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The xylan f rom the s tems of the cotton plant is a 1-* 4-f l -L-anhydroxylopyranosidc .  Its basic link 
consis ts  of six to seven 1 ~  4-f l -L-anhydroxylose  units and has two points of branching [1]. The presen t  
paper  gives information on the s t ruc ture  of the side chains and the posit ions of thei r  a t tachment  obtained 
by a study of the products  of the hydrolys is  of the completely methylated polysacchar ide.  Methylation was 
pe r fo rmed  by Hakomor i ' s  method [2]. The substances shown in Table 1 were  found in the hydrolyzate  of 
the methylated xylan by paper  chromatography.  

The main product  in the hydrolyzate  of the methylated xylan was 2 ,3 -d i -O-methy l -L-xy lose ,  which 
confirms the f l - l ~  4 bond in the main chain of the polysacchar ide.  The amount of 2 -O-methy l -L-xy lose  
ag rees  fa i r ly  well with the number of branching points de termined  f rom the yield of fo rmic  acid on pe-  
r iodate oxidation [1]. The format ion of 2 -O-methy l -L-xy lose  shows that the side chains of the molecule 
a re  at tached to the main chain in the C-3 posit ions of the xylose units. 

The presence  of 2 ,4 -d i -O-methy l -L-xy lose  and of 2 ,3 ,6 - t r i -O-me thy l -L-xy lose  among the hydrolys is  
products  and a lso  the fact  that all the glucose and a considerable  amount of the xylose is split  off under 
mild conditions of hydrolys is ,  under  which the f l -1- -  4 bond is  not hydrolyzed,  indicates that these two 
sugars  a re  p resen t  in the side chains. 

On the basis of the facts  given, the mos t  probable s t ruc tu res  I, II, HI, and IV can be proposed for the 
side chains of the xylan: 
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The choice between I and IT was made on the basis  of the following facts.  The aldobiuronic acid isolated 
f rom the xylan hydrolyzate  was reduced to ad l sacchar ide ,  the hydrolys is  of which gave equal amounts of 
4 -O-methy l -D-g lucose  and L-xylose .  Thus, thealdobiuronlc acid has the s t ruc ture  I, and the glucose is 
p resen t  in a side chain having s t ruc ture  III. Fu r the rmore ,  2 ,3 ,6 - t r i -O-methyl -D-g lucose  can be formed 
f rom thermina l  glucose units acetyla ted inthe C-4 [4] position. The p resence  of acetyl  groups in the xylan 
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was conf i rmed  by IR spec t roscopy  (s t rong band a t  1250 em- t ) ,  and the mi ld  conditions of methylat ion ex-  
clude the spli t t ing off of these  groups.  

The r e su l t s  of the study of the hydro lys i s  of the comple te ly  methyla ted  xylan,  and a lso  those obtained 
p rev ious ly  [1], p e r m i t  the following m o s t  probable  s t ruc tu re  to be proposed  for  it: 
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EXPERIMENTAL 
P a p e r  ch romatography  was p e r f o r m e d  with Whatman No. 1 pape r  and the following sys t ems :  1) 

b u t a n - l - o l - e t h a n o l - w a t e r - 0 . 1 %  ammonia  (40 : 10 : 49 : 1); 2) ethyl a c e t a t e - p y r i d i n e - w a t e r  (5 : 1 : 5); and 
3) ethyl a c e t a t e - a c e t i c  a c i d - f o r m i c  a c i d - w a t e r  (18 : 9 : 4 : 1). The spots  were  revea led  with aniline 
phthalate .  

The quanti tat ive determinat ion of the sugars  and the i r  methyla ted  de r iva t ives  was p e r f o r m e d  by pa-  
p e r  ch romatography  with a type DFt~-10 dens i tomete r .  The IR spec t rum of the methyla ted  xylan was taken 
in dimethyl  sulfoxide on a UR-10 ins t rument .  

Methylation of the Xylan. !) P repa ra t ion  of the methylsulf inyl  anion. A centr i fuge tube containing 
0.52 g of a 50% emuls ion of sodium hydride in m ine ra l  oil was sea led  comple te ly  with a rubber  s topper .  
The t e s t  tube was evacuated  seve ra l  t imes  and filled with argon through the needle of a syr inge .  To e l i m -  
inate the mine ra l  oil, the contents of the tube were  washed three  t imes  with d ry  pe t ro leum e ther .  The 
solvent  was added to the tube and removed  by means  of the syr inge.  After  the r emova l  of the mine ra l  oil, 
the res idue  was dr ied  in vacuum, the tube was again filled with argon,  and 4.8 ml  of absolute ly  d ry  di -  
methy l  sulfoxide was added. The hydrogen which v igorous ly  evolved was r e l ea sed  through the needle of 
the syr inge .  Then the mix ture  was heated at  50°C with constant s t i r r ing  for  80 min.  A t r a n s p a r e n t  g r e e n -  
ish  solution of the dimethylsulf inyl  anion was obtained. 

2) Methylat ion.  The xylan  (0.2 g) which had been dried over  P205 in vacuum was dissolved in 12 ml  
of absolute dimethyl  sulfoxide. With the aid of a syr inge,  the solution was rapidly  t r a n s f e r r e d  to the tube 
containing the dimethylsulf inyl  anion, and the mixture  was cooled to 20°C. A viscous  gel fo rmed  i m m e d i -  
a tely,  and then this gradual ly  liquefied. The mix tu re  was kept  a t  room t e m p e r a t u r e  for  10 h. After  this,  
with the syr inge ,  10 ml  of d ry  methyl  iodide was added to the i c e - w a t e r - c o o l e d  mix ture ,  and the solution 
was kept  at  room t e m p e r a t u r e  for  another  3 h. Then it  was poured into 200 ml  of wa te r  and ex t rac ted  with 
ch loroform.  The ch loroform ex t r ac t  was washed twice with water .  The ch loroform was dist i l led off to 
d ryness ,  toluene was added to the res idue,  and this was again dis t i l led off to d ryness .  

The f n a l  res idue was a v iscous  yel lowish syrup with a yield of 0.137 g. The IR spec t rum of this 
product  lacked bands cha rac t e r i s t i c  for  hydroxy groups.  

Hydro lys i s  of the Methylated Xylan. A mix ture  of 1 g of the methyla ted  xylan and 5 ml  of 90% fo rmic  
acid was heated  at  100°C fo r  1 h and was then cooled and evapora ted  in vacuum at  40°C to a syrup.  The 
syrup  was d isso lved  in 5 ml  of 0.25 M sulfur ic  acid and heated at  100°C for  14 h. The hydrolyzate  was 
neut ra l ized  with ba r ium carbonate ,  the prec ip i ta te  was sepa ra ted  off on a centr ifuge and was carefu l ly  
washed with wa te r  and ethanol. The combined solutions were  evapora t ed  in vacuum at  a t e m p e r a t u r e  not 
exceeding 40°C. The solution so obtained was ehromatographed  in s y s t e m s  1 and 2 (the resu l t s  a r e  given 
in Table  1). The methyla ted  sugar s  were  identified in compar i son  with authentic s amples  and by the com-  
pa r i son  of the i r  Rg values  with those given in the l i t e ra tu re .  
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TABLE 1. Composi t ion of the 
Hydro lys i s  P roduc t s  of the Meth- 
yla ted Xylan 

Methylamd sugars 
Rg values 
iri systems 

1 2 

Number of 
moles per 
mole o! 
x~,lan 

2,3.4-Tri-O-methyl- 
xylose 

2,3,6-Tri-O-methyl- 
glucose 

2,3-Di-O-methyl- 
xylose 

2,4-Di -O-methyl 
xylose 

2-O-Methylxylose 
O-Methylglucuronic 

acid I 
O-Methylglucuronic 

acid II 

0.91 

0.83 

0.74 

0,66 
0.3S 

0.18 

0.13 

0.96 

0.85 

0.~1 

0.68 
0.62 

0,32 

0.2 

9 

8 

67 

8 
14 

3 

5 

Note.  Rg was de te rmined  re la t ive  to 
2 ,3 ,4 ,6 - t e t r a -O-methy lg lucose .  

Reduction of the Aldobiuronic Acid I5]. The ba r ium 
sal t  (50 mg) of the aldobiuronic acid i so la ted  f rom the hy-  
dro lyza te  of cot ton-plant  s t em xylan [1] was boiled with 4% 
hydrogen chloride in methanol  for  4 h. Then the solution 
was neut ra l ized  with s i lve r  carbonate .  The prec ip i ta te  was 
separa ted  off, and the solution was t r ea t ed  with 150 mg of 
sodium t e t r ahydrobe ra t e  and was lef t  a t  5°C for  20 h. The 
res idual  hydr ide  was decomposed  with glacial  ace t ic  acid 
(12-15 drops) ,  and the acid solution was t r ea t ed  f i r s t  with 
Amber l i t e  IR-120 and then with IR-4B.  The solution was 
f i l tered,  and the f i l t ra te  was evapora ted  to d ryness  in vac -  
uum. Then the d ry  res idue  was t r ea ted  seve ra l  t imes  with 
methanol  and was again evapora ted  to e l iminate  borate  ions. 

Hydro lys i s  of the Reduced Aldobiuronic Aci d. The 
res idue  obtained in the preceding  expe r imen t  was heated 
with 1 N sulfur ic  acid at  100°C fo r  5 h. The hydrolyzate  was 
neut ra l ized  with ba r ium hydroxide,  the prec ip i ta te  was sep-  
a ra ted  off, and the f i l t ra te  was evapora ted  in vacuum to a 
syrup.  The syrup was chromatographed  on pape r  in sy s t em 
3. Xylose and 4 -O-methy lxy lose  in m o l a r  ra t ios  (1 : 1) were  
found. 

Quanti tat ive Determina t ion  of the Sugars  and The i r  Methylated Der iva t ives ,  A solution of the mix -  
ture  of sugar s  under  invest igat ion with a definite concentrat ion (about 0.5%) was p repa red .  Then a known 
amount  of the solution (by weight o r  by volume) was deposi ted on paper ,  the amount  being such that  a f t e r  
ch romatography  the d i a m e t e r  of the spot was not m o r e  than 5-6 ram.  The c h r o m a t o g r a m s  were  t r ea ted  
with aniline phthalate to r evea l  the spots ,  and to s tabi l ize the colors  of the spots  they were  kept at  room 
t e m p e r a t u r e  for  a day. Then the diffusion densi ty  of the co lors  of the spots  was m e a s u r e d  on the dens i tom-  
e te r .  To calculate  the amount  of sugar s  the dens i tomete r  was ca l ibra ted  with c h r o m a t o g r a m s  of solutions 
of xylose  and glucose of known concentrat ion.  

Since the amount  of 2 , 3 - d i - O - m e t h y l - L - x y l o s e  in the hydro lyza tes  was much g r e a t e r  than the amounts  
of the other  methyla ted  r e .noses ,  i t  was de te rmined  on separa te  c h r o m a t o g r a m s  with a s m a l l e r  amount of 
the substance  being analyzed.  

S U M M A R Y  

1. The s t ruc tu re  of the aldobiuronie acid i so la ted  f rom the xylan of cot ton-plant  s t ems  has  been e s -  
tabl ished by i ts  reduct ion and the hydro lys i s  of the reduced product.  

2. F r o m  a study of the products  of the hydro lys i s  of the methyla ted  xylan f rom cot ton-plant  s t ems  
the posi t ions of a t t achment  of the side chains in the molecule  of the xylan and the i r  s t ruc tu re  have been 
determined,  and a m o s t  probable  s t ruc tu re  for  the xylan molecule  has  been put forward.  

1 .  

2. 
3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

V. K. Lekomtseva ,  L. Kh. Akhmedova,  and A. S. Sadykov, Khim. Pr i rodn .  Soedin., 305 (1973). 
S. Hakomori, J. Biochem., ~ 205 (1967). 
R. H. Marches sau l t  and C. J.  Liang, J. P o l y m e r  Sci., 59, 357 (1962). 
V. I. Shark .v ,  N. I. Kuibina, and Yu. P. Solov 'eva,  Zh. Pr ik l .  Khim.,  38, 1854 (1965). 
R. J .  McI loray ,  J .  Chem. S.c . ,  6067 (1963). 

442 


