
A S T U D Y  O F  T H E  1H N M R  S P E C T R A  OF O C T A A C E T A T E S  

O F  D I S A C C H A R I D E S  

V.  V.  I s a k o v ,  A .  K .  D z i z e n k o ,  
V.  I .  G o v o r c h e n k o ,  V.  A .  D e n i s e n k o ,  
a n d  Y u .  S.  O v o d o v  

UDC 538.113 + 547.917 

The development  of s t ruc tu ra l  methods of invest igat ing o l igosacchar ides  is of g rea t  impor tance  both 
for  the c h e m i s t r y  of the ol igo-  and po lysacchar ides  and for  the study of ca rbohydra te -con ta in ing  biopoly-  
r e e f s .  The use of NMR spec t roscopy  for  s t ruc tu ra l  invest igat ions of o l igosacchar ides  is not yet  suff ic ient -  
ly widespread .  The g rea t  uniformity  of the functional composi t ion  of the o l igosacchar ides  compl ica tes  the 
solut ionof  the p rob lem faced.  It  is mainly  the signals  of the protons  on the C 1 a toms that have been stud- 
ied by means  of 1H NMR spec t r a  [1]. An invest igat ion of the s ignals  of the protons at tached to the C2-C 6 
a toms ,  which has  been p e r f o r m e d  for  a number  of o l igosacchar ides  [2] and the i r  ace ta tes  [3], shows the 
poss ibi l i ty  of using IH NMR spec t roscopy  for  the identif ication and s t ruc tu ra l  de te rmina t ion  of ol igo-  
s accha r ides .  

We have analyzed the s p e c t r a  of oc taace ta tes  of d i sacehar ides  (~ ,~ - t r eha lo se ,  ~-ko j ib iose ,  /3- 
ko j ib io se , / 3 - sophorose ,  O-e~-D-glucopyranosyl - (1-*)- f l -D-galac tose ,  fl--laminaribiose, /3 -mal tose ,  f l -  
cel lobiose,  and/3-gent iobiose) ,  with different  posi t ions (1~1,  1~2 ,  1---3, 1~6) and configurat ions of the 
glycosidic  linkage. The spec t r a  w e r e  r eco rded  at the o rd inary  t e m p e r a t u r e  in CDCI s on Var ian  HA-100 
and JNM-4H-100  ins t ruments .  The chemica l  shifts  (CSs) we re  m e a s u r e d  in the 5 sca le ,  t e t r amethy l s i l ane  
(TMS} being used as internal  s tandard .  The samples  studied were  synthesized by the usual methods [4]; 
the i r  constants  co r responded  to those given in the l i t e ra tu re .  

On cons ider ing  the NMR s p e c t r a  of the oc taace ta tes  of the d i sacehar ides  (Figs.  1 and 2), it can be 
seen that the CSs of the s ignals  of the cor responding  protons  of the nonreducing r ing (A) and of the r educ -  
ing r ing (A l) have different  values  and depend on the configurat ion of the glycoside linkage and of the r e -  
ducing r ing.  The difference in the CSs of monotypical  protons  of r ings A and A 1 is due to the d i s s i m i l a r  
influences of the magnet ic  anisot ropy of the glycosidic  linkage ( C - O - C )  and of the aeetoxy group at the 
C 1 atom of r ing A 1. A compar i son  of the CSs in the s p e c t r a  of the oc taace ta tes  of the d i sacchar ides  
(Table 1), of s - D - g l u c o s e  pentaace ta te ,  and of o~-D-glucose 1 ,3 ,4 ,6 - te t raace ta te  ~Table 2) shows that the 
signal of the p ro ton  at a C atom to which an acetoxy group is at tached is shifted downfield by A 5 1.0 ppm. 
The protons  on the anomer ic  ca rbon  a tom of the reducing ring appear  in the fo rm of s ignals  of the other  
protons .  In all  ca ses ,  the axial  protons  of the reducing r ing (H- I ' )  of the oc taace ta tes  of f l -g lucobioses  
give a doublet (J-~8.0 Hz) at 5 5.6-5.7 ppm, and the equator ia l  pro tons  (H- I ' )  of the oc taace ta tes  of ~ -g lu -  
cobioses  give a doublet (J-~4.0 Hz) at 6 6.30-6.40 ppm. The di f ference  in the CSs (45 0.4 ppm) of the axial  
and equator ia l  pro tons  can  be used to de te rmine  the configurat ions of the glycosidic  cen te r  of the reducing 
r ing  of a d i sacchar ide .  

The absence  of an acetoxy group f rom the anomer ic  ca rbon  a tom of the nonredueing r ing leads to an 
upfield shift  of the p ro ton  at the C l a tom.  Thus an axial  H-1 pro ton  (/3 -g lycos id ic  linkage) gives a signal 
at 6 4.5-4.8 ppm with a s p i n - s p i n  coupling constant  (SSCC) J = 8.0 Hz, and an equator ia l  H-1 pro ton  (o~- 
glycosidic  linkage) gives a signal at 5 5.2-5.4 ppm with a SSCC J = 4.0 Hz. The different  values  of the CSs 
of the anomer ic  protons  of the reducing and the nonreducing r ings and the SSCCs enable the configurat ions 
of the glycosidic  l inkages in the d i sacchar ides  to be es tab l i shed  (Table 3). The protons  on the C~-C 4 a toms 
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T A B L E  1. C h e m i c a l  Shi f t s*  (5, ppm) and SSCCs (Hz) of  the R ing  
P r o t o n s  of the  O c t a a c e t a t e s  of  D i s a c e h a r i d e s  wi th  D i f f e r e n t  T y p e s  
of  G l y c o s i d i c  L i n k a g e  

t Protons 
Compound Ring H, H, H:, H, H, 2 H, 

a, a-Treaha- 
lose 

A ~--A I 

a-Kojibiose 

C 
A ~A, (a) 

8-Kojibiose 

C 
A~-A, (~) 

B -So phorose 

T 
A-~A, (~) 

O-a-B-Glu- 
copyrano- 

COSe 
3' 

A -~A, (a) 

B -Laminar- 
ibiose 
C 

A -~-At (~) 

/3 -Maltose 

C 
A ~A, (~) 

8 -Cello- 
biose 

1 

-(3 entio- 
biose 
C 

A-~A, (~) 

5,01 
(3,8;9,7) 

5,01 
(3,8; 9,7) 

4,91 
(3,4; 9,8) 

3,97 
(4,0; 10,0) 

4,74 
(8,6; 9,5) 

3,89 
(8,0; 8,9) 

4,94 i 
(7,8; 8,8) I 

4,96 
(7,5; 8,8) 

5,48 
(9,7; 9,7) 

5,48 
(9,7;9,7) 

5 34 
(9,8; 10,~') 

5,~9 
(10,0; 10,0) 

4,31 
0,5; 9,7) 

5,31 
(8,9; 9,6) 

5,21 
(9,0; 9,0) 

5,27 
(8,7; 8,7) 

5,19 
(9,0; 9,0) 

5,37 
(8,6;3,7) 

5,14 
(9,0; 9,0) 

3,94 
(8,5; 9,0) 

5,34 
(11;8,7) 

5,27 
(8,5;8,5) 

5,15 
(8,5; 9,0) 

5,24 
(7,8; 8, ~) 

5,20 
(8,8; 8,8) 

5,25 
(8,8; 8,8) 

5,02 
0,7; 9,7) 

5,02 
(9,7; 9,7) 

5,06 
(10,0; 9,5) 

5.15 
(10,0;9.4) 

5,02 
0,7; 10,0) 

5,03 
(9,6; 9,8) 

5,01 
(9,0;9,0) 

5,11 
(6; 8,7) 

5,13 
(9, O; 9,0) 

5,44 
(3,7; 9,7) 

5,03 
(9,0; 9,0) 

5,11 
(9,0; 9,0) 

5,01 
(8,7-9,0) 

4,01 
(8,5; 8) 

5,03 
0,0; 8,5) 

4.11 
(8,5; 8,7) 

5.03 
(8,8; 9,0) 

5,16 
(8,8; 9,0) 

3,90--1,40 

3,90--4,40 

3,80-4,50 

3,80-4,50 

3,60-4,50 

3,60--4,50 

3,50- 4,50 

3,50--4,50 

3,50--4,40 

3,50--4,40 

3,60--4,50 

3,60--4,50 

3,80--4,60 

3,80--4,60 

3,70--4,50 

3,70-4,50 

3,30-4,40 

3,30--4,40 

3,90-4,40 

3,90--4,40 

3,89--4,50 

3,80--4,50 

3,60--4,50 

3,60--4,50 

3,50--4,50 

3,50--4,50 

3,50 --4,40 

3,50--4,40 

3,60 --4,50 

3,60--4,50 

3,80-4,60 

3,80--4,60 

3,70--4,50 

3,70--4,50 

3,30--4,40 

3,30--4,40 

* A c c u r a c y  of  the  m e a s u r e m e n t  of  the  CSs  ~:0.02 p p m  and of  the  
SSCCs ~0.5 Hz.  
~ F o r  an e x p l a n a t i o n  of  the  m a g n i t u d e s  A C and A C e t c . ,  s ee  [2]. 
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Fig. 1. NMR spectra of octaacetates of the following glucobioses 
I) (~,(~-trehalose; II)fl-laminaribiose; KI) /3-maltose; IV) fl-cello- 
biose; V) fl-gentiobiose. 
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Fig .  2. NMR s p e c t r a  of oc t aace t a t e s  of d i s a c c h a r i d e s  with a 
1 ,2 -g lycos id i c  linkage: I) ~ -ko j ib iose ;  I1) ~ -ko j ib iose ;  III) fl-  
sophorose ;  IV) O - ~ - D - g l u c o p y r a n o s y l - ( l ~ 2 ) - f ~ - D - g a l a c t o s e .  
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TABLE 2. Chemica l  Shifts of the Pro tons  (5, ppm) 
and SSCCs (Hz) of Acetylated Monosacchar ides  

Acetylated 1 
a-D-glucose 
derivatives H-I 

Protons 

H - 2  H - 3  H - 4  

1,2,3,4,6-Penta- 6,31 
(4, o) 

1,3,4,6-Tetra- 6,16 
(3,5) 

5,08 
(4,0; 9,8) 

3,90 
0.5; 9,5) 

5,49 
0,9;9,8) 

5,22 
(9,5; 9,5) 

5,13 
(9,8;--) 

4,98 
(9,5; --) 

TABLE 3. Informat ion  for  the Dete rmina t ion  of 
the Configurat ions of the Glycosidic  Bonds 

6, ppm, and J, Hz 

H-I' H-I 

5,30-6,40 5,20--5,40 
(3,5--4,0) (3,5--4,0) } 

6,30--6,40 4,50--4,80 
{3,5--4,01 (7,5--8,01 } 

5,60--5,70 5,20--5,40 
(7,5--8,0) (3,5--4,0) } 

5,60-5,70 4,50-4,80 
(7,5--8,0) (7,5--8,01 } 

A~ ( H I ' -  
-Hl) 

Configuration of the 
glycosidic bond 

~I,0 

~1,7 

~0,4 

-0,9 

reducing 
ring 

non- 
reducing 

ring 

of r ings A and A 1, not par t ic ipa t ing  in the format ion  of the glycosidic  linkage, give s ignals  in the region of 
6 4.7-5.40 ppm and par t i a l ly  over lap  one another  (a c l e a r  separa t ion  of the s ignals  is obse rved  in fl -ko j i -  
biose) .  Analys is  of the spec t r a ,  the i r  c o m p a r i s o n ,  and the use in some cases  of the decoupling method has 
pe rmi t t ed  an ass ignment  of the s ignals  of these protons  to be made (see Table  1). It  can be seen  f rom 
Table  3 that the s ignals  of the protons  a re  a r r anged  in the following sequence: H-2,2 ' ;  H4,4';  H-3 ,3 ' ,  
i .e . ,  in the d i rec t ion of dec reas ing  field s t rength.  

The use of this re la t ionship ,  taking into account t he  shift  of the p ro ton  par t ic ipa t ing  in the fo rmat ion  
of the glycosidic linkage upfield by A 6 1 ppm, makes  it poss ib le  to de te rmine  the posi t ion of the glycosidic 
linkage f rom the nature  of the intensi t ies  of the s ignals  of the protons  on the C2-C 4 a toms in the 6 4.7-5.40 
ppm region.  In the case  of a 1---6 glycosidic  linkage, a difference in the CSs of the protons  on the C 6 atom 
of the r ings  A and A 1 is cha r ac t e r i s t i c .  The protons  on the C 6 atom of the nonreducing r ing (A) appea r  in 
the fo rm of a mul t ip le t  with its cen te r  at 54.10 ppm, and the signals  of the protons  at the C 6 a tom of the 
reducing r ing (A1) appea r  in the fo rm of a mul t ip le t  at 53.70 ppm. Fo r  this case ,  the difference in the 
sc reen ing  of the acetoxy group and the glycosidic  linkage is A 6 0.4 ppm.  

F r o m  the CS of the signal of the p ro ton  at the Cz atom of r ing A and its na ture ,  it is poss ib le  to obtain 
additional informat ion  on the configurat ion of the glycosidic  l inkage. Thus,  for  the a configurat ion of the 
glycosidic  l inkage , the  signals  of the protons  at C2 have the fo rm of a quar te t  with 6 4.8 ppm, and for  the 
fl configurat ion they fo rm a t r ip le t  with 6 4.90 ppm.  A difference is a lso  obse rved  in the CSs of the s ignals  
at the C~ a tom for  the a and fl anomers  (A6 0.1 ppm). 

S U M M A R Y  

1. The 1H NMR s p e c t r a  of oc taace ta tes  of d i sacchar ides  with a i f ferent  posi t ions (1~1,  1~2 ,  1~3 ,  
1~4 ,  and 1~6) and configurat ions of the glycosidic  bonds have been studied. 

2. The poss ib i l i ty  has been shown of de termining  the posi t ion and configurat ion of the glycosidic  
bonds f rom 1H NMR s p e c t r a  of d i sacchar ide  oc taace ta tes .  
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