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ABSTRACT 

In c o n t r a s t  w i t h  t h e  spectrja previously measured w i t h  lower  
resolution equipment, the 500-MHz H N M R  spectra of 1,l-bi s(acetamido1- 
1-deoxy-g-g1 uci to1 peracetate  a n d  N-acetyl-a-1- alactopyranosyl amine 

The 
former compound shows a s7ckle" conformation produced by rotation of 
the C24C3 bond out of the planar, zigzag arrangement, while the l a t t e r  
has a C 1  conformation. 

peracetate i n aqueous sol tt! on were 3menabl. e t o  3 ul1 resol ution. 

INTRODUCTION 

The l H  N M R  spec t r a  and conformations acy la t ed  of 1 , l -bis(acy1-  

amidobl-deoxypenti to1 s have been determined i n organic sol vents a t  90 

MH2.l A1 so, some - N-aryl glycosyl ami ne acetates have been s t u d i  ed2 by the 

same technique i n  chloroform solution a t  270 o r  500 MHz. Nevertheless, 

t o  t h e  b e s t  o f  our knowledge, no data  have been 

spectra  and conformations 

acyl ami do s u g a r  derivatives 
of these compounds 

i n  aqueous solution. 

reported on t h e  l H  N M R  

nor on any o t h e r  C - l -  

515 
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516 MATULEWICZ ET AL. 

We herein report t h e  500-MHz l H  N M R  spectra of 1,l-bis(acetamid0)- 

l-deoxy-9;-gl uci to1 peracetate (1) a n d  - N-acetyl --&gal actopyranosyl amine 
peracetate (2)  and t h e i r  use i n  the determination of t he  conformations 

of these  compounds. These a r e  examples of t h e  a p p l i c a t i o n  of h i g h -  

r e so lu t ion  IH N M R  spectroscopy t o  t h e  study of t h e  conformation of 

acycl i c and cycl i c C-l-acyl ami do sugar derivatives i n aqueous medium. 

CH [NHAc 12 
I AcOCHz H-7- OA c 

H-F-OAc 

H-Y-OAc OAC 

AcoQHAc 

AcO-F-H 

CbOAc 

1 2 

RESULTS AND DISCUSSION 

T h e  l H  N M R  chemical s h i f t s  f o r  1 and 2 a r e  l i s t e d  i n  Tab1 e 1, and 

t h e i r  coupllng constants a r e  l i s t e d  i n  Table 2. 

The 500-MHz 

'H N MR spectrum of t h i s  compound (FIG. 1) shows s e p a r a t e  s i g n a l s  t h a t  

were assigned for each proton. The signal a t  lower f i e l d  i s  a doublet 

a t  65.82 ( J 1  2 = 4.9  Hz) w h i c h  was unambiguously assigned t o  H-1. The 

next signal , a t  6 5.46, i s  a doublet of doublets (H-4) which  yielded the  

values of J3,4  and 5 4 , s .  Protons H-2 and H-3 h a d  c lose chemical sh i f t s ,  

and t h e i r  signals could n o t  be resolved by f i rs t -order  analysis. They 

form p a r t  of an ABX-like system, which when solved gave J 2 , 3  and 

confirmed the previously determined 51.2 and J3,+ These values allowed 

the  assignment of H-2 a n d  H-3. The next  signal was a seven-peak 
m u l t i p l e t  from which 54,s was confirmed and J 5 , 6  and  J 5 , 6 1  were 

calculated.  The methylene protons of C-6 gave r i s e  t o  an eight-peak 

signal w i t h  i n t e n s i t i e s  c h a r a c t e r i s t i c  of an A B X  system. From t h e s e  
s i g n a l s ,  the chemical s h i f t s  and t h e  geminal coupling cons t an t  of H-6 

1 , l - B i  s(acetami do)-l-deoxy-L-gl uci to1 peracetate (1). 
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N-ACETYL-~-D-GALACTOPYRANOSYLAMINE PERACETATE 51 7 

TABLE 1. 500-MHz 'H N M R  Chemical S h i f t s  of 1,l-Bis- 
(acetamidobl-deoxy-D-gl uci to1 P e r a c e t a t e  (1) 
a n d  N-Acet 1 -a-D-gal a c t o p y r a n o s y l  amine  
Peracetate (27 i n  02- 

Compound 1 2 

H- 1 

H-2 

H-3 

H-4 

H-5 

H-6 

H-6 ' 
Ac protons 

5.82 

5.41 

5.38 

5.46 

5.06 

4.33 

4.24 

5.85 

5.38 

5.44 

5.50 

4.29 

4.19 

4.14 

2.19, 2.15, 2.13, 2.21, 2.09, 2.08, 
2.11, 2.09, 2.02, 2.06, 2.04 
1.92 

d Chemical s h i f t s  a r e  i n  buni t s  (ppm) downfield from a 
reference of external tetramethyl s i l  ane (TMS). 

TABLE 2. Spin-Spin Coupling C o n s t a n t s  o f  1,l-Bis- 
( a c e t a  m i do 1 - 1 - d eo xy-D- gl uci to1 Perac e t a  t e  -( 1 1 
and N-Acetyl -a-D-gal a c t o g y r a n o s y l  am1 n e  
PeracRate (2) i n  lT20 ( i n  HzL 

Compound 1 2 

J1,2 4.9 5.5 
J2,3 6.0 10.8 

J3,4 3.3 3.2 
b J4,5 7.4 - 

J5,6 2.9 5.2 
J5,6' 4.7 7.1 

J6,6' 12.8 11.6 

5 Determined a t  500 MHz. 

b Negl i g i  bl e (value between 0.2 and 1 Hz). 
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518 MATULEWICZ ET AL. 

1 I I 

5 . 5  5.0 4 . 5  

FIG. 1. P a r t i a l  500-MHz l H  NMR spectrum o f  1,l-bis(acetamido1-1-deoxy- 
P D-gl u c i  to1 peracetate (1) 

and H-6' were calculated, and J5,6 and J5 6' were confirmed. The methyl 

p r o t o n s  o f  t h e  seven a c e t y l  groups p r e s e n t  i n  t h e  m o l e c u l e  produced 

seven s i g n a l s ,  i n d i c a t i n g  t h a t  t h e  t w o  acetamido groups were n o t  

equi Val ent, as  p rev ious ly  ~ u g g e s t e d . ~ , ~  

I t  i s  n o t e w o r t h y  t h a t  i n  t h e  l H  NMR s p e c t r a  o f  a c y l a t e d  1,l- 

b i  s(acy1 amidol-1-deoxypenti to1 s c a r r i e d  o u t  i n p y r i  d i  n e - 9 - h e x a f l  uoro-  

benzene, the  H-2 absorption appeared a t  l o w e r  f i e l d  than t h a t  o f  H-1  and 

t h a t  t h i s  s i t u a t i o n  was reversed by a d d i t i o n  o f  30% o f  deuterium 0xide.l 

The e f f e c t  was a t t r i b u t e d  t o  t h e  displacement of the  hexaf l  uorobenzene 

f rom a c o l l i s i o n  complex o r  hydrogen-bondi ng s i t e  t h a t  causes sh ie ld ing  

o f  H - 1  by v i r t u e  o f  a f a v o r e d  o r i e n t a t i o n  o f  t h e  hexaf luorobenzene 

mo1ecule.l Never the less ,  a s i m i l a r  s o l v e n t  s h i f t  was f o u n d  i n  t h e  

chemical  s h i f t  o f  t h e  anomer ic  p r o t o n  i n  t h e  l H  NMR spect rum o f  - N- 

acetyl-6-2-xyl opyranosy l  ami ne when t h e  p y r i d i  ne-dg - was rep1 aced by 

mixtures o f  p y r i  dine-$ and deuterium ox ide w i t h  inc reas ing  amounts o f  

the  l a t t e r ,  and i t  was explained i n  terms o f  an amide-pyridine complex 

based upon e l e c t r o s t a t i c  a t t r a c t i o n  between t h e  amido group and t h e  

p y r i d i n e ,  i n  w h i c h  t h e  l o n e  p a i r  o f  e l e c t r o n s  of t h e  n i t r o g e n  atom o f  

t h e  p y r i d i n e  m i g h t  be p a r t i a l l y  bonded t o  t h e  e lec t ron-de f ic ien t  C1-N 

1 i nkage.4 

The s p e c t r a  o f  t h e  a c e t y l  a t e d  a1 dononi t r i  1 e and 5-(po l  yacetoxy-  

a l k y l l - t e t r a z o l  w i t h  t h e  -- D-gluco conf igura t ion  i n  p y r i d i n e - 9  show a l l  
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N-ACETYL-~-D-GALACTOPYRANOSYLAMINE PERACETATE 519 

t h e  protons a t  lower f i e l d 5  than t h e  corresponding ones of 1,l- 

bis(acetamid0)-l-deoxy-g-gl uci to1 p e r a c e t a t e  (1 1 i n  deuterium oxide, 

even i f  these compounds have the same conformation (see below). T h i s  i s  

explained i f  we assume t h a t  the py r id ine  complex i s  a l s o  formed w i t h  

ester groups ,  poss ib ly  w i t h  t h e  e l e c t r o n - d e f i c i e n t  C-0 l inkage. In 

agreement w i t h  this hypothesis, the methyl protons of the acetyl groups 

fo r  the three compounds appear a t  the same f i e l d s  i n  s p i t e  of the change 
of solvent.4 

On t he  basis of the f a c t  t ha t  vicinal coupling constants o f  2-4 Hz 
correspond t o  protons w i t h  gauche orientation, and those of 8-9 Hz are 
due t o  protons w i t h  trans orientation,6 the favored conformation of the 
1,l-bi  s(acetamido1-l-deoxygl uci to1 p e r a c e t a t e  (1 1 i s determined t o  be  

the "sickle" conformation obtained by rotation of the C2-C3 bond out of 

t h e  planar ,  z igzag arrangement t o  re1 i e v e  pa ra l l  el 1,3 i n t e r a c t i o n s  

between s u b s t i t u e n t s .  T h e  v a l u e  o f  J 2 , 3  (6.0 Hz) i n d i c a t e s  a 
disgosi t ion f o r  H-2- and H-3 t h a t  i s  not entilrdylan4$p&r&k%l el. 

From %he coupling constant J 1  2- and the f a c t  t h a t  the two acetamido 

,gFoups-ave.not equivaqent, i t  i s  evident t h a t  some rotation of the H-1  

and H-2 protans devdate them fmm &he trans-relatienship. The J5,6 and 

d5,6l .may i n d i c a t e  lwo p o s s i b i l i t i e s ,  Qamely:  a )  a p r e f e r r e d  

confomat lon  produced by a r o t a t i o n  around t h e  C 6 4 6  band producing a 
non-staggered projection, and b) there a re  two s tabi l ized conformers i n  

whfch Hb6 i s  alweys.gauche t o  H-5, bu t  H-6' 4s gauche 3 n  one case  a n d  

trans i n t h e  Qther. 

The same canfocmation. was. found f o r  per-0-acetylgl ucononi t r i l e  and 

S+(pe~~~-aLacetylrD?.gluco-penti 3- - t d - I -y l  )tetrazol e i wpyrSdi ne sol u t i  on5 

i n  agrmment w i t h  t h e  previously k n o w n  f a c t  t h a t  %he conformational 

pqu- l a t ions .o f  t h e  1,l-bis(acy1amido)-1-deoxypentitol s show 1 i t t l e  

9. ~ - ~ ~ i ~ ~ 1 - e - - ~ ~ m ~ q p y m m s y ~ 7 a m i n e  - - peracetate (2). -The 500-MHz 1~ 

MM R:*-- m -b f? 2 hi ha s b e e n -  mp;l ectd yd n s d  wed ,1 hJ s a-.ekowh d +Irci G. 

2)k.isparate. signal  sLf-orr tach p r o t o n .  The f igna l  a t  1 ower f i e 1  d was 

- 

2 W R Q t n e e  . o f -  M e  soqwent.1 
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520 MATULEWICZ ET A L .  

I I I 

5.5 5.0 4.5 

FIG. 2 .  Partial  500-MHz IH N M R  spectrum of - N-acetyl -a-B-gal - actopyrano- 
syl ami ne peracetate (2) 

unambiguously assigned t o  H-1 ( 5 1 , ~  = 5.5 Hz). The resonance a t  next 

higher f i e l d  was a dis tor ted doublet w i t h  a coupling constant of 3.2 Hz 
which was assigned t o  H-4. The next eight-peak signal was the AB par t  

of an ABX-like system from which the chemical s h i f t s  of H-2 and H-3, and 

J2,3 were determined, and the J1,2 and J3,4 were confirmed. H-6 and H- 

6 '  gave r i s e  t o  another  A B  system w i t h  very c l o s e  chemical s h i f t s  and 

coupling cons t an t s .  H-5 showed a d i s t o r t e d  t r i p l e t ,  w i t h  J =  6.2 Hz, 
which i s  the average o f  the otherwise determined J5,6 and 5 5 , ~ '  (Tab le  

2);  J 4 , 5  was negl i g i b l y  small .  The smal l  J 3 , 4  and J4,5  values  and t h e  

large J2,3 value agree w i t h  the 4C1 conformation, which  i s  a l so  the most 

s table  one. Nevertheless the  value for  J1,2 (Table 21, which i s  higher 

t h a n  c o u l d  be expected f o r  an a-anomer, and the small J4,5 might 

indicate some dis tor t ion of the ring t o  re l ieve the 1,3 interaction of 

t h e  H-3 a n d  H-5 w i t h  the  acetamido group.  T h e  lower f i e l d  signal f o r  

t h e  acetyl  groups was assigned t o  t h e  ax ia l  one,2 while  t h e  acetamido 

group appeared a t  higher field.' 

In summary, the use o f  a 500-MHz instrument permits well. resolved 

'H N M R  spectra of acyclic and cycl ic  C-1-acylamido sugar derivatives i n  

aqueous solution t o  be measured. The conformations t h u s  determined f o r  

the 1 , l - b i  s(acetamido)-l-deoxy-g-gl uci to1 p e r a c e t a t e  and - N-acetyl -a-J- 

gal actopyranosyl a m i  ne p e r a c e t a t e  w i  t h  these spectra a re  i n  agreement 
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N-ACETYL-~-D-GALACTOPYRANOSYLAMINE PERACETATE 521 

w i t h  those o b t a i n e d  f o r  these types of compounds  i n  o r g a n i c  sol vents 
w i t h  1 ower fie1 d equipment. 

EXPERIMENTAL 

T h e  1 , l - b i  s(acetami do)-l-deoxy-D-g1 - - uci to1 pe race ta t e  (1) a n d  - N -  

acetyl-a-1-gal - actopyranosyl ami ne p e r a c e t a t e  ( 2 )  were prepared as 
previously r e p ~ r t e d . ~ , ~  The spectra were recorded a t  500 MHz, a t  room 

temperature, i n  D20 solutions (12 mg/mL) w i t h  external TMS as reference. 

Specific parameters include a pulse w i d t h  of 6 vsec, an acquisition time 

of 2.032 sec, no pulse  delay,  a s p e c t r a l  w i d t h  of 8 kHz a n d  90-150 

scans. 
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