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THE REACTION OF D-GLUCOSE WITH SUBSTITUTED ANILINES: 

INVESTIGATION BY CARBON-13 NMR SPECTROSCOPY 

= 
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T r a v e n o l  L a b o r a t o r i e s ,  I n c .  
6301 L i n c o l n  Ave. 
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ABSTRACT 

Carbon-13 NMR d a t a  a r e  p r o v i d e d  f o r  a s e r i e s  o f  - N-g lycosy l  arnines 
and Amadori rear rangement  p r o d u c t s  t h a t  were p r e p a r e d  b y  r e a c t i o n  o f  
- D-91 ucose wi th s u b s t i t u t e d  a n i  1 i n e s .  
RMR is  a u s e f u l  method f o r  c h a r a c t e r i z i n g  the p r o d u c t s  i s o l a t e d  f r o m  
r e a c t i o n s  o f  - 0-g lucose  w i th  amines. 

These d a t a  demons t ra te  t h a t  13C - 

- 

INTRODUCTION 

- D-Glucose, - l i k e  o t h e r  r e d u c i n g  sugars,  r e a c t s  r e a d i l y  w i t h  

p r i m a r y  arnines such as ammonia, a l i p h a t i c  and a romat i c  m i n e s  

and amino a c i d s .  The r e a c t i o n  proceeds i n  s tepw ise  f a s h i o n  as 
o u t l i n e d  i n  F i g u r e  1. A g lucopy ranosy lamine  i s  formed r e v e r s i -  

b l y  i n  t h e  f i r s t  s t e p .  I n  t h e  presence o f  a c i d  c a t a l y s t s ,  t h i s  

p r o d u c t  r e a r r a n g e s  t o  a 1- mi n o - l - d e o x y - a - f r u c t o s e  - d e r i v a t i v e ,  

t h e  Amadori compound. 1 

R e a c t i o n  c o n d i t i o n s  have been d e f i n e d  t h a t  a r e  presumed t o  

y i e l d  s e l e c t i v e l y  e i t h e r  t h e  g l y c o s y l a m i n e  o r  t h e  Amadori r e a r -  

9 1  
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92 NELSON AND J A V I N  

FIG. I .  Stepwise Reaction of _D-Glucose W i t h  Amines 

1 ranqement product. 
of glucose and mine  i s  carr ied out a t  room temperature i n  alco- 
hol solut ion,  t o  which may be added 0.001 - N s u l f u r i c  acid.’” 
I n  con t r a s t ,  the  Amadori rearranqement product i s  obtained when 
an aqueous solut ion of D-glucose and m i n e  containing 2N acet ic  
acid i s  heated on a steam bath.’” 

and f o r  character iz ing the s t ruc tu res  of isolated products i s  
not r ead i ly  avai lable .  Such q u a l i t a t i v e  t e s t s  as react ion with 
Tillmans’ reagent30r methylene blue4may not be s u f f i c i e n t l y  

between a glycosylamine and an 
i fying product mixtures. 

To obtain the glycosyl amines, t he  react ion 

- - 

However, a method f o r  monitoring the course of t he  reaction 

re1 iable f o r  d i f f e r e n t i a t i n g  
Amadori compound o r  f o r  iden 

Because of the sensi t i v  
ural and e l ec t ron ic  e f f e c t s ,  
monitoring both react ion and 
further supported by several 
descr ibe da t a  o f  t h i s  type. 

t y  of the chemical s h i f t  t o  s t r u c t -  
NMR i s  an excel lent  method f o r  
products. IJse of t h i s  technique i s  

recent 1 i t e r a t u r e  r epor t s  t h a t  
F o r  example, Mester and h i s  col-  

leagues characterized the products of react ions o f  poly-l-lysine - 
w i t h  reducing sugars by 13C NMR and reported t h a t  the C-1 carbon 
signal for  the Rnadori compounds i s  located a t  53-54 ppm, where- 
a s  t h a t  for the - N-glycosides is a t  90-91 p p ~ n . ~  Similar ly ,  Gross 
and co-workers, who used 13C NMR t o  cha rac t e r i ze  the  products of 
r eac t ions  of &glucose - w i t h  four amino acids ,  reported d i s t i n c -  
t i v e  upfield s h i f t s  for C-1 of the knadori products, although 
the spec t r a  were too complex to permit complete s t ruc tu ra l  ana- 
l y s e s . 6  
i n  13C chemical s h i f t  with mutarotatory s t r u c t u r e  in &fructose - 
and 1-arnino-l-deoxy-1-fructose - derivat ives . ’  This study has 
been fu r the r  elaborated by gooeper, Roeper and Heyns, who de- 

A r epor t  by Funcke and Klemer descr ibes  the va r i a t ion  
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REACTION OF D-GLUCOSE - 93 

s c r i b e d  t h e  mut a ro  t a t  i o n  o f  - N- ( l - d e o x y - 1 - f r u c  t o s - 1  -yl  ) - L - m i n o  

a c i d s  i n  D,O as de te rm ined  f rom t h e  I 3 C  NMK s p e c t r a .  0 

T h i s  paper r e p o r t s  a I 3 C  NMR s t u d y  o f  t h e  p 

r e a c t i o n  o f  &g lucose - w i t h  a s e r i e s  o f  - meta- and 

t u t e d  a n i l i n e s .  Chemical s h i f t s  a re  ass igned t o  

t h e s e  r e a c t i o n s  as w e l l  as t o  t h e  a c e t y l a t e d  d e r  

o d u c t s  o f  t h e  

para-  sub s t  i - 
t h e  p r o d u c t s  o f  

v a t i v e s  . 
- 

RESULTS AND DISCUSSION 

Success fu l  use o f  bNR i n  s t r u c t u r a l  a n a l y s i s  i s  dependent 

on t h e  a v a i l a b i l i t y  o f  a d a t a  base t h a t  c o r r e l a t e s  chemica l  

s h i f t  and s t r u c t u r a l  f e a t u r e s .  Tab les  1-3 summarize s e l e c t e d  

l i t e r a t u r e  d a t a  f o r  sane a n i l i n e  d e r i v a t i v e s ,  t h e  hexoses and 

hexose pen taace ta tes .  

R e s u l t s  c o l l e c t e d  i n  t h i s  l a b o r a t o r y  a r e  summarized i n  

Tab les  4-6. 

These d a t a  c o n f i r m  t h a t  r e a c t i o n  o f  &g lucose  - and an a n i -  

l i n e  a t  room tempera ture ,  i . e . ,  t h e  c o n d i t i o n s  d e f i n e d  by 

Honeyman, s e l e c t i v e l y  y i e l d s  t h e  g l y c o s y l  arnine. Only one 

anomer o f  each d e r i v a t i v e  was i s o l a t e d  i n  t h i s  l a b o r a t o r y ,  and 

t h e  sugar C - 1  chemica l  s h i f t ,  wh ich  i s  c o n s i s t e n t l y  about  85 

ppm, has been ass igned t o  t h e  B-D-91 - ucopyranosy l  m i n e .  (We 
would p r e d i c t  t h e  chemica l  s h i f t  o f  C - 1  o f  t h e  a-anomer t o  be  

approx i m a t e l y  82 ppm .) 

The chemica l  s h i f t s  o f  t h e  p e r a c e t a t e  d e r i v a t i v e s  s u p p o r t  

1 

t h i s  assignment.  As expected, on a c e t y l a t i o n  t h e  a b s o r p t i o n s  o f  
sugar carbons  2, 3, and 6 a r e  c h a r a c t e r i s t i c a l l y  s h i f t e d .  How- 

ever,  t h a t  f o r  C - l  o f  t h e  sugar i s  seen a t  85 ppm, a s h i f t  t h a t  

we have ass igned t o  t h e  6-anomer. 

Under t h e  more s t renuous  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  t o  
promote Amadori rear rangement  , l-amino-l-deoxy-1-fructose d e r  i v- 

a t i v e s  were i s o l a t e d  o n l y  f r o m  r e a c t i o n s  o f  D -g lucose  - w i t h  

- p - t o l u i d i n e ,  - p - a n i s i d i n e ,  and - p - e t h y l  a n i l  i n e .  

p l e s ,  one anomer p redominated .  We have i d e n t i f i e d  t h i s  on t h e  

I n  t h e s e  exam- 
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94 NELSON AND LAVIN 

TABLE 1 
1 3 C  Chenical s h i f t s  ( i n  ppm) 3 f  A n i l i n e s g  

A n i l  in. 143.7 114.4 129.1 116.3 129.1 114.4 - 
- p- An i s i d i n e 140.5 115.3 114.9 152.7 114.9 115.3 - CH30 55.6 
- p-3ranoani1 ne 144.5 115.9 131.3 109.1 131.0 115.3 - 
- m-Chloroani i n e  148.0 114.5  134.7 118.2 130.5 1 1 3 . 3  - 
- p - C h l o r o a n i l  i n e  144.9 115.3 128.7 122.6 128.7 115.9 - 

I = 1 - - - - - - - - -  - - - - - -  - - - - - - -  _ - - -_ -_  _ _ _ _ _ - - _ _ _ - _ -  - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - . - - - - - - - . - - - - . - - - - - - - - . . 

TABLE 2 
1 3 C  Chemical S h i f t s  ( i n  ppn) of g-Hexoses 

a-D-g1 .- ucopyranosc 92.9 72.5 73.8 70.6 72.3 61.6 10 
8-g-gl ucopyranose 96.7 75.1 76.7 70.6 76.8 61.7 10 
a-D-fructofuranose - 64.5 105.7 83.4 77.9 83.0 62.7 11 
8-1-fructofuranose 64.7 102.8 77.5 76.3 82.1 63.7 11 
a-2-fructopyranose - 63.2 99.0 71.8 72.1 66.2 62.2 11 
B-1-fructopyranose - 65.6 99.1 69.3 71.1 70.4 64.6 11 

_ = =  === ==== - - - - - - -- -- - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - .- - - - - - -- - - - -- 

TABLE 3 
1 3 C  Chemical S h i f t s  ( i n  ppm) of 1-Hexose - Pentaacetatesl2>l3 

__- ----------- - ------ 
Per acetate  C - 1  C-2 C-3 C-4 C-5 C-6 Other 
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- m-Br 148.5 115.7 112.1  122.1 130.3 119.6 

- p-Br 146.4 115.2 131.2 108.2 131.2 115.2 - 
(85.0) (72.9) (77.0)  (70.2) (77.5) (61.0)  - 

(84.9) (72.5) (77.0) (70.1)  (77.4) (61.0) 

in- C 1 - 148.6 112.8 133.7 116.7 129.3 111.8 
(84.9) (72.8) (76.9) (70.2) (77.4) (61.0)  

- ?-C1 145.5 114.5 128.3 120.9 128.3 114.5 - 
(85.1) (72.0) (76.9) (70.2) (77.4)  (61.0) - 

p-Me0 141.2 114.5 114.5 151.9 114.5 114.5 55.4 cH30 - 
(86.4) (73.1) (77.1)  (70.4)  (77.6) (61.2)  - 

TABLE 5 
1 3 C  Chenical S h i f t s  ( i n  ppm) o f  &-&Glycosylanine Peracetates 

====-=--==__ ======= = = = = = = = =  = = = = = _ = = = = = =  =z =_ ======_I= =-.====- _-.==_?_=_==? < = _  = _ = =  

A n i l i n e  c -1  c-2 c-3 c-4 c-5 C -6 
D e r i v a t i v e  (C-1 ' )  (C -2 ' )  (C-3 ' )  (C-4 ' )  (C -5 ' )  (C -6 ' )  Other 

- m-8r 145.9 116.9 123.1 122.8 130.5 113.3 171.2, 170.7, 170.0, 169.6 

- p-Br 143.6 115.9 132.1 111.9 132.1 115.9 171.1, 170.6, 170.0, 169.5 

- m-C1 145.8 114.3 135.0 119.8 130.2 112.8 171.1,170.6,169.9,169.9 

(84.0) (71.2) (72.8) (68.9) (72.5) (62.2) 20.6, 20.5 

(84.3) (71.2) (72.8) (68.8) (72.5) (67.1) 20.5, 20.4 

(84.0) (71.2) (72.8) (68.9) (72.5) (62.2) 20.5, 20.5 

- p-c1 143.4 115.7 129.3 174.8 129.3 115.7 171.1, 170.5, 170.1, 169.7 

- p-Me 0 138.3 115.9 114.8 153.8 114.5 115.9 170.9, 170.6, 170.0, 169.5 

- P-CH3 142.1 114.4 129.2 129.7 129.2 114.4 171.0, 170.6, 170.0, 169.5 

2-Et 142.3 114.6 128.6 135.6 178.6 114.4 171.1, 170.6, 170.1, 169.6 

(84.5) (71.4) (72.6) (69.1) (73.1) (62.3) 20.5, 20.4 

(85.3) (71.2) (72.3) (68.9) (73.0) (62.1) 55.6, 20.6, 20.5, 20.4 

(84.8) (71.2) (72.3) (68.9) (73.1) (62.2) 20.5, 20.4, 20.3 

(84.7) (71.2) (73.1) (69.0) (72.3) (62.2) 20.6, 20.5, 27.9, 15.7 
_ =  1_ = _  = ==  _ = _  I =i- _===_= = _  i= = = ~ = _ _ =  ==_ _ _  . =_= i71_ = = - =  = = = ~ =  _li =_= = _ _  == = _ _  _ =  - _  == == .-= _ _  == 

TABLE 6 
13C Chemical S h i f t s  ( i n  ppn) o f  1-Aqino-1-deoxy-g-fructose D e r i v a t i v e s  

- p-Me 146.7 112.5 124.5 129.2 124.5 112.6 20.0 (cH3) 
(49.8)  ('37.9) (69.0) (70.2) (59.2) (63.2) 

- p-&S 143.2 114.4 113.6 151.0 113.6 114.4 55.2 (5H30) 
(50.4) (97.8) (69.1) (70.1) (59.1)  (63.1) 

- p-Eta 146.8 112.5 127.9 131.4 127.9 112.5 27.3 ( ~ H Z ) ,  15.8 (CJH3) 
(49.7) (97.8) (59.0)  (70.1?)  (69.1) (63.1): 
(48.9) (101.8) (76.5) (75.2) (82.1) (62.3) 

_==-=----1_====-- === === ======= =-=== - = = = _ =  = ==== === i=l=?_?=---- I== ic ==-===_ _===_= 

a Absorp t i ons  ass igned t o  q l y c o s y l m i n e  a l so  seen. 
Ma jo r  component. 
Lesser  conponent. 

Assigned as 6 -g - f ruc topy ranose  d e r i v a t i v e .  
Assigned as 6 - ~ - f r u c t o f u r a n o s e  d e r i v a t i v e .  
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96 NELSON AND LAVIN 

bas i s  of chemical s h i f t s  as the 1-amino-l-deoxy-8-g-fructopyran- 
ose. Large changes i n  the posit ion of absorption of sugar 
carbons 1 and 2 t o  approximately 50 and 98 ppm, r e spec t ive ly ,  
were observed. 

In the  case of p -e thy lan i l i ne ,  a product mixture was iso-  
la ted under Amadori conditions.  Analysis of the spectrun sug-  
gested t h a t  the 8-0-fructopyranose - is  the major product, with 
t h e  a- and 8-Q-fructofuranoses - as minor components in the prod- 
uct mixture. In addi t ion,  a weak absorption a t  85 ppm is 
seen. If th is  r e f l e c t s  t he  presence of the 8-&glucopyranosyl- 
amine, rearrangement was incomplete. 

Attempts  t o  is01 a t e  c r y s t a l  1 ine peracetates  of the Amadori 
compounds were unsuccessful . 

In summary, the 1 3 C  chemical s h i f t s  of t he  sugar moiety can 
be used d iagnos t i ca l ly  t o  iden t i fy  the anomeric &glucosyl mine 
and 1 -an ino-1 -deoxy-Q-fr - uc tose der i v  a t  ives from reac t  ions of 
3 D-g1 ucose w i t h  mines. 

EXPERIMENTAL METHODS 
All chemicals used i n  this study were reagent grade. If 

discolored,  a n i l i n e  de r iva t ives  were s u i t a b l y  purif ied before 
use. The react ion condi t ions a r e  those described by 
H0neynan.l 
graphy on s i l i c a  gel (EM Reagents). Peracetate de r iva t ives  were 
prepared by react ion of the mino sugar de r iva t ives  w i t h  ace t i c  
anhydride in pyridine. Further pu r i f i ca t ion  was effected by 
r e c r y s t a l l i  zation. 

Products were further purif ied by column chromato- 

Melting points were obtained using a Fisher-Johns apparatus 
and are uncorrected. Elemental analyses were performed by 
Micro-Tech Laboratories,  Skokie, IL. 

1 3 C  NMR spectra  were recorded a t  20.1 MHz with an IBM Model 
NR80 spectrometer. Deuterochl oroform o r  perdeuterated chl oro- 
form/DMSO was used as  the solvent and TMS served as an internal  
reference.  The spec t r a  were proton decoupled. 
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