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It has been established that a polysaccharide from the pith of the stems of Althea flavovirens 
Boiss et Buhse growing in Azerbaidzhan (environs of the village of Dzhul'fy) has a branched 

• molecule consisting of residues of r ibose,  rhamnose,  glucose, and glucuronic and galacturonic 
acids (3 - 6 : 3 . 7  "2). Among the products of the methylation of the polysaccharide reduced at 
the carboxy groups the following sugar derivatives have been identified.- 2 ,3 ,4- t r i -O-methyl-  
L-rhamnose,  3 ,4-di-O-methyl-L-rhamnos e, 2,3,4,6-tetra-O-methyl-D-glucose,  and 2,3,6- t r i -  
O-methyl-D-glucose and 2,3,6-tr i-O-methyl-D-galactose (unresolved mixture),  and also 2,6- 
di-O-methyl-D-glucose (2 • 10 • 24 • 7 ." 2). 

Previously,  one of us [1] isolated and character ized a polysaccharide (yield 10.5%) f rom the pith of the 
stems of Althea flavovirens Boiss et Buhse (yellowish-green hollyhock) growing in Azerbaidzhan (environs of 
the village of Dzhul'fy). The plants were collected in the mass-flowering phase. 

The homogeneity of the polysaccharide with respect  to molecular weight was determined with the aid of 
ultracentrifugation and with respect:to chemical composition by electrophoresis .  The polysaccharide contained 
45.3% of uronic acids. 

When the products of the hydrolysis of the polysaccharide were separated by paper electrophoresis  in a 
1% solution of acetic acid, glucuronic and galacturonic acids were found, and glucose and rhamnose were identi- 
fied by paper chromatography in system 1 (1 : 2.4, densitometrically).  

Continuing a study of the polysaccharide,  with the aid of solvent system 2 we have detected ribose in the 
hydrolysate,  in addition to glucose and rhamnose; in system 1 the ribose was not separated from the rhamnose. 

The IR spectrum of the initial polysaccharide (Fig. 1) showed strong bands at (cm -1) 1600 (CO0- group), 
1245, 1375, and 1720 (acetyl group), and 3300-3400 (the broad absorption band of OH groups), and also bands at 
850 and 890 cm -1 (a-  and fl-glycosidic bonds, respectively).  

The relative viscosity of a 0.6% solution of the polysaccharide in borate buffer {pH 9.21) ~rel = 1.5. 

Since the initial polysaccharide was not soluble in dimethyl sulfoxide (DMSO), which is a necessary  condi- 
tion for successful methylation by the Hakomori method [2], we decided to obtain a neutral  polysaccharide from 
it and for a s tar t  to determine thetypesofbonds in the molecules of the latter .  For this purpose the initial poly- 
saeeharide was deionized on KU-2 resin [3], esterif ied with ethylene oxide [4], and reduced with sodium te t r a -  
hydroborate.  The gas- l iqu id  chromatography (GLC) analysis of the acetates of the polyols obtained after  acetyl -  
ation of the hydrolysis products of the neutral polysaccharide that had been reduced with sodium tetrahydroborate 
showed that the ratio of r ibose,  rhanmose,  glucose, and galactose in them was 3 : 6 : 1 0  -2. Thus, in the initial 
polysaccharide f rom the pith of~he stems of the yellowish-green hollyhock the ratio of r ibose,  rhamnose,  glu- 
cose,  and glucuronic and galacturonic acids was 3 : 6 :3  : 7 : 2. 

The completely methylated neutral polysaccharide was subjected to methanolysis. Part  of the methanoly- 
sis products was separated by the GLC method on columns I and II, and another part  was hydrolyzed with a solu- 
tion of sulfuric acid [5]. A small amount of the hydrolysis products was separated by paper chromatography in 
systems 3, 4, and 5, and the bulk of the hydrolysate was reduced with sodium tetrahydroborate,  acetylated, and 
analyzed by the GLC method on columns III, IV, and V. The acetates of the partially methylated polyols were 
identif iedbymass spectrometry [6]. The GL-chromatogram on column IV is shown in Fig. 2A, and the results of 
a determination of the types of bonds in the molecule of the reduced polysaccharide are  given below: 
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Fig. I. IE spectrum of the initial (tmdeionized) polysaccharide from the pith of the stems of yellowish- 
green hollyhock ~n a film). 

Fig. 2. GL c h r o m a t o g r a m  of the ace ta t e s  of pa r t i a l ly  methyla ted  polyols (conditions of separa t ion  IV, 
A) and of the methyl  g lycos ides  of pa r t i a l l y  methy la ted  ca rbohydra te s  (conditions of  separa t ion  II ,  ]3): 
1) p r e s u m a b l y  a t e t r a - O - a c e t y l - O - m e t h y l - 6 - d e o x y h e x i t o l ;  2) a 1 , 5 - d i - O - a c e t y l - 2 , 3 , 4 - t r i - O - m e t h y l -  
6-deoxyhexitol ;  3) unidentified; 4, 7) these  apparen t ly  r e l a t e  to de r iva t ives  of  pent i tols  obtained f r o m  
r ibose ;  5) a 1 ,2 ,5 - t r i -O- ' ace ty l -3 ,4 -d i -O-methy l -6 -deoxyhex i to l ;  6) a 1 , 5 - d i - O - a c e t y l - 2 , 3 , 4 , 6 - t e t r a -  
O-methylhexi tol ;  8) a 1 ,4 ,5 - t r i -O-ace ty l -2 ,3 ,6 - t r i -O-me thy lhex i t o l ;  9) unidentified; 10 ) a 1,3,4,5-  
t e t r a - O - a c e t y l - 2 , 6 - d i - O - m e t h y l h e x i t o l ;  1') methyl  2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s i d e ;  2') methyl  
3,4-41 -O-me thy l  - L - r h a m n o s i d e ;  3') methyl  2 r3 ,4 ,6 - t e t r a -O-methy l -D-g lucos ide ;  4 ' ,  7 ' ) unidentified; 
5 ' ,  6') methyl  2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s i d e  + methyl  2 , 3 , 6 - t r i -O-me thy l -D-ga l ac to s ide .  

Sugar res- Positions of the Glycosidic 
idue O-methyl groups bond~ 

L-rhamnose 2, 3.4 terminal 
3,4 2 

D-glucose 2.3, 4, 6 terminal 
2, 3, 6T 4 
2, 6 3,4 

* Mean of eight chromatograrns 
1"Apparently containing 2,3,6-tti-O-methyl-D-galactose as impurity. 

Quantitative ratio of the sugar residues* 

"' by weight molar 
1 2 
5.5 10 

13.2 24 
4.2 7 
1,3 2 

Unforkmate ly ,  i t  was imposs ib le  to identify the r ibose  de r iva t ives  re l iab ly .  Peaks  4 and 7 in Fig. 2A 
apparen t ly  c o r r e s p o n d  to them.  The p r e s e n c e  of peak  1 can p robab ly  be explained by the exis tence  of a 1 - O -  
aee ty l -2 ,3 ,4 ,5  - t e t r a - O - m e t h y l  -6 -deoxyhexi tol  in the mix tu re .  

The r e su l t s  of the GLC ana lys i s  of the methyl  g lycos ides  of the pa r t i a l ly  methyla ted  ca rbohydra te s  (Fig. 
2,]3) and the PC ana lys i s  of the pa r t i a l ly  methyla ted  monosacchar ides  did not con t rad ic t  the conclusions drawn 
on the ba s i s  of a m a s s - s p e c t r o m e t r i c  invest igat ion of the polyols .  The chromatographic  mobi l i t i es  o f  the p a r -  
t ia l ly  methyla ted  monosacchar ides  we re  as  fol lows: 

Partially methylated Rg in the following systems 
monosacchande 3 4 5 

2,3,4-T ri- O-methyl-L-rhamnose 1,01 1,03 1,00 
2,3, 4, 6-T etra- O-methyl-D-glucose 1.00 1.00 I. 00 
3,4-Di-O-methyl-L-rhamno~e 0,90 0.89 0.92 
2,3,6-Tri-O-methy1-D-gluco~e + 

2,3,6-tri-O-methyl-D-galacto~ 0.80 0.79 0.85 
2,6-Di-O-methyl-D- glucose 0.62 0.65 0.69 
*Relative to 2.3.4.6-tetra-O-methyl-D-glucose. 

EXPERIMENTAL 

For paper chromatographic analysis we used FN-2, FN-4, and FN-12 papers ~GDR) and the following sol- 
vent systems: i) ethyl acetate-pyridine-water (8 : 2 : i); 2) butan-l-ol-pyridine-water (6 : 4 : 3; 2-3 times); 
3) water-saturated butan-l-ol; 4) butan-l-ol-ethanol-water (40 : II : 19); and 5) butan-l-ol-acetic acid-water 
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(4 : 1 : 5; upper  layer ) .  Aniline hydrogen phthalate  and dimethylani l tne  were  used as  chromogenic  agents .  

The IR s p e c t r a  w e r e  r eco rded  in paraff in  oil on a UR-10 i n s t rumen t  and in the f o r m  of f i lms  on a Pe rk in -  
E l m e r  577 ins t rument .  

The g a s - l i q u i d  ch roma tog raphy  (GLC) of the methyl  g lycos ides  of the methyla ted  ca rbohydra t e s  was p e r -  
f o rmed  on a P y e - U n i c a m  s e r i e s  104 in s t rumen t  using g l a s s  co lumns:  I) 15% of NPGA, 1.5 m x 4 m m ,  t e m p e r -  
a t u r e  150 °C, Var  = 30 m]/min;  I1) 15% of BDS, 1 m x 4 m m ,  t e m p e r a t u r e  175°C, VAr = 40 m l / m i n .  Aceta te  of 
pa r t i a l l y  me thy la ted  polyols  w e r e  s e p a r a t e d  on 1.5 m X 4 m m  columns;  HI) 3% of QF-1  with p r o g r a m m i n g  of 
the t e m p e r a t u r e  f r o m  110 to 220 °C a t  4°C/min;  VAr = 60 m l / m i n ;  IV) 370 of OV-225, t e m p e r a t u r e  f r o m  130 
to 220°C at  the r a t e  of  2°C/min; VAr = 30 m l / m i n ;  V) 1570 of NPGS, t e m p e r a t u r e  f r o m  125 to 225°C at  the r a t e  
of 6°C/rain, VAr = 60 m l / m i n .  

T h e  comple te  ace t a t e s  of polyols  w e r e  ana lyzed  on column VI -370 of OV-225, 1.5 m x 4 r am,  t e m p e r a -  
tu re  190°C, VAr = 40 m l / m i n .  Chromaton (0.16-0.20 mm)  was used  as  the ine r t  suppor t .  

The weight r a t i o s  of the individual compounds were  ca lcula ted  f r o m  the a r e a s  of the peaks  on the G L -  
c h r o m a t o g r a m s  and were  r eca lcu la t ed  to m o l a r  ra t ios  on the bas i s  of  the mo lecu l a r  weights  of  the c o r r e s p o n d -  
Lug compounds .  

The m a s s  spec t r a  of ace t a t e s  of pa r t i a l ly  methyla ted  polyols  were  r eco rded  in c h l o r o f o r m  on LKB-2091 
and LKB-90003 in s t rumen t s  (with separa t ion  of the m i x t u r e s  on column IV). 

The isolat ion and pur i f ica t ion of the po lysacchar ide  f r o m  the pith of the s t e m s  of the ye l lowi sh -g reen  
hollyhock w e r e  p e r f o r m e d  as  de sc r ibed  p rev ious ly  [1]. 

The r e l a t ive  v i scos i ty  of a 0.670 solution of the po lysaccha r ide  was de t e rmined  a f t e r  the heat ing of an 
aqueous solution of i t  ~n a sea led  tube a t  105°C for  5 h) to which bora te  buffer  had then been added (pH of  the 
solution used 9.21). 

Th e deionizat ion of  the po lysacchar ide  was c a r r i e d  out by pass ing  a 0.3-0.570 aqueous solution of  the po ly -  
s accha r ide  through a column of KU-2 r e s in  (H + form)  in a p ropor t ion  of 200 ml  of KU-2 pe r  1 g of  p01ysac-  
char ide .  The column was ca re fu l ly  washed with wate r .  

The po lysaccha r ide  was e s t e r i f i ed  with ethylene oxide,  which was added in 15-ml  por t ions  e v e r y  th ree  
days  to a 1-270 aqueous solution of the deionized po lysacchar ide  {50~-60 ml pe r  0.1 g of po lysacchar ide) .  The 
mix tu r e  was kept  fo r  four  days in the r e f r i g e r a t o r  and then at  r o o m  t e m p e r a t u r e  until the pH of the solution had 
become  equal to the pH of dis t i l led  wa te r  (~ 4 weeks) .  The mix tu r e  was evapora ted  in a r o t a r y  e v a p o r a t o r  to 
smal l  vo lume and the reac t ion  product  was i so la ted  by the addition of ace tone  (1:5 ,  v70v). 

The po lysaccha r ide  was reduced  with NaBH 4 in bora te  buffer  @H 7.6). Dry NaBH 4 was added in smal l  
por t ions  (15 mg) with v igorous  s t i r r i ng  of the solution until it c eased  to foam.  The mix tu re  was lef t  at  r o o m  
t e m p e r a t u r e  for  3 h and was then dia lyzed aga ins t  running wate r .  The reduct ion opera t ion  was repea ted  twice 
m o r e .  The comple t enes s  of the reac t ion  was judged f r o m  the absence  of  absorpt ion  bands a t  1600-1640 and 
1720-1740 c m  -~ in the II~ s p e c t r u m .  

The neu t ra l  po lysacchar ide  (0.2 g) was methyla ted  by H a k o m o r i ' s  method [2] th ree  t i m e s ,  a f t e r  which the 
absorp t ion  band of OH groups  in the IB s p e c t r u m  of the reac t ion  produc t  had d i sappeared .  

Methanotysis  o f  the methy la ted  po lysacchar ide  was c a r r i e d  out by boilh-lg it  with 5 ml  of a m ix tu r e  of 
methanol  and ace ty l  ch lor ide  {50 : 3) for  36 h. After  cooling,  the solution was neut ra l ized  with d ry  Ag2CO3, and 
the p rec ip i t a t e  was f i l t e red  off 'and was washed with methanol  and a smal l  amount  of ch loroform.  The f i l t ra te  
and the wash wa te r s  were  pa s sed  through a column containing KU-2 r e s in  ~H + f o r m ,  15 ml) ,  the column was 
washed with c h l o r o f o r m ,  and the solution was evapora ted  in vacuum.  

The methyl  g lycos ides  of pa r t i a l ly  methy la ted  monosaecha r ides  were  subjected to GLC ana lys i s  on columns 
I and IL 

Hydro lys i s  of the methyl  g lycos ides  of the pa r t i a l ly  methyla ted  monosaccha r ides  was c a r r i e d  out with su l -  
fur ic  acid° f i r s t  with the 7270 acid (2.5 ml ,  0°C, 1 h) and then with the 870 acid by adding 20 ml  of  wa t e r  to the 
mix tu r e  (100°C, 6 hL After  cooling,  the acid  was neu t ra l i zed  with BaCO 3, and the p rec ip i t a te  was f i l t e red  off 
and washed with acetone .  The combined  solution was evapora ted  and was analyzed by PC in solvent  s y s t e m s  
3, 4, and 5, 
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The reduct ion of the products  of the hydro lys i s  of the methyla ted  po lysacchar ide  was c a r r i e d  out with 
NaBH4, for  which pu rpose  ~ 500 mg  of the l a t t e r  was added in smal l  por t ions  (20 rag) to an aqueous solution 
of the pa r t i a l ly  methyla ted  monosaccha r ides .  1~ne mix tu re  was le f t  a t  r o o m  t e m p e r a t u r e  for  12 h and was then 
neu t ra l i zed  with acet ic  acid and p a s s e d  through a column of KU-2 r e s in  (H + f o r m ,  50 ml) ,  which was s u b s e -  
quently washed with methanol .  The solution was evapora ted  to d rynes s  in the r o t a r y  evapora to r  with the add i -  
tion of methanol  repea ted ly  (six t imes ) .  The res idue  was dr ied  in a vacuum des i cca to r  o v e r  CaC12. 

The aee ty la t ion  of the pa r t i a l ly  methyla ted  polyols  was c a r r i e d  out with a mix tu re  of  acet ic  anhydride 
(2.5 ml) and pyr id ine  (2.5 ml) .  The mix tu r e  was heated  a t  100°C for  I h and was le f t  a t  r o o m  t e m p e r a t u r e  for  
12 h. Then it was  poured  into 50 ml  of  wa te r  containing ice  and,  a f t e r  3-4  h ,  the reac t ion  products  w e r e  e x -  
haus t ive ly  ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution was dr ied  o v e r  Na2SO 4, f i l t e red ,  and evapora ted ,  
and the res idue  was analyzed by GLC in columns H I ,  IV, and V, the m a s s  spec t r a  of  the individual compounds 
being r eco rded :  

Determinat ion  of the Quanti tat ive Ratio of the Neutra l  Monosacchar ides  in the Po lysacchar ide .  The p o l y -  
s aecha r ide  (50 rag) was hydro lyzed  with 5 ml  of 6 N CF3COOH in a sea led  tube a t  120°C for  30 h. To e l iminate  
the CF3COOH, the hydro lysa t e  was repea ted ly  evapora ted  in a r o t a r y  evapo ra to r ,  with the addition of 2-5 ml  of  
wa te r  each t ime.  The res idue  was dr ied  o v e r  NaOH and it  was then d isso lved  in 5 ml  of wa t e r ,  and 150 mg  of 
NaBH was added in smal l  por t ions  (with s t i r r ing) .  T h e  resul t ing  mix tu re  was lef t  for  12 h and i t  was then n e u -  
t r a l i z ed  with acet ic  acid and was evapora ted  to d rynes s  s eve ra l  t i m e s ,  each t ime  with the addition of 1.5-2 ml  
of  methanol ,  and then 4-5 t imes  with the addition of 2-3 ml of ch lo ro fo rm.  The r e s idue  was dr ied  in a vacuum 
des i cca to r  o v e r  P205 and was d isso lved  in 5 ml  of acet ic  anhydride;  calcined Ctt3COONa was added to this so lu -  
tion and it  was kept in a sea led  tube a t  130 °C fo r  5 h. The acetyla t ion product  was poured onto ice  (50 rag) and,  
a f t e r  5 h ,  i t  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution was washed with water  to neu t ra l i ty ,  dr ied 
with Na2SO a, f i l t e red ,  evapora ted  to smal l  vo lume,  and subjected to GLC ana lys i s  on column VL 

The m a s s  spec t r a  of the ace t a t e s  of the pa r t i a l l y  methyla ted  polyols  were  taken by S. A. Zabel inski i  and 
I. G. Zenkevich,  while M. P. ~-llippov r eco rded  and in te rp re ted  the IR spec t ra  of  the po lysacchar ide  in the f o r m  
of a f i lm.  

S U M M A R Y  

1. It has  been found that  the acid  po lysacchar ide  f r o m  the pith of  the s t e m s  of Althea f lavovi rens  Boiss  - 
et  Buhse growing in Azerbaidzhan cons i s t s  of  a branched po lymer  containing res idues  of r i bose ,  r h a n m o s e ,  g lu -  
cose ,  and glucuronic  and galac turonic  acids  ( 3 : 6 : 3 : 7 : 2 ) .  

2. 1~ne p r e s e n c e  of the following de r iva t ives  in the products  of  the methylat ion of the po lysacehar ide  r e -  
duced a t  the ca rboxy  group was es tab l i shed:  2 , 3 , 4 - t r i - O - m e t h y l - L - r h a n m o s e ,  3 , 4 - d i - O - m e t h y l - L - r h a m n o s e ,  
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  a mix tu re  of 2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e  and 2 , 3 , 6 - t r i - O - m e t h y l - D - g a l a c -  
tose ,  and 2 , 6 - d i - O - m e t h y l - D - g l u c o s e  (2:10 : 2 4 : 7 : 2 ) .  

1 ,  
2. 
3. 
4. 
5. 
6. 
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