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INTRODUCTION AND DISCUSSION 

The unsaturated sugars have been reviewed recently’, and a recent publication’ 
prompted the author to report the following results. 

In an attempt to form sugars containin, 0 selenium in the pyranoid ring, 5,6- 
anhydro-1,2-0-isopropylidene-a-D-glucofuranose was treated with potassium seleno- 
cyanate in methanol at room temperature. The expected episelenide was not formed, 
but selenium separated and 1,2-O-isopropylidene-5,6-dideoxy-a-~x~Z~-hex-5-eno- 
furanose was isolated in good yield. The same product was obtained from 5,6-anhydro- 
1,2-0-isopropylidene-a-L-idofuranose. Under similar conditions, 5,6-dideoxy-5,6- 
epithio-1,2-O-isopropylidene-a-D-glucofuranose did not react. When the reaction was 
repeated with potassium selenocyanate in the presence of ammonium chloride, no 
selenium separated. The crude product contained neither the 5-enose nor any seleno- 
cyanate group as shown by t.1.c. and infrared spectroscopy, respectively. When 1,2-U- 
isopropylidene-5,6-di-O-toluene-p-sulphonyl-a-D-glucofuranose was treated with a 
boiling solution of potassium selenocyanate in methanol for six hours, no reaction 
occurred. When NJV-dimethylformamide was used, the 5-enose was formed in good 
yield, but some3,6-anhydro-1,2-O-isopropylideneJ-O-toluene-p-sulphonyl-a-D-gluco- 
fkanose was also isolated. 

It was shown3 that methyl 2,3-anhydro-4,6-O-benzylidene-a-D-mannopyrano- 
side (I) reacted with potassium thiocyanate to give a 10% yield of methyl 4,6-O-benzyl- 
idene-2,3-dideoxy-2,3-epithio-or-D-glucopyranoside; when ammonium chloride was 
added, the yield of episulphide was increased to 20%. With ammonium thiocyanate 
in 2-methoxyethanol, compound 1 gave a mixture of the 2- and 3-thiocyanato com- 
pounds. Treatment of the methanesulphonic ester of this crude mixture with base gave 
the episulphide4. When 1 was treated with a boiling solution of potassium selenocya- 
nate in aqueous 2-methoxyethanol, methyl 4,6-O-benzylidene-2,3-dideoxy-a-D-e&zro- 
hex-2-enopyranoside was obtained. When the reaction was repeated in the presence 
of ammonium chloride, a mixture of two compounds, probably methyl 4,6-0-benzyl- 
idene-2-deoxy-2-selenocyanato-a-D-glucopyranoside and methyl 4,6-O-benzylidene- 
3-deoxy-3-selenocyanato-a-D-altropyranoside was formed. The Iatter compound was 
preponderant, and its structure was assumed by analogy with the findings of Christensen 
and Goodman4. The crude mixture of selenocyanates was treated with toluene-p- 
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sulphonyl chloride, and the resulting ester, on treatment with alkali, gave the 
2-enoside and selenium. However, when methyl 4,6-U-benzylidene-2,3-di-O-toluene- 
p-sulphonyl-a-D-glucopyranoside was treated with a boiling solution of potassium 
selenocyanate in NJVdimethylformamide or 2-methoxyethanol, no reaction occurred. 

Formation of unsaturated compounds by means of the selenocyanate reagent 
was also applied to an acyclic system. It has been shown’ that 1,2:5,6-di-O-isopropyl- 
idene-D-mannitol 3,4_thionocarbonate, with trimethyl phosphite, gave 1,2: 5,6-di-O- 
isopropylidene-trmt3-hexene-D-threa-l,2~5,6-tetrol, and the corresponding cis com- 
pound was also prepared. Further, 1,2:5,6-di-U-isopropylidene-3,4di-O-toluene-p- 
sulphonyl-D-mannitol, on treatment with boiling NJV-dimethylformamide, sodium 
iodide, and zinc dust, has been shown6 to give the t~an.r compound. Treatment of the 
above disulphonate with potassium selenocyanate in refhucing iV,N-dimethylformamide 
or of 3,4-anhydro-l,2:5,6-di-O-isopropylidene-~-talitol with potassium selenocyanate 
in methanol at room temperature gave 1,2:5,6-di-O-isopropylidene-k-s-3-hexene-n- 

fhreo-1,2,5,64etrol. The above anhydro compound, with potassium selenocyanate in 

refluxing 2-methoxyethanol, gave a better yield of the cis 3-ene. 5,6-Anhydro-1,2:3,4- 
di-0-isopropyhdene-D-manmtol gave 3,4;5,6-di-O-isopropylidene-l-hexene-n-arabino- 
3,4,5,6-tetrol on treatment with potassium selenocyanate in methanol. 

ExPERIMENrAL. 

Melting points are uncorrected. Known compounds were identified by melting 
points, mixed melting points, and infrared spectra. T.1.c. was performed on Merck 
Kieselgel G with benzene-methanol (9:1) as irrigant. The plates were sprayed with 
10% ethanolic sulphuric acid and heated. 

5,6-Dideoxy-I,2-O-isopropyZidene-a-~xylo-hex-S-enofur~ose.-(a) A mixture of 

5,6-anhydro-l,2-O-isopropylidene-a-D-glucofuranose7 (or the corresponding L-ido* 

compound; 2.02 g, 0.01 mole), methanol (50 ml), and potassium selenocyanateg (2.88 g, 
0.02 mole) was kept at room temperature overnight. Selenium started to separate 
immediately. The solution was filtered, diluted with water, and repeatedly extracted 
with chloroform_ The chloroform extracts were dried (Na,SO,) and evaporated. The 
residue crystallised and was recrystallised from hexane to give the title compound 
(1.2 g, 64x), m.p. 64” (lit.10 m.p. 58-60”). T.1.c. of the crude compound showed a 
weak spot at Rp 0.18 and an intense spot of the Eenose (RF 0.40). 

When the reaction was repeated in the presence of ammonium chloride (1.07 g) 
dissolved in water (5 ml), no selenium separated. T.1.c. showed a weak spot at RF 0.32 
and a strong spot at RF 0.18. 

@) 1,2-U-Isopropylidene-5,6-di- O-toluene-p-sulphonyl-a-D-ghrcofuranose’l 
(1.06 g, 0.002 mole), potassium selenocyauate (1.0 g), and NJVdimethylformamide 
(10 ml) were refluxed for 2 h. The reaction mixture was poured into water (40 ml), 
and 3,6-anhydr0-1,2-O-isopropylidene-5-O-toluene-p-sulphonyl-or-D-glucofuranose~~ 
(0.10 g), m-p. 132-133”, separated. The filtrate was extracted with chloroform, 

and evaporation of the dried extracts gave a syrup (0.27 g, 73%) that ckystallised on 

standing. Recrystahisation from hexane gave the 5-enose, m.p. 64”. 
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Reactions of methyl 2,3-anhydro-4,6-0-benzylidene-a-~mannopyrarzoside- - 

(a) Potassium selenocyanate. The 2,3-anhydro compound’3 (2.64 g, 0.01 mole), 
potassium selenocyanate (3.0 g). 2-methoxyethanol (25 ml), and water (3 ml) were 
refluxed for 6 h. Selenium separated. The reaction mixture was poured into water, 
and the solid which separated was crystallised from dilute, aqueous alcohol to give 
methyl 4,6-0-benzylidene-2,3-dideoxy-a-~ery~hro-hex-2-enop~~oside (1.9Og, Sl%), 
m.p. 119-120” (lit.4 m.p. 117-l 19O). 

(6) Potassium SeZenocyanate in tlze presence of ammonium chloride. The reaction 
mixture was prepared as in (a), except that ammonium chloride (1.1 g) was added. Water 
was added to the reaction mixture to give a solid (2.4 g, 65x), m-p. 207-220”; 
AZ; 2.98 (OH), 4.69 (SeCN), 13.03 and 14.19 1~ (monosubst. phenyl). TLC. showed a 

minor component at RF 0.42 and a major component at RF 0.26. 
Anal. Calc. for ClsHl605NSe: Se, 21.4. Found: Se, 21.2%. 
The crude mixture (1 .O g), dry pyridine (5 ml), and toluene-p-sulphonyl chloride 

(0.7 g) were kept for 60 h at 40”. Water (0.5 ml) was added, and, after 0.5 h, the reaction 
mixture was diluted with excess water. The solid (1.1 g), m-p. 192-194”, was filtered off. 
Its infrared spectrum (KBr) showed the absence of hydroxyl absorption and had I_::: 
4.69 (SeCN), 7.32 and 8.44 ,V (> SO,). 

The crude sulphonate (512 mg) was dissolved in warm methanol (10 ml), and 
(3 ml) sodium methoxide (100 mg) in methanol (3 ml) was added. Selenium separated 
immediately. After 1 h, the solution was filtered, and diluted with water to give the 
Zenoside (200 mg, 85x), m-p. 119-121 o (from dilute alcohol). 

1,2:5,6-Di-O-isopropyZidene-cis-3-~ze~ene-D-~eo-l,2,5,6-tetroZ. - (a) 1,2:5,6-Di- 
O-isopropylidene-3,4-di- U-toluene-p-sulphonyl-Dmannitol’4 (1.12 g, 0.002 mole), po- 
tassium selenocyanate (1.0 g), and N,N-dimethylformamide (10 ml) were refluxed for 
4 h. The solution was diluted with water and extracted with chloroform. The extracts 
were washed with water, dried, and evaporated. The syrup was taken up in light 
petroleum (15 ml, b-p. 40-60”); starting material (0.10 g) crystalhsed. The mother 
liquor was evaporated to give a syrup that was chromatographed on silica gel to give 
the title compound (0.20 g, 45%); [a];’ -6” (c 2.0, chloroform); b.p.e 100-103” 
(lit.‘, [a]:’ -81” (chloroform), b.p., M-86”); I.,,, CHC’3 6.23 (cis C=C), 8.69 and 9.2Sp 
(isopropyhdene). 

Anal. Calc. for C12H2004: C, 63.2; H, 8.8. Found: C, 62.9; H, 8.8%. 
(b) 3,4-Anhydro-l,2:5,6-di-O-isopropjrlidene-D-talitol1s (1.22 g, 0.005 mole), 

potassium selenocyanate, and methanol (15 ml) were kept at room temperature for 
two days. Selenium slowly separated. By the usual isolation procedure and chromato- 
graphy, the title compound (0.35 g, 32%) was isolated_ 

The experiment was repeated, but %methoxyethanol(l2 ml) and water (1.5 ml) 
replaced the methanol. The solution was refluxed for 6 h. A syrup (1.20 g) was isolated, 
which, after chromatography, gave the title compound (1.0 g, 8S”k). 

3,4:5,6-Di-O-isopropyIideize-I-hexene-~~ab~o-3,4,5,6-tetroI. - 5,6-Anhydro- 
1,2:3,4-di-O-isopropyhdene-D-mannito116 (1.22 g, 0.005 mole), methanol (20 ml), 
and potassium selenocyanate (2.0 g) were kept at room temperature overnight. The 
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usual isolation procedure yielded a syrup (1.39 g). T.1.c. showed the presence of 
a major component (RF 0.80; the desired olefin) and a minor component (RF 0.70). 
The olefin (0.87 g, 76x), isolated by column chromatography on silica gel, had 

bdr -5” (c 1.0, chloroform). 
The compound was hydrolysed by heating it on a boiling-water bath for 7 h 

with 0.3N sulphuric acid to give 1-hexene-D-arabino-3,4,5,6-tetro1’6, m.p. 14%147”, 
AEi2.98 (OH), 5.43, 6.07, 7.05, 9.94, and 10.83 ,U (CH,=C<H). 

SUMhfARY 

Terminal epoxides of sugars react readily with potassium selenocyanate in 
methanol at room temperature to give unsaturated sugars. Non-terminal epoxides 
of sugars with potassium selenocyanate in boiling, aqueous Zmethoxyethanol also 
gave the corresponding unsaturated sugar. Terminal or acyclic, vicinal di-O-toluene- 
p-sulphonyl esters gave the unsaturated sugar when treated with potassium seleno- 
cyanate in boiling NJWimethylformamide. Vicinal, trans toluene-p-sulphonate and 
selenocyanate groups eliminate selenium, on treatment with base, to give the unsat- 
urated sugar. 

REFERENCES 

1 R. J. FERRIER, Adran. Curbohydrate Chem., 20 (1965) 67. 
2 E. ALBANO, D. HORTON, AND T. TSUCHIYA, Carboil_vd. Res., 2 (1966) 349. 
3 R. D. GIJTHRIE, Cirenz. Ind. (London), (1962) 2121. 
4 J. E. CHRISTE~‘SEN AND L. GOODMAN. J. Am. Chem. Sue., 83 (1961) 3830. 
5 A. H. HAINES, Chem. Ind_ (London), (1964) 1991; Cnrbohyd. Res., 1 (1965) 214. 
6 R. S. TIPSON AND A. COHEN, Carbohyd_ Res., 1 (1965) 338. 

7 H. OHLE AND L. VARGHA, Ber., 62 (1929) 2435. 
8 A. S. MEYER AND T. REICHSTEIN, Welv. Chim. Acru, 29 (1946) 152. 
9 P. HOUBEN-WEYL, Merhoden der Organischen Chemie, 4th Ed., Vol. 9, GeorgeThieme, Stuttgart, 

1955, p_ 937. 
10 D. HORTON AND W. N. TURNER, Carboh-vd. Res., I (1965) 444. 
11 H. OHLE Ahm E. DICI~H~USER, Ber., 58 (1925) 2593. 
12 H. OHLE, L. VARGHA, AND H. ERLBACH, BY., 61 (19283 I21 1. 
13 L. F. WIGGINS, Methods Carbohydrate Chem., 2 (1963) 188. 
14 P. BRIGL AND H. GR~ER, Ber., 67 (1934) 1969. 
15 P. BLADON AND L. N. OWEN, J. Chem. SW., (19501 604. 
16 P. BLADON AND L. N. OLC'EN, J. Chem. SOC., (1950) 598. 

Carbohyd. Res., 5 (1967) 282-285 


