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The 2,3-anhydropyranoside-4-triflates (1 ), (3), and (6) react with tetrabutylammonium hydrogen 
sulphate to afford the sulphate esters (2), (4), and (7) respectively. In the case of triflates (3) and 
(6) the cyclic sulphates (5) and (8) were obtained as major products. The benzyl pyranoside (8) 
was successfully deblocked to yield the free sugar cyclic sulphate (9). The 'H NMR spectra of the 
newly synthesized sulphates have been discussed in detail. The 13C NMR spectral data are also 
described. 

The importance of sulphate esters of carbohydrates was 
recognized several years ago.' Biochemical studies are actively 
being performed on sulphated glycosaminoglycans, glyco- 
sphingolipids, and glycoproteins. Sulphated glycosamino- 
glycans from human tumour tissue have shown inhibition 
of DNA synthesis in virus-transformed cells. * The pronounced 
activity of synthetic sugar sulphate derivatives against peptic 
 ulcer^,^*^ heptatitis," skin wounds and burns: their comple- 
mentary inhibition and modulation activity, and their utility 
in wastewater treatment,' as well as in high quality electro- 
plating,* has only highlighted the importance of this class of 
compounds. Chlorosulphonic acid,' or complexes of sulphur 
trioxide with ~yridine, ' .~ dimethylformamide (DMF),' or 
triethylamine5V6 have been used for the conversion of 
carbohydrates into their sulphate esters. More recently, 
approaches involving conversion of a sugar derivative into its 
sulphite ester followed by oxidation," and reaction of suitably 
protected sugar with an aryl chlorosulphate followed by 
hydrogenolysis,' ' have been used. These methods often have 
practical disadvantages due to the difficulties in isolation of the 
product and handling of the reagents, formation of complex 
mixtures, and poor yields. In all of those methods mentioned 
above the configuration at the carbon bearing the sulphate 
group remains the same as that in the parent sugar. We describe 
here a convenient and mild procedure for the introduction of 
the sulphate group into sugars with inoersion of configuration 
at the reaction centre. 

In continuation of our studies on carbohydrate triflates,12 
we wanted to investigate the displacement of a secondary 
triflyl group by a weak nucleophile. To this end we treated 
the known 12a triflate (1) with tetrabutylammonium hydrogen 
sulphate in acetonitrile at room temperature. To our delight 
the crystalline sulphate (2) was isolated as the only product 
[equation(l)]. Reaction of the triflates (3) and (6) 12a under the 
same conditions afforded the cyclic sulphates (5) and (8) in 
addition to the monosulphates (4) and (7) [equations (2) and 
(3)]. The ratio of the monosulphate to cyclic sulphate was ca. 
1 : 2 in each case, and the products were conveniently separated 
by column chromatography (see Experimental section). Thus, 
this method also provides a convenient entry into the cyclic 
sulphates, a class of compounds prepared in the past by using 
the unpleasant sulphuryl chloride.' 

Despite a literature report l4 that the sulphate group 
interferes with hydrogenolysis of the benzyl protecting group, 
we were able to hydrogenolyse the benzyl group from the cyclic 
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sulphate (8) [equation (4)]. Thus hydrogenolysis on 10% Pd-C 
in ethanol proceeded rather fast in the beginning, but slowed 
down and finally stopped roughly half-way through (TLC 
analysis). At this point the catalyst was changed, whereby the 
reaction was brought to completion to yield a ca. 2:3 
equilibrium mixture of the a and the P-anomers (9). The ratio of 
the two anomers was determined on the basis of 'H NMR 
integration. Interestingly, upon crystallization from ethyl 
acetateether almost all of the compound crystallized out as the 
p-anomer. The 'H and I3C NMR spectra of a freshly prepared 
solution of the crystalline compound in CD30D showed clearly 
the signals corresponding to the p-anomer. After ca. 30 min the 
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Reagents and conditions: Bu:N+ HSO;, MeCN. 

Reagents and conditions: H2, Pd-C, EtOH. 

Table 1.400 MHz 'H NMR spectra of compounds (4)-(9);" chemical 
shifts. 

Compound 1-H 2-H 3-H 4-H 5-H 5-H' 

(2) 5.05 3.24 3.72 5.01 3.75 3.99 
5.08 3.42 3.55 4.94 4.02 3.79 
4.96 4.11 5.05 5.26 4.05 4.05 

(4) 
(5) 

4.98 3.21 3.51 4.83 3.75 3.75 
4.37 3.93 4.95 5.16 3.88 4.33 

(7) 

4.73 3.82 4.99 5.19 3.90 3.33 
(8) 
( 9 4  
(9P) 5.14 4.02 5.03 5.25 4.27 3.99 

a The resonances corresponding to benzyl groups have been omitted. 
In CDCI,. In CD,OD. 

Table 2. 400 MHz 'H NMR spectra of compounds (4)-(9); coupling 
constants (Hz) 

Compound J1.2 J2.3 J3.4 J4.5 J4.5' J 5 . S  

0 4.0 2.0 3.1 4.0 12.8 
3.2 3.2 0 0 1.7 13.7 

(2) 

3.6 8.8 5.2 0 0 0 
(4) 

0 3.5 0 7.1 7.1 0 
(5) 

7.7 7.7 5.4 2.0 2.0 14.6 
(7) 

8.0 8.0 5.3 2.0 0 14.1 
(8) 
(94 
(9P) " 3.5 8.7 5.2 2.3 0 14.3 

" J, ,5 .  = 0.6 Hz. 

signals corresponding to the a-anomer started to appear, and 
after 24 h the solution again showed signals corresponding to a 
2:3 mixture of the two anomers, which thereafter remained 
unchanged. 

There is relatively little in the literature regarding the 'H 
NMR spectra of sugar sulphates" and practically no 
information is available regarding the NMR spectra of cyclic 

sulphates. We therefore decided to study the 'H NMR spectra 
of compounds (21, (4), (5), (7), (8), and (9) in detail. Table 1 
lists the chemical shifts and Table 2 the coupling constants 
for these compounds. The spectrum of (9a) was obtained by 
subtracting the spectrum of (9p) from that of the mixture. The 
assignments were made on the basis of our previous experi- 
ence with anhydro sugars,12 reported16 NMR studies on 
anhydro sugars, coupling patterns, and double-resonance 
experiments when necessary. 

The relatively low values of J4,5 and J4,5, in compounds (2) 
and (4), and the characteristic chemical shift of 1-H,12+16 
suggest that these two compounds exist in the OH5 conforma- 
tion. The coupling constants Jl,2 = J2,3 = 7.7 Hz in (8) show 
trans diaxial orientation of 2-H with both 1-H and 3-H, sug- 
gesting a 'C, conformation. In compound (3, the coupling 
constants J1,2 = 3.6 Hz and J 2 . 3  = 8.8 Hz indicate an 
equatorial axial relationship between 1-H and 2-H, and trans 
diaxial relationship between 2-H and 3-H. The downfield 
chemical shift of 1-H in compound (5) compared with that in 
compound (8) also indicates the equatorial orientation of 1 -H in 
(5). Thus Conformation 4C1 can be assigned to compound (5). 
The reason for the absence of any significant coupling between 
4-H and 5-H and 5-H' is not clear; so is the reason for the 
identical chemical shift of 5-H and 5-H'. As expected the 
chemical shift of 1-H is downfield in both anomers (9a) and (9p) 
compared with that in compound (8). J1,2 (3.5 Hz) for (9p) 
and Jl,2 (8.0 Hz) for (9a), coupled with a relatively down- 
field resonance of 1-H in the former, support an equatorial 
orientation of 1-H in anomer (9p) and an axial one in anomer 
(9a). The facts that the coupling pattern in the rest of the 
molecule is about the same as that in (8) (vide infra), and that the 
values of the chemical shifts of 1-H in anomers (9a) and (9p) are 
consistent with those expected," suggest that conformation * C, 
can be assigned to both anomers of compound (9). 

Table 3 lists the I3C NMR data of compounds (2), (4), (S), 
(7), (8), and (9). Once again the values for anomer (9a) were 
obtained by subtraction of the values for anomer (9p) from 
those of the mixture of anomers. The resonances correspond- 
ing to the benzyl groups have been omitted for the sake of 
simplification. 

Compounds (4), (7), (8), and (9) showed molecular ions in 
their field desorption mass spectra (FDMS). The IR spectra 
(KBr) of all the compounds showed characteristic (W) 
absorption at cu. 1 250 cm-l, and S-0-C absorption between 
810-860 cm-'. 

Further work on the biological activities of these sugar 
sulphates, as well as on other compounds derived from them, is 
in progress and will be reported in due course. 

Experimental 
General.--'H NMR spectra were recorded at 400 MHz on a 

Bruker WM-400 machine and 3C NMR spectra were recorded 
on the same machine at 100 MHz with Me4Si as internal 
standard. Field desorption mass spectra were obtained on a 
Varian MAT 711, and IR spectra on a Perkin-Elmer 2021 
instrument. Optical rotations were recorded on a Zeiss Old-5 
polarimeter. Elemental analyses were performed on a Perkin- 
Elmer analyser Model 240. 

Benzyl 2,3-Anhydro-P-~-ribo-hexopyranoside 4-(Hydrogen 
Sui'phate) (2).-To a solution of the triflate (1) 12' (300 mg, 0.85 
mmol) in anhydrous acetonitrile (15 ml) at 0°C was added 
tetrabutylammonium hydrogen sulphate (600 mg, 1.77 mmol) 
and the mixture was stirred at room temperature for 12 h, when 
no unchanged triflate could be observed by TLC. Evaporation 
of the solvent under reduced pressure afforded a gum, which 
upon crystallization from ether-light petroleum (40-60 "C) 
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Table 3.100 MHz 3C NMR spectra chemical shifts of compounds (4)- 
(9). 

Compound C-1 c-2 c-3 c-4 c-5 

93.4 51.4 48.5 75.3 58.4 
91.4 51.8 48.5 76.4 57.8 
99.3 71.2 86.1 82.6 58.3 
93.8 51.6 50.3 72.5 56.7 

87.2 81.6 62.5 
97.2 73.0 87.9 82.2 62.8 

(2) 
(4) 

(7)" 
(Wb 
(94 
(9B) 93.9 69.6 86.4 82.7 57.5 

102.1 71.6 

period of 5 h under H2 (1 atm), when no unchanged pyranoside 
(8) could be observed on TLC. The catalyst was removed 
by filtration and the solvent was evaporated off under reduced 
pressure to afford an off-white solid (0.59 g, 60%), which was 
found to be a 2 :  3 mixture of a and P anomers of compound (9) 
(see text). Recrystallization from ethyl acetate-hexane afforded 
pure P-D-arabino-hexopyranose 3,4-(cyclic sulphate) (9p) (0.472 
g, 80% based on crude mixture), m.p. 92-93°C (Found: C, 
28.3; H, 3.8; S ,  15.0. CSH,07S requires C, 28.3; H, 3.8; S ,  
15.1%); [a];' + 80" (c  1 in MeOH). 

In CDCl,. In CD,OD. 

gave pure crystalline monosulphate (2 )  (151 mg, 59%), m.p. 92- 
93 OC (Found: C, 47.5; H, 4.6; S ,  10.1. CI2Hl4O7S requires C, 
47.7; H, 4.6; S ,  10.6%); Cay: + 10.8' (c  1 in CHCl,). 

Benzyl 2,3-Anhydro-P-~-lyxo-hexopyranoside 4-(Hydrogen 
Sulphate) (4) and Benzyl p-L-arabino-Hexopyranoside 3,4- 
(Cyclic Sulphate) @).-The triflate (3)120 (600 mg, 1.7 mmol) 
and tetrabutylammonium hydrogen sulphate (1.33 g, 3.92 mmol) 
were allowed to react in anhydrous acetonitrile as described 
above. After 8 h the solvent was stripped off under reduced 
pressure, and the residue was chromatographed on a silica gel 
column with ethyl acetate-hexane (1:4)  as eluant. The com- 
pound eluted first was recrystallized from ether-hexane to 
afford pure monosulphate (4) (130 mg, 25%), m.p. 1 1 0 - 1  12 "C 
(Found: C, 47.5; H, 4.55; S ,  10.1. Cl2HI4O7S requires C, 47.7; 
H, 4.6; S ,  10.6%); [a];' + 30.5" (c  1 in CHCI,). 

The next compound eluted from the column was re- 
crystallized from ethyl acetate-hexane to afford pure cyclic 
sulphate (5)  (266 mg, 52%), m.p. 144-145 "C (Found C, 47.6; 
H, 4.7; S ,  10.1. C12H1407S requires C, 47.7; H, 4.6; S ,  10.6%); 
[a];' 10.4O (c  1 in MeOH). 

Benzyl 2,3-Anhydro-a-~-lyxo-hexopyranoside 4-(Hydrogen 
Sulphate) (7) and Benzyl a-D-arabino- Hexopyranoside 3,4- 
(Cyclic Sulphate) @).-The triflate (6) (600 mg, 1.7 mmol) and 
tetrabutylammonium hydrogen sulphate (1.33 g, 3.92 mmol) 
were allowed to react in anhydrous acetonitrile (30 ml) as 
described above. After evaporation of the solvent under reduced 
pressure, the residue was chromatographed on a silica gel 
column with ethyl acetate-hexane ( 1 : 4 )  as eluant to give two 
crystalline products. Both products were crystallized from 
ethyl acetate-hexane. The compound which was eluted first was 
found to be pure monosulphate (7) (130 mg, 25%), m.p. 72- 
73 "C (Found: C, 47.6; H, 4.6; S ,  10.4. Cl2HI4O7S requires C, 
47.7; H, 4.6; S ,  10.6%); [a]2d) + 30.5" (c  1 in CHCI,). 

The second compound eluted from the column was found to 
be pure cyclic sulphate (8) (304 mg, 5979, m.p. 114-116 "C 
(Found: C, 47.7; H, 4.7; S ,  10.0. CI2Hl4O7S requires C, 47.7; 
H, 4.6; S ,  10.6%); [a];' + 20.5" (c 1 in MeOH). 

a- and P-D-arabino-Hexopyranose 3,4-(Cyclic Sulphates) (9a) 
and (9p).-To a degassed solution of compound (8) (1.4 g, 4.67 
mmol) in ethanol under N, was added 10% Pd-C (1.0 g), and 
the gas was replaced with H,. After the mixture had been stirred 
for 4 h under H2 ( 1  atm) the reaction did not appear to proceed 
any further (TLC). The solid was filtered off and fresh catalyst 
(400 mg) was added. The mixture was stirred for an additional 
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