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Potential Hexokinase Inhibitors. Synthesis and Properties of 2,3-An- 
hydro- D-allose, 2,3-An hydro-~-ri bose, and 2-0-  Met hylsulp honyl -D -man - 
nose 
By J. Grant Buchanan,. David M. Clode, and Nadaraja Vethaviyasar, Department of Chemistry, Heriot-Watt 

University, Riccarton, Currie, Edinburgh EH4 4 4AS 

Hydrogenolysis of benzyl 2,3-anhydro-a-~-allopyranoside (4) in tetrahydrofuran over palladium-charcoal 
afforded crystalline 2.3-anhydro-a-D-allopyranose (6a). When dissolved in water this sugar underwent rapid 
mutarotation to give an equilibrium mixture containing mainly the a-pyranose (6a) (41%) and the P-furanose (6d) 
(42%). together with the a-pyranose (6b) and the a-furanose (6c) (5 and 12%. not individually assigned). 2.3- 
Anhydro-D-ribose, as an equilibrium mixture (1 3). has been prepared by hydrogenolysis of benzyl 2.3-anhydro-a- 
D-ribopyranoside (1 2). 

2-O-Methylsulphonyl-~-~-rnannopyranose (1 8) has been prepared and shown to give 1,6-anhydro-P-~-gluco- 
pyranose (20) with base. 

IN earlier work we described the synthesis of free sugars 
containing the oxiran ring as potential inhibitors of 
he~okinases.~9~ Hexokinases are known to have wide 
specificity and it was hoped that alkylation of the enzyme 
at  its active site by the oxiran would lead to irreversible 
inhibition.1 We have now examined the preparation of 
2,3-anhydro-~-allose (6), as shown in Scheme 1. 
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SCHEME 1 

The disulphonate (2) was prepared from the diol (l), 
essentially by Inch and Lewis's m e t h ~ d . ~  We found it 
necessary to warm the tolylsulphonylation reaction mix- 
ture to ensure complete introduction of the second sul- 
phony1 group. The anhydro-alloside (3), obtained from 
the disulphonate (2) by treatment with methanolic 
sodium rnetho~ide,~ was converted into the crystalline 
4,6-diol (4) by acidic hydrolysis. Hydrogenolysis of the 

l J. G. Buchanan and D. M. Clode, J.C.S.  Perkin I ,  1974, 388. 
D. G. Walker in 'Essays in Biochemistry,' eds. P. N. 

Campbell and G. D. Greville, Academic Press, London, 1966, vol. 

benzyloxy-group in the glycoside (4) proceeded smoothly 
in tetrahydrofuran, which was chosen as solvent to 
minimise mutarotation of the product.ls5 Crystalline 
2,3-anhydro-a-~-allopyranose (6a) was isolated in 47% 
yield [from (4)]. The or-pyranose structure was con- 
firmed by its lH n.m.r. spectrum, measured in [2H,]di- 
methyl sulphoxide, in which mutarotation is slow.1 The 
signal due to H-1 appeared as a double doublet, J1,2 3.0 
Hz, in agreement with earlier work"' on derivatives of 
2,3-anhydro-a-~-allopyranose (Jl,2 ca. 2.5 Hz) and with 
the values found for the glycosides (3) and (4) in the 
present paper. 

When the crystalline 2,3-anhydroallose was acetylated 
in pyridine a pure syrup was obtained whose n.m.r. 
spectrum was consistent with the u-pyranose structure 
(7a), the H-1 signal being a doublet (J1,2 2.5 Hz). 
Furthermore, when the diacetate (5) was debenzylated by 
hydrogenolysis and the resulting mixture of sugars (8a 
and b) was acetylated the n.m.r. spectrum of the syrupy 
product was clearly that of a mixture of triacetates (7a 
and b) in the ratio 4 : 1. The signal due to H-1 in the 
p-anomer (7b) appeared as a broad ' singlet ' (Jl,z 0.8 Hz) 
at  higher field, as expected.8 

The crystalline sugar (6a) was dissolved in water and 
allowed to undergo mutarotation. After evaporation of 
solvent the components of the mixture were converted 
into their trimethylsilyl (Tms) ethers, which were sub- 
jected to g.l.c.9 The four peaks that appeared, corre- 
sponding presumably to the Tms ethers of the four 
anhydro-sugars (6a-d), were designated A-D, in order 
of elution from the column. The retention times, relative 
to the Tms ether of a-D-glucose, were 0.91,0.93, 1.39, and 
2.16 respectively, and the relative intensities 5 : 12 : 42 : 
41. A gas chromatogram of the Tms ether of the crystal- 
line sugar (Sa) showed a single component corresponding 
to component D. The a-pyranose (6a) is therefore one of 
the major components of the equilibrium mixture. In 
order to assign structures to the remainder a study was 

6 D. H. Buss, L. Hough, L. D. Hall, and J. F. Manville, 
Tetrahedron, 1965, 21, 69. 

7 L. Hough, P. A. Munroe, and A. C. Richardson, J .  Clzem. 
SOC. (C), 1971, 1090. 

8 R. D. Guthrie, A. M. Prior, and S. E. Creasey, J .  Chem. SOC. 

2, p. 33. 
D. L. Purich. H. J. Fromm, and F. B. Rudolph, Adv.  

T. D. Inch and G. J. Lewis, Carbohydrate Res., 1972, 22, 91. 
C. E. Ballou, S. Roseman, and K. P. Link, J .  Amar. Chem. 

Enzymol., 1973, 39, 249. 

SOC., 1951, 73, 1140. 

(C), 1970, 1961. 

Amer. Chem. SOC., 1963, 85. 2497. 
0 C. C. Sweeley, R. Bentley, M. Makita, and W. W. Wells, J .  



1450 J.C.S. Perkin I 
made of the mixture of triacetates (7a-d) obtained by 
acetylation. 

When the mixture of anhydro-sugars (6a-d) was 
treated with acetic anhydride and pyridine a crystalline 
triacetate was isolated in 36% yield. It differed from 
the syrupy triacetate (7a) of the a-pyranose and from the 
triacetate (7b) of the p-pyranose, and was therefore a 
furanose triacetate (7c or d). This was confirmed by 
first-order analysis of its n.m.r. spectrum, which was well 
resolved. The signal for H-5 was at low field (z 4.91), 
owing to deshielding by the acetyl group, and showed 
coupling to H-4, -6, and -6'. The signal due to H-1 was 
a low-field singlet (7  3.72), but this could not be used, in 
the furanose series, to assign the anomeric configuration 
of the l-acetoxy-group. On the basis of its specific 
rotation, [a]= -62" (CHCI,), it is probably the p-anomer 
(7d) [the specific rotations lo of the a- and p-anomers of 
methyl 2,3-anhydro-~-ribofuranoside are + 13.1 and 
-109" (in CHClJ, respectively]. 

The mutarotation of crystalline 2,3-anhydro-x-~- 
allopyranose (6a) in aqueous solution was studied polari- 
metrically. At room temperature equilibrium was 
reached after approximately 90 min. The plot of log 
(r, - r,) against time was a straight line, extrapolation 
of which to zero time gave a specific rotation of 3-62' for 
the pure a-pyranose (6a). 

The mutarotation in deuterium oxide was studied by 
1H n.m.r. spectroscopy. In the low-field region of the 
spectrum a doublet due to H-1 in the a-pyranose (6a) 
(7 4.60, Jl,z 3.0 Hz) gradually subsided with time and a 
singlet due to H-1 in the p-furanose (6d) (7 4.55) became 
of comparable intensity. In addition, two broad 
singlets of low intensity [T 4.44, H-1 of a-furanose (6c) 
and 4.84, H-1 of p-pyranose (6b)l appeared. 

We conclude that at equilibrium an aqueous solution 
of 2,3-anhydro-~-allose contains 41 yo of the a-pyranose 
form (6a), 42% of a furanose form, probably p-(6d), and 
12 and 5% of the two other forms (6b and c), not fully 
identified. The presence of a furanose form as a major 
component of the equilibrium mixture is not surprising in 
view of the earlier work on 2,3-anhydro-~-mannose.l A 
comparison of the behaviour of oxirans with that of five- 
membered cyclic acetals and carbonates was made in the 
earlier paper.l 

Because of the stereochemical relationship between 
allose and ribose we also undertook the synthesis of 2,3- 
anhydro-D-ribose. Previously this sugar had been ob- 
tained on a small scale, together with 2,3-anhydro-~- 
lyxose, by oxidation of 3,4-anhydro-~-altritol with 
periodate.ll We have prepared it by the more orthodox 
route outlined in Scheme 2. 
was converted into the acetal(9) and the sulphonate (10) 

Benzyl a-D-arabinoside 

10 C .  D. Anderson, L. Goodman, and B. R. Baker, J .  Amer.  

l1 J. G.  Buchanan and A. R. Edgar, Carbohydrate Bes., 1969,10, 

l2 H. G. Fletcher, jun., and C .  S. Hudson, J .  Amer.  Chem. SOL, 

13 P. J. Garegg, Acta Chem. Scand., 1960, 14, 957; G. 0. 

Chem. SOL, 1958, 80, 6247. 

295. 

1950, 72, 4172. 

Aspinall and K. BI. Ross, J .  Chem. SOC., 1961, 3674. 

by conventional means. The isopropylidene group was 
removed with hot 90% acetic acid, affording the diol(11) , 
which gave the oxiran (12) on treatment with sodium 
methoxide. Hydrogenolysis gave 2,3-anhydro-~-ribose 
(13) as a syrup which did not crystallise. We also 
examined the hydrogenolysis of the known benzyl 2,3- 
anhydro-p-~-nbopyranoside,~~ but hydrogenolysis was 
very slow and was accompanied by another reaction, 
presumably reductive opening of the oxiran ring. 

We considered 1,2-anhydro-x-~-glucopyranose (19) or 
1,2-anhydro-p-~-mannopyranose as possible inhibitors of 
hexokinase. The glucose anhydride is known only as its 

Mef' j0 OH 

BrtzPhCH2 
TS =p-MeC,HiSO, 

0 
113) 

SCHEME 2 

triacetate (Brigl's anhydride) and as a non-isolable inter- 
mediate in the alkaline hydrolysis of Brigl's anhydride 
and of aryl p-~-gIucopyranosides.~~~ l5 The mannose an- 
hydride is the probable major intermediate in the oxid- 
ation of 1,5-anhydro-2-deoxy-~-arab~no-hex-l-enito1 
( r  D-glucal ') by perbenzoic acid which leads eventually to 
D-mannOse.l6 We suspected that the anhydride (19) and 
its manno-isomer would be unstable even under neutral 
aqueous conditions, and confirmed this when attempts to 
prepare them by careful epoxidation l7 of D-glucal were 
unsuccessful. It was therefore decided to approach the 
problem in a different way. 

It is believed that the hexitol 1,6-disulphonates owe 
their tumour-inhibiting properties to epoxide formation 
in situ.l* We envisaged that 2-O-methylsulphonyl-D- 
mannose (18) might be sufficiently stable to penetrate 
cells, and yet be a potential precursor of 1,2-anhydro-~- 
glucopyranose (19). D-Mannose is a substrate for mam- 
malian hexokinases2 and we hoped that the methyl- 
sulphonyl group might be sufficiently small to permit 
binding. An axially oriented O-methylsulphonyl group 
is favourably situated for epoxide formation and it is 
known that 2-sulphonates of certain free sugars readily 

ld M. P. Bardolph and G. H. Coleman, J .  Org. Chem., 1950, 15, 
169; A. Dyfverman and B. Lindberg, Acfa Chem. Scund., 1950,4, 
878. 

l5 C .  E. Ballou. Adv.  Carbohydrate Chem., 1954, 9, 59. 
l6 M. Bergmann and H. Schotte, Bey., 1921, 54, 440. 
l7 M. Korach, D. R. Neilsen, and W. H. Rideout, J .  Amer.  

M. Jarman and W. C .  J.  Ross, Chem. and Ind.,  1967, 1789; 
Chern. SOC., 1960, 82, 4328. 

Carbohydrate Res., 1969, 9, 139. 
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undergo 1,2-anhydride formation.lB-a The conversion 
of the sulphonate (18) into the epoxide (19) might occur 
while the former was attached to the enzyme, leading 
possibly to glycosylation at  the active site. 

The sulphonate (18) was prepared as shown in Scheme 
3. The orthoester (14) 22 was converted into the syrupy 

(15) R=Ac (18) (191 
(16) R=H 
(17) R=Ms 

CH,-0 

(--J Bzl= PhCH, Ms = MeSO, 

HO 
OH 

(20) 
SCHEME 3 

benzyl a-D-mannoside (15) in 61 yo yield by the procedure 
of Kochetkov et aZ.= Alkaline methanolysis removed 
the ester group affording the mannoside (l6), which gave 
the sulphonate (17) on treatment with methanesulphonyl 
chloride in pyridine. Finally, hydrogenolysis over pal- 
ladium-charcoal yielded the crystalline free sugar (18). 
As expected,14J5 when the sulphonate was treated with 
alkali the 1,6-anhydride (20) resulted, presumably 
through I ,Z-anhydro-u-D-ghcopyranose (19) as an inter- 
mediate. 

Z,S-Anhydro-~-allose (6), 2,3-anhydro-~-ribose (13), 
and 2 - O-me t h y lsulp honyl-D -mannose were tested as in- 
hibitors of yeast hexokinase by Dr. E. M. Bessell and 
Professor A. B. Foster (Chester Beatty Research In- 
stitute). Each potential inhibitor, havlng reached muta- 
rotational equilibrium, was incubated with crystalline 
yeast hexokinase for 24 h a t  pH 7.5. After dialysis to 
remove the excess of inhibitor the solution was tested for 
hexokinase activity. None of the compounds was 
active. In separate experiments it was shown that 2,3- 
anhydro-D-allose was a substrate for yeast hexokinase at 
high enzyme concentration (K, value 0.13~).  It is in- 
teresting to note that D-allose has been reported as a 
substrate, also with a high K, value.% 

EXPERIMENTAL 

Evaporations were carried out under reduced pressure, 
with a rotary evaporator. Other general methods are 
described in ref. 1. 

Benzyl 4,6-O-Benzylidene-u-!-~-glucopyranoside (1) .-This 
lS D. C. C. Smith, Chem. and Ind., 1955, 92; J .  Chem. SOC., 

20 J. K. N. Jones and W. H. Nicholson, J .  Chem. SOC., 1955, 
1957, 2690. 

3050. 
21 R. K. Ness and H. G. Fletcher, jun., J .  Amev. Chem. Soc., 

1956, 78, 4710. 

compound was prepared from D-glucose essentially by Inch 
and Lewis's method,4 except that in the initial formation of 
the benzyl glucoside the mixture of D-glucose, benzyl al- 
cohol, and toluene-p-sulphonic acid was shaken overnight 
prior to  heating. The 4,6-O-benzylidene compound (1) had 
m.p. 151-152", [a]= +95" (c 3.0 in CHCl,) (lit.,4 m.p. 152"). 
Dr. Inch has informed us that the specific rotation given in 
ref. 4 is incorrect. 

Benzyl 2,3-Anhydro-4,6-O-benzylidene-a-~-allopyranoside 
(3).-To a solution of the diol (1) (4.0 g) in anhydrous pyr- 
idine (25 ml) toluene-9-sulphonyl chloride (8.0 g, 3.75 mol. 
equiv.) was added, and the mixture was stirred a t  60 "C for 
12 h. T.1.c. (9 : 1 benzene-ether) showed that none of the 
monosulphonate remained. A small amount of water was 
added and after 15 min the mixture was poured into ice- 
water. The crude disulphonate was filtered off, washed 
with water, and purified by reprecipitation with water from 
a methanolic solution. The n.m.r. spectrum of the resulting 
amorphous solid was consistent with the structure (2). It 
was dissolved in methanol (250 ml) containing sodium meth- 
oxide [from sodium (3 g, ca. 12 mol. equiv.)] and heated 
under reflux until t.1.c. (9 : 1 benzene-ether) showed that no 
disulphonate remained. After cooling the solid was filtered 
off and recrystallised from ethanol to give the anhydro- 
alloside (3) (2.1 g, 55%),  m.p. 182-183", [a]= + 124" (c 3.0 in 
CHCl,) (lit.,4 m.p. 185"). Dr. Inch has informed us that the 
rotation given in ref. 4 is incorrect. 
Benzyl2,3-A.pzhydro-a-~-allofiyranoside (4) ,-A suspension 

of the benzylidene compound (3) (2.0 g) in 0.005~-su~phuric 
acid (100 ml) and methanol (100 ml) was heated under reflux 
until the solid had dissolved (3 h). T.1.c. (9 : 1 benzene- 
ether) showed that no starting material remained. After 
neutralisation (BaCO,) and filtration the solution was 
evaporated to dryness and the resulting crystals recrystal- 
lised from ether-light petroleum to give the epoxide (4) (0.88 
g, 59%), m.p. 106-108", [uID + 123" (c 1.0 in EtOH) (Found: 
C, 61.6; H, 6.1. C,,H,,O, requires C, 61.9; H, 6.35%); 
7 (100 MHz; [2H5]pyridine) 2.40-3.00 (5 H, unresolved, 
Ph), 3.77br (1 H, s, OH), 4.72 (1 H, dd, J 1.8 and 1.1 Hz, 
H-1), 4.82-5.46 (3 H, q and broad s, benzylic and OH), 
5.6-6.0 (4 H, unresolved), and 6.36 (2 H, unresolved, H-2 
and -3). 

A solution of the epoxide (4) (0.1 g) in anhydrous pyridine 
(2 ml) and acetic anhydride (2 ml) was kept a t  room tem- 
perature for 16 h. Isolation with chloroform gave the di- 
acetate (5)  as a syrup which was homogeneous by t.1.c. (9 : 1 
benzene-ether); T (60 MHz; CDCl,) 2.58 (5  H, s, Ph), 4.8- 
5.0 (2 H, unresolved, H-1 and -4), 5.6-6.0 (3 H, unresolved), 
6.35-6.55 (2 H, unresolved, H-2 and -3), and 7.88 and 7.94 
(6 H, 2s, 2MeCO). 

2,3-Anhydro-~-aZlose (6a-d) .-5% Palladium-charcoal 
(0.5 g) was added to  a solution of the benzyl glycoside (4) in 
tetrahydrofuran (30 ml) and the mixture was shaken a t  
room temperature with a slight overpressure of hydrogen. 
After 2 h uptake was complete and the catalyst was removed. 
T.1.c. (6 : 3 : 1 light petroleum-ethyl acetate-ethanol) showed 
the absence of starting material. The solution was evapor- 
ated to  give a syrup that crystallised spontaneously. 
Acetone-light petroleum was added to the solid which was 

82 N. E. Franks and R. Montgomery, Carbohydrate Res., 1968, 

23 N. K. Kochetkov, A. J. Khorlin, and A. F. Bochkov, Tetra- 

2* A. Sols, G. de la F. Sanchez, C. Villar-Palasi, and C. Asensio, 

6, 286. 

hedvon, 1967, 23, 693. 

Biochim. Biophys. A d a ,  1958, 30, 92. 
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then filtered off (0.15 g, 47%). The filtrate was evaporated 
to  give syrupy 2,3-anhydro-~-allose (6a -d )  (0.14 g). Re- 
crystallisation of the solid from acetone-light petroleum 
gave 2,3-anhydro-a-~-a1lof1yranose (sa), m.p. 88-90", [I], 
+27" (equil.; G 1.0 in H20) (Found: C, 4-4.4; H, 6.2. 
C6Hl0O5 requires C, 44.45; H, 6.15%); T [lo0 MHz; 
(CDJZSO] 3.77 (1 H, d, J 1 . 0 ~  6.3 Hz, HO-l), 4.86 (1 H, dd, 
J1,2 3.0 €32, H-1), 4.92 (1 H, d, J 4 . 0 ~  5.8 Hz, HO-4), 5.66 
(1 H, t ,  J6,OH = Je.,OH = 6.0 Hz), and 6.1-6.9 (6 H, un- 
resolved). 

Paper chromatography (3 : 1 : 1 butan-l-ol-pyridine- 
water) of the crystals or of the syrup showed a single com- 
ponent, Rclc 2.43, detected by aniline phthalate 25 (reducing 
sugar) or by sodium iodide-Methyl Red 26 (vicinal epoxide). 

The mutarotation of the crystalline anhydride (6a) (20 
mg) in water (1 ml) was studied by the method in ref. 1, 
The equilibrated mixture was converted into a mixture of 
Tms ethers and examined by g.l.c.1 The results of both of 
these experiments are given in the Discussion section. 

1,4,6-Tri-O-acetyl-2,3-anhydro-a-~-allopy~anose (7a) .- 
The crystalline anhydro-allose (6a) (50 mg) was acetylated 
with acetic anhydride and pyridine in the normal way to  
give the title compound as a homogeneous syrup Ct.1.c. 
(9 : 1 benzene-ether)]; z (100 MHz; CDC1,) 3.77 (1 H, d, 

5.6-6.0 (3 H, unresolved), 6.26-6.43 (2 H, unresolved, 
H-2 and -3), and 7.85, 7.88, and 7.94 (9 H, 3s, 3MeCO). 

1,4,6-Tri-O-acetyl-2,3-anhydro-a~-~-alZo~yranose (7a and 
b) .-5% Palladium-charcoal (0.2 g) was added to a solution 
of the diacetate (5 )  @repared from (4) (0.1 g)] in methanol 
(16 ml) and the mixture was shaken a t  room temperature 
with a slight overpressure of hydrogen. After 30 min up- 
take was complete and the catalyst was removed. T.1.c. 
(9 : 1 benzene-ether) showed a single component of R p  value 
lower than that of the starting material. The anomeric 
mixture (8a and b) was obtained as a syrup [90 mg, 92% 
from (4)]; T (60 MHz; D,O) 4.5-5.0 (2 H, unresolved), 
5.7-5.9 (3 H, unresolved), 6.32 (2 H, unresolved, H-2 and 
-3), and 7.91 and 7.98 (6 H, 2s, 2MeCO). 

The above anomeric mixture (90 mg) was treated with 
acetic anhydride (1 ml) and pyridine (1 ml) a t  room tem- 
perature for 16 h. The resulting syrup, consisting of the 
triacetates (7a and b), was homogeneous by t.1.c.; 7 (100 
MHz; CDC1,) 3.77 and 3.92 (1 H, 2 doublets, J1,2 2.5 and 
0.8 Hz in the ratio 4 :  1, H-1), 4.7-5.0 (1 H, unresolved, 
H-4), 5.6-6.7 (5 H, unresolved), and 7.85, 7.87, and 7.94 
(9 H, 3s, 3MeCO). 
1,5,6-Tri-O-acetyl-2,3-anhydro-P-~-al~o furanose (7d) .- 

Syrupy 2,3-anhydro-~-allose (6a -d )  (0.14 g) was acetylated 
in the normal manner to  give a syrup that crystallised 
spontaneously. After trituration with ethyl acetate-light 
petroleum the crystals were filtered off (90 mg, 36%). Re- 
crystallisation from ethyl acetate-light petroleum afforded 
the triacetate (7d), m.p. 120-121", [al, -662' (c 0.45 in 
CHCI,) (Found: C, 49.6; H, 5.4. C,,H,,O, requires C, 
50.0; H, 5.6%); T (100 MHz; CDC1,) 3.74 (1 H, S, H-1), 
4.91 (1 H, ddd, J4.5 8.3, J5,6' 5.5, J5,6 3.0 Hz, H-5), 5.50 
(1 H, dd, J 6 , 6 #  12.3 Hz, H-6), 5.72 (1 H, d, H-4), 5.97 (1 H, 

J1.2 2.5 Hz, H-1), 4.87 (1 H, dd, J4.5 9.5, J3.4  1.3 Hz, H-4), 

dd, H-6'), 6.1-6.25 (2 H, q, H-2 and H-3), and 7.88, 7.90, 
and 7.94 (9 H, 3s, 3MeCO). 

Benzyl 3,4O-lso$ro$ylidene-2-O-p-tolylsul~honyl-u-~- 
arabinoside (10) .-Benzyl a-D-arabinopyranoside l2 (6.0 g) in 
2,2-dimethoxypropane (20 ml) and acetone (20 ml) contain- 
ing toluene-p-sulphonic acid (0.2 g)  was stirred for 1 h at 
room temperature. The clear solution was neutralised with 

barium carbonate, the solids were removed by filtration, and 
the filtrate was evaporated leaving the crude isopropylidene 
compound (9) as a syrup. Pyridine (30 ml) was added to  
the syrup, followed by toluene+-sulphonyl chloride (6.0 g, 
1.26 mol. equiv.), and the mixture was kept at 50 "C for 3 h. 
Ice-water (5  ml) was added to the cooled mixture, with stir- 
ring, and after a few minutes the solution was poured on to 
ice. The resulting solid was filtered off and recrystallised 
from aqueous ethanol to give the pure sulphonate (10) (9.0 g, 
83y0), m.p. 80-82', [a], -12" (c 1.0 in CHC1,) (Found: C, 
60.8; H, 6.0; S, 7.2. C,,H,,O,S requires C, 60.8, H, 6.0; 

Benzyl 2-0-p-Tolylsulj5honyl-a-~-arabinopyranoside ( 1 1). 
-The acetal (10) (5 g) in aqueous acetic acid (90% v/v; 20 
ml) was heated a t  100 "C for 45 min. Evaporation left a 
solid which was recrystallised from aqueous methanol to 
give the pure sulphonate (1 1) (4.0 g, go%), m.p. 110--112", 
[a], +22" (c 1.0 in CHC1,) (Found: C, 57.8; H, 5.6. C19- 
H,,O,S requires C, 57.9; H, 5.6%); 7 (60 MHz; CDC1,) 
2.0-2.9 (9 H, m, Ar), 5.1-6.9 (10 €3, unresolved, benzylic 
and sugar ring protons), and 7.65 (3 H, s, Me). 

Benzyl 2,3-AnJzydro-a-~-ribopyranoside (12) .-The sul- 
phonate (11) (2.0 g) was dissolved in methanol (25 ml) con- 
taining sodium methoxide [from sodium (0.3 g, ca. 2.5 mol. 
equiv.)] and heated to 50 "C for 30 inin. The cooled solution 
was carefully neutralised with Amberlite IR 120 (Hf form) 
ion-exchange resin, filtered, and evaporated, and the solid 
residue was extracted with ethyl acetate (3 x 15 ml). 
Evaporation of the combined extracts gave a syrup which 
crystallised from light petroleum to give the anhydro- 
riboside (12) (1.0 g, 89%), m.p. 94-96", [a], $202" (c 1.0 in 
EtOAc) (Found: C,  64.7; H, 6.25. CI2Hl4O4 requires C, 
64.9; H, 6.3%); T [lo0 MHz; (CD,),SO] 2.65 (5 H, S, Ph), 

(2 H, q, benzylic), 6.1 (1 H, m, H-a), and 6.5-6.8 (4 H, m). 
2,3-Anhydro-~-ribose (13) .-The anhydro-riboside (12) 

(1.0 g) in ethyl acetate was stirred with 50/, palladium- 
charcoal (0.1 g) in hydrogen for 24 h. The catalyst was 
removed, and the filtrate evaporated to a syrup. T.1.c. in- 
dicated that 2,3-anhydro-ribose was the major product 
(orange spot with the sodium iodide-Methyl Red reagent 2*). 

Chromatography on silica gel afforded the pure anhydro- 
sugar (0.4 g, 67%) as a syrup, [aID -5" (equil.) (c 1.18 in 
H,O) (Found: C, 45.6; H, 6.4. C,H,04 requires C, 45.45; 
H, 6.1%). The n.m.r. spectrum [lo0 MHz; (CD,),SO] was 
complex and indicated the presence of several ring forms. 

Benzyl 2-0-AcetyZ-3,4,6-tri-O-benzyl-~-~-manrcopyrano~yranos~de 
( 15) .-A solution containing 3,4,6-tri-O-benzyl-P-~-manno- 
pyranose 1,2-(methyl orthoacetate) (14) 22 (3.5 g),  nitro- 
methane (35 ml), and benzyl alcohol (4 ml) was distilled 
slowly and fresh nitromethane was added a t  such a rate as to 
maintain a constant volume. After 5 ml of distillate had 
been collected, mercury(r1) bromide (100 mg) was added and 
the distillation continued for 1 h. The mixture was cooled 
and evaporated under reduced pressure to leave a syrup 
which was purified by chromatography on silica gel with 
light petroleum-ethyl acetate (9 : 1) as eluant. The pure 
acetate (16) (2.46 g, 61%) was a syrup, {a]= +38.2" ( G  1.0 in 
CHCI,) (Found : C, 73.3 ; H, 6.8. C36H380, requires C, 74.2 ; 
H, 6.5%); T (60 MHz; CDCI,) 2.6-2.8 (20 H, m, Ph), 
4.5-6.2 (15 H, unresolved), and 7.87 (3 H, s, MeCO). 

Benzyl 3,4, B-T~~-O-benzyl-cc-~-vnanno~yranoside ( 16) .- 

s, 7.4%). 

4.8 (1 H, d, J 6 Hz, HO-a), 5.0 (1 H, d, J 3 Hz, H-1), 5.4 

25 S. M. Partridge, Nature, 1949, 164, 443. 
26 J. G. Buchanan and J. C. P. Schwarz, J .  Chem. Soc., 1962, 

4770. 
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The acetate (15) (2.0 g) was deacetylated with methanolic 
sodium methoxide. The syrupy glycoside (1.84 g, 99%), 
had [aID +35" (c 1.0 in CHCl,) (Found: C, 75.8; H, 6.8. 
C3&,@6 requires C, 75.6; H, 6.7%). 

Benzyl 3,4,6-T~i-O-benzyZ-2-0-~netlzyZsuZphonyZ-a-~-man- 
nopyranoside ( 17) .-The glycoside ( 16) (1.0 g) in pyridine 
(10 ml) was treated with methanesulphonyl chloride (1 ml) 
at  room temperature for 2 h. The excess of acid chloride 
was destroyed with a little water and the product isolated 
with chloroform. Chromatography on silica gel gave the 
pure sulphonate (17) as a syrup (0.92 g, SOYo), [a], +32" (c 
1.0 in CHCl,) (Found: S, 5.7. C,,H3,0,S requires S, 

2-O-.MethyZsuZ~honyZ-~-mannose ( 18) .-The sulphonate 
( 17) ( 1.0 g) in ethanol (25 ml) was shaken with hydrogen over 
5% palladium-charcoal (0.5 g) a t  atmospheric pressure for 4 
days. The catalyst was filtered off and the solution evapor- 
ated to leave a solid. Recrystallisation from ethyl acetate 
gave the pure sulphonate (18) (0.2 g, 48%), m.p. 128-130", 
[a], 0.0" (c 1.0 in H,O) (Found: C, 32.8; H, 5.6; S, 12.35. 

5.2%). 

C,H,,O,S requires C, 32.6; H, 5.4; S, 12.4%) ; 7 (60 MHz; 
D,O) 4.6 (d, J I s 2  H-1 of a-anomer), 4.87 (s, H-1 of p-anomer) 
(a : p ratio ca. 3 : l), 5.1 (1 H, unresolved), 5.8-6.6 (5 H, 
unresolved), and 6.7 (3 H, s, CH,SO,). 

Reaction of 2-O-.Methy~sulphonyl-~-mannose ( 18) with 
Alkali.-The sulphonate (18) (50 mg) was dissolved in meth- 
anolic 10% sodium methoxide (6 ml). After 30 min the 
solution was carefully neutralised with Amberlite IR 120 
(H+ form) resin and evaporated to dryness. The residue 
was extracted with ethyl acetate and from the extract was 
obtained 1,6-anhydro-P-~-glucopyranose (20), m.p. 177- 
178", [a], -65" (c 1.0 in H,O), indistinguishable from an 
authentic sample. 
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