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Thanks to the successful  use of the 1H-NMR method in determining the s t ruc tures  of mono- andoligo-  
sacchar ides  [1-3], at the present  time it has become possible to study the s t ructure  of the carbohydrate  
moiety of a glycoside.  The investigation of the NMR spect ra  of model glycosides with several  monosac-  
charide res idues  is of great  importance.  This can give valuable information both on the s t ructure  of the 
carbohydrate  moiety of the glycosides and also on the influence of the carbohydrate  component on the ag-  
lycone, which will enable the resul ts  of NMR spectroscopy to be used in subsequent s t ructural  investiga- 
tions of more  complex natural glycosides.  

The l i tera ture  re fe rs  mainly to information on the signal of the anomeric  proton in glycosides with 
one monosacchar ide residue [4-6]. 

The present  paper gives the resul ts  of a considerat ion of the NMR spectra  of the acetylated glyco-  
sides and maltosides of a number of s teroids in order  to find charac te r i s t i c  features of the behavior of 
the signals of all the ring protons of the carbohydrate  par t  of the molecule.  

We have studied the spectra  of acetylated mono- and diglucopyranosides of choles tero l , /3-s i tos te ro l ,  
and 16-dehydropregnenolone.  The chemical  shifts, 5 (CSs) and s p i n - s p i n  coupling constants (Hz) of the 
signals of the protons of the carbohydrate  moieties of the glycosides are  given in Table 1. 

CH~OAC 

OAc CH2OAr, 6H. O~c 

In the spect ra  of compounds (I-VII) the signals of the protons of the aglycone are  mainly found in the 
5 =0.5-2.0 ppm region and the signals of the protons of the carbohydrate  moiety in the 5 =3.5-5.5 ppm r e -  
gion, which makes it possible to pe r fo rm a complete analysis  of the signals of the protons of the ca rbo-  
hydrate moiety (see Table 1). Thus, in the NMR spec t rum of compound (I) (Fig. 1, a), the signal of t h e p r o -  
ton on the C-1 atom of the glucose residue appears  at 6 =4.60 ppm with a s p i n - s p i n  coupling constant 
(SSCC), J1,2 =8.0 Hz. Such values of the CS and the SSCC [51 show the/~ configuration of the glycosidic link- 
age. In the spec t rum of compound (IV) (Fig. 1, b), the signal of the proton on the C-1 atom appears at 6 = 
5.25 ppm with a SSCC J1,2 =3.5 Hz, which shows the ~ configuration of the glycosidic bond [5]. On com-  
paring the NMR spect ra  of compounds (I) and (IV) (Fig. la  and b), it can be seen that a change in the con- 
figuration of the glycosidic bond f rom fl to ~ leads to a change in the CSs and SSCCs not only of the signal 
of the proton attached to the glycosidic carbon atom but also of the signals of the ring protons on the C2-C 6 
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Fig.  1. NMR s p e c t r a  of ace ty la t ed  g lyco -  
s ides :  the f l -D-g lucopyranos ide  of cho-  
l e s t e ro l  (a), the a - D - g i u c o p y r a n o s i d e  of 
cho l e s t e ro l  (b), and the f l -mal tos ide  of 
cho le s t e ro l  (c). 

TABLE 1 

COITI - 
pound 

I 

II 

I1[ 

IV 

VI 

VII 

Ring, H--l[ H-2 

Protons* 

H-3 H--4 [ H - 5  2H--6 

A 

A 

A 

A 

A 

At 

A 

AI 

A 

AI 

4.60 

(7,9) / 
4,60 
(7.9) 
5,25 
(3,9) 
4,60 
(8,0) 
5.39 
(3,5) 
4,59 
(8,o) 
5,40 
(3.5) 
4,64 
(8.o) 
5,4o 
(3,6) 

4,97 5.24 
(8,0; 8.0) 

4,93 5.21 
(7,9; 8,0) 

4,96 5,30 
(7,9; 8,0) 

4,81 5,50 
(3.9: 9,8) 

4.72 5,27 
(8,0; 8,0) 

4,84 5,35 
(3,5; 10,0 

4,78 5,25 
(8,0; 8,0) 

4,83 5,37 
(3,5; I0,0) 

4,83 I 5,28 (8,0; 8,0) 
4,87 5,44 

(3,6; 9,9) 

5,16 

5,12 

5,08 

5,06 

3,97 

5.02 

3,98 

5,03 

3,92 

5,06 

3,68 $(m) 

3,70(m) 

3,65(m) 

3,90(m) 

4,22(m) 

4 , 2 0 ( m )  

4,20(m) 

4,20(m) 

*The NMR spectra were recorded on a Varian HA-100D 

instrument in CDCI 3. 

~A - monosaccharide ring connected with the genin by a 

glycosidic bond; A I - monosaccharide ring connected with 

ring A. 

:~m- center of a multiplet. 



a toms  of the monosacchar ide  res idue .  For  example ,  while in the spec t rum of the t e t r aace ta t e  of the f i-D- 
glucopyranoside of choles te ro l  (I) (see Fig. la) ,  the signal of the proton on the C-2 a tom has a t r ip le t  nature  
(5 =4.97 ppm) and the CSs of the s ignals  of the protons on the C-3 and C-5 a toms a re  5 =5.25 and 3.65 ppm 
(center  of a mult iplet) ,  r e spec t ive ly ,  in the t e t r aace t a t e  of the ~ -D-g lucopyranos ide  of choles te ro l  (II) the 
signal of the proton on the C-2 a tom f o r m s  a quar te t  and is shifted upfield by A5 =0.16 ppm and the signal 
of the proton on the C-3 a tom is shifted downfield by A6 = 0.26 ppm through the deshielding effect  of the g ly-  
cosidic bond. The reg ions  of the s ignals  of the protons on the C-6 a tom also differ  (AB par t  of a ABX s y s -  
t e m  in the case  of a f l -glycosidic  bond and the AB par t  of a A B C - s y s t e m  in the case  o f a n ~ - g l y c o s i d i c b o n d .  
S imi la r  f ea tu res  a r e  obse rved  in the behav}or of the s ignals  of the protons of the monosacchar ide  moie t ies  
in the spec t r a  of the t e t r a ace t a t e s  of the g lucopyranos ides  of f l - s i tos te ro l  and 16-dehydropregnenolone (see 
Table  1). 

With an i nc rea se  in the number  of monosacchar ide  res idues  in the glycoside to two (maltose) in the 
a s s ignment  of the s ignals  of the protons,  i t  is n e c e s s a r y  to dist inguish between the monosacchar ide  r e s i -  
dues A and A I (Fig. lc ) .  The r e su l t s  obtained above and l i t e ra tu re  information [4] enable the s ignals  of 
the protons of the two r ings  to be dist inguished (see Table  1). Thus,  in the NMR s p e c t r u m  of the hepta-  
ace ta te  of the mal tos ide  of cho les te ro l  (see Fig. le) ,  the signal of the proton at the C-1 a tom of r ing A ap-  
pea r s  in the f o r m  of a doublet at 5 = 4.60 ppm with an SSCC of J1,2 = 8.0 Hz, and the signal of the C-2 proton 
at 5 =4.72 ppm, J2,1 =8.0 Hz, J2,3=8.0 Hz, and has a t r ip le t  nature .  This  shows the fi configuration of the 
glycosidic  bond of the monosacchar ide  r ing A with the aglycone.  At the s ame  t ime,  the signal of the C-1 
proton of r ing A 1 appea r s  at 6 =5.40 ppm, J1,2 =3.5 Hz, and the signal of the C-2 proton in the f o r m  of a 
quar te t  at 5 =4.84 ppm, with SSCCs of J2,1 =3.5 Hz and J2,3 = 10.0 Hz, which conf i rms  the (~ configuration 
of the glycosidic  bond between the monosacchar ide  r e s idues .  

S imi la r  c h a r a c t e r i s t i c  fea tu res  a r e  observed  in the spec t r a  of the heptaace ta tes  of the mal tos ides  
of f l - s i tos te ro l  and of 16-dehydropregnenolone (see Table  1). 

We a re  making a s i m i l a r  invest igat ion of t r i t e rpene  g lycos ides .  Here ,  in addition to those descr ibed  
above,  definite cha r ac t e r i s t i c  f ea tu res  of the influence of the anisotropy of the glycosidic  bond on the CSs 
of the s ignals  of the Me groups of the genin a re  observed .  

S U M M A R Y  

The possibi l i ty  of de termining the configurat ion of the glycosidic  bond in ace ty la ted  mono-  and di-  
g lucopyranos ides  of s t e ro ids  by an analys is  of the s ignals  of all the protons  of the monosacchar ide  r e s i -  
dues has been shown. 
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