
Carbohydrate Research, 34 (1974) 194-I 99 
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

Note 

Selective C-l ethanethiolysis and deuteration 

in kefo-hexulose penta-acetates 

GEOFFREY S. BETHELL* AND ROBERT J. FERRIER 

Department of Chemistry, Victoria University of Wellington (New Zealand) 

(Received December 31st, 1973; accepted for publication January 14th, 1974) 

Treatment of 1,3,4,5,6-penta-0-acetyl-D-fructose1 and -L-sorbose2 with 
ethanethiol in the presence of zinc chloride has been reported to give moderate yields 
of the corresponding diethyl dithioacetals. When, in the course of our studies of the 

thiolysis of carbohydrate esters3, the reaction of the latter acetate was repeated, it was 

observed that, as well as the diethyl dithioacetal, one main, and several minor, 
chromatographically more-mobile products were formed. This major product has 
been isolated in 19% yield and characterized by n.m.r. methods as 3,4,5,6-tetra- 
0-acetyl-1-S-ethyl-1-thio-L-sorbose diethyl dithioacetal. When room temperature 

thiolysis was then applied to 1,3,4,5,6-penta-0-acetyl-D-fructose diethyl dithioacetal, 
the analogous 1-thio derivative was obtained crystalline in 37% yield. The n.m.r. 
spectra of these products are largely similar to those of the corresponding acyclic 
penta-O-ace@ hexulose derivatives from which they are derived, but the H-l 
resonances are specifically moved to higher fields (Table I). The n.m.r. data are 
consistent with those obtained by Angyal and James4, who have discussed the 

preferred conformation of such compounds. 
The minor products of these reactions were mixtures of more highly thiolated 

compounds which were found (n.m.r. data) to have retained their C-5 and C-6 ester 
groups. Replacement of the ester functions in the starting materials therefore occurs 
preferentially at the primary site adjacent to the acetal function, and then can proceed 

at the other adjacent site and thence, conceivably, in a relay fashion down the chain3*. 
Several examples are known of the replacement by alkylthio groups of hydroxyl 

groups which are adjacent to thioacetal centres, and it has been shown that the 
reactions involve neighbouring-group displacements of the hydroxyl function by a 
thioacetal sulphur atom3. Displacement of a-ester functions is less well known. 
However, acid-catalysed ethanethiolysis of penta-0-acetyl-B-D-glucopyranose gives 

some acetylated 2-S-ethyl-2-thioaldose diethyl dithioacetal’, and an indication that 
this type of reaction may proceed byway of a 1,Zepisulphonium ion is provided by the 
fact that reduction of various esterified aldose dialkyl dithioacetals with Raney nickel 

*Present address: School of Chemistry, University of New South Wales, P-0. Box 1, Kensington, 
New South Wales, Aumalia 2033. 
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TABLE I 

N.M.R. PARAMETERS OF 3,4,5,6-TETRA-0-ACETYLHEXULOSE DERIVATIVES 

Contpottnd Chwtical shifts” (5. scale) 

H-I H-l’ H-3 H-4 H-5 H-6 H-6’ 

D-Fructose, I-0-acetylb 4.65 4.98 3.98 3.83 4.38 5.39 5.71 

D-Fructose, I-O-acetyl 5.05 5.41 4.51 4.34 4.81 5.68 5.95 

D-Fructose, I-0-acetyl, diethyl dithioacetal 5.40 5.73 4.43 4.18 4.99 5.64 5.94 
D-Fructose, I-S-ethyl-I-thio, diethyl 

dithioacetal 6.80 7.02 4.32 4.30 5.10 5.73 5.93 

L-Sorbose, I-0-acetyP 5.11 5.31 4.59 4.42 4.69 5.66 6.00 
r-Sorbose, I-O-acetyl, diethyl dithioacetal 5.48 5.81 4.65 4.19 4.75 5.66 5.92 
L-Sorbose, I-S-ethyl-I-thio, diethyl 

dithioacetal 6.88 7.06 4.50 4.28 4.83 5.64 5.93 

Compound Coupling constantP (Hz) 

JLI, J3.e 54.5 J 5.6 55.6’ 56.6 

D-Fructose, I-0-acetyl 17.0 2.0 8.5 3.0 5.0 12.5 
D-Fructose, I-0-acetyl, diethyl dithio- 

acetal 12.5 I.8 7.0 3.5 5.0 12.0 
D-Fructose, I-S-ethyl-1-thio, diethyl 

dithioacetal 12.5 1.0 7.0 3.0 4.5 12.0 

L-Sorbose, I-0-acetyl 17.5 3.7 6.0 6.5 6.0 12.5 

r.-Sorbose, I-0-acetyl, diethyl dithioacetal 12.0 2.5 6.0 4.0 6.0 12.0 
L-Sorbose, I-S-ethyl-1-thio, diethyl 

dithioacetal 13.0 1.8 6.8 4.0 6.0 12.5 

“Measured in deuteriochloroform. *Measured in pyridine. 

can give I ,2-dideoxyalditol derivatives 6. In view of these observations, and of the 

present report, doubt is perhaps thrown on the nature of the dideoxyhexitol obtained 
from 1,3,4,5,6-penta- O-acetyl-D-psicose on thiolysis followed by reduction with 
Raney nickel and de-esterification’. For a thio group to be introduced at C-5 by a 
neighbouring-group mechanism, a 5-membered, cyclic sulphonium ion would have 
been necessary, and although such intermediates are known’, it seems possible that a 
1,Zdideoxyhexitol would have been formed, and that the evidence provided in favour 
of 2,5-dideoxy-erytlzro-hexitol (its lack of optical activity in the visible region of the 
spectrum) is inadequate. 

The I-S-ethyl-l-thio compounds here described offer a new means of obtaining 
I-deoxyhexuloses and their derivativesg, as is illustrated. Attempts to prepare l-deoxy- 

r_-sorbose, however, resulted in the isolation of an ethyl glycoside (1, R = II), shown 
by n.m.r. examination of the derived triacetate (1, R = AC) to have the pyranoid-ring 

form (J3 .4 9.8, J4.5 9.4, Js.ca 10.8 Hz). The cr-L-anomeric con&uration is assigned on 
the grounds of its stability relative to the /I-L anomer lo ; the negative optical rotations 
of both the glycosicie (1, R = H) and its acetate (1, R = AC) are consistent with this 
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inference. It is assumed that glycosidation occurred during heating of the free sugar 
with ethanol, which was used as a drying agent, and that a cataIytic amount of acid 
was present. The same compound was obtainable by ethanolysis of 1-deoxy+sorbose 
prepared by the method of James and Angyalgb. 
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1,3,4,5,6-Penta-O-acetyl-D-fructose and -L-sorbose were also found to react 
specificahy at C-l with deuterium oxide, as was evidenced by the loss of the signals 
for H-l and H-l’ in the n.m.r. spectrum. This observation is in accord with the earlier 
conclusion that D-fructose is specifically deuterated at C-l on standing in alkaline 
deuterium oxide’ ‘*12, and with the recognised generalisation that 1,2-enediolate ions 
are more readily formed from 2-uloses than are the isomeric 2,3-ionsr3. On the 
grounds of other findings13s’4, it would be anticipated that further incorporation of 
deuterium would occur at the secondary positions in the order of their proximity to 
the carbonyl group, and thus thiolysis and deuteration of the carbonyl compounds, 
although mechanistically unrelated reactions, occur with the same selectivity. 

EXPERIMENTAL 

EthanethioI_vsis of 1,3,4,5,6-pentu-0-acetyk-sorbose. - The penta-acetate 
(7.8 g) was ethanethiolysed under the conditions of Zinner and Schneide?, being 
allowed to stand for 2 days at room temperature. T.1.c. then indicated the presence of 
two major products, together with smaller amounts of starting material and chromato- 
graphically mobile compounds. The mixture was neutralised with saturated, aqueous 
sodium hydrogen carbonate and extracted with chloroform, and the extracts were 
washed with water, dried, and taken to dryness to leave a syrup (8.2 g) which was 
resolved on a column of silica gel (800 g). Elution with ether-light petroleum (b.p. 60- 
80”, 1~2) afforded three fractions. Fraction I (0.1 g) contained more than one com- 
pound; n.m.r. spectroscopy revealed that additional thio-groups had been introduced, 
and resonances for H-5,6,6’ indicated that the ester groups were retained at these 
positions. Fraction 2 gave 3,4,5,6-tetra-O-acetyl-l-S-ethyl-l-thio-r-sorbose diethyl 
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dithioacetal (1.87 g, 19%), m-p. CCI. -2O”, [LX], - 13” (c 1.5, chloroform). For n.m.r. 
data, see Table I. 

Anal. Calc. for C2,,H3408S3: C, 48.2; H, 6.8; S, 19.3. Found: C, 48.1; H, 6.8; 
s, 18.4%. 

Fraction 3 was a syrup (2.8 g, 23%), which gave an n.m.r_ spectrum consistent 
with its being 1,3,4,5,6-penta-O-acetyl-r.-sorbose diethyl dithioacetal, and had 
[LY],, --8O (c 1.0, chloroform); liL2 m-p. 94-95”, I&, - 12.3”. 

The residual starting-ketone was not eluted from the column. 
ErJlyl I-deoxy-cx-L-sorbopyranoside (1, R = H). - (a) From 3,4,5,6-tetra-O- 

acetyl-I-S-ethyl-l-tJzio-L-sorbose diethyl dithioacetal. The I-ethylthio compound 
(1.23 g) was dissolved in dry methanol (20 ml) and deacetylated by the addition of a 
catalytic amount of sodium methoxide. The sodium ions were removed with a 
cation-exchange resin, mercury(U) oxide (1.3 g) and a saturated solution of 
mercury(II) chloride (1.35 g, 2.1 mol. equiv.) in dry methanol were added, and the 
suspension was stirred at room temperature for 0.5 h. Removal of the solids and 
solvent afforded a gIass which gave an n.m.r. spectrum consistent with its comprising 
two I-ethylthio methyl glycosides Cprobably furanosides 1 ’ ; methoxyl resonances 
r 6.54, 6.44) in the ratio 2:l. The glass was dissolved in ethanol (30 ml), and a slurry 
of active Raney nickel (30 g) in ethanol was added. After heating of the suspension 
under reflux for 0.5 h, the nickel was removed aad thoroughly washed, and the 
filtrate and washings were taken to dryness to give a syrup which showed C-methyi 
singlets at z 8.44 and 8.30, and O-methyl singlets at T 6.66 and 6.60 (ratios 2:l; the 
higher-field signals were more intense in both cases). The residue was taken up in 
water (20 ml) and heated with Dowex-50W x8 (H+) resin (3 g) for 1 h on a steam 
bath. The resin was then removed and the water was evaporated under diminished 
pressure, the last traces being removed by several codistillations with ethanol. 
Crystallisation of the residue from ethyl acetate (in which 1-deoxysorbose is largely 
insoluble) gave ethyl I-deoxy-a-L-sorbopyranoside (0.21 g, 44%), m-p. 160-1643 
[c&-, - 89” (c 0.5, water). The n.m.r. spectrum revealed the presence of an ethyl group 
and a C-methyl group, and the mass spectrum showed an intense ion with m/e 147 
(M--Et)+. 

Anal. CaIc. for CsH1605: C, 50.0; H, 8.3. Found: C, 49.9; H, 8.3%. 
(b) From I-deoxy-L-sorbose. The free su,a, 0 ,gb (0.20 g) was heated at 40-50” in 

ethanolic hydrogen chloride (10 ml, 0.07~) until dissolution had been effected and 
for a further 5 min; t.1.c. then showed that all the free sugar had reacted. The acid was 
neutralised with anion-exchange resin, and the alcohol was removed to give a solid 
residue. Recrystallisation from ethyl acetate gave the ethyl glycoside (0.17 g, 72%), 
and further, similar purification yielded a product with m.p. 166170”, [c& -84” 
(c 0.5, water). It had the same n.m.r. characteristics as the material produced by 
method (a). 

Ethyl 3,4,5-tri-0-acetyl-I-deoxy-cr+sorbopyranoside (1, R = AC). - The ethyl 
glycoside prepared by method (b) (75 mg) was left for 20 h in pyridine-acetic 
anhydride (2 ml, 2:l). Ice was added and, after 2 h, the solution was acidified with 





NOTE 199 

9 (a) T. VAN ES AND M. S. FEATHER, Curbohyd. Res., 22 (1972) 470; (b) K. JAMES AND S. J. ANGYAL, 
Rust. J. Ct?enz., 25 (1972) 1967. 

10 G.S. BETEELLANDR. J.FERRJEK. Carbohyd. Res., 31 (1973) 69. 
11 M. S. FEATHER, Carbohyd. Res., 7 (1968) 86. 

12 H. S. ISBELL, H. L. FRUSH, C. W. R. WADE, AND C. E. HUNTER, Cmbohyd. Res., 9 (1969) 163. 
13 L. HOUGH AND A. C. RICHARDSON, in S. COF_XY (Ed.), Rodd’s Chemistry of Carbon Compounds, 

Vol. lF, Eisevier, Amsterdam, 1967, p. 252. 
14 W. PIGMAN AND E. F. L. J. ANET, in W. PXGMAN AND D. HORTON (Eds.), The Carbohydrutes, 

Vol. lA, Academic Press, New York, 1972, p. 165. 
15 J. W. GREEN, Adcan. Carbohyd. Chem., 21 (1966) 95. 


