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ABSTRACT 

The l H  NMR spectrum o f  a s o l u t i o n  o f  neomycin B f r e e  base 
( S t r u c t u r e  - 1) i n  D 0 has been ass igned comp le te l y  by two- 
d imensional  , homonuc?ear J - r e s o l  ved NMR spect roscopy and s p i n  
decoup l i ng  a t  400 MHz. Proton chemical s h i f t s  and p ro ton -p ro ton  
coup l i ngs  are repo r ted  f o r  a l l  g l y c o s i d e  res idues  i n  n omycin B 

conformat ion has been a s s i  y e d  t o  t h e  2,6-diamino-2,6-ddeoxy-f3- 
I=-idopyranosyl ( r i n g  D) p o r t i o n  o f  t h e  a n t i b i o t i c  ( l b )  by a n a l y s i s  
B f  t h e  p r o t o n  c o u p l i n g  constants  and chemical s m t s .  The B- 
furanose form o f  t h e  r i b o s y l  p o r t i o n  ( r i n g  C) has been assigned. 
V i c i n a l  p ro ton  coup l i ngs  f o r  t h e  2-deoxyst reptaminy l  group ( r i n g  
B) a r e  c o n s i s t e n t  wi th a c h a i r  con fo rma t ion  i n  which a l l  r i n g  
s u b s t i t u e n t s  a re  e q u a t o r i a l ,  and p r o t o n  chemical s h i f t  assignments 
a re  based on p r o t o n a t i o n  s tud ies .  A computer s imu la ted  composite 
o f  t h e  i n d i v i d u a l  c a l c u l a t e d  spec t ra  i s  presented f o r  comparison 
w i t h  t h e  exper imenta l  spectrum o f  neomycin B. 

a long  w i t h  t h e i r  computer s imu la ted  spec t ra .  The 4? C c h a i r  
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S t r u c t u r e  1. Conformation of neomycin 8 found ( a )  i n  

l i t e r a t u r e 4  and ( b )  by 'H NMK a t  400 M H z .  
t h e  
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NMR SPECTROSCOPY OF NEOMYCIN B 547 

INTRODUCTION 

Desp i te  more than  t h i r t y  yea rs  o f  cons ide rab le  research 

e f f o r t  devoted t o  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  

neomycin a n t i b i o t i c s , l  t h e  complete s o l u t i o n  con fo rma t ion  o f  

neomycin B (1) - has n o t  been d e f i n e d  w i t h  c e r t a i n t y .  The focus o f  

con t rove rsy  concerns t h e  ground s t a t e  con fo rma t ion  o f  t h e  2,6- 
diamino-2,6-dideoxy-~-L-idopyranosyl p o r t i o n  ( r i n g  0) i n  neomycin 

B. I n  f a c t ,  t h e  conformat ion o f  r i n g  D has been a s u b j e c t  f o r  

debate s i n c e  t h e  very e a r l y  work o f  R inehar t  and coworkers2 who 

had observed t h a t  N-acy lated d e r i v a t i v e s  o f  t h i s  aminoglycos ide 

were n o t  r e a d i l y  o x i d i z e d  by p e r i o d a t e  and had invoked  

con fo rma t iona l  arguments t o  e x p l a i n  t h i s  e x t r a o r d i n a r y  behavior .  

NMR spect roscopy has en j oyed  an i n c r e a s i n g l y  i m p o r t a n t  r o l e  

i n  t h e  s t r u c t u r a l  e l u c i d a t i o n  o f  aminoglycos ides i n  r e c e n t  

years.  U n f o r t u n a t e l y ,  l H  spec t ra  o f  t h e  neomycins have n o t  been 

amenable t o  complete a n a l y s i s  o f  r i n g  p ro tons  a p a r t  f rom t h e  

anomeric hydrogen atoms because o f  severe o v e r l a p  o f  resonance 

m u l t i p l e t s .  Indeed, e a r l y  l H  NMR s tud ies3y4  a t  low f i e l d  d i d  

p r o v i d e  a d i r e c t  method f o r  assignment o f  t h e  c o n f i g u r a t i o n  o f  

anomeric l i n k a g e s  between s p e c i f i c  sugar res idues.  L a t e r ,  r e s u l t s  

f rom 13C NMR s t u d i e s 5  demonstrated t h a t  conformat ions o f  i d o -  

pyranosides can vary cons ide rab ly  between t h e  extreme '5 and 3 
forms depending on seve ra l  f a c t o r s .  However, 13C NMR a n a l y s i s  o f  

neomycin B d e r i v a t i v e s  l e d  t o  i n c o n c l u s i v e  r e s u l t s  concern ing t h e  

d i s c r e t e  ground s t a t e  conformat ion o f  t h e  2,6-diamino-2,6-dideoxy- 

L- idopyranosy l  - p o r t i o n  ( r i n g  0 )  i n  t h e  a n t i b i o t i c . 6  More 

r e c e n t l y ,  15N NMR a n a l y s i s 7  o f  severa l  d e r i v a t i v e s  o f  neomycin B 
and i t s  h y d r o l y t i c  p roduc ts  i m p l i e d  t h a t  t h e  N-2"' ( r i n g  0 )  

s h i f t s  were c o n s i s t e n t  w i t h  t h e  45 confo rmat ion  ( a x i a l  o r i e n t a -  

t i o n  o f  t h e  2-amino group), a l though,  as i n  p rev ious  work, t h e  

p o s s i b i l i t y  o f  a " t w i s t "  conformat ion c o u l d  n o t  be e n t i r e l y  

excluded. 

The development o f  two-dimensional (20) NMR methods8 i n  

r e c e n t  y e a r s  has f a c i l i t a t e d  t h e  r o u t i n e  a n a l y s i s  o f  complex 
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548 BOTTO AND COXON 

spec t ra  f o r  a wide v a r i e t y  o f  o rgan ic  substances. I n  p a r t i c u l a r ,  

homonuclear J - reso l  ved 2D spectroscopy*-12 i s  especi  a1 l y  u s e f u l  

f o r  t h e  s i m p l i f i c a t i o n  o f  complex p r o t o n  NMR spec t ra  s i n c e  i t  has 

t h e  p a r t i c u l a r  advantage t h a t  t h e  chemical s h i f t  and c o u p l i n g  

i n f o r m a t i o n  can be separated and d i s p l a y e d  i n  d i f f e r e n t  

d i  mensi ons . 
Th is  paper desc r ibes  a 'H NMR i n v e s t i g a t i o n  o f  neomycin B 

f r e e  base a t  400 MHz. Even a t  t h i s  reasonably  h i g h  spect rometer  

frequency, t h e  p ro ton  spectrum o f  neomycin B i s  no t  comp le te l y  

d ispersed.  Consequently, homonucl ear 2D J - reso l  ved NMK has been 

a p p l i e d  t o  f a c i l i t a t e  t h e  separa t i on  o f  a l l  p r o t o n  resonances i n  

t h e  NMR spectrum o f  t h e  a n t i b i o t i c ,  t he reby  a l l o w i n g  t h e  s o l u t i o n  

conformat ions o f  i t s  va r ious  r i n g s  t o  be ass igned unambiguously. 

RESULTS ANU DISCUSSION 
The complete 400 MHz p r o t o n  NMR spectrum o f  a s o l u t i o n  o f  

neomycin B f r e e  base i n  U20 i s  shown i n  F i g u r e  1. The i n t e n s e  

resonance o f  HOD from t h e  exchangeable hyd roxy l  and amino p ro tons  

has been e l i m i n a t e d  f rom t h e  spectrum f o r  s i m p l i f i c a t i o n .  

A l though p r o t o n  resonances i n  t h e  h i g h - f i e l d  and l o w - f i e l d  reg ions  
o f  t h e  spectrum appear w e l l  d ispersed,  t h e r e  i s  severe o v e r l a p  o f  

5 3 1 

FIG. 1. l H  NMR spectrum o f  a s o l u t i o n  of neomycin B f r e e  base i n  

D20 a t  400 MHz. X denotes i m p u r i t i e s .  
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NMR SPECTROSCOPY OF NEOMYCIN B 549 

t h e  s p i n  m u l t i p l e t s  i n  t h e  c e n t r a l  reg ion .  K ings A-D o f  neomycin 

B can be considered as f o u r  i s o l a t e d  6-7 s p i n  systems o f  protons,  

t hus  complete a n a l y s i s  o f  t h e  e n t i r e  p r o t o n  spectrum by 

conven t iona l  s p i n  decoup l i ng  methods r e q u i r e s  a l a r g e  number o f  

separate experiments. Nevertheless, t h e  minimum number o f  

decoupl i n g  exper iments r e q u i r e d  f o r  t o t a l  a n a l y s i s  was performed, 

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

c o u p l i n g  constants  i n  t h e  p r o t o n  spectrum. It should be p o i n t e d  

out, however, t h a t  assignments imde exc l  u s i  v e l y  by s p i n  decoupl i ng 

techniques i n  complex spec t ra  c o n t a i n i n g  o v e r l a p p i n g  m u l t i p l e t s  

can s u f f e r  f rom some amb igu i t i es ,  owing t o  t h e  presence o f  non- 

s e l e c t i v e  of f - resonance e f f e c t s .  Therefore, c o n f i r m a t i o n  o f  t h e  

s p i n - s p i n  coup l i ngs  f o r  neomycin B was ob ta ined  f rom a s i n g l e  

homonuclear 20 J - r e s o l  ved NMR experiment. 

Proton 2D J - reso l  ved spect roscopy i s  based on s p i  n-sp i  n 

c o u p l i n g  modulat ion13 o f  resonance i n t e n s i t i e s  i n  a 1D sp in-echo 

e ~ p e r i m e n t . ~ ~ , ~ ~  Thus, t h e  pu lse  sequence u t i l i z e d  i n  t h e  2D 
exper iment  i s  s imply  ( d 2 )  - 5 / 2  - (n) - 5 / 2  - 2 ( A Q ) .  The 

i n i t i a l  n/2 pu lse  nu ta tes  t h e  e q u i l i b r i u m  magne t i za t i on  v e c t o r  

a l i g n e d  a long t h e  - z-ax is  i n t o  t h e  -- x-y p lane,  and t h i s  t r a n s v e r s e  

magne t i za t i on  i s  t hen  a l lowed t o  evo lve  d u r i n g  t h e  t o t a l  i n c r e -  

mental de lay t i m e  5. I n d i v i d u a l  l i n e s  o f  m u l t i p l e t s  a re  phase 

modulated as 5 i s  var ied,  a t  f requenc ies  determined by t h e  s p i n  

c o u p l i n g  cons tan ts  and t h e  na tu re  of t h e  m u l t i p l e t  p a t t e r n s .  It 

i s  impor tan t  t o  r e a l i z e  t h a t  t h i s  phase modu la t i on  i s  ma in ta ined  

throughout  t h e  e n t i r e  2 p e r i o d  due t o  t h e  f a c t  t h a t  p r o t o n  s p i n  

s t a t e s  coupled t o  t h e  p ro tons  g i v i n g  r i s e  t o  m u l t i p l e t s  a r e  

i n v e r t e d  d u r i n g  t h e  second 5 / 2  de lay p e r i o d  as a r e s u l t  o f  t h e  n 

pu lse .  Because i t  i s  a broadband pulse,  i t  s imu l taneous ly  

reverses t h e  o r i e n t a t i o n  of a l l  p ro tons  i n  t h e  system. Thus, t h e  

s lower  and f a s t e r  r o t a t i n g  s p i n  c o u p l i n g  components o f  a g i ven  

m u l t i p l e t  do no t  re focus  a t  t i m e  5 as occurs w i t h  components t h a t  

have fanned ou t  due t o  magnetic f i e l d  inhomogeneity. 

A set  o f  f r e e  i n d u c t i o n  decay s i g n a l s  i s  acqu i red  d u r i n g  t ime  

2 f o r  a s e r i e s  o f  c l o s e l y  spaced values o f  5, and t h e  r e s u l t i n g  
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550 BOTTO AND COXON 

d a t a  m a t r i x  i s  F o u r i e r  t rans fo rmed  f i r s t  w i t h  respec t  t o  2 t o  

g i v e  a new d a t a  m a t r i x  whose columns a r e  amp l i t ude  modulated by 

bo th  t h e  chemical s h i f t  and c o u p l i n g  cons tan t  f requencies.  A f t e r  

a second F o u r i e r  t r a n s f o r m a t i o n  ( o f  t h e  columns i n  t h e  5 dimen- 

s i o n ) ,  t i l t i n g  o f  t h e  doubly t rans fo rmed  m a t r i x  t hen  g i ves  a da ta  
m a t r i x  which i s  p u r e l y  e i t h e r  3 o r  5 i n  each dimension. I n  t h e  

t i l t e d  2D m a t r i x ,  t h e  s p i n  m u l t i p l e t  p a t t e r n s  a re  or thogonal  t o  

t h e  s h i f t  a x i s  and hence can be separated a long  t h i s  a x i s  as l o n g  

as t h e r e  i s  some d i f f e r e n c e  i n  chemical s h i f t .  

The complex reg ions  o f  t h e  2D J - reso lved  p r o t o n  NMR spectrum 

o f  neomycin B are  shown i n  F i g u r e  2 .  The J dimension and chemical 

s h i f t  dimension a re  3 and 3, r e s p e c t i v e l y .  R e s o l u t i o n  o f  t h e  

da ta  i s  f a c i l i t a t e d  by t h e  proton-decoupled p r o t o n  spectrum 

(bot tom t r a c e s )  ob ta ined  by p r o j e c t i o n  o f  t h e  2D spectrum onto i t s  

chemical s h i f t  axis.16 However, i t  shou ld  be p o i n t e d  o u t  t h a t  t h e  

so f tware  a v a i l a b l e  a t  t h e  t i m e  t h i s  work was per formed gave 

n o n a d d i t i v e  l i n e  i n t e n s i t i e s  i n  t h e  p r o j e c t i o n  spec t ra .  Conse- 

quent ly ,  peak areas a re  no t  a q u a n t i t a t i v e  i ndex  o f  a c t u a l  p r o t o n  

con ten t  f o r  each resonance. Proton chemical s h i f t s  presented i n  

Table 1 have been r i g o r o u s l y  ass igned by 2D a n a l y s i s  o f  t h e  s p i n  

c o u p l i n g  p a t t e r n s ,  and by 1D homonuclear decoup l i ng  exper iments t o  

c o n f i r m  s p i n - s p i n  c o u p l i n g  c o n n e c t i v i t i e s .  Cross sec t i ons16  o f  

t h e  2D spec t ra  ( F i g u r e  2 )  t aken  p e r p e n d i c u l a r  t o  t h e  chemical 

s h i f t  a x i s  y i e l d  i n d i v i d u a l  J spec t ra  devo id  o f  chemical s h i f t  

i n f o r m a t i o n  and whose spacings rep resen t  s p i n - s p i n  c o u p l i n g  

only .  A sequen t ia l  p l o t  o f  t hese  J s p e c t r a  i s  p resen ted  i n  F i g u r e  

3. The 2D method y i e l d s  complete r e s o l u t i o n  o f  a l l  27 i n e q u i v a -  

l e n t  p r o t o n  s p i n  m u l t i p l e t s ,  d e s p i t e  t h e i r  i ncomp le te  r e s o l u t i o n  

in t h e  1D spectrum o f  t h e  a n t i b i o t i c .  Optimum r e s o l u t i o n  enhance- 

ment was a p p l i e d  t o  t h e  J s p e c t r a  by Gaussian, exponen t ia l  

f i l t e r i n g  o f  t h e  i n te r fe rog rams .  A complete s e t  o f  CH c o u p l i n g  

cons tan ts  f o r  i n d i v i d u a l  g l y c o s i d e  res idues  is d e r i v e d  f rom 

a n a l y s i s  o f  t h e  J spec t ra  and these  va lues a r e  a l s o  presented i n  
Table 1. 
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NMR SPECTROSCOPY OF NEOMYCIN B 551 

FIG. 2. Se lec ted  reg ions  o f  t h e  20 J - reso lved  'ti NMK spectrum o f  

neomycin B. Proton assignments f o r  r i n g s  A-D a re  those  

d e p i c t e d  i n  s t r u c t u r e  1. 
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H-1' H - I "  H-1"' H-3" H-2" H-4" H-3"' 

H-4 H- 4' H-6 H-2"' H-6 i  H-6"' H-3 A 

1 F IG.  3.  Reso lu t i on  enhanced, 20 H NMR J spec t ra  o f '  neomycin B. 

Proton assignments as i n  FIG. 2 .  

Conf i rma t ion  o f  t h e  a n a l y s i s  o f  t h e  2D J - reso lved  data was 

ob ta ined  by s i m u l a t i o n  o f  t h e  s i x  o r  seven s p i n  systems comprised 
by t h e  CH p ro tons  of r i n g s  A-D o f  neomycin 6. I n d i v i d u a l  

s imu la ted  s p e c t r a  f o r  r i n g s  A-D a r e  shown i n  F i g u r e  4. The 

r e f i n e d  chemical s h i f t s  and c o u p l i n g  cons tan ts  p resen ted  i n  Table 

1 were determined by r e p e t i t i v e  a n a l y s i s  o f  t h e  s p i n  systems f o r  

t h e  i n d i v i d u a l  r i n g s  u n t i  1 good agreement between t h e  exper imenta l  

and c a l c u l a t e d  composite spec t ra  was ob ta ined  (see F i g u r e  5). The 

composite s imu la ted  spectrum f o r  the e n t i r e  neomycin B molecule 

was ob ta ined  by a d d i t i o n  o f  t h e  four  s imu la ted  spec t ra  i n  F i g u r e  4 
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I I 

5.5 5.0 

I 

4.0 

3.5 3.0 

I 
2.0 1.5 

6 

FIG.  5. Exper imenta l  ( t o p )  and s imu la ted  composite (bot tom) 'H 

NMR spec t ra  o f  neomycin B i n  D20 a t  400 MHz. 
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556 BOTTO AND COXON 

(see Exper imenta l  s e c t i o n ) .  The chemical s h i f t  and c o u p l i n g  

constant  values ob ta ined  i n  t h i s  manner were very s i m i l a r  t o  those  

measured f rom t h e  2D J-resolved NMR experiment. 

The values o f  t h e  v i c i n a l  CH p ro ton -p ro ton  c o u p l i n g  cons tan ts  

found f o r  t h e  2,6-diami n0-2~6-dideoxy-a-D-glucopyranosyl - (2,6-DAG) 

p o r t i o n  are c o n s i s t e n t  w i t h  those expected f o r  t h e  '5 conforma- 

t i o n  ( r i n g  A i n  L). The l a r g e  values f o r  &,3, aY4, and by5 o f  

10.3, 9.1, and 9.7 Hz, r e s p e c t i v e l y ,  i n d i c a t e  t h a t  t h e  H-2/H-3, H- 

3/H-4 and H-4/H-5 p a i r s  have a t r a n s - d i a x i a l  o r i e n t a t i o n .  The 

smal l  value hy2 3.9 Hz i s  c o n s i s t e n t  w i t h  t h e  gauche o r i e n t a t i o n  

( d i h e d r a l  angle o f  -6OO) f o r  H-1 and H-2 as would be expected f o r  

t h e  a - a n ~ m e r . l ~ - ~ ~  Sirni l a r  coup l i ngs  have been observed 

p r e v i o u s l y  f o r  2-amino-2-deoxy-a-_D-g1ucopyranose - d e r i v a t i v e s  

examined under s i m i l a r  condi t ions.20 

Ana lys i s  o f  t h e  complete se t  o f  CH c o u p l i n g  cons tan ts  f o r  t h e  

2 , 6-d i  ami no -2 , 6-d i deoxy - 8- L- i dopy ranosy 1 ( 2,6-OA I ) p o r t  i on c o r  - 
robora tes  t h e  s t r i k i n g  d i f f e r e n c e  i n  t h e  ground s t a t e  conforma- 

t i o n s  assoc ia ted  w i t h  r i n g s  A and D i n  neomycin B (see s t r u c t u r e  

- l b ) .  For  t h i s  res idue,  t h e  smal l  values f o r  hy2, $,3y hY4 and 
(1.8, 3.3, 3.3, and 1.5 Hz, r e s p e c t i v e l y )  a r e  c l e a r l y  

c o n s i s t e n t  w i t h  gauche o r i e n t a t i o n s  f o r  a l l  H - 1  -- H-4 v i c i n a l  

hydrogen p a i r s .  Thus, t h e  magnitudes o f  t he  coup l i ngs  a r e  those  

p r e d i c t e d  f o r  t h e  45 c h a i r  con fo rma t ion  (&) o f  t h e  2,6-DAI 

res idue.  Furthermore, t h e  obse rva t i on  o f  a l o n g  range c o u p l i n g  

$,4 1.1 Hz over  f o u r  bonds i s  c o n s i s t e n t  o n l y  w i t h  conformat ion 

- lb, i n  which H-2, C-2, C-3, C-4, and H-4 a r e  c o n s t r a i n e d  t o  a 

p l a n a r  " W "  arrangement. S i m i l a r  p ro ton -p ro ton  coup l i ngs  (1-2 Hz) 

over fou r  bonds have been observed p r e v i o u s l y  i n  s a t u r a t e d  systems 
when atoms are a l i g n e d  i n  t h i s  p a r t i c u l a r  s t e r i c  arrangement.21 

I n  a d d i t i o n ,  s p i n  decoup l i ng  exper iments were c a r r i e d  out  t o  

c o n f i r m  t h e  presence o f  t h i s  coup l i ng .  

F u r t h e r  s u p p o r t i n g  ev idence f o r  t h i s  s t r u c t u r e  may be deduced 
froin a comparison o f  t h e  p ro ton  chemical s h i f t s  (Table 1) o f  t h e  

2,6-OAG and 2,6-DAI res idues  i n  t h e  a n t i b i o t i c .  The chemical 

s h i f t s  o f  H-2, H-3, and H-4 f o r  t h e  2,6-DAI group are c o n s i s t e n t l y  

- 

- 
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t o  lower  f i e l d  (0.28-0.41 ppm) o f  t hose  i n  2,6-DAG ( r i n g  A), which 

i s  i n d i c a t i v e  o f  e q u a t o r i a l l y  o r i e n t e d  p ro tons  i n  t h e  former 

r e ~ i d u e . ~ ~ , ~ ~  I n  c o n t r a s t ,  H-1  appears t o  h i g h e r  f i e l d  (0.06 ppm) 

o f  t h e  anomeri c p r o t o n  o f  t h e  second 2,6-di ami no-2,6-dideoxy-a-D- - 
g lucopyranosy l  r e s i d u e  ( r i n g  D )  i n  neomycin C,24 which i s  

c h a r a c t e r i s t i c  o f  t h e  a x i a l  o r i e n t a t i o n  ( 6 - c o n f i g u r a t i o n ) .  The 

smal 1 magnitude o f  t h e  ax i  a1 -equa to r i  a1 s h i f t  d i f f e r e n c e  observed 

here i s  r e a d i l y  exp la ined  by t h e  d e s h i e l d i n g  e f f e c t s  o f  t h e  a x i a l  

2-amino and 3-hydroxy l  groups on t h e  s h i f t  o f  t h e  a x i a l  anomeric 

p r o t o n  i n  2,6-DAI. D e s h i e l d i n g  of p r o t o n  chemical s h i f t s  (-0.3 

pprn) o f  seve ra l  pento-  and hexo-pyranoses has been observed 

p r e v i o u s l y  when r i n g  p ro tons  and p o l a r  s u b s t i t u e n t s  (-OH, -NH2) 

assume e i t h e r  a 1,2 t r a n s - d i a x i a l  o r  1,3 s y n - d i a x i a l  r e l a t i o n -  

Apparent ly ,  t h e  45 conformat ion p l a c i n g  t h e  b u l k y  

aglycone a t  C - 1 '  ' ' and aminomethyl group a t  C-5' I I i n  e q u a t o r i a l  

o r i e n t a t i o n s  i s  t h e  one p r e f e r r e d .  However, i n  view o f  t h e  f a c t  

t h a t  H-2 and H-4 must assume a p l a n a r  " W "  arrangement i n  t h i s  

conformat ion,  i t  i s  i n t e r e s t i n g  t h a t  t h e  values f o r  and 

a r e  r a t h e r  smal l .  Although t h e  smal l  va lue o f  &,5 i n  r i n g  D 

c e r t a i n l y  resembles t h e  s i t u a t i o n  i n  ga lac tose  d e r i v a t i v e s  w i t h  

HO-4 a x i a l  and C-6 e q u a t ~ r i a l , ~ ~  i t  i s  p o s s i b l e  t h a t  t h e  '5 
conformat ion f o r  t h e  2,6-DAI moiety  does n o t  have i d e a l  geometry 

because o f  d i s t o r t i o n  induced by t h e  s y n - a x i a l  i n t e r a c t i o n  between 

t h e  amino and hyd roxy l  groups a t  C-2 ' "  and C-4" ' .  

- 

Proton c o u p l i n g  constants  i n  Table 1 f o r  t h e  6 - r i b o f u r a n o s y l  

( R I B )  p o r t i o n  can be compared w i t h  those measured f o r  methy l  a- 

and 6-!-ribofuranosides under s i m i l a r  c o n d i t i o n s  (Table 2). 
Al though t h e  va lue  o f  i s  i n t e r m e d i a t e  between those  

determined f o r  t h e  methyl r i bo fu ranos ides ,  t h e  remain ing Coupl ings 

(&,3 = 5.1, = 6.2, and = 3.1 Hz) a r e  more c h a r a c t e r i s -  
t i c  o f  those f o r  t h e  6-anomer. D ihed ra l  angles c a l c u l a t e d  from a 

l n o d i f i e d  Karp lus r e l a t i o n s h i p 1 8  d e r i v e d  f o r  sacchar ides imp ly  t h a t  

t h e  f u r a n t s e  r i n g  o f  t h e  R I B  p o r t i o n  i s  d i s t o r t e d  toward a p l a n a r  

conformat ion,  presumably a consequence of s t e r i c  i n t e r a c t i o n s  f rom 
t h e  b u l k y  aglycones a t  C-1" and C-3". 

- 
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558 BOTTO AND COXON 

TABLE 2. P ro ton  Coup l i ng  Constants i n  Methy l  

a- and 6-D-Ri bofuranosides"  - 

Anomer h , 2  &,3 i 3 , 4 .  i 4 , 5  h , 5 '  &,5' 

a 4.2 6.7 3.7 3.7 4.9 -12.2 
B 1.1 4.6 6.8 3.3 6.5 -12.4 

'In Her tz .  

The magnitudes o f  t h e  coup l i ngs  f o r  t h e  2-deoxyst reptaminy l  

(00s) p o r t i o n  suppor t  a c h a i r  conformat ion i n  which H-1, H-2' ,  and 

H-3, H-4, H-5, and H-6 v i c i n a l  hydrogen p a i r s  have a t r a n s - d i a x i a l  

r e l a t i o n s h i p  t o  each o the r .  However, based on t h e  p r o t o n  chemical 

s h i f t  and c o u p l i n g  i n f o r m a t i o n  presented i n  Table 1, p r o t o n  

resonances a p a r t  f rom H-2 and H-2' c o u l d  n o t  be r i g o r o u s l y  

assigned. S p e c i f i c  assignments were made by compariny values o f  

t h e  s h i f t s  ob ta ined  upon p r o t o n a t i o n  o f  t h e  amino yroup a t  C - 1  

(Table 3).  I n  our e a r l i e r  15N NMR s t u d i e s  o f  neomycin B y 7  N - 1  and 

N-3 were ass i  gned unambi guously  on t h e  bas i  s o f  sp i  n-1 abel  i ng 

experiments u s i n g  a paramagnetic r e l a x a t i o n  reagent. Moreover, 

data ob ta ined  frorn I 5 N  chemical s h i f t  t i t r a t i o n  curves o f  t h e  

i n d i v i d u a l  n i t r o g e n  n u c l e i  c o n f i  rmed t h a t  N-3 i s  e s s e n t i a l l y  un- 

p ro tona ted  i n  s o l u t i o n s  o f  neomycin B s u l f a t e  a t  t he  n a t i v e  pH. 
Thus, t h e  p r o t o n a t i o n  s h i f t s  f o r  t h e  UOS moiety  presented i n  

Table 3 are t h e  chemical s h i f t  d i f f e r e n c e s  observed betNeen 

spec t ra  o f  neomycin B s u l f a t e  and neomycin B f r e e  base recorded 

under i d e n t i c a l  c o n d i t i o n s .  Proton assignments f o r  neomycin B 

s u l f a t e  were made by means o f  s p i n  decoup l i ng  exper iments.  

Table 4 shows t h e  e f f e c t  o f  p r o t o n a t i o n  o f  both amino groups 

on t h e  p r o t o n  chemical s h i f t s  o f  a s o l u t i o n  o f  '2-deoxystreptamine 

i n  D20. These values were then  used t o  p r e d i c t  those found f o r  

t h e  UOS res idue  of t h e  a n t i b i o t i c .  By analogy, H-1  and ti-6 c o u l d  

be assigned r e a d i l y  on t h e  bas i s  of t h e  l a r g e  values (+0.51 and 
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TABLE 3. E f f e c t  o f  F i r s t  P r o t o n a t i o n  on Proton Chemical S h i f t s  

o f  2-Deoxyst reptami ne Moi e t y  i n  Neomyci n B 

~ 

H -1  H-2 H-2' H-3 H -4 H-5 H-6 
~~ 

+O. 51 +0. 31 tC1.51 t0.34 t0.17 t0.15 t0.58 

a P o s i t i v e  values denote d o m f i e l d  s h i f t s  i n  ppm; f o r  p r o t o n  

chemical s h i f t  assignments see Table 1. 

TAdLE 4. E f f e c t  o f  P r o t o n a t i o n  on Proton Chemical S h i f t s  

o f  2-Deoxystreptami ne i n  020 

Form (pD) 

~~ 

H-1,3 H-2 H-2 '  H-4,6 H-5 

D i h y d r o c h l o r i d e  (5.3) 3.35 2.47 1.83 3.55 3.43 

f r e e  Base (11.0) 2.74 2.00 1.21 3.16 3.29 

b&b 

t0.61 t0.47 +0.62 +0.39 tO.14 

a I n  ppm downf ie ld  f rom i n t e r n a l  TSP. 
b P o s i t i v e  values denote d o w n f i e l d  s h i f t s  i n  ppm, ~6 = 6 2HC1 - 

&Base. 
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560 BOTTO AND COXON 

+0:58 ppm, r e s p e c t i v e l y )  o f  t h e i r  p r o t o n a t i o n  s h i f t s .  The 

rema in ing  p ro tons  were subsequent ly  nssi gned by per formi  ny  s p i n  

decoup l i ng  exper iments t o  con f i rm  s p i n - s p i n  c o u p l i n g  

connec t i  v i  t i es. 

EXPERIMENTAL 

Prepara t i on  o f  So lu t i ons .  Samples f o r  10 1~ NMK were 

prepared as 15-20 mmol/L s o l u t i o n s  i n  deu te r ium ox ide  (99 atom 

%O). For 20, J - reso lved  'H NMR, neomycin 8 f r e e  base (7 .1  mg) was 
l y o p h i l i z e d  t w i c e  w i t h  deuter ium ox ide  (100 atom go), and was then  

d i s s o l v e d  i n  deuter ium ox ide  (0.3 mL, 100 atom %O). 

'H NMR spec t ra  were recorded a t  400 HMz 

and a t  24OC, u s i n g  a Bruker   instrument^^^ Model Wl-400 spec t ro -  

meter i n  t h e  p u l s e - F o u r i e r  t rans fo rm mode, w i t h  quadra tu re  de tec -  

t i o n .  The 180' pu l se  w i d t h  (26 ps) was determined d i r e c t l y  f o r  

t h e  s o l u t i o n s  o f  neomycin. 1D NMR spec t ra  -- Nere acqu i red  by means 

o f  t he  Bruker FTQNMR program, u s i n g  a s p e c t r a l  w i d t h  o f  3.6 kHz, a 

YOo pu l se  (13 p s ) ,  a 32,768 p o i n t  data set ,  an a c q u i s i t i o n  t i m e  o f  

4.5 s, and a t o t a l  r e l a x a t i o n  delay o f  9.0 s. Uptimum r e s o l u t i o n  

enhancement was achieved by Gaussian, exponen t ia l  f i l t e r i n g  o f  t h e  

f r e e  i nduc t i c in  decay s i g n a l  u s i n g  a l i n e  broadening o f  -0.4 Hz and 

a Gaussian broadening f r a c t i o n  o f  0.3. The frequency domain 

spectrum (16,384 p o i n t s )  had a d i g i t a l  r e s o l u t i o n  o f  0.2 Hz 
(0.0006 ppm) pe r  p o i n t .  The HOD s i g n a l  was suppressed by se lec -  

t i v e  i r r a d i a t i o n  a t  i t s  resonance frequency d u r i n g  t h e  f i x e d  delay 

p r i o r  t o  data a c q u i s i t i o n .  Homonuclear s p i n  decoup l i ng  e x p e r i -  

ments w i t h  so l ven t  suppress ion were accomplished by s w i t c h i n g  t h e  

i r r a d i a t i o n  frequency f rom t h e  HOD resonance t o  t h e  d e s i r e d  

decoup l i ng  frequency, j u s t  b e f o r e  data a c q u i s i t i o n .  Adequate 

power f o r  s o l v e n t  suppress ion and decoup l i ng  was 0.1-0.3 W. 

Proton chemical s h i f t s  were measured w i t h  re fe rence  t o  t h e  methyl 

resonance of i n t e r n a l  sodium 4,4-dimethyl-4-si l apen tanoa te -  

2,2,3,3-g4 (TSP). 20, J - reso lved  'H NMR spec t ra  were acqu i red  by 
means of t h e  Bruker  FTNMREO program, u s i n g  an 8192 x 128 da ta  

NMR Spectroscopy. 
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m a t r i x ,  and s p e c t r a l  w id ths  o f  2 kHz and 31.25 Hz i n  t h e  chemical 

s h i f t  and c o u p l i n g  constant  dimensions, r e s p e c t i v e l y .  The use of 

a s p e c t r a l  w i d t h  o f  31.25 Hz f o r  t h e  J -spec t ra  a l l owed  an op t ima l  

d i y i t d l  r e s o l u t i o n  f o r  a l l  o f  t h e  s p i n  m u l t i p l e t s  o f  neomycin t h a t  

were over lapped i n  i t s  1 D  'H NMR spectrum. However, t h i s  s p e c t r a l  

w i d t h  was no t  l a r g e  enough t o  pe rm i t  c o r r e c l  r e p r e s e n t a t i o n  o f  the 

w e l l  separated, b u t  wide q u a r t e t  (H-2' = H - ~ B )  a t  h i g h e s t  f i e l d .  

Spectrum s imu la t i on .  The s i x  o r  seven s p i n  systems comprised 

by t h e  CH protons o f  r i n g s  A-D o f  neomycin B were each s imu la ted  

s e p a r a t e l y  by u s i n g  t h e  Bruker  P A N I C  program. A so f tware  pa tch  

was w r i t t e n  f o r  co-adding f o u r  s imu la ted  spec t ra  t o  g i v e  a com- 

p o s i t e  s imu la ted  spectrum f o r  t h e  e n t i r e  neomycin molecule. Some 

o f  t h e  chemical s h i f t s  were then ad jus ted  manually t o  improve t h e  

f i t  o f  t he  composite s imu la ted  spectrum t o  t h e  exper imenta l  

spectrum. 
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