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Sulphated polysacchandes are mdespread in Nature’, and mvestlgatlons of this 

class of blopolymer require methods for Identifying sulphated sugars We have 
mvestigated mass spectrometry for this purpose 

Monosacchande sulphates are not suficlently volatile for mass spectrometry, 
and we have therefore studled the acetylated sugar methyl sulphates’ and chloro- 
sulphates3, which are more volatde Direct mtroductlon into the ion source afforded 
reproducible mass spectra of the acetylated D-glucose and D-galactose methyl 
sulphates I-5 and 8, and the chlorosulphates 6 and 7 The data are given m Table I 
The spectrum of the 4-methyl sulphate 5 was unsatisfactory, as the compound could 
not be Isolated pure The data m Table I indicate that fragmentation of the acetylated 

sugar methyl sulphates 1s slmllar to that of the hexose penta-acetates4 
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3 Rz= $ = R4= A.c0,R’=OS03Me 

4 R* = R3 = R4 = CO.&00 R’ = OS.OsMe 

5 R’ = $ = R4= AcO, R3= OS+Me 

6 R*= R== R4= AcO,R’ = OSC$l 

7 R’ = R*= R3= AcO R4 = OSqCl 

Senes A (Scheme 1) starts with loss of AcO- ! to gve the AZ ion followed by loss 
of the 3-substltuent to Bve AZ The formatlon of subsequent fragments (m/e 28 1,263, 
169, and 109 for 2, nr/e 281,263,221,211, 169, and 109 for 3) depends on the position 
of the methyl sulphate group Thus, for 1, the ion formed by ehmmatlon of MeOSO,H 
and AcOH 1s not observed, but the ion m/e 263 (A, -2AcOH) 1s present Hence, 
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TABLE I 

MASS-SPECTRAL DATA FOR COhfPOUNDS l-3 AND 5-7 
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TABLE I (conrrrwed) 

m/e Relatroe mtenszty m/e Reiatwe rntensrty 
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Scheme 1 

m/e 263 for 3 should appear by loss of AcOH from C-4 and C-6, and should not be 
formed from 2 

Senes B and C are cmefly dlstmgulshed by the mablhty of the methyl sulphate 
group to ehrnmate as a ketene-hke fra_gment (Scheme 2) 

The mass spectrum of 3 aIso contams peaks of conslderable mtenslty at m[e 245, 
139, and 97, and fragments with m/e 157 and 115 The formatlon of these Ions IS 
represented m Scheme 3, thus being m agreement with the shfts of the correspondmg 
peaks from the deuterated compound 4 

The mass spectra of 3 and 8 are almost ldentlcal Thus, the mass spectra of the 
acetates of sugar methyl sulphates are characterlstlc and reflect the locatron of the 
sulphate groups 
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The mass spectrum of the chloro denvaove 6 does not contam Ions of the B and 
C senes, probably because of the increased electronegatlv@ of the substltuent at C-Z 
The peaks at m/e 126, 168, and 186 are probably due to fragments of unsaturated 
products of the thermal decomposition of 6 

The fragmentatron of 7 IS smular to that of the tetra-acetate of 6-chloro-6-deoxy- 
,!M-glucopyranose Our spectrum of the latter compound dfiers somewhat from that 
pubhshed’, m that It contams peaks at m/e 317 (M-CH,Cl), 323 and 325 M-AC), 
and 331 (M-Cl) 
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EXPERIMENTAL 

The mass spectra were recorded on G-I6 (1 and 2) and LKB 9000s instruments 

(3-S) 
T I c was performed on slilca gel with chloroform-acetone (98 2) and detectlon 

by chamng with sulphLrlc acid 
Acet~&ied saga, nzetl?~jl x&hates (l-5, 8) - The barium salt (0 1 g) of each 

acetylated sugar sulphate dissolved m methanol (3 ml) was eluted with methanol from 
a column of Dowex-SOW (Hf) resm The eluate was neutrahzed with ethereal 
dzzomethane, then kept overmght m a refrigerator, and subsequently chromato- 
graphed on a column (13 x 0 7 cm) of slhca gel with chloroform-acetone (97 3) 

Yield -6Omg 
Chlorosulphates - The acetylated sugar chlorosulphates were obtamed by a 

slightly modified procedure3 (u) A solution of 1,3,4,6-tetra-O-acetyl-p-D-gluco- 
pyranose (1 g) m chloroform (1 ml) and pyndme (4 ml) at - 75-80” was treated 
dropwlse with sulphuryl chloride (2 6 ml) After 15 mm, the nuxture was poured mto 

aqueous 10% magnesmm sulphate (100 ml) at 0” The preclpltate was removed and the 
filtrate was extracted with chloroform The extracts were washed with 5% sulphurlc 
acid, aqueous sodrum hydrogen carbonate, and water, dried (Na,SO,), and con- 
centrated to give 1,2,4,6-tetra-O-acetyl-P-D-glucopyranose 2-chlorosulphate (0 8 g), 
m p 102-103”, [a]: +98” (c 0 8, chloroform) 

Anal Calc for C,SH,,C10,2S C, 37 6 H, 4 2, S, 7 1, Cl, 7 9 Found C, 37 7, 
H,44,S,71,Cl,79 

(b) Using a procedure slmllar to that m (a), 1,2,3,4-tetra-O-acetyl-r-D-gluco- 
pyranose (1 g) was converted mto 1,2,3,4-tetra-O-acetyl-a-D-glucopyranose 6-chloro- 
sulphate (0 7 g), m p 91-92” (dec ), [a]? + 16” (c 0 64, chloroform) 

Anal Calc for C,4H,gC10,2S C, 37 6, H, 4 2, S, 7 1, Cl, 7 9 Found C, 36 95, 
H,43,&71,C1,78 
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