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ABSTRACT 

The ' H ,  13C a n d  29Si N M R  spectra  of methyl 8-0-xylopyranoside a n d  
t h r e e  methyl 8-D-xyl opyranosyl -8-D-xyl opyranosides have b x n  measured 
and assigned by two-dimensional N M R  spec t roscopy.  According t o  t h e  
determined proton-proton coup1 ing constants,  t he  r ing conformer r t i o  
i s  e s s e n t i a l  l y  t h e  same i n  t h e  s t u d i e d  compounds. T h e  ass igneda13C 
chemical  s h i f t s  p r o v i d e  c o r r e c t  s u b s t i t u e n t  chemical s h i f t s  f o r  
ass ignments  i n  the  spectra  of  h i g h e r  t r i m e t h y l s i  l y l a t e d  x y l o -  
o l  i yosaccha r ides .  Heteronucl  e a r  chemical s h i f t  c o r r e l a t e  q D  F I M R  
spectroscopy i s  proven t o  be a usable  experimental method f o r  Is;i N M R  
1 i n e  assignment  i n  carbohydra tes .  The a s s igned  s i l i c o n  s h i f t s  
ident i fy  the  s i t e  of g lycos ida t ion  

INTRODUCTION ---__.-_ 

Tr ime thy l s i ly l a t ion  i s  a we1 I -es tab l i shed  de r iva t i za t ion  method 

i n  carbohydrate chemistry.' I t  i s  used no t  only f o r  chromatographic 
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SCHRAML ET AL. 394 

s e p a r a t i o n  purposes b u t  a l s o  f o r  l lMR d e t e r m i n a t i o n  of hyd roxy l  yroups. 

T r a d i t i o n a l  'H NhR d e t e r m i n a t i o n s  o f  OH groups u t i l  i z e  t h e  n i n e - f o l d  

i n c r e a s e  i n  s i g n a l  i n t e n s i t y  as  one OH p r o t o n  i s  r e p l a c e d  by  n i n e  

Si(CH3)3 p r o t o n s .  Thus, t h e  a c c u r a c y  a n d  s e n s i t i v i t y  o f  t h e  

de termi  n a t i o n  a r e  i ncreased.2 However, t h e  ' t i  NMR 1 i nes o f  O S i  (CH3)3 

groups a r e  d i f f i c u l t  t o  ass ign  and a r e  u s u a l l y  n o t  t o o  w e l l  separa ted  

as t h e  chemical  s h i f t s  a r e  n o t  v e r y  s e n s i t i v e  t o  t h e  s t r u c t u r e  o f  t h e  

r e s t  o f  t h e  mol ecu l  e. 

I n  con t ras t ,  %i NMR chemical  s h i f t s  o f  t h e  OSi(CH3)3 groups a r e  

v e r y  s u s c e p t i b l e  t o  m o l e c u l a r  s t r ~ c t u r e , ~  b u t  s i l i c o n  i s  n o t  v e r y  

s e n s i t i v e  t o  NMR detect ion.4 F o r t u n a t e l y ,  t h e  r e c e n t  p rogress  i n  NMR 

i n s t r u m e n t a t i o n  and t h e  i n t r o d u c t i o n  o f  p o l a r i z a t i o n  t r a n s f e r  

t e c h n i q u e s  1 i k e  I N E P T 5  o r  DEPT'; h a v e  d r a m a t i c a l  l y  enhanced t h e  

s e n s i t i v i t y  o f  2 9 S i  NMR s p e c t r o s c o p y .  A1 t h o u g h  t h e s e  e x p e r i m e n t s  

r e q u i r e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  m a t e r i a l ,  t h e  t r i m e t n y l -  

s i l y l a t i o n  r e a c t i o n  c o n d i t i o n s  a1 l o w  t h e  r e c o v e r y  o f  t h e  i n t a c t  o l i g o -  

sacchar ides  f o r  a d d i t i o n a l  exper imenta l  purposes. 

2 o S i  E!MR s p e c t r a  o f  t r i m e t h y l s i  l y l  d e r i v a t i v e s  a r e  now r o u t i n e l y  

measured7 and t h e  s p e c t r a l  da ta  can be used f o r  t h e  d e t e r m i n a t i o n  o f  

d i f f e r e n t  OH groups o r i g i n a l  l y  p resen t  i n  t h e  sample. More d e t a i l e d  

i n t e r p r e t a t i o n  r e q u i r e s  assignment of 2 9 S i  chemical  s h i f t s .  Seve ra l  

t e d i  o u s  m e t h o d s  h a v e  b e e n  d e v e l  o p e d  f o r  t h i s  p u r p 0 s e . l - '  

S u r p r i s i n g l y ,  simp1 e h e t e r o n u c l e a r  ' 4  - 2 9 S i  chemical  s h i f t  c o r r e l a t e d  

two-dimensional  I4MR spec t roscopy1  has  n o t  y e t  been e x p l o r e d ,  e v e n  

though  i t  i s  e s p e c i a l  l y  advan tageous  f o r  carbohydra te  a p p l i c a t i o n s .  

I n  t h i s  p a p e r ,  we p r e s e n t  t h e  f i r s t  r e s u l t s  o f  such  e x p e r i m e n t s  

c a r r i e d  o u t  o n  t r i m e t h y l  s i  l y l  a t e d  m e t h y l  B - D - x y l o p y r a n o s i d e  

d e r i v a t i v e s  1 - - 4. 
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RESULTS AND DISCUSSION _____-  

1~ NMR Spectra. 

I n  any h e t e r o n u c l  e a r  c o r r e l a t i o n  a s s i g n m e n t  exGerimcnt,  

m u l t i p l e t s  i n  ' H  N M R  s p e c t r a  must be a s s igned  f i r s t .  Among t h e  

ava i  1 a b l e  experimental techniques, two-dimensional homonuclear s h i f t  

co r re l a t ion  spectroscopy i s  preferred f o r  reasons s t a t ed  e l  sewhere 1 1  

and t h e s e  homonucl e a r  two-dimensional s p e c t r a  g r e a t l y  f a c i  1 i t a t e  

i n t e rp re t a t ion  of heteronuclear spectra  t o  be analysed.l? 

OR OR 
3 - 2 - 

R=SiMe? 
J 

RO w 0 @ O M e  

O R  OR 
k 

For t h e  ass ignment  of l i n e  m u l t i p l e t s  i n  ' 3  N M R  s p e c t r a  of 

t r i m e t h y l s i  l y l a t e d  methyl B-D-xylobiosides ,  we have  empl oyed t h e  

s t a n d a r d  J e e n e r  ( o r  C O S Y  90°) experiment . l l  A con tour  p l o t  of  a 

typ ica l  two-dimensional Jenner spectrum o f  a disaccharide i s  shown i n  

Fig. 1. Though some protons a r e  s t rongly coupled and some m u l t i p l e t s  

over lap ,  t h e  Jecner spectra  of disaccharides  a r e  e a s i l y  analysed and 

t h e  m u l t i p l e t s  a s s i g n e d  a l o n g  t h e  l i n e s  d e s c r i b e d  i n  t h e  

1 i t e r a tu re .11~12  
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Fig.  1. P a r t i a l  'H, 13C and 7 9 S i  NMR spec t ra  and t h e i r  c o r r e l a t i o n s  
a s  c o n t o u r  p l o t s  (compd.2). P r imed  a r e  n u c l e i  o f  6 r i n g .  
The  p r o t o n - o n  C - 5  c a r b o n  r e s o n a t i n g  a t  a h i g h e r  f i e l d  i s  
denoted by 5. 

We have n o t  a t tempted t o  a n a l y s e  t h e  assigned spec t ra  i n  terms o f  

p r o t o n  c h e m i c a l  s h i f t s  and c o u p l i n g  c o n s t a n t s .  O n l y  t h e  v i c i n a l  

coup1 ings  between H-1 and H-2 protons, 3J(1 ,2), have been e x t r a c t e d  as 

t h e y  p r o v i d e  i n f o r m a t i o n  on r i n g  con fo rma t ion  and can be read d i r e c t l y  

from t h e  spectra. As i s  apparent f r o m  T a b l e  1, t h e  c o u p l i n g  cons tan t  
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TABLE 1 

NMR Parameters of Methyl B-_D-Xylopyranoside - Derivatives 1 - 4 

13C Chemical shiftsb b Compd Ring Coup1 i nga 29Si Chemical Shifts 
J(1,2) Si-2 Si-3 Si-4 c-1 c-2 c-3 c-4 c-5 3 

1 A 7.32 19.14 18.57 18.85 105.11 75.73 78.42 71.31 66.07 

2 A 7.28 - 18.88 18.28' 103.17 75.83d 79.81d 72.07' 66.42' 

B 7.31 18.62 18.31 18.49' 101.56 75.19 78.19 71 .5lC 65.90' 

3 A 7.28 19.42d - 19.18d 105.05 76.13 80.21 69.06 66.45 
B 7.42 18.33 18.42 18.20d 102.38 75.27 78.59 71.86 66.19 

4 A 7.43 19.59 1'9.15 - 105.29 75.06 76.49 75.00 62.91 

B 7.10 19.08 18.60 18.44 101.56 75.10 78.69 71.49 66.10 

a in Hz. 

carbon atoms. 'assignment of the lines in the column may be interchanged. 
interchanged. 

in 6 scale, approximate error - t 0.04 ppm, silicon atoms numbered as the nearest skeletal 

assignment may be 
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398 SCHRAML ET AL. 

has  e s s e n t i a l l y  t h e  same v a l u e  i n  b o t h  A and  B r i n g s  o f  t h e  

d i s a c c h a r i d e s  and i n  a1  1 f o u r  compounds studied. One must t h e r e t o r e  

conc lude  t h a t  t h e  p e r t r i m e t h y l  s i  l y l a t e d  methyl  6 -0-xy l  ob ios ides  have  

about  t h e  same r a t i o  o f  conformer p o p u l a t i o n s  i n  b o t h  r i n g s  and t h a t  

t h i s  r a t i o  i s  s i m i l a r  t o  t h a t  found i n  o t h e r  t r i m e t h y l s i  l y l a t e d  me thy l  

8-D-xylopyranoside d e r i v a t i v e s  (4C1 : l C 4  = O A ) . ~ ~  

1 3 ~  NMR Spectra 

H o m o n u c l e a r  l H  - ' H  and h e t e r o n u c l e a r  l H  - 13C chemica l  s h i f t  

c o r r e l a t e d  2D NWR spectroscopy fo rm a power fu l  s y n e r g i s t i c  comb ina t ion  

f o r  a s s i g n m e n t  of  b o t h  ' H  and 13C N M R  spec t ra .12  T h i s  i s  a g a i n  

demonstrated i n  t h e  s p e c t r a  o f  - 2 shown i n  Fig. 1 which rep resen ts  t h e  

most un favourab l  e case s t u d i e d  here. For  exampl e, C-5 carbon 1 i nes of 

g l ycopy ranos ides  a r e  r e a d i l y  i d e n t i f i e d  by t h e i r  chemical  s h i f t s .  I n  

t h e  h e r e o n u c l  e a r  c o r r e l a t i o n  s p e c t r a ,  t h e s e  c a r b o n  1 i n e s  e x h i b i t  

c o r r e l a t i o n s  w i th  b o t h  H-5 and ti-5' pro tons  and, thus,  can  be  used t o  

i d e n t i f y  t h e  two geminal p ro tons '  m u l t i p l e t s  i n  t h e  l H  NMP, spectrum. 

Due t o  t h e  c o m p l e t e  o v e r l a p  o f  H-4 ( r i n g  A)  a n d  H'-4 ( r i n g  B )  p r o t o n  

mu1 t i p l e t s ,  t h e  1 i n e s  d u e  t o  c a r b o n s  C-4 a n d  C-5  c a n n o t  b e  

unambiguously ass igned t o  t h e  two r ings .  More s i g n i f i c a n t ,  however, 

i s  t h e  u n c e r t a i n t y  due t o  s t r o n g  c o u p l i n g  between H-2 and H-3 p r o t o n s  

o f  r i n g  A. A t  200 MHz, t h e  t w o  p r o t o n s  a r e  s o  s t r o n g l y  c o u p l e d  t h a t  

t h e  l i n e s  i n  t h e  p r o t o n  mu1 t i p l e t  c a n n o t  b e  a s s i g n e d  t o  i n d i v i d u a l  

protons. Hence, t h e  assignment o f  t h e  carbon 1 i n e s  t h a t  i s  i n d i c a t e d  

i n  F ig .  1 may be i n  e r r o r  a s  i t  f o l  l o w s  o n l y  f r o m  a j u x t a 2 o s i t i o n  o f  

t h e  maxima i n  honio- and he te ronuc lea r  c o r r e l a t i o n  con tou r  maps. 

T r i m e t h y l  s i  l y l  a t i o n  o f  m e t h y l  B - D - x y l  opyranos ide  d e r i v a t i v e s  

1 eads, t h r o u g h  c o n f o r m a t i o n a l  h o m o g e n i z a t i o n  o f  t h e  s e r i e s  o f  
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TRIMETHYLSILYLATION-AID 399 

coinpounds, t o  the improved a d d i t i v i t y  of I3C chemical shif ts .13 The 

above-demonstrated conformational homogeneity of t r i m e t h y l  s i  l y l  a t e d  

methyl 8-D-xyl o b i o s i d e s  suggests t h a t  t h e  same can  be expec ted  f o r  

h ighe r  t r i m e t h y l s i  l y l a t e d  xylo-01 igosacchar ides .  Hence, t h e  13C 

chemical  s h i f t s  t h a t  a r e  a s s igned  h e r e  ( T a b l e  1 )  shou ld  y i e l d  t h e  

cor rec t  values o f  subs t i tuent  chemical s h i f t s  (SCS) of xyl opyranosyl 

groups  f o r  t h e  p r e d i c t i o n  o r  ass ignment  o f  the  chemical s h i f t s  i n  

higher t r imethyls i  lylated xylo-01 igosaccharides. 

29si NMR Spectra 

For t h e  reasons explained elsewhere,lo,lr l  heteronuclear 'H- 

2%i co r re l a t ion  assignment experiments can  u t i  1 i z e  o n l y  1 o n g - r a n g e  

couplings of t he  s i l i c o n  witn protons attached t o  t h e  s k e l e t a l  carbon 

atoms, 3J(2qSi-0-C-1H). Since these  couplings a r e  s m l  1 ( 3  - 4 Hz), 

t h e  'ti - 2 9 S i  zxperiments  can b e  set  u p  i n  a simi 1 a r  way a s  t h e  more 

common tI - 3C chemical s h i f t  c o r r e l a t i o n s  through long- range  

c o u p l i n g s ;  i.e., l ong  d e l a y s  (cca  1 4 0  ms) m u s t  be used i n  t h e  mixiny 

per iod.  Addi t iona l  problems a r i s e  from t h e  p a r t i c u l a r  f e a t u r e s  o f  

79Si FIMR (slow re laxa t ion ,  negative gyrornagnetic r a t io )  and  from the  

presence of nine equivalent  methyl protons which a re  a l s o  coupled t o  

t he  s i l i con .  The former problenis c a l l  f o r  optimization of t he  e q u i l i -  

brat ion delay,  the  l a t t e r  require  careful  s e l ec t ion  of proton c a r r i e r  

frequency and spec t ra l  width ( t l  increment) so t h a t  strong f l  fo lded  

signal due t o  co r re l a t ion  with methyl protons cannot be mistaken f o r  

t h e  sought  co r re l a t ion  s ignal .  

T h e  co r re l a t ion  experiments with compounds 1 - 4 were conclusive,  

except f o r  t h e  few s i g n a l s  noted i n  Table 1 ,  where the  ambiguity was 

due  t o  t h e  almost complete ove r l ap  o f  m u l t i p l e t s  of H-4 protvn i n  t h e  
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400 SCHRAML- ET A L .  

two r ings  which were a d d i t i o n a l l y  o v e r l a p p e d  w i t h  H - 2  m u l t i p l e t  i n  

compound 3. 3espi t e  t h i s ,  i n  a1 1 th ree  disaccharides ,  t he  protons a t  

the g lycos id ic  l inkage showed no c o r r e l a t i o n  with ?‘Si P!MR s i g n a l s  and  

so c l e a r l y  the s i t e  of l inkage could be ident i f ied .  

Though a1 1 t h e  ?‘Si 1 i n e s  a r e  we1 1 r e s o l  ved i n  t h e  compounds 

s t u d i e d ,  t h e  chemical  s h i f t  d i f f e r e n c e s  a r e  t o o  smal 1 t o  a p p l y  a n  

empi r i ca l  ass ignment  r u l e .  l 5  This  s t r e s s e s  t h e  need f o r  e x a c t  

expe r imen ta l  ass ignment  procedures. The above  r e s u l t s  prove  t h a t  

a s s i g n m n t s  c a n  be ach ieved  t h r o u g h  he t e ronuc l  e a r  chemical  s h i f t  

c o r r e l a t i o n  20 FlMR experiments and t h a t  the s i t e s  o f  glycosiddt ion can 

be loca l ized  through t h e  use of assigned 2 3 S i  NMR spectra .  

- EXPERIMENTAL 

- Synthesis  

The t r i m e t h y l s i l y l  d e r i v a t i v e s  1 - 4 w e r e  p r e p a r e d  by 

t r imethyl  s i  l y l  a t ion  of the corresponding B-D-xyl opyranosyl d e r i v a t i v e s  

of  methyl ~ - D - x y l  opyranos ides  which were ob ta ined  a s  d e s c r i b e d  by 

Kovac.’ For t r i m e t h y l  s i  l y l  a t i o n ,  we h a v e  adopted t he  procedure  

proposed by Ctlambaz e t  a l . l 7 3 l 9  Approximately 100  - 150  m y  o f  t h e  

xylobioside were placed i n  a dry small react ion vessel  equipped with a 

t e f l o n  s e p t u m  s e a l .  A 2 0 0 %  s t o i c h i o m e t r i c  e x c e s s  o f  

t r i n w t f i y l s i  l y l a t i r i c ,  mix ture  [ b i s ( t r i m e t h y l  s i  1 y ) a c e t a m i d e  a n d  

t r imt t ;y l c i i l o rc i s i l ane  i n  5:l molar r a t io ]  was added through a syringe. 

The reac t ion  mixture was v ibra t iona l  l y  s t i r r e d  and heated a t  GO-70°C 

f o r  about  1 hour. In the  p r e p a r a t i o n  o f  - 4,  d r y  p y r i d i n e  h a d  t o  b e  

added i n  order t o  d i s s o l v e  t h e  parent compound. Excess reagents were 

d i s t i l  1 ed off i n  vacuo under dry nitrogen atmosphere. Puri ty  of t h e  

compounds was checked by gas chromatography and  N M R  spectroscopy. 
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- FJMR Measurements 

The sampl es were  measured i n  d r u t e r i o c h l o r o f o r n  s o l u t i o n s  

c o n t a i n i n g  2% ( V / Y )  of h e x a m e t h y l d i s i l a n c  which se rved  as a r e f e r e n c e  

f o r  'I{ ( 6 =  0.C4) a n d  2 9 S i  ( a =  -19 .79)  N M R  s p e c t r a .  The d a t a  

repo r ted  i n  Tab le  1 were ob ta ined i n  0.OW s o l u t i o n s ,  two-dimensional  

s p e c t r a  were measured i n  0.2 - 0.4M so lu t i ons .  

A1 1 t h e  s p e c t r a  were  measured on a V a r i a n  XL-200 s p e c t r o m e t e r  

o p e r a t i n g  a t  700.05 MHz f o r  p r o t o n s ,  a t  5C.3 MHz f o r  ca rbons ,  and a t  

39.7 MHz f o r  s i l i c o n  s p e c t r a .  S t a n d a r d  s o f t w a r e  p r o v i d e d  by t h e  

m a n u f a c t u r e r  ( H - 2 Z  v e r s i o n )  was employed. A1 1 t h e  2D s p e c t r a  were  

s t o r e d  a t  1024 x 1024 da ta  matr ices.  

The J e e n e r  s p e c t r a  were  measured u s i n g  HOMCOR p u l  s e  sequence 

( w i t h  9U" f l i p  ang les )  which i nco rpo ra tes  quadra ture  d e t e c t i o n  i n  b o t h  

dimensions. Strong s ig r ta l s  o f  t r i m e t h y l  s i  l y l  p ro tons  were e l i m i n a t e d  

by a p r e s a t u r a t i o n  th rough equ i  1 i b r a t i o n  p e r i o d  l a s t i n g  2s. Pseudo- 

echo  s h a p i n g  was used i n  b o t h  d i m e n s i o n s  w i t h o u t  z e r o - f i  1 1  ing .  

S p e c t r a l  w i d t n  v a r i e d  be tween 250 and 400 Hz, t h e  s p e c t r a  were  

symmetrized around t h e  diagonal .  

The h e r e o n u c l  e a r  s h i f t  c o r r e l a t e d  s p e c t r a  were  measured w i t h  

HETCOR p u l s e  sequence which was s l  i g h t l y  mod i f i ed  f o r  t h e  measurement 

o f  29Si spec t ra .  The r e f o c u s i n g  d e l a y  i n  t h e  m i x i n g  p e r i o d  was 

programmed as an  e x p l i c i t  d e l a y  i n s t e a d  o f  i t s  i n t r o d u c t i o n  as  a 

r e c e i v e r  o f f  p e r i o d  i n  t h e  m a n u f a c t u r e r - p r o v i d e d  sequence. The '% 
IiMR spec t ra  were measured w i t h  t h e  s p e c t r a l  w i d t h  2509 - 3000 Hz and 

w i t h  t h e  same s e t t i n g s  i n  t h e  p r o t o n  d i m e n s i o n  t h a t  was used i n  t h e  

Jeener  s p e c t r a .  5 1 2  FIDs were r e c o r d e d  w i t h  t h e  r e f o c u s i n g  d e l a y  

c o r r e s p o n d i n g  t o  J (13C - 'H)  = 1 4 5  Hz. E x p o n e n t i a l  w e i g h t i n g  

corresponding t o  l i ne -b roaden ing  o f  2 Hz was used i n  b o t h  dimensions. 
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The ? 9 S i  s p e c t r a  were  measured i n  a n a r r o w  w i d t h  o f  1 0 0  - 250 Hz, 

e q u i l i b r a t i o n  d e l a y  was 5s, r e f o c u s i n g  d e l a y  was 1 4 2  ms. U s u a l l y  

about  64 FIDs were accumul a t e d  f o r  each v a l u e  o f  t i m e  t l  and about 100 

inc rements  o f  t l  were used w i th  z e r o - f i l l i n g  t o  512 d a t a  p o i n t s  i n  t h e  

i n t e r f e r o g r a m s .  O n e - d i m e n s i o n a l  2 9 S i  NMR s p e c t r a  were  measured by 

r o u t i n e  INEPT technique.7 
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