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In preceding  papers  we have desc r ibed  the p rope r t i e s  of polemonios ides  B and C isolated f rom Polemonium 
coeru leum [1! and have d iscussed  the s t ruc tu re  of the i r  aglycone [2]. In the p resen t  paper  we desc r ibe  the 
determinatior~ of the s t ruc tu re  of the sugar  chains. 

On hydrolysis  with minera l  acids,  the two polemonios ides  gave one and the same progenin which was then 
c leaved into the aglycone and a uronic acid by boil ing with Ki l ian i ' s  mixture .  On paper  chromatography,  the uronic 
acid appeared in the fo rm of two spots cor responding  to the f r e e  acid and its lactone. When the methyl  e ther  of the 
progenin was reduced with l i thium aluminum hydride and the product  obtained was hydrolyzed, D-g lucose  was 
identified in the hydrolysate .  

Po lemonios ide  B is hydrolyzed with mine ra l  acids to the progenin and D-galac tose .  

Since the molecu la r  weight of polemonios ide  B is 1130 and that of the progenin 660, the d i f fe rence  cor responds  
to t h r ee  galm:~tose molecules .  To de te rmine  the s t ruc tu re  of the carbohydrate  chain, the full methyl  e ther  of 
polemonios ide  B was obtained by its prolonged heating with methyl  iodide in d imethyl formamide .  The comple teness  
of the methytat ion was checked by IR spec t roscopy f rom the absence of the absorption band of f r e e  hydroxyl groups.  
When the e ther  was subjected to hydrolyt ic  c leavage,  2, 3, 4, 6 - t e t r ame thy l -D-ga l ac to se  was identified. What has 
been said above pe rmi t s  the conclusion that in the sugar  chain of po lemonios ide  B all the hydroxyl groups of the 
uronic  acid a r e  bound to D-ga lae tose  res idues .  

As has been shown previous ly ,  polemonios ide  C is cleaved by alkal ies  into po lemonios ide  B [1]. The d i f fe rence  
in the i r  mole~eular weights (~310) cor responds  to two monosacchar ide  res idues .  Consequently,  in the sugar  chain of 
po lemonios ide  C, in addition to the th ree  molecu les  of ga lac tose  attached to the hydroxyls of the glucuronic  acid, 
the re  is a di,zaccharide attached to its carboxyl  group. It was impossible  to isolate  the d i sacehar ide  in the pure  state,  
but it was fo~nd that i t  contains L -a rab inose  and D-galac tose .  

We ha~;e de te rmined  the rat io of the monosacchar ides  obtained in the acid hydrolys is  of polemonios ide  C. 
Quanti tat ive paper  chromatography [3] showed that there  a r e  four  molecu les  of D-ga lac tose  to one molecule  of L-  
arabinose.  

Of all Lhe methods tested,  methylat ion with dimethyl sulfate  in d imethy l fo rmamide  proved to be the most  
convenient for  polemonios ide  C. The mix tu re  of methylated sugars  obtained on the hydrolys is  of the e ther  was then 
separa ted  p repa ra t ive ly  on Schle icher  und Schtill paper  in sys tem 2. In this way we isolated 2, 3, 4 - t r i m e t h y l - L -  
arabinose ,  2;, 3, 6 - t r ime thy l -D-ga l ac to se ,  and 2, 3, 4, 6 - t e t r am e thy l -D -ga l ac to se .  The  identif ication of the t r i m e t h y l -  
D-ga lac tose  was difficult ,  s ince  2, 3, 6- and 2, 4, 6 - t r i m e t h y l - D - g a l a e t o s e s  have s i m i l a r  Rf values.  Consequently,  
the product  obtained was reduced with sodium borohydr ide  to 2, 3, 6- t r imethyldulc i to l ,  and the l a t t e r  was oxidized 
with po tass ium per iodate .  Since 2, 4, 6- t r imethyldule i to l  cannot be oxidized by potass ium per iodate ,  it was es tabl ished 
unambiguou~ly that the ini t ial  sugar  had the s t ruc tu re  of 2, 3, 6 - t r ime thy l -D-ga l ac to se .  

The absence of a 1 -3  bond between the sugars  was also conf i rmed by the per ioda te  oxidation of po lemonios ide  C, 
which des t royed all  the monosacchar ide  res idues  apart  f rom the glucuronic acid. 

When the methyl e ther  of polemonios ide  C was hydrolyzed,  unmethylated D-glucuronic  acid was detected. The 
appearance  in the hydrolysa te  of not only 2, 3, 4, 6 - t e t r am e thy l -D -ga l ac to se  but also 2, 3, 6 - t r i m e t h y l - D - g a l a c t o s e  and 
2, 3, 4 - t r i m e t h y l - L - a r a b i n o s e  shows that they a re  p resen t  in the d i saeehar ide  attached to the earboxyl  group of the 
glucuronic  acid, the galac tose  being attached d i rec t ly  to the carboxyl and the arabinose  being te rmina l .  

E X P  ERII~/[E N T A L  

Chromatography was c a r r i e d  out with type ASK s i l ica  gel and "Leningrad slow" paper  in the following sys tems:  
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1) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5), 2) b u t a n - l - o l - e t h a n o l - w a t e r  (5 : 1 : 4), 3) 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), 4) t o l u e n e - b u t a n - l - o l - w a t e r  (1 : 1 : 1), and 5) t u l u e n e - b u t a n - l - o l - w a t e r  (1 : 2 : 1). 

H y d r o l y s i s  of t he  p rogen in .  A so lu t ion  of 0.5 g of the p r o g e n i n  in 7 ml  of a c e t i c  ac id ,  11 ml  of e thanol ,  and 2 ml  
of cone  HC1 was hea ted  f o r  5 hr .  A f t e r  the  e thanol  had b e e n  d i s t i l l ed  off, the  p r e c i p i t a t e  of ag lyeone  that  had 
depos i t ed  was f i l t e r e d  off. Then the r e s u l t i n g  h y d r o l y s a t e ,  g l u c u r o n i e  ac id  (RRh a 0.53) and i ts  l ac tone  (RRh a 0.91) 
w e r e  iden t i f i ed  by p a p e r  c h r o m a t o g r a p h y  in s y s t e m  1 in c o m p a r i s o n  with au then t ic  s a m p l e s .  

R e d u c t i o n  of the  p rogen in .  A so lu t ion  of 0.29 g of the s u b s t a n c e  in 10 ml  of abso lu te  e t h e r  was t r e a t e d  with  an 
e x c e s s  of an e t h e r e a l  so lu t ion  of d i a z o m e t h a n e .  The  r e a c t i o n  m i x t u r e  was e v a p o r a t e d  to d r y n e s s ,  the r e s i d u e  was 
d i s s o l v e d  in 20 ml  of abso lu t e  e thyl  e the r ,  and this so lu t ion  was  added d ropwise  to a su spens ion  of 0.6 g of l i th ium 
a l u m i n u m  hyd r ide  in 30 ml  of abso lu te  ethyl e ther .  The  so lu t ion  was hea ted  with v i g o r o u s  s t i r r i n g  f o r  6 hr.  The  
c o m p l e x  was  d e c o m p o s e d  with  a 1% aqueous  so lu t ion  of ace t i c  acid,  and the  e t h e r e a l  l a y e r  was  s e p a r a t e d  off, washed  
with w a t e r ,  the e v a p o r a t e d  to d r y n e s s .  The r e s i d u e  was hea ted  in so lu t ion  in 5 m l  of m e t h a n o l  conta in ing  0.3 m l  of 
HCI. In the h y d r o l y z a t e  D - g l u c o s e  was iden t i f ied  by p a p e r  c h r o m a t o g r a p h y  in s y s t e m s  2 and 4 in c o m p a r i s o n  with  an 

au then t i c  s a m p l e .  

F u l l  me thy l  e t h e r  of p o l e m o n i o s i d e  B. A m i x t u r e  of 0.1 g of p o l e m o n i o s i d e  B, 4 ml  of d i m e t h y l f o r m a m i d e ,  6 g 
of b a r i u m  oxide ,  and 6 m l  of m e t h y l  iod ide  was  hea ted  in the  bo i l ing  w a t e r  ba th  in a s e a l e d  tube f o r  14 hr .  A f t e r  the  
addi t ion  of a l a r g e  v o l u m e  of wa te r ,  the  p roduc t  was  e x t r a c t e d  with  c h l o r o f o r m  (100 ml  x 3). This  g a v e  0.1 g of the  
fu l l  me thy l  e t h e r  of p o l e m o n i o s i d e  B wi th  decomp,  p. 108-113  ° C; [c~]~ + 39 ° (c 1.5; e thanol) .  A m i x t u r e  of th is  
p r o d u c t  (0.05 g) and 5 m l  of m e t h a n o l  con ta in ing  0.4 ml  of HC1 was  hea ted  f o r  1 hr .  

Found,  %: C 61.33, 61.39; H 8.41, 8,71. Ca l cu l a t ed  f o r  C6~Ht16026, %: C 61.0; H 8 . 6 1 .  

The m e t h a n o l  was  d i s t i l l e d  off  in v a c u u m  and the p r e c i p i t a t e  of the p rogen in  that  had d e p o s i t e d  was  f i l t e r e d  off.  
2 , 3 , 4 , 6 - T e t r a m e t h y l - D - g a l a c t o s e  was  ident i f ied  in the h y d r o l y s a t e  by p a p e r  c h r o m a t o g r a p h y  in s y s t e m  2. 

A lka l i ne  h y d r o l y s i s  of p o l e m o n i o s i d e  C. A m i x t u r e  of 4 g of p o l e m o n i o s i d e  C and 50 ml  of 10% aqueous  c a u s t i c  
soda  was  hea ted  in the  w a t e r  ba th  f o r  3 hr .  T h e n  50 m l  of e thanol  was added and the  m i x t u r e  was  n e u t r a l i z e d  with K U -  
2 c a t i o n - e x c h a n g e  r e s i n ,  a f t e r  which  the  r e s i n  was f i l t e r e d  off, the  f i l t r a t e  was e v a p o r a t e d  to s m a l l  vo lume ,  and the 
p r e c i p i t a t e  of p o l e m o n i o s i d e  B that  had depos i t ed  w a s  f i l t e r e d  off. A f t e r  h y d r o l y s i s  of the  f i l t r a t e  with 2% HCI, 
L - a r a b i n o s e  and D - g a l a c t o s e  w e r e  iden t i f i ed  in the h y d r o l y s a t e  by p a p e r  c h r o m a t o g r a p h y  in s y s t e m s  2 and 3 i n  

c o m p a r i s o n  wi th  au then t ic  s a m p l e s .  

D e t e r m i n a t i o n  of the  r a t i o  of t he  m o n o s a o c h a r i d e  r e s i d u e s  in p o l e m o n i o s i d e  C. A m i x t u r e  of 0.12 g of 
p o l e m o n i o s i d e  C and 6 m l  of 5% HC1 was bo i l ed  f o r  1 hr.  The  p r e c i p i t a t e  that  had depos i t ed  was  f i l t e r e d  off and the  
f i l t r a t e  was d i lu ted  with e thanol  to 25 ml .  Amounts  of 0.025, 0.05, and 0.075 ml  of h y d r o l y s a t e  w e r e  depos i t ed  on 
c h r o m a t o g r a m s .  A f t e r  c h r o m a t o g r a p h y  had been  c a r r i e d  out in s y s t e m  3 f o r  48 h r  and the  spots  had b e e n  r e v e a l e d  
with an i l ine  ph tha la te ,  t he  zones  w e r e  cut  out  and e x t r a c t e d  with  g l a c i a l  a c e t i c  acid,  and the  op t ica l  d e n s i t i e s  D of the  
e x t r a c t s  w e r e  m e a s u r e d  on a F E K - M  i n s t r u m e n t  in a 0 .5 -e ra  ce l l  wi th  a b lue  f i l t e r .  The f i g u r e s  a r e  g iven  below:  

D m g  D m g  D m g  
a r a b i n o s e  90 31 108 40 172 62 
g a l a c t o s e  179 110 288 160 455 232 

F u l l  m e t h y l  e t h e r  of p o l e m o n i o s l d e  C. A m i x t u r e  of 5 g of p o l e m o n i o s i d e  C, 13 g of b a r i u m  oxide,  13 g of 
b a r i u m  hydrox ide ,  7 mi  of d ime thy l  su l fa t e  and 160ml  of d i m e t h y l f o r m a m i d e  was hea ted  with  s t i r r i n g  f o r  2 hr .  Then  
10 g of BaO and 18 m l  of d ime thy l  su l fa t e  w e r e  added and s t i r r i n g  and hea t ing  w e r e  cont inued f o r  16 h r  wi th  the  
g r adua l  addi t ion  of ano the r  10 g of BaO and 15 m l  of d ime thy l  su l fa te .  The  r e a c t i o n  m i x t u r e  was d i lu ted  with 300 m l  
of w a t e r ,  and the  p r e c i p i t a t e  that  had depos i t ed  was  f i l t e r e d  off and washed  with  c h l o r o f o r m  (220 ml  × 2). The 
c h l o r o f o r m  e x t r a c t s  w e r e  combined  with  the  f i l t r a t e ,  washed  with  w a t e r  (100 ml  x 3), and e v a p o r a t e d  in vacuum.  The 
r e s i d u e  was  r e m e t h y l a t e d  by the  m e t h o d  d e s c r i b e d  above  twice .  The f ina l  p roduc t  was t r a n s f e r r e d  to a co lumn  
con ta in ing  20 g of s i l i c a  ge l  and was  e lu ted  with 750 m l  of  b e n z e n e - c h l o r o f o r m  (1 : 1}. Th i s  gave  0.5 g of the e the r ,  wi th  

decomp,  p. 1 0 2 - 1 0 5  ° C, [ ~ ] ~  + 30 ° (e 1; e thanol) .  

S e p a r a t i o n  of t he  m e t h y l a t e d  s u g a r s .  A m i x t u r e  of 1 g of the  me thy l  e t h e r  of p o l e m o n i o s i d e  C, 9 m l  of m e t h a n o l  
and 1 m l  of HC1 was  hea t ed  f o r  1 hr .  Then  15 m l  of w a t e r  was added,  the  m e t h a n o l  was d i s t i l l ed  off in v a c u u m ,  and 
the r e s i d u e  was  f i l t e r e d .  The  f i l t r a t e  was p a s s e d  through Dowex-2  a n i o n - e x c h a n g e  r e s i n  and e v a p o r a t e d  to d r y n e s s .  
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The res idue  (0.9 g) was t r a n s f e r r e d  to a column containing 50 g of ce l lu lose  and was eluted succes s ive ly  with sys t ems  
4 and 5 and with b u t a n - l - o l  sa tura ted  with water ,  100-ml f rac t ions  being col lected.  The separa t ion  of the f rac t ions  was 

moni tored  by chromatography in sys tem 2. 

Sixteen f rac t ions  were  collected.  Nos. 1 -6  (0.7 g) w e r e  combined and dis t i l led f r o m  a rotat ing f lask,  bp 120-  
130 ° C (4 mm). Amounts of 0.025 g of the product  in ethanolic solution w e r e  deposited in a band on a sheet  of 
Schle icher  und Schtill paper  (29 x 58 era) and a ch romatogram was run in sys tem 2 fo r  24 hr.  To detect  the zones 
of the sugars ,  narrow s t r ips  were  cut out f rom the edges and f rom the cen ter  of the sheet  and were  sprayed with 
anil ine phthalate. The corresponding sect ions of the main ch romatograms  were  extracted with ethanol. This yielded 
2, 3, 6 - t r i m e t h y l - D - g a l a c t o s e  with [a]~ + 100 ° (c 1; ethanol), Rf 0.695. L i t e r a tu r e  data: Rf 0.71 in sys tem 2 [4]. 

The sample  obtained (0.005 g) was heated with 0.5 ml of 48% HBr in the boil ing water  bath fo r  5 min. Then it 
was diluted with 5 ml  of water  and was evaporated to dryness  in vacuum at 50 ° C, af ter  which the res idue  was 
d issolved in the min imum amount of water  and ext rac ted  with benzene.  The aqueous solution was shown by paper  
chromatography in sys tems  2 and 4 to contain D-galac tose .  

2, 3, 6 - T r i m e t h y l - D - g a l a c t o s e  (0.1 g) was dissolved in 2 ml  of ethanol, and 0.025 g of NaBH 4, two smal l  
c ry s t a l s  of bo r i c  acid, and 1 g of KU-2 ion-exchanger  w e r e  added and the mix tu re  was s t i r r e d  at room t e m p e r a t u r e  
fo r  5 hr. Then the res in  was f i l t e red  off, and the solution was evaporated to min imum volume and t r a n s f e r r e d  to a 
ch romatogram.  Subsequently the ch romatogram was sprayed with a sa tura ted  solution of sodium metaper ioda te  and 
a 0.1 M solution of benzidine in m e t h a n o l - w a t e r - a c e t o n e  (2:2  : 1). 2, 3, 6 -Tr imethyldulc i to l  appeared in the fo rm of a 
white spot on a blue background. 

The 2, 3, 4, 6 - t e t r ame thy lga lac tose  had [~]~ + 100 ° (c 6.3; ethanol), Rf 0.86. L i t e r a tu re  data: [a]D + 117.8 ° 
{water); Rf 0.88 in sys tem 2 [4]. On demethylat ion by the method descr ibed  above, D-ga lac tose  was obtained. 

The 2, 3, 5 - t r i m e t h y l - L - a r a b i n o s e  had [a]~  + 117.5 ° (C 0.23; ethanol), Rf 0.95. L i t e r a tu re  data: [a] D + 133.4 ° 
(water) [6]; Rf 0.95 in sys tem 2 [4]. 

D-Glucuronic  acid and its laotone. The Dowex-2 ion-exchange r e s in  through which the methylated sugars  had 
been passed  was t rea ted  with 200 ml  of 20% acet ic  acid. The f i l t r a t e  was evaporated to smal l  volume in vacuum. 
D-Glucuronic  acid and its lactone were  identified by paper  chromatography in sys tems  2 and 3. 

Pe r ioda te  oxidation of polemonios ide  C. A solution of 1 g of polemonios ide  C in 50 ml of ace ta te  buffer  
(pH 4.5) was t r ea ted  with 0.92 g of po tass ium per iodate .  The mix tu re  was left in the dark for  3 days. Then 10 drops 
of e thylene glycol  were  added, the p rec ip i t a t e  was f i l t e red  off, the solution was evaporated in vacuum to dryness ,  and 
the res idue  was extracted with 50 ml of ethanol. The evaporat ion of the ethanol yielded a v iscous  oily liquid which 
was hydrolyzed by being heated with 50 ml  of aqueous ethanol and 0.8 ml  of conc HC1 for  4 hr.  The res idue  was 
dis t i l led  off, and the p rec ip i t a t e  was f i l t e red  off and washed with water ,  giving 0.4 g of progenin with mp 211-215 ° C. 
No monosacchar ides  were  detected in the f i l t r a t e  by paper  chromatography in sys tems  2 and 3. 

C O N C L U S I O N S  

The s t ruc tu re  of the carbohydra te  chains of polemonios ides  B and C have been established.  
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