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Polemonium coeru leum L. (greenvaler ian  polemonium) is a perennial  herbaceous  plant growing in the European 
par t  of the USSR and in Western  and Eas te rn  Siber ia  [1]. The roots  of g reenva le r i an  polemonium are  used as a 
substi tute for impor ted  senega [2]. They possess  good expectorant  and sedat ive p rope r t i e s .  

All the organs  of the plant contain saponins but the roots  a re  pa r t i cu la ry  r ich in them. N A. Burgim and S. A. 
Nosovitskaya [3] have isolated two groups of saponins--acidic  (96%) and neutral  (3 .9~--and have de te rmined  some of 
the i r  p rope r t i e s .  

We have invest igated the roots  of P. coe ru leum L. col lected in 1965 in the Altai .  It was found by th in - l aye r  
chromatography on s i l i ca  gel that a methanolic  ex t rac t  of the roots  contained at l eas t  f ive compounds giving a 
charac ter i s t£c  colorat ion with antimony t r i ch lo r ide .  In o rde r  of inc reas ing  polar i ty  we have cal led them polemonios ides  
A, B, C, D, and E. 

To isola te  the individual g lycos ides ,  the methanolic  e x t r a e t w a s t r a n s f e r r e d  into an aqueous solution and this was 
ex t rac ted  with ethyl aceta te  and b u t a n - l - o l .  The butanolie f ract ion was separa ted  chromatograph ica l ly  on a column of 
s i l i ca  gel.  Po lemonios ide  B with mp 232-234 ° C and polemonioside C with mp 241-243 ° C were  isola ted.  

Polemonios ide  B dissolved in aqueous ethanol and, spar ingly,  in wa te r ,  and had a wel l -def ined acidic nature .  
Thus, it passed into aqueous alkali  solutions and was eas i ly  t i t ra ted ,  which made it poss ib le  to de t e rmine  its 
molecu la r  weight (1100-1150). 

Polemonios ide  C dissolved read i ly  in wate r  and spar ingly in b u t a n - l - o l  and ethanol.  In cont ras t  to polemonioside 
B it posses sed  neutral  p rope r t i e s .  Its IR spec t rum had a s t rong absorpt ion band cha rac t e r i s t i c  of an e s t e r  grouping. 
The glycoside proved to be ex t r eme ly  unstable  to the action of a lkal ies  : on being heated even with 10% ammonia  it was 
conver ted  comple te ly  into polemonios ide  B. By making use of these  p rope r t i e s ,  we de te rmined  i ts  e s t e r  number  and 
f rom this we calculated the molecu la r  weight of polemonioside C (1400-1450). The polemonios ides  a r e  v e r y  unstable 
to the action of a lkal is  and acids .  

We also showed that polemonioside C is  c leaved with the format ion of B on EDE-10P anion-exchange res in .  

Polemonios ide  B was split  by dilute mine ra l  acids,  forming  D-ga lac tose  and a product which, f rom its 
e l emen ta ry  analysis  and molecu la r  weight (650), is a progenin.  The la t te r ,  in its turn,  was hydrolyzed by Ki l i an i ' s  
mix ture ,  forming  a uronic acid and a neutral  product with mp 198-200 ° C (tool. wt. 480). When polemonioside C was 
heated with 5% hydrochlor ic  acid,  the hydrolysate  was found to contain L -a rab inose  and D-ga lac tose ,  and the above-  
desc r ibed  progenin.  

Polemonios ide  C is the main component of the mix ture  of g lycos ides  ; i ts yield was 20% of the ext rac t .  The 
amount of po~emonioside B in the mix ture  was only 2-5%. According to N. A. Burgim and S. A. Nosovitski i  [3], the 
rat io of the glycosides  is the r e v e r s e  of this.  This can be explained by the fact that, in o rde r  to i sola te  the total 
g lycos ides  comple te ly ,  they acidified the ex t rac t  with mine ra l  acids .  Under these conditions the bulk of the neutral  
polemonioside  C could be conver ted into the acid polemonioside B. 

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

Chromatography was c a r r i e d  out with type AKS s i l i ca  gel and with "Leningrad slow" paper  using the solvent  
sys tems  : 1) b u t a n - l - o l - a c e t i e  a c i d - w a t e r  (4 : 1 : 5) and 2) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  (1 : 5 : 3 : 3). 

The a i r - d r y  roots  of Po lemonium coeru leum L. (1 kg) were  exhaust ively ex t rac ted  by being boiled with 
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chloroform (yield 32.5 g), methanol to which 5-10% of water had been added (275 g), and water (31.5 g). 

The methanol ic  ex t rac t  was evaporated to d ryness  in vacuum at 40-50  ° C, d issolved in 1 l of water ,  and 
exhaust ively  ext rac ted  with ethy[ ace ta te  and bu t an - l -o l .  The yields amounted to 41.4 and 182.2, g, r e spec t ive ly ,  while 
the res idue  weighed 52.4 g. 

About 500 g of the butanolic ex t rac t  was t r a n s f e r r e d  to a chromatographic  column containing 2600 g of s i l i ca  gel 
and was eluted success ive ly  with b u t a n - l - 0 1 ,  b u t a n - l - o l  sa turated with wate r ,  and wate r .  The separa t ion  of the 
f rac t ions  was checked by th in - l aye r  chromatography in sys tem 1; 254 f rac t ions  were  col lec ted  and of them nos. 191- 
197 contained 15 g of polemonioside B with mp 232-234 ° C, [~]~ +43 ° (c 1.4; methanol -pyr id ine  (1 : 1). 

Found, %: C 56.69, 56.72; H 7.50, 7.80. 

F rac t ions  221-254 contained 100 g of polemonioside C with mp 241-243 ° C, [~]~ + 38 ° (c 1; water) .  

Found, %: C 53.68, 53.63; H 7.36, 7.36. 

Separat ion of polemonios ides  C and B. 35 g of the in te rmedia te  f rac t ions  198-200 f rom the preceding  exper iment ,  
containing mainly  polemonioside  C with some polemonioside B, were  t r a n s f e r r e d  to a column containing 1000 g of EDE- 
10P ion-exchanger  in the OH- form.  Elution was c a r r i e d  out with water  until the neutra l  glycoside had been washedout  
comple te ly ,  and then with a 10% aqueous methanolic  solution of acet ic  acid. Evaporat ion of the solutions yielded 9 g of 
potemonioside C and 26 g of polemonioside B. 

Aceta te  of polemonioside  B. A solution of 0.3 g of polemonioside B in a mix ture  of 15 ml  of pyridine,  5 ml of 
acet ic  anhydride,  and 3 ml of d imethy l fo rmamide  was left at room t empera tu re  for a day. Then it was poured into ice  
water  and the prec ip i ta te  that had fo rmed  was f i l te red  off, t r a n s f e r r e d  to a column containing 4 g of s i l i ca  gel ,  and 
eluted with 100 ml  of ch loroform.  This  gave 0.2 g of the aceta te  of polemonioside B with mp 145-147 ° C, [~]~ +20 ° 
(c 1; ethanol). 

Found, %: C 59.96, 60.09; H 7.32, 7.10. 

When a 0.029-g sample  of polemonioside B was t i t ra ted  to phenolphthalein 0.256 ml of 0.1 N caust ic  soda was 
consumed. Found, %: mol .  wt. 1130, 1130. 

Hydrolys is  of polemonioside B. 1) A mix ture  of 0.02 g of polemonioside B and 3 ml  of 5% aqueous methanolic  HC1 
solution was heated in a sealed tube. The prec ip i ta te  that deposited was f i l t e red  off and washed with wate r .  The 
f i l t ra te  was found by chromatography  in sys tems  1 and 2, by compar i son  with an authentic sample ,  to contain D- 
galac tose .  The res idue  was passed in choroform solution through a layer  of s i l ica  gel (1 g). The yield of progenin was 
0.1 g, mp 212-217 ° C, [o~]~-~ 20 ° (c 1; ethanol). 

Found, %: C 66.66, 66.76; H 8.56, 8.63; tool. wt. 641, 660 (Rast). 

In a similar manner to that described above, 0.8 g of hydrolysis product yielded 0.6 g of the acetate of the 

progenin with mp 140-142 ° C. 

Found, %: C 64.33, 64.30; H S . 2 9 , 8 . 0 2 ; m o l .  wt. 850 (Rast). 

2) The progenin obtained f rom the preced ing  exper iment  (0.2 g) was heated with a mix ture  of 3.5 ml of glacial  
acet ic  acid, 5.5 ml of ethanol, and 1 ml of HC1 at 70-80 ° C for 5 hr.  Then a tenfold volume of water  was added. The 
prec ip i ta te  that deposi ted was r ep rec ip i t a t ed  f rom acetone with pet ro leum ether ,  giving 0.1 g of agtycone with mp 

198-200 ° C, [ ~ ] ~ ÷ 5 0  ° (c 1; ethanol).  

Aceta te  of polemonioside  C. Polemonios ide  C (0.7 g) was t rea ted  with a mix ture  of 5 ml of d imethy l fo rmamide ,  
16 ml of pyridine,  and 7 ml  of acet ic  anhydride for a day. The prec ip i ta te  that deposited when a l a rge  volume of water  
was added was f i l t e red  off, t r a n s f e r r e d  to a column containing 10 g of s i l i ca  gel ,  and eluted with ch lo ro fo rm and a 
mix ture  of ch loroform and ethyl acetate  (1 : 1) (200-ml portions).  This yielded 0.1 g of the aceta te  of polemonioside  C 
(mp 152-154 ° C, [c~]~ +20 ° (c 1.6; ethanol; found, %: C 57.50, 57.68; H 6.68, 6.67) and 0.5 g of the ace ta te  of 

polemonioside B. 
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A weighed sample  (0.2742 g) of polemonioside C in 25 ml  of ethanol was heated in the water  bath with 2.3 ml of 
0.1 N caust ic  potash for 15-20 rain. The excess  of alkali  was back- t i t r a ted  with 0.4 ml of 0.1 N HC1. 

S imi la r ly ,  the t i t ra t ion of 0.2115 and 0.2230 g of polemonioside C consumed,  r e spec t ive ly ,  1.45 and 1.55 ml of 
alkali .  Found, mol .  wt. : 1445, 1455, 1440. 

Hydrolys is  of polemonioside  C. 1) A mix ture  of 0.5 g of polemonioside  C and 7 ml  of 5% HC1 was heated for 2 hr .  
The pree ip i ta te  that had deposi ted was f i l t e red  off and washed with wate r ,  and was then passed in choroform solution 
through s i l i ca  gel (10 g). This gave the progenin with mp 211-216 ° C. L-Arab inose  and D-ga lae tose  were  identified in 
the f i l t ra te  by paper chromatography in sys t ems  1 and 2. 

2) A m~xture of 4 g of polemonios ide  C and 50 ml of 2% aqueous sodium hydroxide was heated at 70-80 ° C for  2 hr .  
The react ion mix ture  was diluted twofold with ethanol and neut ra l ized  with KU-2 ion-exchange res in .  Then the res in  
was f i l t e red  off and the f i l t ra te  was evaporated to smal l  volume.  Polemonios ide  B deposi ted.  

In the ~,mme way, when 0.2 g of polemonioside C was heated with 10% ammonia  in a sealed tube, 0.2 g of 
polemonioside B was obtained. 

CONCLUSIONS 

Two individual g lycos ides ,  polemonioside B and polemonioside C, have been isolated f rom the roots  of 
Polemonium eoeru leum L. for the f i r s t  t ime and some of the i r  p rope r t i e s  have been studied. 
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