0-p-Tolylsulfonyl-L-arabinose diethyl dithioaceta14 was acetylated and the 
product (1) treated with mercuric chloride in neutral methanol to give the cor- 

*To whom enquiries should be made. 
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responding dimethyl acetal2. Treatment of 2 with phenylmethaneseleno13 gave 2,3,4- 
tri-U-acetyl-5Se-benzyl-5-seleno-L-arabinose dimethyl acetal (3). Methylation of 3 
with dimethyl sulfate and potassium hydroxide gave a complex mixture, some of the 
components having arisen by attack at C-S in alkaline solution_ In an alternative 
approach to introducing a selenol group at C-5 in r_-arabinose, methyl /3-r_-arabino- 
pyranoside’ (25) was methylated to form methyl 2,3,4-tri-O-methyl+L-arabino- 
pyranoside (26) which, on treatment with ethanethiol in acidic solution, gave 2,3,4-tri- 
0-methyl-L-arabinose diethyl dithioacetal (4). Treatment of 4 with mercuric chloride 
in neutral methanol gave the corresponding dimethyl acetal5.p-Toluenesulfonylation 
of 5 gave the 5-0-tosyl compound 6. Reaction of 6 with potassium selenocyanate and 
subsequent treatment of the crude 5-selenocyanate 7 with alkali gave the diselenide 8. 
In an attempt to intrcduce a selenium atom into the arabinopyranose ring, the 
diselenide 8 was reduced with a methanolic solution of hydrogen chloride and 
hypophosphorous acid6. The presence of the selenol compound was shown by a 
positive 2,6-dichlorophenol-indophenol test 6. However, the only product isolated 
was the unchanged diselenide 8. 

A different approach to the introduction of a selenium atom into the sugar ring 
was explored. Harness and Hughes’ reported that intramolecular attack, by a 
thiobenzyl group, on the tosyloxy group of 5-0-p-tolylsulfonyl-L-arabinose dibenzyl 
dithioacetal (9), resulted in the formation of benzyl I,%dithio~arabinopyranosides 
(43), and we reported’ an extension of this reaction to the formation of benzyl 
1,4-dithio-furanosides. In the present work, the required diselenoacetals were 
prepared by the action of phenylmethaneselenol on the appropriate sugar in acidic 
solution. On mono-p-toluenesulfonylation, o-xylose dibenzyl diselenoacetal(12) gave 
mainly unchanged starting material (12) and a small amount of 2,5-anhydro-D-xylose 
dibenzyl diselenoacetal (37). -4 similar observation has been reported9 for D-xylose 
dibenzyl dithioacetal(38). On treatment with mercuric chloride in neutral metha- 
nol, the 3,4-di-0-acetyl derivative (39) gave the knownlo 3,4-di-0-acetyl-2,5- 
anhydro-o-xylose dimethyl acetal (40). On treatment with p-toluenesulfonyl chloride, 
r_-arabinose dibenzyl diselenoacetal (IO) gave the 5-0-tosyl derivative which, without 
purification, was treated with iodide ions in neutral acetone, to give a small proportion 
of benzyl 1,5-diseleno-L-arabinopyranoside (44). The mass spectrum of 44 showed a 
molecular ion peak at m/e 368 (the isotopic peak intensities she-wed the presence of 
two selenium atoms), and 44 rapidly consumed 2.4 moles of periodate, followed by a 
slower uptake of periodate. This slower uptake may be ascribed to the oxidation of 

the selenide to a selenoxide group’ I. The acyl derivative of 44 was analyzed by n.m.r. 
and showed the presence of the expected three acety! and one benzyl groups. Hydrolysis 
of 44 in acidic methanol was very slow but a trace of phenylmethaneselenol could be 
detected. Reductive removal of selenium from 44 with Raney nickel, followed by 
acetylation, gave 2,3,4-tri-0-acetyl-1,5-dideoxy-L-arabinitol’ ’ (ll), which was also 
obtained by reductive desulfurization of benzyl 1,5-dithio-L-arabinopyranoside’ (43). 
The introduction of a selenium atom into the furanose ring was accomplished by 
p-toluenesulfonylation of 2,3,5-tri-0-methyl-o-xylose dibenzyl diselenoacetal(13) and 
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treatment of the crude 4-0-tosyl compound with iodide ions in neutral acetone to 

give benzyl 2,3,5-tri-O-methyl-l,4-diseleno-t-arabinofuranoside (27). The n.m.r. 

spectrum of 27 showed the presence of three methoxyl and one benzyl groups. and its 

mass spectrum the molecular ion at m/e 410 and other peaks expected for this type of 

compound. 
The difficulty of removal of methoxyl groups was an obstacle in the preparation 

of seleno- or thio-sugars with the hetero atom in a furanose ring by the method used 

for 27. A more convenient starting material for the formation of these sugars would 

be 5-0-p-tolylsulfonyl-D-pentose dibenzyl diseleno(thio)acetals but in basic or 

neutral solution, these compounds rapidly gave the corresponding 2,5-anhydro-D- 

pentose derivatives’ 3. With sodium iodide in neutral acetone, 2,3,4-tri-0-acetyl-5-0- 

p-tolylsulfonyl-D-xylose dibenzyl dithioacetal (14) gave benzyl 2,3,4-tri-O-acetyl- 

I ,5-dithio-cr-D-xylopyranoside (28) and 3,4-di-0-acetyl-2,5-anhydro-D-xylose dibenzyl 

dithioacetal(41). Compound 28 and its p anomer 29 were also formed by the action of 

phenylmethanethiol on 5-thio-D-xylose * 4 (30). Compound 29 was also obtained from 

2,3,4-tri-O-acetyl-%thio-D-xylopyranosyl bromide’ 5 (31) with phenylmethanethiolate 

ion. Similarly, 2,3,4-tri-O-benzoyl-5-O-p-tolylsulfonyl-D-xylose dibenzyl dithioacetal 

(15) gave the thio sugar benzyl 2,3,4-tri-0-benzoyl-I ,5-dithio-x-D-xylopyranoside (32). 

Treatment of 1,2-O-isopropylidene-5-O-p-tolylsulfonyl-r-D-xylofuranose (46) 

with phenylmethaneselenol in acidic solution gave crystalline, unstable 5-O-p- 

tolylsulfonyl D-xylose dibenzyl diselenoacetal (16). Compound 16 in pyridine or 

neutral acetone gave 2,5-anhydro-D-xylose dibenzyl diselenoacetal (37). Cyclization 

of 2,3,4-tri-U-acetyl-5-0-p-tolylsulfonyl-D-xylose dibenzyl diselenoacetal (17) gave 

benzyl 2,3,4-tri-O-acetyl-1,5-diseleno-r-D-xylopyranoside (33) and the anhydro 

compound 39. Similarly, the benzoate derivative 22 gave the corresponding seleno 

sugar 34. Benzyi 2,3,4-tri-0-acetyl-I .5-diseleno-D-ribopyranoside (36) was prepared, 

in the same manner as 33, from the acetyl derivative 23 of 5-O-p-tolylsulfonyl-D-ribose 

dibenzyl diselenoacetal (24) which was obtained as an unstable syrup from methyl 

2,3- 0-isopropylidene-5- O-p-tolylsulfonyl-~J-D-ribofuranoside’h (45) and phenyl- 

methaneselenol in acidic solution. 

The removal of the benzylseleno group from both glycosides 33 and 36 by 

hydrolysis in acidic solution was extremely slow, in agreement with the observations of 

Clayton and Hughes on the hydrolysis of thioglycosides of 5-deoxy-5-thio-D-ribose’ ‘. 

Acetolysis of the glycoside 33 with 9:l acetic anhydride-sulfuric acid at room 

temperature resulted in extensive decomposition, as a Iarge amount of elemental 

selenium separated from the reaction mixture. The glycosidic benzylseleno group was 

successfully removed from 33 with mercuric acetate in acetic acid for 4 h at 45-50” to 

give 1.2.3,4-tetra-O-acetyl-5-seleno-D-xylopyranosides (35). Reductive removal of 

selenium from 35 with Raney nickel gave 1,2,3,4-tetra-O-acetyl-5-deoxy-D-xylitol(l8) 

Compound 18 was also synthesized from 5-deoxy-D-xylose’* by reduction with 

sodium borohydride followed by acetylation. Methanolysis of the 0-acetyl derivative 

35 gave D-tlzreo-2,3,4,5-tetrahydro-3,4-dihydroxy-Zselenophene-Zcarbaldehyde di- 

methyl acetal (42). The removal of the acetate groups from 35 in methanol with a 
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catalytic amount of sodium methoxide resulted in extensive decomposition, accom- 
panied by the formation of elemental selenium. In an attempt to form the methyl 
glycoside 45, the selenobenzyl glycoside 33 was treated with mercuric chloride in 
neutral methanol. However, only unchanged starting material 33 and a rearrangement 
product, 2,3,4-tri-0-acetyl-%%-benzyl-5-seleno-r>-xylose dimethyl acetal (19) were 
recovered. The n.m.r. spectrum of 19 showed the presence of one benzyl-, two metho- 
xyl-, and three acetate groups. Its mass spectrum showed a molecular ion at III/E 476, 
containing one atom of selenium and an intense peak at ~n/e 75, characteristic for 
dimethyl acetals. Compcund 19 was also synthesized by the action of ethanethiol on 
5-Se-benzyl-l,2-O-isopropylidene-5-seleno-~-D-xylofuranose’ (47) to give the crystal- 
line 5-Se-benzyl-5-seleno-D-xylose diethyl dithioacetal(20), which was then acetyiated, 
and the di-O-acetyl dithioacetal 21 was converted into the dimethyl acetal 19 by 
treatment with mercuric chloride in neutral methanol. 

EXPERIMENTAL 

General methods. - Column chromatography was performed on Merck Silica 
gel (60-200 mesh). 1-r. spectra were determined with a Perkin-Elmer 700 spec- 
trometer and n.m.r. spectra uith a Varian T-60 spectrometer with tetramethylsilane 
as internal standard. Mass spectra were determined with a Hitachi-Perkin-Elmer 
RMU-7 mass spectrometer. G.1.c. analysis was performed with a Bendix Gas 
Chromatograph 2600 equipped with a column (I .8 m) containing 10% of EGSS-X on 
Gas-Chrom P (Applied Sciences Labs., State College, Pa. 16501, U.S.A.) with nitrogen 
as the carrier gas. High-pressure liquid chromatography (h.p.1.c.) analysis Lvas 
performed on a column (3.2 x 250 mmj of Lichrosorb (5 pm: Merck) at 160 atm. ivith 
hexane-dichloromethane-2-propanol as eluent, and an Altex detector at 254 nm. 

2,3,5-Tri-O-acetyl-5-O-p-tolylsulfot~~~-~-ara~it~o.~e ditnetiyl acctal (2). - 2,3,5- 
Tri-O-acetyl-5-0-p-tolylsulfonyl-L-arabinose diethyl dithioacetal (1, 2.4 g), mercuric 
chloride (5.0 g), cadmium carbonate (8.0 g), and methanol (30 ml) !\ere stirred for 6 h 
at room temperature and heated under reflux for 2 h. The suspension was filtered and 
the residue repeatedly washed with chloroform. The filtrate was successively washed 
with water, potassium cyanide solution, and water, dried, and evaporated to a syrup. 
Chromatography with 1: 19 (v/v) methanol-benzene gave 2 as a syrup (1.7 g), 
[a]? - 36” (c 0.8, chloroform); n.m.r. (chloroform-d): 6 2.00,2.08 (s, 9 H, OCOCH,), 
2.46, (s, 3 H, C,H,CH,), 3.30, 3.36 (s, 6 H, OCH,), and 7.40, 7.54 (doublet of 
doublets, C&l,). 

Anal. Calc. for CZOHZ801 ,S: C, 50.4; H, 5.9. Found: C, 50.1; H, 5.9. 
2,3,5-Tri-O-acet~~-5-Se-benz~l-S-seIe~o-L-arabinose dinretlg.4 acetal (3). - The 

tosyl ester 2 (1.8 g) was heated under reflux with methanol (40 ml) containing sodium 
methoxide (from 0.50 g of sodium) and phenylmethaneselenol (4.0 g) for 4 h in an 
atmosphere of nitrogen. The solution was extracted with chloroform and water. The 
chloroform extracts were evaporated and the residue treated overnight with pyridine 
(10 ml) and acetic anhydride (10 ml). Chromatography of the crude acetate with 



356 K. BLUMBERG, A.FUCCELLO,T. VANES 

3:37 (v/v) methanol-benzene gave 3 (1.5 g), [z];’ -50’ (c 2.2, chloroform); n.m.r. 
(chloroform-d): 6 2.07, 2.10 (s, 9 H, OCOCHs), 3.34, 3.37 (s, 6 H, OCH,), 3.77 (s, 
2 H, CH,C,H,), and 7.28 (s, 5 H, C,H,). 

Anal. Calc. for C,,HZsO,Se: C, 50.4; H, 5.9. Found: C, 50.2; H, 5.7. 

2,3,4-Tri-0-metlly~-L-or~inose diethyl dithioacetal (4). - Methyl 2,3,4-tri-O- 

methyl-/I-L-arabinopyranoside’ (5.0 g), ethanethiol (5 ml), and concentrated hydro- 
chloric acid (5 ml) were stirred for 12 h at room temperature. The reaction mixture 
was extracted with chloroform and water. The chloroform extracts were washed with 
sodium hydrogencarbonate solution and water, dried, and evaporated to a syrup 
(6.9 g). Chromatography in I:39 (v/v) methanol-benzene gave 4 (5.19 g), [;l]r +63” 
(c 0.64, chloroform); n.m.r. (chloroform-d): 6 I.30 (t, 6 H, J 7.8 Hz, SCH2CH,), 
2.68 (q, 4 H, J 7.8 Hz, SCH?CH,), and 3.46, 3.64 (s, 9 H, OCH,). 

Anal. Calc. for C,2H2605S3: C, 48.3; H, 8.7. Found: C, 48.4; H, 8.5. 

2,3,4-Tri-0-methyl-r_-arabinose dimethyl acetal(5). - The dithioacetal 4 (4.0 g) 
was heated under reflux with methanol (40 ml), cadmium carbonate (7.0 g), and 
mercuric chloride (4.0 g) for 6 h. The reaction mixture was treated as described for 2, 
giving a syrup (3.5 g), [xl;’ +98” (c 0.50, chloroform). 

Anal. Calc. for C10HZ206: C, 50.4, H, 9.2. Found: C, 50.0: H, 9.3. 

5,5’-Diseieizobis(2,3,4-tri-O-metl~~l-L-arabinose dimethyl acetal) (8). - The di- 
methyl acetal 5 (3.0 g) in pyridine (15 ml) was treated withp-toluenesulfonyl chloride 
(3.0 g). The solution was kept overnight at room temperature. Sufficient water was 
added to hydrolyze the excess p-toluenesulfonyl chloride_ The mixture was extracted 

with chloroform and water. The chloroform extracts were successively washed with 
water, ice-cold hydrochloric acid, sodium hydrogencarbonate solution, and water, 

and dried. The solution was evaporated and the crude tosyl compound 6 was heated 
under reffux for 20 min with _V,N-dimethylformamide (20 ml) and potassium seleno- 
cyanide (5.0 g). The reaction mixture was evaporated and the residue treated with 
chloroform and water. The chloroform extracts were dried and evaporated to give the 
crude selenocyanate 7 as a syrup (2.5 g ). This product was dissolved in methanol 
(50 ml) which contained sodium methoxide (from 0.25 g of sodium), and the solution 
was stored at room temperature overnight. The solution was neutralized with IR-‘120 
(H’) cation-exchange resin, and the neutral solution evaporated to a syrup. Chro- 
matography with 1: 19 (v/v) methanol-benzene gave 8 as a syrup (1.8 g), [r];’ - 26” 
(c 0.60, chloroform). 

Alzal. Calc. for C,,H,,O,,Sez: C, 39.9; H, 7.0. Found: C, 39.8; H, 7.0. 

The diselenide 8 (1.0 gj, 2% hydrogen chloride in methanol (25 ml), and 
hypophosphorous acid (50%, 1 ml) were heated under refiux for 2 h. The solution was 
neutralized with Dowex 45 (OH-) anion-exchange resin, and the neutral solution 
evaporated to a syrup which consisted of unchanged 8. 

D-X_] lose dibenzyl diseIenoacetal (12). - o-Xylose (3.0 g), concentrated hydro- 

chloric acid (10 ml), and phenylmethaneselenol (9.0 g) were stirred for 3 h. The 

solution was neutralized with Dowex 45 (OH-) anion-exchange resin, and the neutral 
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solution evaporated_ The residue was acetylated with pyridine and acetic anhydride, 

and purified from dibenzyl diselenide by chromatography in 1:12 (v/v) methanol- 

benzene to give the 2,3,4,5-tetra-0-acetyl derivative of 12 as a syrup (3.8 g), [r]E - 25 

(c 3.74, chloroform); n.m.r. [chloroform-d): S 2.06 (s, 12 H, OCOCH,), and 7.27. 

7.30 (s, 10 H, C,H,). 

AIIU~. Calc. for C15HJ007Se2: C, 49.8: ii, 5.0. Found: C, 49.7; H, 5.0. 
This acetate was deacetylated with a small amount of sodium methovide in 

methanol to give 12 as a syrup, b]i’ - 100” (c 10.0, chloroform). 

Anal. Calc. for C,,H2,0,Se,: C. 47.9: H, 5.0. Found: 47.8: H, 5.1. 

p-Tolzletzesulfonylatiorz of 12. - p-Toluenesulfonyl chloride (0.11 g) was slowly 

added to 13 (0.25 g), in pyridine (3 ml) while the solution was kept at - 10”. The 

reaction mixture was allowed to warm to room temperature and stored overnight. 

Acetic anhydride (3 ml) was added and the reaction mixture stored for an additional 

12 h. The reaction mixture was treated as described for 6. Chromatography of the 

resultant syrup with i: 19 (v/v) methanol-benzene gave 39 (0.05 g), b]i’ + 60- 

(c 1.81, chloroform); n.m.r. (chloroform-d): 6 1.70, 2.04 (s, 6 H, OCOCH,), 3.86 

(s.4 H,CH2C,H,),and 7.17.7.35(s, IO H,C,H,). 

Anal. Calc. for C,,H2,0,Se,: C, 50.9: H, 4.8. Found: C. 51.1; H, 4.7. 

Further elution gave the tetra-0-acetyl derivative of 12 (0.25 g). 

3,4-Di-O-acet_~~l--3,5-anl?~~~~~o-D-_~~l~lose dinzethyl acetal (40). - Compound 39 

(0.20 g), methanol (10 ml), cadmium carbonate (1.0 g), and mercuric chloride (0.5 g) 

were heated under reflux overnight. The reaction product was isolated as described for 
2. The syrupy product was identical to compound” 40 by i.r. spectral analysis and 

g.1.c. retention time. 

L-Arabinose dibetq*l diselenoacetal (10). - This compound was prepared in 

the same manner as described for the o-xylose derivative 12 (yield, 2.8 g), m-p. 132- 

133O (from methanol), w]z - 87’ (c 1.2, chloroform). 

Anal. Calc. for C,,H,,0,Se2: C, 47.9: H, 5.0. Found: C, 47.8: H, 5.1. 

2,3,4,5-Tetra-0-acetyl derivative: [~]r - 57” (c 8.2, chloroform); n.m.t-. 

(chloroform-ri): 6 2.05 (s, 12 H, OCOCH,), and 7.27, 7.34 (s, 10 H, C,H,). 

Anal. Calc. for C,,H2,0jSe,: C, 50.9; H, 4.8. Found: C, 50.6; H, 4.9. 

Ben& I,5diseleno-L-arabinop!v-anode (44). - A solution of 10 (1.0 g) in 

pyridine (IO ml) was treated with p-toluenesulfonyl chloride (0.90 g) at - IO”. The 

solution was treated as described for 6 and the crude p-tolylsulfonyl derivative was 

heated under reflus overnight in acetone (30 ml) containing barium carbonate (5.0 g) 

and sodium iodide (5.0 g). The reaction mixture was filtered and the residue repeated!) 

washed with chloroform. The filtrate was washed with water, sodium thiosulfate 

solution, and water. and dried. The solution was evaporated to a syrup. and chromato- 

graphy with I:7 (v/v) methanol-benzene gave 44, m-p. 93-94” (from ethyl acetate-- 
hexane). [XI;’ + 274” (c 0.20, chloroform); periodate consumption: 1.2 moles 

(20 min), 2.4 moles (40 min), 2.6 moles (60 min), and 3.3 moles (120 min). Under the 

same reaction conditions, benzyl I .5-dithio-L-arabinopyranoside’ (43) consumed 

1.0 mole (20 min) and 1.9 moles (60 min) of periodate. 
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Anal. Calc. for C,zH,,O,Se,: C, 39.1; H, 4.3; mol. wt. 368. Found: C, 39.0; 
H, 4.3, mol. wt. 368 (by m.s.). 

2,3,4-Tri-0-acetyl derivative of 44: syrup; n.m.r. (chloroform-d): 6 1.98, 2.00, 
2.08 (5, 9 H, OCOCH,), 3.88 (s, 2 H, CH,C,Hs), and 7.26 (s, 5 H, C,H,). 

Anal. Calc. for C,aH2,0,Se,: C, 43.7; H, 4.5. Found: C, 43.6; H, 4.5. 
2,3,4-Tri-0-acetyl-P,S-dideoxy-L-arabinitoi” (11). - Compound 19 (0.25 _E), 

absolute ethanoI(30 ml), and an excess of Raney nickel (-4 g) were heated under reflux 
overnight. The reaction mixture was filtered and the nickel repeatedly extracted with 
boiling ethanol. The filtrate was evaporated and the residue acetylated with pyridine 
and acetic anhydride. Chromatosaphy of the crude acetate with 1.39 (v/v) methanol- 
benzene gave 11 (0.04 g) which was identical by i.r., n.m.r., m.s., and g.1.c. with a 

sample of the known compound’2 and with the product obtained by Raney nickel 
treatment of benzyl I ,5-dithio-r-arabinopyranoside’ (43); n.m.r. (chloroform-d): 
6 1.16, 1.27 (s. 6 H, CH,), and 2.05, 2.15 (s, 9 H, OCOCH,): g.1.c. retention time 
( 155”) 7.70 min. 

2,3,5-Tri-O-tlletil~I-~-s?ilose dibenz_vI diselenoacetal (13). - Methyl 2,3,5-tri-O- 
methyl-D-xylofuranosides (3.0 g), concentrated hydrochloric acid, and phenyl- 
methaneselenol (9.0 g) were stirred for 3 h at room temperature. The reaction mixture 
i%as extracted with chloroform and water. The chloroform extracts were washed with 
sodium hydrogencarbonate solution and water, dried, and evaporated to a syrup. 
Chromatography with I:19 (v/v) methanol-benzene gave 13 (3.5 g), [LX];’ +45’ 
(c 1.2, chloroform). 

Anal. Calc. for C2,H,,0&Se2: C, 51.0; H, 5.8. Found: C, 50.7; H, 5.7. 
Benz_vZ 2,3,5-tr-i-O-mct/~~I-l,l-riiseleno-L-arabi~~of~~ranosides (27). - Compound 

27 was prepared from 13 as described for 44, syrup, [a]:’ + 59” (c 1.95, ch!oroform); 
n.m.r. (chloroform-d) : 6 3.30, 3.34, 3.40 (s, 9 H, OCH,), and 7.20, 7.27 (s, 5 H, C,H,). 

Anal. Calc. for C,,H2,03Se2: C, 43.9; H, 5.4; mol. wt. 410. Found: C, 44.1; 
H, 5.5; mol. wt. 410 (m-s.). 

2,3,4-Tri-O-ncrt~.I-5-O-p-to~~fs~iifor~~i-D-_~~~ose dibenzyl dithioacetal (14). - 
From 5-0-p-tolylsuIfonyl-o-xylose dibenzyl dithioacetall 3 by treatment with pyridine 
and acetic anhydride, syrup, [;(I2 - 50” (c I. !, chloroform); n.m.r. (chloroform-d): 

6 1.88, 1.92, 2.02 (s, 9 H, OCOCH,), 2.35 (s, 3 H, C6H4CH3), 3.72 (s, 4 H, 
C,H,ZZH,), and 7.20 (s, IO H, C,HS) (C,H, partially obscured). 

Ben& 2,3,j-rri-0-acetyl-I,5-dichio-*-o-xylopyranoside (28). - Compound 14 
(6.5 g) was treated with iodide ions as described for 44. The syrupy product was shown 
by h.p.1.c. to consist of two main components, namely 28 and the 2,5-anhydro 

compound’ 3 41, and a small amount of j%D-glycoside29. Chromatography with I:39 
(v/v) methanol-benzene gave 41 ( 1.22 g) and the glycoside 28 (0.73 g), m.p. 108-109” 
(from ethyl acetate-hexane), [%]A’ + 346” (c 0.21, chloroform); n.m.r. (chloroform-d): 
S 1.93, 1.97, 2.00 (s, 9 H, OCOCH,), 3.80 (s, 2 H, C,H,CH,), and 7.22 (s, 5 H, 

Cf&,)- 
Anal. Calc. for C,,H,,O&: C, 54.3: H, 5.5. Found: C, 54.4; H, 5.6. 
Deacetylation of 28 with sodium methoxide in methanol gave benzyl 1,5-dithio- 
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a-D-xylopyranoside m.p. 133” (from ethyl actate), [a];’ +335” (c 0.40, chloroform). 

Anal. Calc. for Ci2Hr60,Sz: C, 52.9; H, 5.9. Found: C, 52.9; H, 5.8. 

i3enzyf 2,3,#-tri-O-acet3,1-Z,5-dithio-D-_uylopyrarlosides (28 and 29). - (a). 5-Thio- 

D-xylopyranose (30, 1.5 g), concentrated hydrochloric acid (5 ml), and phenylmethane- 

thiol (3.0 g) were stirred for 3 h at room temperature. The reaction mixture was 

treated as described for 12. Chromatography with 1:39 (v/v) methanol-benzene ga;re 

28 (0.40 g) and 29 (0.95 g), m-p. 124-126” (from ethyl acetate-hexane), [%I:’ -67” 

(c 0.42, chloroform). 

Anal. Calc. for C,,H,,O,S,: C, 54.3; H, 5.5. Found: C, 54.3; H, 5.4. 

(6). 1,2,3,4-Tetra-0-acetyl-5-thio-D-xylopyranouyl bromidei (31, 1.9 g), 
phenylmethanethiol (0.50 g), methanol (20 ml), and sodium methoxide (from 0.09 g 

of sodium) were allowed to react overnight at room temperature. The reaction mixture 

was neutralized with IR 120 (H’) cation-exchange resin and evaporated. The residue 

was acetylated with pyridine and acetic anhydride. Chromatography of the crude 

acetate with 1:39 (v/v) methanol-benzene gave 29 (0.85 g), m.p. 124-126”. 

Be~lz~~l~,3,4-tri-O-betz;oyf-I,5-ditltio-r-D-.~y/op~~ranosir(r (32). -- This compound 

was prepared, in the same manner as described for 28, from 5-O-p-tolyl-sulfonyl-D- 

xylose dibenzyl dithioacetal. The crude product, after treatment with iodide ions was 

crystallized from ethyl acetate-hexane to give 32 (5.4 g), m.p. 120-121”, [z]:’ + 177” 

(c 1 .O, chloroform). 

Anal. Calc. for CJ3Hzs0,S,: C, 67.9; H, 4.8. Found: C, 67.6: H, 4.8. 

Ben& 2,3,4-tri-O-acery~-i,S-dise~eno-~-D-syfop~~raizosi~i~~ (33). -- 1,2-O-isopro- 

pylidene-5-0-p-tolylsulfonyl-r-D-xylofuranose (46) (5.1 g), anhydrous chloroform 

(20 mi), trifluoroacetic acid (5 ml), and phenylmethaneselenol (7.0 g) were kept at 

room temperature for 4 h. The reaction mixture \vas extracted with chloroform and 

water. The chloroform extracts vveere washed with sodium hydrogencarbonate, dried, 

and evaporated at low temperature to a syrup, which was dissolved in ethyl acetate 

and precipitated by addition of hexane: this precipitation was repeated two more 
times. 5-O-p-Tolylsulfonyl-D-xylose dibenzyl diselenoacetal (16) was obtained as a 
crystalline solid, m.p. 68-70”. Compound 16, without purification, was acetylated 

with pyridine and acetic anhydride to give an acetate showing the same n.m.r. data 

as those of 14. The crude acetate was treated with iodide ions, as described for 28, 
and the crude reaction product crystallized from ethyl acetate-hexane to give 33 
(2.0 g), m-p. I IS”, [x];’ + 312’ (c 1.58, chloroform): n.m.r. (chloroform-d): S I .95, 
1.99, 2.02 (s, 9 H, OCOCH,), 3.89 (s. - 3 H, C,H,CH,) and 7.22 (s, 5 H, C,H,). 

Anal. Calc. for C,,HzzO,Se,: C. 43.7: H, 4.5; mol. wt. 494. Found: C, 43.4: 

H, 4.5; mol. wt. 494 (m.s.). 

The mother liquor from the crystallization was evaporated and the residue 

deacetylated vvith sodium methoxide in methanol. On chromatography with I:9 (v!v) 

methanol-benzene, the product gave 2,5-anhydro-D-xylose dibenzyl diselenoacetal 

(37) (2.3 g) and benzyl 1,5-diseleno-D-xylopyranosides (0.40 g). The latter material 

consisted mainly of the a-D anomer and of a smali proportion of 8-D anomer. it 
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(b). 5-Deoxy-D-xylose’ 8 (0.75 g), water (25 ml), and sodium borohydride 
(0.30 g) were kept for 6 h at room temperature. The excess of borohydride was 
destroyed by addition of glacial acetic acid. The solution was evaporated and the 
residue treated with pyridine (3 ml) and acetic anhydride (5 ml). Chromatography 
of the crude acetate with I:49 (v/v) methanol-benzene gave 18 (0.35 g), showing i.r. 
and n.m.r. spectra and g.1.c. retention time identical with those of the compound 
obtained by treatment with Raney nickel (a). 

2,3,4-Tri-O-acetyl-S-Se-be~~iy~-S-seIe~o-D-_~ylose dimethyl acetal(19). - (a). The 
selenoglycoside 33 (I .O g), methanol (25 ml), cadmium carbonate (5.0 g), and mercuric 
chloride (3.0 g) were heated under reflux for 18 h. The reaction mixture was treated 
as described for 2. Chromatography with 1:39 (v/v) methanol-benzene gave un- 
changed starting material (33) (0.25 g) and 19 (0.20 g), m.p. 89-90” (from ethyl acetate- 
hexane); [or]:’ - 33” (c 0.31, chloroform); n.m.r. (carbon tetrachloride) : 6 2.00,2.04 
(s, 9 H, OCOCH,), 3.24, 3.34 (s, 6 H, OCH,), 3.77 (s, 2 H, C6H5CH2), and 7.17 

(s, 5 H, W-W. 
Anal. Calc. for CZOH#sSe: C, 50.4; H, 5.9: mol. wt. 476. Found: C, 50.7; 

H, 5.7; mol. wt. 476 (m-s.). 
(b). 1 ,2-O-Isopropylidene-5-Se-benzyi-5-seleno-a-D-xylofuranose3 (47, 3.0 g), 

anhydrous chloroform (6 ml), trifiuoroacetic acid (6 ml), and ethanethiol (6 ml) were 

kept for 20 h at room temperature. The solution was extracted with chloroform and 
water. The chloroform layer was washed with sodium hydrogencarbonate solution, 
dried, and evaporated to a syrup. Chromatography with 1: 19 (v/v) methanol-benzene 
gave 20 (1 .O g), m-p. 73-74” (from ethyl acetate-hexane); [XI:‘: 43” (c 1.0, chloroform); 
n.m.r. (chloroform-cl): S 1.10, 1.22 (t, 6 H, J 7.8 Hz, SCH2CH,), 3.83 (s, 2 H, 

C,H,CH,), and 7.25 (s, 5 H, C,H,). 
Anal. Calc. for C,6H7603SZSe: C, 46.8; H, 6.3. Found: C, 46.7; H, 6.5. 
Treatment of 20 with pyridine and acetic anhydride gave the 2,3,4-tri-0-acetyl 

derivative 21, n.m.r. (chloroform-d): 6 1.23, 1.30 (t, 6 H, J 7.8 Hz, SCH,CH,), 
2.01, 2.06, 2.10 (s, 9 H, OCOCH,), 3.78 (s, 2 H, C,H,CH,), and 7.20 (s, 5 H, C,H,). 

The acetate (21) (1 .O g), mercuric chloride (2.0 g), cadmium carbonate (5.0 g), 
and methanol (25 ml) were heated under reflux overnight. The reaction mixture was 
treated as described for 2 to give 19 (0.50 g), m.p. 89-90”. 
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