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ABSTRACT 

‘H NMR spectra of the complete series of fully and par- 
tially acetylated methyl a- and 0-g-xylopyranosides have been 
studied. 
lC4 chair becomes increasingly populated in the 0-forms especial- 
ly when the OH-3 is not acetylated. Increments used for the pre- 
diction of the chemical shifts of ring protons are discussed and 
compared with the literature data. The predictability for chang- 
es in shifts upon acetylation is poor. 

The a-anomers occur exclusively in 4C1 chairs but the 

+ Present address: Bachem Inc., 3132 Kashiwa St., Torrance, 
California 90505 (U.S.A.) 
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302 DE BRUYN ET AL. 

INTRODUCTION 

The complete series of the present mono-, di- and tri-ace- 
tylated methyl a- and 6-8-xylopyranosides has been synthesized 
by KovPZ and co-workers. 

these compounds, together with those for some of the benzylated 
derivatives have been published. 
were made on the basis of increments as provided in the studies 
of Utille and Vottero.6 These authors have studied the I3C NMR 
data of some partially and fully acetylated a- and 6-2-xylopyra- 
noses. It was explicitely accepted that in all the compounds the 

pyranose rings occur in the 4C 
dy it is shown that such a premise, as could be predicted by the 

results of Durette and Horton,? does not hold for the B-anomers. 
Recently McEwan and co-workers have investigated the 'H and I3C- 
NMR shifts of a series acetylated methyl a- and B-~-xylopyranosi- 
des, again without taking into consideration the conformational 
differences.8 It must be pointed out that in some of these stu- 
dies other solvents were used, where of course the pyranose ring 
can occur in another conformation. However, for the studies 

described here, we only talk about CDCl solutions. 

The 13C NMR data for some of 1-4 

The 13c NHR assignments 

conformation. In the present stu- I 

3 

RESULTS AND DISCUSSION. 

We have run the IH NMR spectra of the complete series of 
fully and partially acetylated methyl a- and 8-kxylopyranosides 
(I - 14) at 360 MHz in CDC13 solution (TMS internal). The extrac- 

ted parameters are listed in Table 1 .  

Compounds 1, 2, 3, 
order. 
For the other compounds the data of first order analyses fit per- 
fectly with the simulated spectra. 
NMR data of some fully and partially acetylated a- and 8-E-xylo- 
pyranoses in his Ph.D. thesis. nus, for I ,2,3-tri-o-acetyl-a- 
P D-xylopyranose he has reported 2.5 Hz for 3J(4,5eq), 12.5 Hz for 
3J(4,5ax) and 12.5 Iiz for 'J(Seq,5ax). 

and =display complex spin-systems of higher 
Reported coupling constants were obtained from simulations. 

Utille has reported the 'H- 

For 1,2,3,4-tetra%acetyl- 
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304 DE B R W N  El? AL. 

- I R1 = Ac,  R2 = R3 = H 
2 R2 = A c ,  R 1  = RJ = H 

2 R3 = Ac,  R 1  = R2 = H 
- 4 R I  = R2 = A c ,  R3 = H 
- 5 R1 = R3 = A c ,  R2 = H 
6 R2 = R3 = Ac, R 1  - H 
- 7 R 1  = R2 = R3 - A c  

" O m  OR' OMe 

- 8 R1 = A c ,  R2 = R3 - H 

- 9 R2 - Ac,  R1 = Rg = H 

- 10 R3 = Ac,  R, - R2 - H 
- 11 R 1  = R2 = A c ,  R3 = H 
- 12 R1 = R3 - A c ,  R2 = H 

- 13 R2 - R3 = Ac, R, - H 
14 R ,  = R2 = R3 - A c  - 

a-l)-xylopyranose he h a s  repor ted  b.4 Hz f o r  3.1(4,5eq), 11.5 Hz f o r  

3J(4,5ax)  and 11.5 Hz f o r  2J(5eq,5ax) .  These d a t a  are n o t  i n  
10,ll 

agreement w i t h  those  provided i n  an  o t h e r  p u b l i c a t i o n .  They 
a l s o  d i f f e r  from d a t a  of t h e  cor responding  methyl g l y c o s i d e s  t h a t  

we d i s c u s s  now. 

There are two main r e g i o n s  of a b s o r p t i o n  f o r  t h e  pro tons  i n  

the  p r e s e n t  compounds. 

c o s i d i c  p r o t o n  as w e l l  as t h e  pro tons  geminal t o  a n  a c e t y l a t e d  

si te.  

o t h e r  r i n g  pro tons .  

f o r  methyl a-2-xylopyranosides and a t  6 4.2514.52 f o r  compounds 

of t h e  B-series. Characteristic p a t t e r n s  are observed f o r  each 

r i n g  pro ton .  Thus H-3 appears  as a q u a s i  t r i p l e t ;  R-4 forms a n  

e i g h t  l i n e  p a t t e r n  s i n c e  i t  is t h e  X-part of an ABX s u b s p e c t r a l  

spin-system, f u r t h e r  s p l i t t e d  by a n  a d d i t i o n a l  coupl ing  w i t h  H-3; 
H-2 a p p e a r s  as a d o u b l e t  of d o u b l e t s .  

i s  c o n s i s t e n t l y  c l o s e  t o  3 .6  Hz; f o r  t h e  6-anomers i t  v a r i e s  from 

4.8 t o  7 .2  Hz, i n d i c a t i n g  conformational  nonhomogeneity. H-5A 
appears  a t  6 3.6913.80 i n  a-anomers, and a t  6 4.0414.14 i n  8- 

forms, w h i l e  H-5B of  a- and a 6-species  are  found a t  d 3.3413.46 

and 6 3.3513.36, r e s p e c t i v e l y .  

I n  t h e  r e g i o n  6 4.2515.47 w e  f i n d  t h e  gly-  

I n  t h e  r e g i o n  6 3.40/4.14 w e  f i n d  t h e  pro tons  on C-5 and 

The g l y c o s i d i c  p r o t o n  is found a t  4.72r4.89 

For t h e  a-anomers 3 ~ ( 1 , 2 )  
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'H NMR STUDY 305 

Coupling Constants and Conformational Preferences. 

When the coupling constants 3J(4,5eq) - 5 .8  Hz and 
= 10.8 Hz are taken as diagnostic for 2-xylopyranoses in a 

conformation ,12 it becomes clear that the pyranose ring of all 

a-derivatives studied herein take this form but that each B-de- 

3 J(4,Sax) 

4c1 

conformational nonhomogeneity is manifested also by the values of 

the geminal coupling 2J (5eq, 5ax) . 
equilibrium is shifted towards the 'C4 conformation, the more nega- 
tive the value of the geminal coupling constant. It seems that the 
geminal coupling constants are not as sensitive as the vicinal 

couplings, but the observed trend is unambiguously present. Since 

all the a-anomers occur in a nearly perfect 4C conformation, they 

show also the most positive coupling J(5eq,5ax) (2-10.6 Hz) .  Tak- 

ing these findings into consideration, the above-mentioned data 

provided by Utille should be revised. 

Furthermore, the conforma tional 

1 2 

It follows from Table 1 that the tendency towards the 'C4 con- 

formation in the B-series is most pronounced with compounds having 

OH-3 unsubstituted (8. lo and 2). 
non results from a hydrogen bond between OH-3 and the anomeric meth- 

oxyl group. It. is interesting to note that the 2,4-diacetyl de- 

rivative (12) shows the most pronounced tendency towards the 
conformation, although in this conformational modification the two 

acetyl groups are closest t o  a synaxial disposition. 

We presume that this phenome- 

1 
c4 

Acetylation and Shift Increments on Adjacent Protons. 

It has been established that proton chemical shifts on a mole- 
cule are influenced by substituents on the molecule and by the con- 
formation of the molecule. Small conformational changes may result 
in important changes in the chemical shifts.13 
meric changes of acetoxy substituents may further appreciably in- 
fluence shift locations. The pronounced deviation of the present 

B-series from a unique propulation of a 4C 

In addition, rota- 

conformation a tendency 1 
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306 DE BRUYN ET AL. 

1 which could have been assessed  from the  

l a t e d  B-I+ylop)tranoses, renders  t he  claimed genera l  appl ica-  

b i l i t y  of t h e  increments f o r  t h e  13C NMR s h i f t s  (and f o r  which t h e  

occurence of t h e  0-anomers i n  a 4C 

assumed ) doubt fu l .  

H NHR d a t a  of t he  acety- 
6 

conformation w a s  e x p l i c i t l y  1 6 

I n  o rde r  t o  de f ine  increments caused by acetoxy groups, w e  

have considered only  the  conformationally more homogeneous a-series. 

I n  1965-1966 Lemieux and Stevens l4,l5 repor ted  on t h e  chemical 

s h i f t s  observed f o r  t he  r i n g  protons i n  t h e  s p e c t r a  of peracety- 

l a t e d  aldohexopyranoses. They found t h a t  only t h e  s h i f t s  of H-1 

and H-5 were p red ic t ab le ,  whereas u s e f u l  increments could be  set 

up f o r  a l l  t h e  ring-protons i n  t h e  corresponding unsubs t i t u t ed  

sugars .  13' l5 

i n t o  the  e f f e c t  of a c e t y l a t i o n  on t h e  s h i f t s  of H-2, H-3 and H-4 

(Table 2) . On v i c i n a l  a c e t y l a t i o n  ( ' 'a-substitution") an increment 

of +0.14 ppm is found, except f o r  H-Sax. S u b s t i t u t i o n  a t  a 

0-posit ion has  a n  e f f e c t  of M.07 ppm. Where i t  is usua l ly  found 

t h a t  s i n g l e  e f f e c t s  are a d d i t i v e ,  as i n  the case of unsubs t i t u t ed  

sugars ,  12'16 the  a d d i t i v i t y  is now r a t h e r  bad (we f i n d  +0.16/ 

M.18 ppm experimentally,  where +0.21/+0.22 ppm is expected from 

a d d i t i v i t y ) .  When w e  cons ider  e f f e c t s  on H-1, t h e  a - subs t i t u t ion  

causes  nea r ly  t h e  same e f f e c t  as on H-2 and H-4, although t h e  

s u b s t i t u e n t  is t r a n s  disposed. The 0-ef fec t ,  however, d i sappears  

almost completely, and t h e  sunnned e f f e c t s  are i n  agreement wi th  t h e  

expec ta t ions  from a d d i t i v i t y .  A t r a n s  d i s p o s i t i o n  is a l s o  t h e  case 

f o r  a C-4 a c e t y l a t i o n  wi th  r e spec t  t o  H-5axS but  now the  a-incre- 

ment is 49.09 ppm and is  not s u b s t a n t i a l  fo r  H-5eq ( a  c i s -d ispos i -  

t i o n ) .  

no monotonous increments f o r  a c e t y l a t i o n  can be proposed i n  order  

t o  p r e d i c t  t h e  'H NMR s h i f t s ,  al though r e l i a b l e  increments can  be 

proposed f o r  a n  OH and OMe group. 12'16 We assume t h a t  increments 

f o r  a n  a c e t y l  group are l a r g e l y  dependent on t h e  an iso t ropy  of t h e  

carbonyl bond and concomittantly t h e  ro tamer ic  d i s p o s i t i o n  of t he  

OAc groupings. In polyace ty la ted  d e r i v a t i v e s  there may occur 

stereochemical d i s p o s i t i o n s  o t h e r  than i n  monoacetylated (model) 

Considering the  p re sen t  a - se r i e s  , w e  f i r s t  looked 

Thus, even i n  the  a-series wi th  a cons t an t  r i n g  conformation 
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compounds. Th i s  s ta tement  may throw some f u r t h e r  doubts on t h e  

v a l i d i t y  o f  t h e  1 3 C  NMR increments  as proposed by U t i l l e  and Vottero.  

W e  should l i k e  t o  po in t  o u t  t h a t  i t  is expected t h a t  H-5A 

( e q u a t o r i a l  i n  t h e  4Cl  cha i r .  b u t  a x i a l  i n  the  C4 cha i r )  should be  

found a t  a lower f i e l d  i n  the  0-series, s i n c e  i n  the  C conformation 

t h i s  pro ton  i s  a f f e c t e d  by the  s t rong  e f f e c t s  causing a downfield 

s h i f t ,  namely the  synax ia l  d i s p o s i t i o n  of the  s u b s t i t u e n t  on C-3 and 

the  a n t i p e r i p l a n a r  d i s p o s i t i o n  of t h e  s u b s t i t u e n t  on C-4. 

however, unsafe  t o  propose a q u a n t i t a t i v e  t rea tment  of  the chemical 

s h i f t  of H-5a, cons ider ing  t h e  unpred ic t ab le  behaviour  of t he  OAc 

group. Q u a l i t a t i v e l y  i t  is i n t e r e s t i n g  t o  note  t h a t  i n  the  compound 

12, w i th  the  h ighes t  ‘C popula t ion ,  H-5A is indeed found a t  6 4.14,  

while  i n  9 and fi it appears  a t  6 4.05 and 6 4.09. r e spec t ive ly  ( c f .  

6 3.78 f o r  the  a - s e r i e s ) .  The s h i f t  va lues  of H-5A f o r  the  o t h e r  

fou r  compounds i n  the  0-series are between these  va lues .  

6 

1 

I 
4 

It i s ,  

4 - 

EXPERIMENTAL. 

Compounds 1-c were prepared according t o  r e fe rences  1-5 .  The 

I H  NMR 
(-2 X s o l u t i o n s  i n  CDC13, 18*C, F.T. mode, pu l se  width 2 usec., qua- 

d r a t u r e  d e t e c t i o n ,  r e s o l u t i o n  0.208 Hzlpoin t .  The s imula t ions  were 

performed us ing  the  Bruker PANIC p r o g r a m .  

s p e c t r a  w e r e  recorded on a Bruker WH360 MHz appara tus  
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