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The new glycoside of the cyc loar tane  s e r i e s  has been isolated f r o m  the roots  of As t raga lus  
s i eve r s i anus  Pall .  and has been shown to be cyc los ive r s igen in  3 - 0 - [ 0 - ~ - L - r h a m n o p y r a n o -  
sy l - (  1 ~ 2) -  f l -D-xylopyranos ide  ] -6"O-  f l -D-xylopyranos ide .  

In the p r e sen t  p a p e r  we cons ider  the s t ruc tu re  of cyc los ive r s ios ide  G. (substance G) which we isolated 
f rom the roots  of As t raga lus  s i eve r s i anus  Pal l .  [1-3] .  

It was es tabl i shed by the GLC method [4] that  cyc los ive r s ios ide  G (I) contained D-xylose  and L - r h a m -  
nose res idues  in a ra t io  of 2: 1. In the products  of the Smith degradat ion of the t r ios ide  (I) [5], c y c l o s i v e r s i -  
genin (II) [6 ] was detected,  which showed that the glycoside under  invest igat ion belonged to the cyc loar tane  
s e r i e s .  

The Hakomor i  methylat ion [7] of g lycoside (I) gave the deca -O-methy l  e ther  (HI), the acid hydrolys is  of 
which led to 2 , 3 , 4 - t r i -O-me thy l -D-xy lopy ranose ,  2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o p y r a n o s e ,  and 3 ,4 -d i -O-me thy l -  
D-xylopyranose .  In addition, f r o m  products  we isolated the dimethyl  e ther  (V), shown to be identical with the 
authentic 16,25-dimethyl e ther  of s ive r s igen in  [ 1]. 

Thus, the s t ruc tu re  of the de r iva t ives  obtained in the acid cleavage of the deca -O-methy[  e ther  (III) 
shows that cyc los ive r s igen in  G(I) is  a b i sdesmos id ic  glycoside in which the sugar  res idues  a r e  at tached to 
cyc los ive rs igen in  at the C-3 and C-6 hydroxy groups.  

Hydrolys is  of the glycoside (I) in 0.25% sulfur ic  acid yielded a diglycoside (IV), identical  with the 3,6- 
d i - O - ~ - D - x y l o p y r a n o s i d e  of c y c l o s i v e r s i g e n i n -  cyc los ive r s ios ide  E (IV) [ 1]. Consequently, in the glycoside 
(I), the d i sacchar ide  moie ty  contains D-xy lose  and L - r h a m n o s e  res idues  and the monosacchar ide  moie ty  D- 
xylose .  The format ion  of 3 ,4 -d i -O-me thy l -D-xy lopy ranose  on the acid c leavage of the methyl  e ther  (III) shows 
that the L - r h a m n o s e  is at tached to the hydroxy group on the second carbon a tom of one of the D-xylose  mole -  
cules.  

The posi t ion of the bioside res idue  in the genin was es tabl i shed on the bas i s  of the r e su l t s  of a c o m p a r a -  
tive analys is  of the chemical  shifts  of the s ignals  of the anomer ic  carbon a toms  in the 13C NMR spec t r a  of 
cyc los iver ios ide  E (IV) and the t r ig lycos ide  (I) (see Scheme on following page) .  

It has  been  es tabl i shed prev ious ly  [3] that in the i3c NMR spec t rum of compound (IV) the signals  of the 
C-1 '  and C - 1 "  anomer ic  carbon a toms  of the two xylopyranose  res idues  appea r s  at  107.3 and 105.3 ppm, r e -  
spect ively.  

In the 13C NMR spectrum of the triglyeoside (I) under investigation, one of the three anomeric carbon 
atoms resonated at 101.6 ppm. From the value of its chemical shift, this signal was assigned to C-I'" of the 

L-rhamnose residue [8, 9]. 

The chemical shifts of the C-I' and C-I" anomerie carbon atoms of the two xylopyranose residues of 
compound (I) are extremely close and in the spectrum a single common signal at 105.4 ppm corresponds to 
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them. Consequently, in the spec t rum of glycoside (I) the signal corresponding to the C-1'  carbon atom has un- 
dergone a diamagnetic shift by 1.9 ppm (SIv(C_I,) = 107.3 ppm; 5I(C_1, ) = 105.4 ppm, A5 = 1.9 ppm). 

The upfield shift of the C - I '  anomeric  carbon atom [8] shows that the molecule of L - rhamnose  is a t-  
tached to the C-2 '  a tomof  the D-xylose  residue which, in its turn, is attached to the hydroxy group at C-3 of 
the aglycone. 

A calculation of molecular  rotat ion differences [ 10] between the tr iglycoside (I) and the diglycoside (IV) 
showed that the L - rhamnose  residue has the ~ configuration of the glycosidic center.  Thus, cyclos ivers ios ide  
G (I) is cyclos ivers igenin  3 - O - [ O - ~ - L - r h a m n o p y r a n o s y l - ( 1  ~ 2 ) - f l - D - x y l o p y r a n o s y l ] - 6 - O - f l - D - x y l o p y r a n o -  
side. 

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

For  general  observat ions and methods of isolation, see [ 1, 6]. PMR spectra  were taken in CsDsN on a 
JMN-4H-100/100 MHz instrument  (5, 0 --HMDS), and t3C NMR spect ra  on a Varian CFT-20 instrument  in 

CsDsN (0 - TMS). 

The sugars  were chromatographed in the form of the t r imethylsi lyl  e thers  of their methyl g lycosides  
[4] on a column (3.7 m x  3 mm) containing Chromaton N-AW impregnated with 5% of the silicone phase SE-30. 
The tempera ture  of the thermosta t  was 190°C and the c a r r i e r  gas here and below was helium, at a rate of flow 
of 45 ml /min.  

The methyl e thers  of the sugars  were identified in the form of their  methyl glycosides [11]. The chroma-  
tography of the lat ter  was ca r r i ed  out on a column (1.2 m x 3 ram) containing Celite impregnated with 20~c of 
poly- (butane- l ,4-d iy l  succinate) (phase 1) at a thermosta t  temperature  of 180°C and on a column (1.2 m × 3 
mm) containing Chromaton N-AW impregnated with 10~ of poly(phenyl ether) 5 F -4  E (phase 2) at a thermo-  
stat  t empera tu re  of 190°C. The retention t imes (Trel)  of the methylated methyl glycosides were calculated 
with respec t  to the retention time of methyl 2 ,3 ,4 ,6- te t ra-O-methyl - f i -D-glueopyranos ide .  

Cyclos ivers ios ide  G (I, substance G) [1], C~6H76017, mp 222-224°C (from methanol),  [ ~ ] ~  --5.42 + 2 ° 
(c 1.34 methanol);  v KBr cm-t: 3350-3430 (OH) PMR spect rum (5, ppm):  0.49 (H at C-19, d, G = 4.0 Hz), 

max'  
1.04-1.49 (CH 3 × 8). By the GLC method [4], D-xylose and L- rhamnose  in a ratio of 2. ]9 :1 .00  were detected 
in cyc los ivers ios ide  G. 
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Cy.closiversigeni.n !II ) f rom (I). A solution of 150 g of cyc los ive r s ios ide  G (I) in 150 ml  of aqueous 
methanol  (1 : 1) was t r ea ted  with 150 mg of sodium per ioda te ,  and the reac t ion  mix ture  was s t i r r e d  at  r oom 
t e m p e r a t u r e  for  20 h. Then the oxidant that had not reac ted  was decomposed  with ethylene glycol,  the methanol  
was evapora ted  off, and the res idue  was t rea ted  with 50 ml  of water .  The reac t ion  products  were  ex t rac ted  
with ch lo roform.  The ch lo ro fo rm was dist i l led off to d ryness ,  and the res idue  was heated with 200 ml of 
aqueous methanol  (1 : 1) and 300 mg of sodium te t r ahydrobora te  at 80°C for  7 h. Af te r  cooling, the reac t ion  
mix tu re  was acidif ied to pH 2.0 and was then left  at  r oom t e m p e r a t u r e  for  80 h. The hydrolys is  products  were  
ex t rac ted  with ch lo ro fo rm,  the solvent  was evapora ted  off, and the res idue  was chromatographed  on a column 
of s i l ica  gel.  Elution with ethyl ace ta te  gave 35 mg of cyc los ivers igen in  (II) with mp 239-241°C ( f rom metha -  
nol),  [ a ] ~  + 49.5± 2 ° (c 1.58 methanol)  [6].  

The Deca 'O-methvl__Ether  of  Cyc los ive r s ios ide  G (III) from___~_~. To a solution of 1.5 g of cyc lo s ive r s i o -  
side G (I) in 300 ml  of d ry  d imethyl  sulfoxide was added 1.5 g of sodium hydride in smal l  por t ions.  Af ter  30 
min,  20 ml  of  methyl  iodide was added dropwise ,  and the reac t ion  mix tu re  was lef t  for  5 h. All the opera t ions  
were  c a r r i e d  out a t  r o o m  t e m p e r a t u r e  and with s t i r r ing .  The r eac t i on  products  were  poured into 300 ml of 
sodium hyposulfi te  solution and exhaust ive ly  ex t rac ted  with ch loroform.  The res idue  obtained a f t e r  the evap-  
ora t ion  of the c h l o r o f o r m  was eh romatographed  on a column of s i l ica  gel with the elution f i r s t  by benzene and 
then with b e n z e n e - e t h y l  ace ta t e  (1 : 1). This gave 300 mg of the deca -O-me thy l  e ther  of cyc los ive r s ios ide  G 
(III),  C56Hs~O17, mp 180-182°C ( f r o m  methanol ) ,  [ a ] ~  +22.5-~ 2 ° (c 0.72 ch lo ro fo rm) ,  v KBr cm-1; 3050 

max '  
(>CH 2 of a cyc lopropane  r ing) ;  there  was no absorp t ion  in the region of hydroxy groups.  PMR spec t rum (5, 
ppm) :  0.47 (H at  C-19, d; J = 4.0 Hz);  0.98-1.49 (CH3X 8); 2.97-3.58 (OCH3X 10, s ) ;  4.46, 4.58 (2 H, anomer i c  
protons  of  D-xy lose ,  d; J =  7.5 Hz);  5.57 (H, anomer i c  pro ton  of L - r h a m n o s e ,  broadened s inglet) .  M ÷ 1040. 

Acid Hydro lys i s  of the D e c a - O - m e t h y l  E ther  (III) .  A solution of 300 mg of the methyl  e the r  (III) in 50 ml 
of methanol  was t rea ted  with 50 ml  of 15% methanol ic  su l fur ic  acid, and the reac t ion  mix tu re  was heated in the 
boiling wa te r  bath  for  1 h. Af ter  cooling, 100 ml of wa te r  was added, the methanol  was dis t i l led off and the p r e -  
cipi tate  that  deposi ted was f i l te red  off. Chromatography  of the res idue  on a column of s i l ica  gel  with elution 
by b e n z e n e - a c e t o n e  (3: 1) gave 16 mg of compound (V) with mp 222-224°C ( f rom methanol)  [ a ] ~  +123.7 ±2 ° 
(e 0.56; c h l o r o f o r m ) ,  identified by c o m p a r i s o n  with an authentic sample  as the 16,25-dimethyl  e ther  of s i v e r -  
s igen in  [ 1]. 

The aqueous solution was heated on the boiling wa te r  bath for  7 h. Af te r  cooling, it was neut ra l ized  with 
b a r i u m  ace ta te ,  and the p rec ip i t a te  was sepa ra t ed  off and the f i l t ra te  was evapora ted .  The res idue  was 
ch romatographed  on a column of s i l ica  gel with elution by the b e n z e n e - a c e t o n e  (2 : 1) sys t em.  This led to the 
isolat ion of 2 , 3 , 4 - - t r i -O-me thy l -L - rhamnopyranose  (GLC: Tre l  on phase  1, 0.43; on phase  2, 0.45); 2 ,3 ,4 - t r i -  
O - m e t h y l - D - x y l o p y r a n o s e  (GLC; Tre l  on phase  1, 0.44 and 0.60; on phase  2, 0.42 and 0.51); and 3,4--di-O- 
me thy l -D-xy lopy ranose  (GLC: T r e  1 on phase  1, 1.31 and 1.59; on phase  2, 0.70) [11]. 

Pa r t i a l  Hydro lys i s  of  Cyc los ive r s ios ide  G (III) to the Diglycoside (IV). A solution of 300 mg of the t r i -  
glycoside (I) in 200 ml of methanol  was t r ea ted  with 200 ml  of a 0.5% aqueous solution of sulfur ic  acid and the 
mix tu re  was heated on the boiling wa te r  bath for  4 h. Af ter  cooling, 200 ml  of wa te r  was added to the reac t ion  
mix tu re  and the excess  of methanol  was dis t i l led off. The reac t ion  products  were  ex t rac ted  with butanol, then 
the solvent  was dis t i l led off, and the res idue  was ch romatographed  on a column of s i l ica  gel. Elution with 
c h l o r o f o r m - m e t h a n o l - w a t e r  (70 : 22.5 : 4) yielded 55 nag of compound (IV) with mp 256-258°C ( f rom metha -  
nol) ,  [ a ] ~  +30.5 + 2 ° (c 0.52; methanol ) ,  identified by compar i son  with an authentic sample  as the 3 ,6 ,O-f l -  

D-xy lopyranos ide  of cyc los ive r s igen in  [ 1 ]. 

SUMMARY 

F r o m  the roots  of the plant As t raga lus  s i eve r s i anus  pa l l .  has been  isolated a new glycoside of the cy-  
c loar tane  s e r i e s ,  which is cyc los ive r s igen in  3 - 0 - [ - o z - L - r h a m n o p y r a n o s y l - ( 1  ~ 2 ) - f i - D - x y l o p y r a n o s y l ] - 6 - O -  
f i -D-xylopyranos ide .  
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R E G I O -  AND S T E R E O S E L E C T I V E  G L Y C O S Y L A T I O N  

OF 2 0( S) ,  2 4 ( R ) -  E P O X Y D A M M A R A N E -  3 ,12f i ,  2 5-  

T R I O L S  W I T H  C H O L E S T E R Y L  ( s - D - G L U C O S E  

O R T H O A C E T A T E ) .  I I I .  

N .  F .  S a m o s h i n a ,  V. L .  N o v i k o v ,  
V. A. D e n i s e n k o ,  and  N. I.  U v a r o v a  

UDC 547.455+547.597+547.917+547.918+547.922 

The glycosylation of 20 (S) ,24 (R)-epoxydammarane-3,12fl,  25-triols under the conditions of the 
previous formation of an ion pair  with a Lewis acid and subsequent t reatment with ch01esteryl 
(~-D-glucose orthoacetate) leads to the selective formation with high yields of the correspond- 
ing 12-monoglueosides having the trans configuration of the glucosidic bond. The regioselec-  
tivity of the direct  glycosylation of 20 (S), 24 (R)-epoxydammarane- 3,12fl, 25-triols by orthoes- 
ters  is determined by the influence of intramolecular hydrogen bonds in the initial triols.  De- 
tails of the PMR and 13C NMR spectra of the new compounds obtained are  given. 

The development of methods for both the selective and the exhaustive glycosylation of tetracyclic dam- 
marane polyols of type (I) related to the panaxgenins (Scheme 1) opens up possibilities for obtaining various 
analogs of ginseng glycosides [ 1]. We have previously studied the glycosylation of the title alcohols by the 
or thoester  method via the intermediate formation of or thoesters  and their subsequent isomerization into the 
desired glycosides [ 2 ]. 

The isomerization of the 3-monoorthoesters obtained from (I) and (II) led to the anomalous selective 
formation of the 12-monoglucosides (III) and (V), in view of whichthehypothesiswas expressed thatthe isom- 
erization studied takes place in actual fact as the direct  intermolecular glyoosylation of one molecule of a 
3-monoorthoester by another. To confirm this hypothesis, we have investigated the d i rec t  glycosylation of 
tetracyclic  dammarane polyols with a number of orthoesters.  The nature of the direct  glycosylation of the 
tr iols  (I) and (II) with the orthoesters  (XH) and (XIII) depends on the nature of the glycosylating agent and 
also, to an even grea ter  degree, on the experimental conditions of glycosylation, which is probably connected 
with the presence of a strong intramolecular hydrogen bond (intra-HB) between the proton of the 12fl-OH 
group and the oxygen atom of the tetrahydrofuran (THF) ring in each of the triols (I) and (II). 

In tile IR spectra of (I) and (H) in CHC13 solution (c 37.0 and 34.0 mg/ml,  respectively),  broad bands of 
hydroxyl absorption are  observed at 3392 and 3401 cm -1, respectively, which did not change their position and 
intensity when the solutions were diluted 25-fold. In the 1H NMR spectra (CDC13) of (I) and (II) broad signals 
of unit intensity are  observed at 5.62 and 5. 59 ppm, respectively, which are  sensitive to the temperature con- 
ditions of recording the spectra and to deuterium exchange. The intra-HBs mentioned may promote the forma- 
tion of a bipolar ion of type (XIV) or (XV) on the interaction of (I) or  (II) with HgBr 2 (scheme 2). 
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