
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Two-Dimensional Proton Chemical Shift Correlated NMR Spectroscopy of
Digitoxose1

Bruce Coxona

a Center for Analytical Chemistry National Measurement Laboratory National Bureau of Standards,
Washington, D.C.

To cite this Article Coxon, Bruce(1984) 'Two-Dimensional Proton Chemical Shift Correlated NMR Spectroscopy of
Digitoxose1', Journal of Carbohydrate Chemistry, 3: 4, 525 — 543
To link to this Article: DOI: 10.1080/07328308408057916
URL: http://dx.doi.org/10.1080/07328308408057916

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308408057916
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, 3(4), 525-543 (1984)  

TWO-DIMENSIONAL PROTON CHEMICAL SHIFT 
CORRELATED NMR SPECTROSCOPY OF DIGITOXOSE 

Bruce Coxon 

Center for Analytical Chemistry 
National Measurement Laboratory 
National Bureau of Standards 

Washington, D.C. 20234 

Received March I ,  1984 

ABSTRACT 

The hydroxyl proton coupled 'H NMR spectra of solutions of B- 
8-digitoxopyranose and of an equilibrated mixture of the four ring 
forms of 2-digitoxose in dimethylsulfoxide-~& have been assigned 
completely by two-dimensional, proton chemical shift correlated 
NMR spectroscopy and spin decoupling at 400 MHz. Analysis of 
resolution enhanced, one-dimensional 'H NMR spectra yielded an 
almost complete set of CH and OH proton-proton coupling constants 
for the four ring forms. The free aldehydo form of.2-digitoxose 
in dimethylsulfoxide-46 solution has been detected by means of its 
characteristic H-1 quartet at 6 9 .687.  Quantitative analysis of 
the equilibrated mixture of the five forms of 2-digitoxose gave 
the composition:- a-pyranose, B-pyranose, a-furanose, 6-furanose, 
aldeh do form, 11.2, 67 .3 ,  8 . 4 ,  13.0, and 0.1%, respectively. The 
e r  conformations have been assigned to the a- and 8- 
pTranose forms by analysis of the coupling constants and are 
discussed qualitatively in terms of their relative stabilities. 

INTRODUCTION 

The development of two-dimensional, nuclear magnetic resonance 

(2D NMR) techniques2 has recently had a substantial impact on the 
spectroscopy of carbohydrates. 3-9 

number of inequivalent nuclei and well defined stereochemical and 

In fact, owing to the large 

Copyright 0 1984 by Marcel Dekker, Inc. 
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526 C OXON 

conformational variations that are present in carbohydrates, these 

substances serve as excellent models for demonstration of many of 

the 2D NMR techniques that are now available. 
shift grrelated NMR2pectroscopx (2D COSY) has been implemen- 

tedlO’ll as an elegant and efficient alternative to conventional, 

one-dimensional spin decoupling, and various modified 2D COSY 

experiments have been proposed and used for other purposes. 

2D % chemical 

10,12 

Solutions of carbohydrates in dimethylsulfoxide (DMSO) are of 

significant interest to us for purposes of quantitative analysis 

and physical characterization; for example, the certification of 

2-glucose Standard Reference Materials.”13 

mutarotation of sugars is normally slower than in aqueous solu- 

tion, l4 thus affording more time for initial analytical measure- 

ments. Additionally, the hydroxyl protons of sugars are usually 

in slow exchange in neutral DMSO solutions, so that the NMR signals 
of these protons are observed as separate multiplets. This pheno- 

menon offers the possibility of a greater number of w e l l  dispersed 

analytical “handles” for DMSO solutions than for aqueous solutions, 

but has the disadvantage that coupling with the hydroxyl protons 

causes the spectra of many of the CH protons to be more complex. 

Nevertheless, the hydroxyl proton coupling constants have intrinsic 

value and in some cases yield additional stereochemical 

information. 

In DMSO solution, the 

14 

9 

This paper describes an investigation of D-digitoxose - (2 ,6 -  

dideoxy-D-ribo-hexose) and its various forms by ‘H NMR spectros- 

copy at 400 MHz. The 2D COSY method is used to delineate the 

assignments in the hydroxyl proton coupled spectra obtained from 

solutions of Q-digitoxose - in DMSO-3. 

J-resolved NMR technique has been applied to complete analysis of 

the 

6-2-glucopyranoses. 

In related work, the 2D 

1 H NMR spectra of the hydroxyl proton coupled a- and 
9 

RESULTS AND DISCUSSION 

b NMR Spectroscopy of Solutions of Crystalline D-Digitoxose. 
1 Taken soon after dissolution of the sugar, the H NMR spectrum of 
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NMR SPECTROSCOPY OF DIGITOXOSE 527 

a solution of a commercial sample of crystalline E-digitoxose in 

DMSO-d showed the CH and OH proton signals of predominantly a 
single species. Interpretation of the vicinal CH proton-proton 
coupling constants of this species (vide infra) icdicates that it 

is the f3-pyranose form (6-p). Under high resolution conditions 

(low sugar concentration and resolution enhancement by Gaussian 
exponential filtering), the h NMR spectrum (see FIG. 1) of 8-2- 
digitoxopyranose shows evidence for at least two long range 

-6 

2 
I 1 

e b 6 

FIG. 1. 'H NMR spectrum of a solution of 8-D-digitoxopyranose 
in DMSO-cl6 at 400 MHz. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



528 COXON 

coupl ing c o n s t a n t s  s i n c e  t h e  H - 1  s i g n a l  appears  as a t r i d e c e t  and 

t h e  HO-3 s i g n a l  as a q u a r t e t .  

t h e  s o l u t i o n ,  t h e  hydroxyl  s i g n a l s  d i sappear  and are t r a n s l o c a t e d  

t o  t h e  HOD s i g n a l ,  and t h e  H-2’(=H-2a) pentadece t  c o l l a p s e s  t o  an 

On a d d i t i o n  of deuter ium oxide  t o  

o c t e t ,  because of removal of t h e  coupl ing  c o n s t a n t  4~2a,HO-3 1 . 0  

Hz. Spin decoupl ing experiments  confirmed t h e  presence of t h i s  

coupl ing  and a l s o  t h a t  of a smal le r  one, ‘.I 

tude  of t h e  coupl ing between H-2a and HO-3 s u g g e s t s  t h a t  H-2a,  

C-2, C-3, and HO-3 have a p l a n a r  ‘W’ arrangement, i n  which HO-3 h a s  

a favored o r i e n t a t i o n  w i t h  t h e  OH bond t r a n s  coplanar  t o  t h e  

0.5 Hz. The magni- -1,3 

OH 
HO 

H 

C-2--C-3 bond. The o b s e r v a t i o n  of a s m a l l  v a l u e  .J3,HO-3 3 . 1  Hz 

i s  c o n s i s t e n t  w i t h  a gauche o r i e n t a t i o n  ( d i h e d r a l  a n g l e  60”)  of  

H-3 and HO-3 i n  t h e  B-p anomer. A similar long  range coupl ing 

c o n s t a n t  4~ 
examined under t h e  same condi t ions.’  F u r t h e r  conf i rmat ion  of t h e  

long  range  coupl ing  between H-2a and HO-3 of 6-P-digitoxopyranose 

w a s  ob ta ined  by means of t h e  2D COSY method. 

1 . 2  Hz has  been r e p o r t e d  f o r  a-Q-glucopyranose -2, HO- 1 - 

A p u l s e  sequence f o r  t h e  2D COSY NMR technique  i s  shown i n  

FIG. 2. The f i r s t  n/2 p u l s e  t u r n s  t h e  magnet iza t ion  v e c t o r  from i t s  

e q u i l i b r i u m  p o s i t i o n  along t h e  z - a x i s  i n t o  t h e  5-1 plane .  The 

t r a n s v e r s e  magnet iza t ion  evolves  dur ing  t h e  incrementable  d e l a y  
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NMR SPECTROSCOPY OF DIGITOXOSE 529 

1 
H 

t2- -tl' - 

D1 = Relaxation delay 

tl = lncrementable delay 

FIG. 2. Pulse sequence for 2D COSY 'H NMR. 

t at the end of which a second ~ / 2  (or ~ 1 4 )  pulse mixes the -1' 
magnetizations and hence the chemical shifts of the homonuclear 

spins. 

time t for each discrete value of t 

the first Fourier transformation of the FIDs in the t dimension 

are modulated as a function of t by all frequencies (due to both -1 
chemical shifts and coupling constants) that are generated by the 

first pulse. 

A free induction decay (FID) signal is acquired during the 

-2 -1' The resonances detected by 

-2 

For parallel transitions, i.e., those that generate resonances 

in the same multiplet, the chemical shifts that undergo mixing are 

identical and the resulting multiplets in the 2D spectrum have the 

same chemical shift in both dimensions. 

COSY spectrum consists of a set of resonances along the diagonal, 

that correspond to the normal one-dimensional spectrum. 

effect may be seen in the contour plot of the 'H 2D COSY spec- 

trum of f3-g-digitoxopyranose that is shown in FIG. 3 .  

Thus one part of the 2D 

This 

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COXON 530 

b 

HO- 1 1 H O O D  

OH 

H- 1 B HO e 

lo- 

DMSO-g, 

H-2e 

3 

FIG. 3. Contour plot of the 2d COSY 'H NMR spectrum of 6-g- 
digitoxopyranose in DMSO-56 at 400 MHz, with the spin 
coupling connectivity pathway indicated. 

Other transitions,of spin coupled nuclei are either progres- 

sively or regressively connected through a common energy level, 

and mixing of the magnetizations of these chemically shifted nuclei 

(e.g., A and X) produces resonances in the 2D COSY spectrum that 

have different chemical shifts in each dimension, e.g., coordinates 

6A,6xy and 6x,6A. 
positions in the 2D COSY spectrum and are known as cross peaks. 

The observation of cross peaks signifies spin coupling connectivity 

between the related multiplets on the diagonal, thus affording a 

method for spectral assignment. 

These resonances therefore occupy off-diagonal 
2 

10 
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NMR SPECTROSCOPY OF DIGITOXOSE 531 

In FIG. 3, the connectivity pathway between the HO-1 and CH3 

protons is illustrated for the case of a single anomer (B-p). 
Noteworthy is the observation of a cross peak for H-2a and HO-3, 

thus providing further verification of their long range coupling. 

The smaller coupling between H-1 and H-3 was not indicated by 

this experiment, although modified procedures are available for 

emphasis of long range coupling constants. The chemical 

shifts measured by first order analysis of the well dispersed 

spectrum (FIG. 1) of the B-p anomer are shown in Table 1 and the 
coupling constants in Tables 2 and 3. The large value J 9 . 6  

Hz indicates that H-1 and H-2' have a trans-diaxial orientation 

and, therefore, that the preponderant anomer in crystalline 2- 
digitoxose is the 8-pyranose form. The remaining vicinal CH 

proton-proton coupling constants (Table 2), in particular the 

value 3 

anomer (in solution). 

-1,Z' 

9 . 4  Hz confirm the 4C chair conformation for the B-p -475 -1 

The structure of g-digitoxose is closely related to that of - 
2-deoxy-Q-erythro-pentose, - from which the 2,6-dideoxyhexose may 

be derived merely by substitution of a hydrogen atom at C-5 by a 

methyl group. Previous work has shown that 2-deoxy-B-2-erythro- 

pentopyranose adopts the alternative C chair conformation, both 

in aqueous solution,15 and in the solid state.16 Thus the obser- 

vation that B-E-digitoxopyranose in DMSO-d 

4C 

locking effect of an equatorial methyl group. 

1 
4- 

solution favors the -6 
conformation exclusively may be attributed to the conformational -1 

'H NMR Spectroscopy of Equilibrated Solutions of D-Digitoxose. 
Following dissolution of crystalline 2-digitoxose in DMSO-d 

solution mutarotates fairly rapidly (2-3 days) to give an equilib- 

rated mixture of five different forms. The hydroxyl proton 

coupled 'H NMR spectrum of the four major components of the 

mixture is shown in FIG. 4 ,  in which may be seen four HO-1 doublets 
in the vifcinity of 6 6 and four H-1 multiplets around 6 5. 

signals obviously represent the four ring forms of the sugar. 

The fifth species in the equilibrated mixture was detected as a 

the -6' 

These 
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5 3 4  COXON 

TABLE 3.  OH Pro ton  Coupling Cons tan ts  (Hz)  of Digi toxose.a  

Anomer-ring form J J J J -1 HO-1 4 2 ~ a , ~ ~ - 3  -3,HO-3 -4,HO-4 -5,HO-5 L 

--- a-pyranose 7.3 --- 5.4 7.0 

B-pyranose 6.4 1 . 0  3 . 1  7.0 

a-furanose 5.6 --- 

B-furanose 5 .5  

--- 

7.2 --- 5.4 

4.6 b - -- --- --- 

aFor s o l u t i o n s  i n  DMSO-&, measured a t  400 MHz, w i t h  d i g i t a l  

bObscured. 

r e s o l u t i o n ,  122mHz/point. 

' O m H  H~Y'TH 
OH 

H H  

OH 
HO H HO 

a-rJ 
a-f 

HO OH HO? Y O H  

HH 
H H  

H 
HO H 

H 
HO 

P-P P-f 

very weak q u a r t e t  (J 1.8 and 3.4 Hz) a t  6 9.687 t h a t  i s  undoubtedly 

t h e  H - 1  s i g n a l  of t h e  aldehydo form of d i g i t o x o s e .  The o b s e r v a t i o n  

of t h i s  form a s  a f r e e  a ldehyde r a t h e r  t h a n  as a n  a l d e h y d r o l  may 

be  a t t r i b u t e d  t o  the r e l a t i v e l y  anhydrous c o n d i t i o n s  i n  t h e  so l -  

v e n t .  

range  of t h e  2D COSY experiments  r e p o r t e d  h e r e i n  and,  t h e r e f o r e ,  

t h e s e  s i g n a l s  are n o t  d i scussed  f u r t h e r ,  e x c e p t  f o r  t h e  purpose of 

'\ 

The s i g n a l s  of t h e  aldehydo form are beyond t h e  dynamic 
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H 2  
m 

Hh 
op 

H 2  Kh 
W l t o  

% 
H2. 
6-P 

FIG. 4 .  Hydroxyl p r o t o n  coup led ,  IH NMR spec t rum of a n  e q u i l i -  
b r a t e d  m i x t u r e  of t h e  r i n g  forms of p d i g i t o x o s e  i n  
D M S O 4 6 ,  measured a t  400 MHz. The s i g n a l s  of t h e  
aldehydo form are n o t  shown. 
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536 COXON 

q u a n t i t a t i v e  a n a l y s i s  of t h e  m i x t u r e .  The aldehydo forms of  

d i g i t o x o s e  and o t h e r  s u g a r s  w i l l  b e  t h e  s u b j e c t  of a f u t u r e  

communication. 
1 The H NMR spectrum (F ig .  4 )  of t h e  e q u i l i b r a t e d  m i x t u r e  of 

2 -d ig i toxose  s p e c i e s  i s  q u i t e  complex and i t  w a s  h e r e  t h a t  t h e  

f u l l  power of t h e  2D COSY method became u s e f u l .  I f  t h e  e q u i v a l e n t  

p r o t o n s  of a me thy l  group a r e  cons ide red  a s  a s i n g l e  s p i n  group,  

t hen  each r i n g  form of  d i g i t o x o s e  g i v e s  r i se  t o  a 1 0  s p i n  system 

of p r o t o n s ,  and complete  ass ignment  of t h e  p r o t o n  spectrum o f  f o u r  

r i n g  forms by c o n v e n t i o n a l  s p i n  decoup l ing  t e c h n i q u e s  would r e q u i r e  

40 s e p a r a t e  expe r imen t s .  I n  p r a c t i c e ,  most of t h e  s p i n  c o u p l i n g  

c o n n e c t i v i t y  i n f o r m a t i o n  f o r  t h e  f o u r  r i n g  forms w a s  o b t a i n e d  from 

a s i n g l e  2D COSY experiment .  A l i m i t e d  number ( f o u r )  of  s p i n  

decoup l ing  expe r imen t s  was done t o  r e s o l v e  c e r t a i n  a m b i g u i t i e s  i n  

t h e  two-dimensional d a t a .  However, i n  s p e c t r a  t h a t  c o n t a i n  over-  

l a p p i n g  m u l t i p l e t s  o r  m u l t i p l e t s  o f  s imi la r  chemica l  s h i f t ,  a s s ign -  

ments made e x c l u s i v e l y  by s p i n  decoup l ing  methods may a l s o  b e  

expected t o  s u f f e r  from some a m b i g u i t i e s ,  owing t o  t h e  p re sence  o f  

n o n - s e l e c t i v e  o f f - r e sonance  e f f e c t s .  

- 

Matching o f  t h e  i n t e g r a t e d  i n t e n s i t i e s  of t h e  m u l t i p l e t s  i n  

t h e  one-dimensional spectrum (FIG.  4 )  a l lowed  many of  t h e  r e s o l v e d  

m u l t i p l e t s  t o  b e  i d e n t i f i e d  as o r i g i n a t i n g  from one p a r t i c u l a r  

r i n g  form o r  a n o t h e r .  A con tour  p l o t  o f  t h e  2D COSY spectrum of 

t h e  f o u r  r i n g  forms of e q u i l i b r a t e d  Q-digi toxose - i s  shown i n  FIG. 

5.  To avo id  c o n f u s i n g  t h e  diagram, t h e  c o n n e c t i v i t y  pathway i s  

o n l y  shown f o r  t h e  a - fu ranose  anomer ( a - f ) ,  a l t h o u g h  a s imi la r  

pathway w a s  c o n s t r u c t e d  f o r  each r i n g  form i n  t u r n .  I n  t h i s  way, 

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

mix tu re  were a s s i g n e d  comple t e ly  and measurement of  t h e  h i g h  

r e s o l u t i o n ,  one-dimensional s p e c t r a  y i e l d e d  t h e  chemical  s h i f t s ,  

and CH and OH p ro ton -p ro ton  coup l ing  c o n s t a n t s  r e p o r t e d  i n  Tab les  

1, 2 ,  and 3 ,  r e s p e c t i v e l y .  

The a-pyranose anomer (a-p) w a s  a s s i g n e d  a s  t h e  form t h a t  

d i s p l a y e d  s imilar  coup l ing  c o n s t a n t s  ( e x c e p t  .Jl,2,) t o  t h e  6-p 

form c h a r a c t e r i z e d  a l r e a d y .  The v i c i n a l  CH p ro ton -p ro ton  c o u p l i n g  
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b 

I 

’3 

FIG. 5 .  Contour plot of the 2D COSY ’H NMR spectrum of an 
equilibrated mixture of the ring forms of D-digitoxose - 
in D M s 0 - i ~  at 400 M H Z .  

constants of the a-p form are also consistent with the 4C 

conformation, although in view of the fact that H - 1  and H - 3  have a 

planar ‘W’ arrangement in this conformation, it is surprising that 

the value 4J -1,3 
than that of the 6-p form. 
tion of the a-p anomer does not have ideal geometry because of 

distortion induced by a syn-axial 1,3 interaction between the 

DMSO-d -solvated hydroxyl groups at C - 1  and C-3. 

chair -1 

0.6 Hz for the a-p form is only slightly larger 

It is possible that the ‘cl conforma- 

Although the -6 
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value J 7.3 Hz of the a-p form is larger than that (6.4 Hz) 

of the 6-p form (Table 3), it has recently been observed that the 

value .Jl,HO-l 4.8 Hz of a-Q-glucopyranose is smaller than that 

(6.6 Hz) of 6-2-glucopyranose. Thus, an earlier s~ggestion'~ that 

equatorial H-1 protons have relatively large couplings of 6.5-8 Hz 

with HO-1, whereas the corresponding couplings of axial H-1 protons 

are smaller (4.5-5 Hz) does not appear to be generally valid. 

-1, HO- 1 

- 

The a-furanose form (a-f) was assigned as the component of 

the equilibrated mixture that displayed the smaller coupling 

constants (J 2.3 and J 3.6 Hz) between one of the protons 

at C-2 (H-2') and H-1 and H-3, respectively, since smaller cou- 

plings would be expected for these trans pairs of protons than for 

the cis pairs of protons H-1, H-2 and H-2, H-3 (J 
7.7 Hz). This assignment identifies H-2 as the hydrogen atom 

above the furanoid ring (i.e., the one with the L_ configuration) 

and H-2' as the atom below the ring. The assignments of the a-f 

and B-f forms are also consistent with assignments derived pre- 

viously for the a and. B forms of 2-deoxy-D-erythro-pentofuranose 

on the basis of both H NMR and polarimetric studies. 
15 

-1 ,2 '  -2',3 

5.6 and J -1,2 -2,3 

- 

1 15 

The coupling constants J 2.4  and .T1,21 5.3 Hz reported 

for 2-deoxy-a-D-erythro-pentofuranose - are very similar to those 

found for a-D-digitoxofuranose - and those reported for 2-deoxy-6- 

D-erythro-pentofuranose (J = J 4.5 Hz) are closely similar 

to the values measured for 8-2-digitoxofuranose (see Table 2), 

although the labeling of H-2 and H-2' is reversed. 

-1,2 

-1,2 - 1 , Z '  

A useful simplification of the 'H NMR spectrum of the equilib- 
rated mixture of digitoxose forms was obtained by deuterium exchange 

of the hydroxyl protons prior to spectroscopy of the solution in 

DMSO-& (see FIG. 6 ) .  This procedure effectively removed the OH 
coupling constants and yielded a spectrum resembling that of 

digitoxose equilibrated in deuterium oxide. The chemical shifts 

of the simplified, but still overlapping H-5 multiplets of the a-f 
and 6-f forms were measured in this way (Table 1). The quartet 

and triplet band shapes of the hydroxyl uncoupled H-1 multiplets 
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L 
4 3 I t 1  I t 3  

I I ’ 
6-P 

FIG. 6 .  ’H NMR spectrum of an equilibrated mixture of per-0- 
deuterated ring forms of D-digitoxose - in DMSO-& at 
400 MHz. 

are generally characteristic of the anomeric configurations of 2- 

deoxy-a- and B-D-erythro-pentofuranose derivatives. 18 

Quantitative Analysis of Equilibrated D-Digitoxose. The 

presence of a large number of well resolved multiplets in the 

hydroxyl proton coupled spectrum (FIG. 4 )  of the equilibrated 

mixture of c-digitoxose anomers allowed a multi-parameter, 

quantitative analysis to be performed; i.e., one in which a number 

(in this case, 5-8) of the proton signals of each ring form were 
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i n t e g r a t e d  fo l lowing  a c q u i s i t i o n  of t h e  spectrum under non- 

s a t u r a t i n g  c o n d i t i o n s .  The r e s u l t s  of t h i s  a n a l y s i s  a r e  shown i n  

Table  4 .  

t h e  most 

t h a t  t h e  

l i z e d  by 

argument 

The composi t ion d a t a  show t h a t  t h e  8-p form i s  by f a r  

s t a b l e  form i n  DMSO-cl+ s o l u t i o n ,  i n  s p i t e  of t h e  f a c t  

4C conformation favored by t h i s  form must be  d e s t a b i -  

t h e  anomeric e f f e c t .  T h i s  l e n d s  f u r t h e r  weight t o  t h e  

t h a t  t h e  a-p form must be  even more d e s t a b i l i z e d  by i t s  

-1 

s y n - a x i a l  1 , 3  i n t e r a c t i o n .  By c o n t r a s t ,  t h e  a-p form of 3-deoxy- 

Q-ribo-hexose ( i n  which HO-3 i s  n o t  p r e s e n t )  i s  r e l a t i v e l y  more 

s t a b l e  (6-p:a-p r a t i o ,  40:26). 
- -  

1 9  

The propor t ions  of t h e  D-digitoxose r i n g  forms measured by b 
NMR (Table  4 )  are i n  good agreement w i t h  t h o s e  determined by 1 3 C  

NMR." The aldehydo form has  t h e  expected low c o n c e n t r a t i o n  

(0.1%). 

EXPERIMENTAL 
2 1  P r e p a r a t i o n  of S o l u t i o n s .  C r y s t a l l i n e  g-d ig i toxose  - (Aldr ich  

Gold Label  grade,  99+%) w a s  d r i e d  under vacuum a t  50 O C  f o r  f i v e  

TABLE 4. Composition of an E q u i l i b r a t e d  S o l u t i o n  of Digi toxose.a  

Spec ies  

a-pyranose 

B-pyranose 

a-furanose 

B-furanose 

aldehydo-form 

b Percent  Composition 

1 1 . 2  i 0 . 3  

67.3 ? 0.4  

8.4 i 0.2 

13.0 t 0.2 

0. lC 

a2 mol L-l  i n  DMSO-c&, e q u i l i b r a t e d  f o r  two months. 

bFor t h e  r i n g  forms, t h e  composition r e p o r t e d  i s  t h e  mean of 
t h e  i n t e g r a l s  of  5-8 d i f f e r e n t  pro ton  s i g n a l s  of each form, 
p l u s  o r  minus one s tandard  e r r o r .  
not  used because of  s i g n i f i c a n t  peak o v e r l a p s .  

t h e  aldehydo proton q u a r t e t .  

Methyl pro ton  s i g n a l s  were 

'Obtained from two e q u i l i b r a t e d  s o l u t i o n s  by i n t e g r a t i o n  of 
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NMR SPECTROSCOPY OF DIGITOXOSE 541 

days  and p o r t i o n s  were d i s s o l v e d  i n  a l i q u o t s  ( 0 . 5  mL) of  f r e s h  

DMSO-d 

c r y s t a l l i n e  Q-digi toxose - con ta ined  g r e a t e r  t han  99% of t h e  

$-pyranose anomer. 

anomers and r i n g  forms w a s  p repa red  by s u c c e s s i v e  l y o p h i l i z a t i o n s  

of  t h e  c r y s t a l l i n e  s u g a r  w i t h  a l i q u o t s  of deuter ium o x i d e  ( 3  mL, 

99 atom % D ,  2 mL, 100 atom % D ;  and 1 mL, 100 atom % D). The 

l y o p h i l i z a t e  ( 5 0  mg) w a s  t h e n  d i s s o l v e d  i n  DMSO-d+ (0 .55  mL).  

'H NMR s p e c t r a  of t h e s e  s o l u t i o n s  i n d i c a t e d  t h a t  t h e  -6- 

A per-2-deuterated m i x t u r e  of Q-d ig i toxose  - 

NMR Spectroscopy.  'H NMR s p e c t r a  were reco rded  a t  400 MHz 

and a t  27 O C  by u s e  of a Bruker Ins t rumen t s  Model WM-400 spectrom- 

eter i n  t h e  pu l se -Four i e r  t r ans fo rm mode. One d imens iona l  s p e c t r a  

were a c q u i r e d  by means of  t h e  Bruker  FTQNMR and DISNMRF' programs 

u s i n g  s p e c t r a l  w i d t h s  of  3 ,  4 ,  o r  5 kHz and a 32,768 p o i n t  d a t a  

set, r e s o l u t i o n  enhanced, and t h e n  z e r o  f i l l e d  t o  65,536 p o i n t s .  

The u s e  o f  a s p e c t r a l  w id th  of 5 kHz w a s  n e c e s s a r y  f o r  d e t e c t i o n  

of a n  un fo lded  H - 1  s i g n a l  of  t h e  aldehydo form of  Q-digi toxose.  - 

R e s o l u t i o n  enhancement w a s  performed by Gaussian,  e x p o n e n t i a l  

f i l t e r i n g  of  t h e  FID s i g n a l ,  u s i n g  a l i n e  broadening of -1.0 Hz 

and a Gaussian b roaden ing  f r a c t i o n  of  0 .3 .  For q u a n t i t a t i v e  

a n a l y s i s ,  a 20" p u l s e  (width 3.0 us) w a s  used t o g e t h e r  w i t h  a 

t o t a l  r e l a x a t i o n  d e l a y  of 8.05 s .  Befo re  i n t e g r a t i o n  of  each 

m u l t i p l e t ,  t h e  b a s e l i n e  su r round ing  i t  w a s  i n d i v i d u a l l y  c o r r e c t e d .  
1 2D COSY H NMR s p e c t r a  were o b t a i n e d  by means of t h e  Bruker 

DISNMRP program, u s i n g  a n  i n i t i a l  d a t a  matrix ( t  x t ) of 256 x 

1,024 p o i n t s  t h a t  w a s  z e r o  f i l l e d  t o  512 x 1,024 p o i n t s ,  and t h e n  

doubly t r ans fo rmed  t o  g i v e  a m a t r i x  ( real  p a r t ,  f x g2)  of 512 x 

512 p o i n t s ,  f o r  which t h e  s p e c t r a l  w id th  was 2,304 Hz i n  b o t h  

dimensions ( d i g i t a l  r e s o l u t i o n ,  4.5 Hz/point  = 0.011 ppm/point) .  

The n / 2  p u l s e  wid th  was 14 us and a minimum r e l a x a t i o n  d e l a y  of 

5.22 s was used t o g e t h e r  w i t h  e i t h e r  16 o r  64 s c a n s  f o r  each v a l u e  

of t h e  inc remen tab le  d e l a y  t 

-1 -2 

-1 

-1' 

ACKNOWLEDGMENT 

The s p e c t r a  w e r e  r eco rded  a t  t h e  h i g h  f i e l d  NMR f a c i l i t y  of 

t h e  N a t i o n a l  Measurement Labora to ry .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



542 COXON 

REFERENCES AND FOOTNOTES 

1. Presented  a t  t h e  186th  N a t i o n a l  Meeting of t h e  American 
Chemical S o c i e t y ,  Washington, D.  C . ,  August 29, 1983. 

2.  W. P. Aue, E.  B a r t h o l d i ,  and R.  R. E r n s t ,  J. Chem. Phys. ,  66, 
2229 (1976).  

3. L.  D. Hal l ,  S. Sukumar, and G .  R. S u l l i v a n ,  J. =. g. 
-- Chem. Commun., 292 (1979);  L .  D .  H a l l  and S. Sukumar, J. &. 
__ Chem. %., a, 3120 (1979);  L .  D .  H a l l ,  G .  A. Morr i s ,  
and S. Sukumar, J. &. =. g.,  102, 1745 (1980);  
L. D. Hall  and G. A. Morr is ,  Carbohydr. g.,  82, 1 7 5  (1980). 

4. R. C. Bruck and M.  A. Bruck, J. B i o l .  Chem., 257, 3409 (1982).  

5. J. Dabrowski, H. Egge, and U.  Dabrowski, Carbohydr. M., 3, 
1 (1983).  

6. T. A. W. Koerner,  J r . ,  J. H. P r e s t e g a r d ,  P .  C .  Demou, and 
R. K.  Yu, Biochemistry,  22, 2676 (1983).  

7 .  W. Cura to lo ,  L .  J. Neuringer ,  D .  Ruben, and R. Haberkorn, 
Carbohydr. &., 112, 297 (1983).  

8. L. S z i l a g y i ,  Carbohydr. g.,  118, 269 (1983).  

9 .  B.  Coxon, Anal. Chem., 55, 2351 (1983) .  

10. A. Bax and R. Freeman, J. Magn. Reson.,  44, 542 (1981);  s e e  
a l s o  G. Batta and A. L ip tgk ,  J. &. E. g., 106, 248 
(1984).  

11. G. Wagner, A. Kumar, and K. WUthrich, &. J .  Biochem., 114, 
375 (1981).  

12.  A. Bax, "Two-Dimensional Nuclear  Magnetic Resonance i n  
Liquids",  Reide l ,  Dordrecht ,  1982, p .  69. 

13.  B. Coxon and R. S c h a f f e r ,  Anal. Chem., 2, 1565 (1971) .  

14.  B. Casu, M. Reggiani ,  G.  G. Gal lo ,  and A .  Vigevani ,  
Te t rahedron  E., 2839 (1964) .  

15.  R. U. Lemieux, L. Anderson, and A .  H. C o m e r ,  Carbohydr. 
%., 20, 59 (1971).  

16 .  S. Furberg,  Acta.  Chem. Scand.,  16, 1357 (1960).  

1 7 .  W. Pigman and H. S. I s b e l l ,  Advan. Carbohydr.  m., 3, 11 
(1968).  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



NMR SPECTROSCOPY OF DIGITOXOSE 543 

18. 

19 .  

20. 

21. 

L. B. Townsend i n  " S y n t h e t i c  P rocedures  i n  N u c l e i c  Acid 
Chemistry",  Vol.  2 ;  W. W. Zorbach and R. S.  T ipson ,  Eds. ,  
Wiley, New York, NY, 1973,  p. 300. 

S. J. Angyal and V. A. P i c k l e s ,  Carbohydr.  M., 4, 269 
(1967) .  

B. Coxon, unpub l i shed  r e s u l t s .  

C e r t a i n  commercial  equipment,  i n s t r u m e n t s ,  o r  materials are 
i d e n t i f i e d  i n  t h i s  pape r  t o  s p e c i f y  a d e q u a t e l y  t h e  expe r i -  
m e n t a l  p rocedure .  Such i d e n t i f i c a t i o n  does  n o t  imply recom- 
mendat ion b y  t h e  N a t i o n a l  Bureau of S t a n d a r d s ,  n o r  does  i t  
imply t h a t  t h e  materials o r  equipment are n e c e s s a r i l y  t h e  
b e s t  a v a i l a b l e  f o r  t h e  pu rpose .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


