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It has been shown previously [1] that pelvecyan and sargassan are  highly branched sulfated poly- 
saccharides based on a linear glucuronomannan chain. In the present  communication we give the results 
of an investigation of the structures of these polysaccharides by the methylation method. The presence of 
sulfate groups in the polysaecharides complicates the use of this method [2]. Consequently, the pelveeyan 
and sargassan were previously desulfurated with a solution of hydrogen chloride in absolute methanol [3]. 
In the desulfuration process,  the partial splitting off of the fucose and, to a certain extent, of the xylose and 
a reduction in the sulfur content from 5.8 to 0.8% were observed. It is impossible to achieve complete de- 
sulfuration by this method. 

We methylated the resulting desulfurated polysaccharides by Hakomori 's method [4], with methyl 
iodide in dimethyl sulfoxide in the presence of the methylsulfinyl carbanion. On methylation, the sulfate 
groups are  completely eliminated, and by a single treatment a partially methylated polysaccharide is ob- 
tained. The repetition of this operation, although it led to completely methylated compounds gave them in 
low yield because of accompanying degradation. For this reason, the further methylation was performed 
by Purdie' s method [5] with methyl iodide in methanol in the presence of si lver oxide. After two treatments 
by this method, permethylated pelvecyan and permethylated sargassan were obtained, and these were hy- 
drolyzed with sulfuric acid or  with a solution of hydrochloric acid in methanol. The results of an investi- 
gation of the hydrolyzates by paper, thin-layer,  and gas- l iquid ehromatographies showed that they consisted 
of complex mixtures of methylated sugars or  methyl glycosides. 

The hydrolyzates were fractionated on columns of silica gel. For each polysaccharide we obtained 
five groups of methylated sugars according to the degree of methylation of the individual components. Each 
of them was demethylated with boron tr ibromide [6]. On subsequent chromatography, the initial mono- 
saccharides were identified for each of the groups of methylated sugars obtained (Table 1). 

The highest degree of methylation was character is t ic  for the fucose, xylose, and galactose residues 
which corresponded to their  terminal position in the molecules of the two polysaecharides.  The low degree 
of methylation (groups IV and V) of a number of galactose and mannose residues showed that these mono- 
saccharides are points of branching of the carbohydrate chains of the polysaccharides. 

The further separation of the groups of methylated sugars into individual components was performed 
by column and preparative thin-layer chromatographies. The individual compounds were compared with 
authentic samples chromatographically, and in a number of cases by the mass spect rometry  of the cor-  
responding aldononitrile acetates [7]. If the mixtures could not be separated preparatively, the methylated 
sugars were identified by the chromato-mass spect rometry  of the aldononitrile acetates [7] and of the 
acetates of the methylated methyl glycosides [8]. 

By gas - l iquid chromatography (of the substances in the form of acetates of methyl glycosides) in the 
hydrolyzates of the methylated pelvecyan and methylated sargassan we identified the following methylated 
sugars: 2,3,4£tri-and3,4-di-O-methyl-D-xylose;  2 ,3 ,4 - t r i -and  2,4-di-O-methyl-L-fucose;  2,3,4,6-tetra-,  
2 ,3,6-tr i - ,  2,3-di-,  and 6-mono-O-methyl-D-galactose; 3,4,6- and 2,3,4-tr i- ,  3,6-di-,  and 4,6-di-O-methyl- 
D-mannose; and 2,4-dt-O-methyl-D-glueuronic acid. In addition, the pelvecyan hydrolyzate contained 3-O- 
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TABLE 1. Original Monosaccharides for Various Groups 
of Methylated Sugars from Pelvecyan and Sargassan 

De~ee of , Original polysaccharidez 
methylation 

Group of the cor~- 
ponentl Ol pelv¢cyan sargauan 
the g r.qup 

i I High 

III Medium 

iv 1 V Low 

Fucose, xylose, galactose 
Fucose, xylo6e, galacmse, [ Fucose, mannose 

mannose [ 
Galactose, glucuronic [ Galactose, gluc~onic 

acid, xylose (traces) [ acid 

Galactose, mannose 

IlO a 
Is /4 i / I  

/1 ~ Id II 7 3 2 

/8 (rain) I0 

Fig. 1. Gas-l iquid chromatogram 
of methanolyzates of permethylated 
pelvecyan (a} and permethylated 
sargassan (b} (conditions of separa-  
tion given in the experimental part}; 
derivatives: acetates of methyl gly- 
cosides; peaks: 1, 2} 2,3,4-tr i-O- 
methyl-D-xylose; 3, 4} 2,3,4-tr i-O- 
methyl-L-fucose; 5, 6} 3,4-di-O- 
methyl-D-xylose; 7, 8} 2,3,4,6-tetra- 
O-methyl-D-galacose; 9, 11} 2,4-di- 
O-methyl-L-fucose; 10) 3,4,6-tr i-O- 
methyl-D-mannose; 12} 2,3,6-tr i-O- 
methyl-D-galactose; 13} 2,3,4-tr i-O- 
methyl-D-mannose; 14} 3,6-di-O- 
methyl-D-mannose; 15} 4,6-di-O- 
methyl-D-mannose; 16, 17) 2,3-di- 
O-methyl-D-galactose; 18} 6-mono- 
O-methyl-D-galactose; 19, 20} 3- 
mono-O-methyl-D-galactose. 

methyl-D-galactose, which was absent from the sargassav y / -  
drolyzate. The results obtained confirm the high degree of 
branching of the molecules of pelvecyan and sargassan (Fig. 1}. 

Thus, the xylose molecules are terminal and are partially 
linked to the carbohydrate chain by 1 - 2  bonds. The mannose 
residues are  linked mainly by 1 - 2  and partly by 1 - 6  bonds, and 
some of the mannose residues act as points of branching of the 
carbohydrate chain and contain substituents in positions 3 and 
4. The majority of the galactose molecules are highly substi- 
tuted and are centers of branching of the carbohydrate chains. 
A few of these monosaccharldes are  located at nonreducing ends 
of the molecules or have substituents in position 4. The fucose 
residues are terminal or are  connected by a 1 - 3  bond. In addi- 
tion to the direct identification of methylated glucuronic acid by 
gas- l iquid  chromatography, the fractions containing its frag-  
ments were reduced with potassium tetrahydroborate.  A hy- 
drolyzate of the reduced fragment was found to contain 2,4,6- 
tr i-O-methyl-D-glucose,  which confirmed the presence of a 
1 - 3  bend with the glucurontc acid residue. 

Although part of the information is lost in the desulfura- 
tion of the polysaccharides, nevertheless methylation gives us 
a knowledge of the nature of the links between the monosacchar- 
ide residues in pelvecyan and sargassan. The great similarity 
of the molecules of the two polysaccharides must be noted. 

EXPERIMENTAL 

Preparative chromatography was performed in columns 
of KSK silica gel (100-150 mesh} that had been washed with hy- 
drochloric acid and heated at 100-110°C for 24 h. The substances 
were eluted from the column with mixtures of chloroform and 
methanol (with a gradient change in the methanol content}. 

For thin-layer chromatography we used KSK silica gel 
(> 250 mesh} impregnated with a 0.25 M solution of sodium di- 

hydrogen phosphate. The chromatograms were run in the following solvent systems (proportions by vol- 
ume}: 1} benzene-e thano l -wa te r -aqueous  ammonia (200 : 47:15 : 1, upper layer}; 2} ch loroform-meth-  
anol (10: 1}; 3) ethyl acetate; 4} methyl ethyl ketone saturated with 1% aqueous ammonia; 5) b u t a n - l - o l -  
ace tone-water  (4:5:1}; and 6} butan- l -ol-CH3COOH-water  (4: 1:5,  upper layer}. 

The monosaccharides were chromatographed on FN-4 paper in system 6, and the methylated sugars 
on Whatman No. 1 paper in system 4. The substances were detected on the chromatograms with the follow- 
ing reagents: aniline phthalate (10 min/105-110°C}, and alkaline solution of si lver nitrate, and concentrated 
sulfuric acid (5 min/ll5-120°C}. 

Gas- l iquid chromatography was performed on a "Pye Untcam 104" chromatograph with a f lame- 
ionization detector.  The best separation of the acetates of the methylated methyl glycosides was found on 
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a he l ica l  g l a s s  column (6x 150 mm) using 3% of neopentyl  glycol  succinate  on C h r o m o s o r b  W (60-80 mesh) 
that  had been washed with acid and t r e a t ed  with d ich lorodimethyls t lane .  Argon was used as  the c a r r i e r  gas 
at a ra te  of 30 m l / m i n .  The t e m p e r a t u r e  was p r o g r a m m e d  f rom 125 to 223°C at the r a t e  of 5°C/min.  

The c h r o m a t o - m a s s  s p e c t r o m e t r y  was p e r f o r m e d  on a LKB-9000 c h r o m a t o - m a s s  s p e c t r o m e t e r ,  as  
de sc r ibed  p rev ious ly  [7]. The aldononitr i le  ace t a t e s  of the monosacchar ides  were  obtained in the usua lway  
[9]. All the solut ions were  evapora ted  in vacuum at  40-45°C. 

Desulfurat ion of the Po lysaccha r ides .  A mix tu re  of 5 g of a po lysacchar ide  and 350 ml  of a 0.15 M 
solution of d ry  HC1 in absolute methanol  was s t i r r e d  at 20°C for  48 h. The p rec ip i t a te  was f i l t e red  off and 
was t r e a t ed  fu r t he r  with the s a m e  mix tu re  at 5°C fo r  48 h. The po lysacchar ides  were  s epa ra t ed  off, d i s -  
solved in a sma l l  amount of water ,  dialyzed, and f r e e z e - d r i e d .  This  gave pa r t i a l ly  desul fura ted  pe lvecyan 
with a yield of 3.7% (0.8% S} and pa r t i a l ly  desulfura ted  s a r g a s s a n  with a yield of 3.5 g (0.7% S). 

P r epa ra t i on  of the Pe rme thy la t ed  Po lysaccha r ides .  A. A solution in 100 ml  of absolute dimethyl  
sulfoxide of 2.5 g of a pa r t i a l ly  desul fura ted  po lysacchar ide  that had been dr ied in vacuum over  phosphorus  
pentoxide was methyla ted  by H a k o m o r i ' s  method [4]. This  gave pa r t i a l ly  methyla ted  pe lvecyan (2.1 g) con-  
taining 30% of OCH 3 groups and 0.0% of sulfur ,  and par t i a l ly  methyla ted  s a r g a s s a n  (2.1 g) with 33% of OCH 3 
groups and 0.0% of sul fur .  The IR spec t rum of each compound had the absorpt ion band of a hydroxy group. 

B. A par t i a l ly  methyla ted  po lysacchar ide  (1 g) was dissolved in a mix tu re  of 25 ml  of absolute methyl  
iodide and 8 ml  of methanol .  The solution was heated to 45°C and was t r ea t ed  by Pu rd i e ' s  method [5]. After  
two methylat ions ,  pe rme thy la t ed  pe lvecyan was obtained with a yield of 70% and an OCH 3 content of 40.1%and 
pe rme thy la t ed  s a r g a s s a n  was obtained with a yield of 65% and an OCH 3 content of 39.5%. 

On fu r the r  methylat ion,  the amount of methoxy groups did not change.  The IR spec t r a  of the c o m -  
pounds obtained lacked the absorp t ion  band of a hydroxy group. 

Hydro lys i s  of the Methylated Po lysaccha r ides .  A. A fu l ly -methy la ted  po lysacchar ide  (0.05 g) was 
d isso lved  at 0°C in 0.5 ml  of 72% sulfur ic  acid and the solution was kept in a tube at room t e m p e r a t u r e  for  
1 h, and then 4 ml  of w a t e r  was added and the tube was sea led  and was heated at 100°C for  5 h. The r e a c -  
t ion mix tu re  was diluted with water ,  neut ra l ized  with BaCO3, andf l l t e red .  The f i l t ra te  was t r ea t ed  with 
Amber l i t e  IR-120 (H 4) and was examined by pape r  ch romatography  in s y s t e m  4 and by th in - l aye r  c h r o m a -  
tography  in s i l ica  gel in s y s t e m s  1, 2, and 4. This  syrup was separa ted  into f ive groups  of subs tances  by 
p r e p a r a t i v e  column ch roma tog raphy  on s i l ica  gel.  The separa t ion  was moni to red  by t h in - l aye r  c h r o m a -  
tography  in s y s t e m  1. 

B. The methyla ted  po lysacchar ide  (0.05 g) was heated with 0.5 ml  of a 1 : 10 mix tu re  of 72% HC104 
and methanol  in a sea led  tube at 100°C for  3 h. Then the reac t ion  mixture  was diluted with methanol ,  t r ea t ed  
with Dowex 1 (HCO3-), f i l te red,  and evapora ted .  The res idue  was ch romatographed  in a thin l aye r  of s i l ica  
gel in sy s t em 3. Fo r  g a s - l i q u i d  chromatography ,  the mixture  was ace ty la ted  with acet ic  anhydride in 
pyr id ine  in the usual  way (for  the r e su l t s  of GLC, see  Fig.  1). 

Demethylat ion of the Methylated Monosacchar ides .  A methyla ted  suga r  (or  a mix tu re  of suga r s  of 
groups  I-V) (1-3 mg) was demethyla ted  with 0.5 ml  of boron t r i b r o m i d e  as  desc r ibed  p rev ious ly  [6]. The 
monosaccha r ide  (or mix tu re  of monosacchar ides)  obtained was chromatogra]~hed on p a p e r  in sy s t em 6. The 
r e su l t s  of a study of groups I - V  a r e  given in Table  1. 

C O N C L U S I O N S  

It has been shown by the methyla t ion  method that  pe lvecyan and s a r g a s s a n  a r e  po lysaccha r ides  of 
s i m i l a r  s t r u c t u r e s  with a high degree  of branching of the  ca rbohydra te  chains.  Fucose ,  :~ylose, and ga lac-  
tose  a r e  located at the nonreductng ends of the i r  molecules ,  and mannose  and ga lac tose  f o r m  points o f  
branching  of the ca rbohydra te  chains of these  po lysaccha r ides .  

The posi t ions  of the bonds between the monosacchar ide  res idues  in pe lvecyan and s a r g a s s a n  have 
been de te rmined .  
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