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Sulfated po lysacehar ides  f o r m  an impor tan t  c l a s s  of b iopo lymers  posses s ing  var ious  biological  act iv i t ies  
[1, 2]. In es tabl ishing the s t r u c t u r e s  of sulfated po lysacchar ides ,  cons iderable  difficulty is  p resen ted  by the 
de terminat ion  of the posi t ions of the sulfate  groups.  In a preceding  communica t ion  [3], we suggested a method 
for  de te rmin ing  the posi t ions  of the sulfate groups in the sulfated monosacchar ides  which cons is t s  of the de-  
sulfation of the acetyl  der iva t ives  of the monosacchar ide  sulfates  followed by methylat ion and identification of 
the methyl  e thers  fo rmed.  

In the p re sen t  p a p e r  we give informat ion  on the de te rmina t ion  of the posi t ions of the sulfate  groups by 
this method in the following sulfated po lysacchar ides :  a fucan f r o m  Pelve t ia  wrighti i  [4], in which the posi t ions  
of the sulfate groups were  a l ready  re l iab ly  known, and also other sulfated po lysacchar ides  being studied in our  
l abora to ry  - s a r g a s s a n  f r o m  Sa rgassum pal l idum [5] and pe lvecyan  f r o m  Pe lve t i a  wrighti i  [6]. 

In the de terminat ion  of the posi t ions of the sulfate  groups in sulfated po lysacchar ides  we f i r s t  p e r f o r m e d  
par t i a l  acid hydro lys i s  [7] and acetylat ion of  the hydrolyzate  [8]. The working up of the acetyla ted  hydrolyzate  
yielded a wa te r - so lub le  f rac t ion  of aeetyla ted monosacchar ide  sulfates.  Subsequent desulfation of these com-  
pounds with thionyl chlor ide  [3] and methylat ion with diazomethane [9] gave a se t  of ace ta tes  of monosacchar ide  
methy l  e thers  which were  identified by c h r o m a t o - m a s s  spec t rome t ry .  The g a s - l i q u i d  ch romatography  of a c e -  
ta res  of the methyl  e the r s  f rom fucan, s a rgas san ,  and pe lveeyan a re  shown in Fig. 1, a -c ,  respec t ive ly .  

The m a s s  spec t rum of the aceta te  of 3 -O-methy lhexose  (Fig. 2a) is s i m i l a r  to that  published by 
Bieman [7]. 

Since the degree  of di f ference between the mass  spec t r a  of fully acetyla ted 2-  and 4 - O - m e t h y l  hexoses  
cannot be predic ted  on the bas i s  of B i eman ' s  paper  [10], the mass  spec t rum of the pe race ty la t ed  4 - O - m e t h y l -  
hexose (Fig. 2b) was identified by compar ing  it with the m a s s  s p e c t r a  of synthetic  s amp le s  of the t e t r aace t a t e s  
of 2 -  and 4 -O-methy lg lucoses .  The m a s s  spec t rum of the t r i ace ta te  of 4 -O-methy l fucose  was identified s i m -  
i la r ly  (Fig. 3a); he re  s e r i e s  C (m/e  129, 87), B (m/e  156, 114), and A (m/e  245, 185, 143) show the p r e sence  of 
a methyl  group in posi t ion 2 o r  4. The mass  spec t rum of the aceta te  of 3 -O-methy l fucose  (Fig. 3b) contains 
all the expected f r agment s :  C (m/e  157, 115), B (m/e  184, 142, 100), and A (m/e  245, 153). 

Since the s p e c t r o m e t r i c  method does not make  it  poss ib le  to dist inguish between the monosacchar ides  - 
in this case ,  between Gal and Man - ,  we additionally subjected the ace ta tes  of  the methyl  e thers  of the hexoses  
to p r e p a r a t i v e  g a s - l i q u i d  chromatography .  The i r  subsequent deacetylat ion [12], demethylat ion [11], and pape r  
ch romatography  enabled the or ig inal  monosacchar ides  to be identified. 

Thus, the posit ion of the sulfate group in fucan [4] at C-4 found prev ious ly  was conf i rmed by the resu l t s  
obtained. By the methods descr ibed  above we detected only 4 -O-methy l fucose  in the fucan. 

In s a r g a s s a n  we identified the following monosacchar ide  sulfates:  Fuc 4-sul fa te ,  Fuc 3-sul fa te ,  Man 
3-sul fa te ,  Gal 3-sulfa te ,  and Gal 4-sul fa te ;  and in pe lvecyan  Xyl 3-sul fa te ,  Fuc 4-su l fa te ,  and Fuc 3 - su l f a t e '  
These  resu l t s  a r e  conf i rmed by those of per iodate  oxidation and IR spec t roscopy  p e r f o r m e d  prev ious ly  [13, 14]. 
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Fig. 1. Gas - liquid chromatography 
of the acetates of the methyl ethers  of 
fucan, sargassan,  and pelvecyan: a: 1) 
4 -O-methyl -6-deoxyhexose  (Fue); b: 1) 
4-O-methyl -6-deoxyhexose  (Fuc); 2) 3- 
O-methyl-6-deoxyhexose  (Fuc); 3) 3-  
O-methylhexose (Man); 4) 3 -O-methy l -  
hexose (Gal); 5) 4-O-methylhexose  (Gal); 
c: 1) 3-O-methylpentose (Xyl); 2) 4 -O-  
methyl-6-deoxyhexose (Fuc); 3) 3 -O-  
methyl-6-deoxyhexose (Fuc). 

The resul ts  obtained agree well with what was known previously,  which shows the applicability of the 
proposed approach to the determination of the positions of the sulfate groups in sulfated polysacchar ides .  A 
defect of the method is that during acid hydrolys is  par t ia l  desulfation may take place, leading to some loss of 
information. 

E X P E R I M E N T A L  

Thin- layer  chromatography was per formed in a fixed layer  of si l ica gel. Par t i t ion chromatography was 
per formed on FN-4 paper.  Fo r  chromatography we used the following solvent sys tems  (ratios by volume): 
b e n z e n e - e t h y l  acetate (95 : 5); c h l o r o f o r m - m e t h a n o l - a c e t i c  acid (6 : 1 : 1); c h l o r o f o r m - a c e t o n e  (98 : 2); and 
b u t a n o l - a c e t o n e - w a t e r  {4 : 5 : 1). The spots were detected with concentrated H2SO 4 at 115°C for  10 min and 
with a solution of aniline hydrogen phthalate at 105-110°C. The GLC of the monomethyl e thers  of the mono- 
sacchar ide  te t raace ta tes  was pe r fo rmed  on a P y e - U n i e a m - 1 0 4  chromatograph in spiral  glass columns 150 x 
0.6 cm using the following stat ionary phases and Conditions of separation: A) 3% of QF-1 on Gas-Chrom,  100- 
120 mesh, 170 -~ 215°C, A = 3 deg/min;  and B) 3% of neopentyl glycol suceinate on Chromosorb  W, 60-80 mesh, 
170 ~ 220°C, A =  3 deg/min.  Prepara t ive  g a s - l i q u i d  chromatography was pe r fo rmed  on a Pye -Unica In -104  
chromatograph with a spira l  g lass  column 300× 0.8 cm using the following conditions of separat ion:  3% QF-1 
on Gas-Chrom,  100-120 mesh, 170 ~ 225°C, A = 2 deg/min.  

Acid Hydrolysis .  The polysacchar ide  under investigation (2.5 g) was t rea ted  with 37 ml of water  and then 
37 ml of 2 N H2SO 4 was added. The result ing solution of the polysacchar ide  was heated at 95°C for  30 min. The 
precipitate formed was separated off by'f i l t rat ion,  and the f i l t rate  was neutral ized with a saturated solution of 
Ba(OH) 2. The react ion mixture obtained was centrifuged, the supernatant  was poured into a fourfold excess  by 
volume of ethanol, and the mixture was left overnight and the supernatant  was evaporated at 40°C. The r e s i -  
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due was  dr ied o v e r  P20~. A mix tu re  of monosaccha r ide s  and the i r  sulfates  was obtained in a yield of 
1.8 g. 

Acetyla t ion of the Hydrolyzate .  A mix tu re  of 6 ml  of acet ic  anhydride and 7.5 ml  of absolute pyr id ine  
was  cooled to 0°C, and 1.8 g of  the po lysaccha r ide  of hydro lyza te  was added. The solution was kept  at  room 
t e m p e r a t u r e  fo r  18 h and was then poured  into a 50 -ml  funnel 1 /3 - f i l l ed  with ice.  The aqueous solution was 
ex t rac ted  with c h l o r o f o r m  (4 × 6 ml),  and the ch lo ro fo rm solution was evapora ted  to d ryness .  This gave a m i x -  
t u r e  of ace ty la ted  monosaccha r ide  su l fa tes  in a yield of 0.75 g. 

Desulfat ion with Thlonyl Chloride.  A solution of 0.7 g of the mix tu re  of acetyla ted  monosaccha r ide  s u l -  
f a tes  in 6 ml  of f r e s h l y  dis t i l led SOC12 was kept  at room t e m p e r a t u r e  fo r  6 h and was then evapora ted  in vacu-  
um.  The res idue  was d i s so lved  in CHC13, and the solution was washed  with 5% NaHCO 3 solution and with wa te r  
and was dr ied  o v e r  ca lc ined Na~SO 4. The ch lo ro fo rm was evapora ted  and the res idue  was dr ied o v e r  13205. 
Yield 0.35 g. 

Methylatiora A solution of 0.2 g of the mix tu re  of pa r t i a l ly  methyla ted  monosaccha r ides  in 10 ml  of ab-  
solute methylene ch lor ide  was  t r e a t ed  with 0.01 ml  of BF 3. The solution was cooled to -5°C and a solution of 
d iazomethane  in methylene  chlor ide was added until a pe rmanen t  yellow colora t ion has  been fo rmed .  Af ter  
30 rain, the p rec ip i t a t e  of polymethylene  was f i l te red  off, the f i l t ra te  was washed with 10% NaHCO~ solution 
and then with water ,  and was dr ied  over  MgSO4, and the methylene chloride was sepa ra ted  off in vacuum. Yield 
0.15 g. 

The ace ta tes  of the methyl  e the r s  obtained were  identified by c h r o m a t o - m a s s  s p e c t r o m e t r y .  

S U M M A R Y  

1. The poss ib i l i ty  has  been shown of us ing a method p roposed  by us p rev ious ly  to de te rmine  the positiom, 
of the sulfate groups  in sulfated po lysaccha r ides .  

2. The pos i t ions  of the sulfate  g roups  in the following sulfated po lysaccha r ides  have been de termined:  
fucan and pe lvecyan  f r o m  Pe lve t i a  wright i i  and s a r g a s s a n  f r o m  S a r g a s s u m  pal l idum. 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
1 3 .  
1 4 .  
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