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REACTION OF XYJ;OSE AND GLYCINE: IDENTIFICATION OF THE MAJOR 

WATER SOLUBLE CaMpONENT 

L. Renzing-Purdie" and J . H .  Nikiforuk 

Agricul ture  Canada 
Chemistry and Biology Research I n s t i t u t e  

O t t a w a ,  Ontario,  K I A  OC6 

Received March 2 1 ,  1984 - F i n a l  Form November 1, 1984 

'The react ion of equillolar amounts of _D-wlose and g lyc ine  i n  
D20 a t  68 O C  resu l ted  i n  t h e  formation o f a  twelve carbon 
compound, as a major product. 
t h e  formation of t h i s  dimer. The eneaminol, formed on reac t ion  
of 0.1 molar D-xylose and g lyc ine  i n  H20 
isolated and pur i f ied .  
Fourier  transform experiments, and o ther  spectroscopic 
techniques including FAB-MS and CI-MS of ?Ms der iva t ive ,  t h e  
s t ruc tu re :  N ,  N [l-deoxy-D-threo-pent-2-enitol,l'-deoxy-f3 - -- - 
-- - D-threo-pentose ( 2 ' , 5 ' ) ]  glyc ine ,  was assigned t o  t h e  product. 

No intermediate was detected i n  

a f t e r  s i x  weeks  was 
Based on l H  and f k  NMR, sp in  echo 

INTRODUCTION 

1 I n  1959, Anet reported t h e  i s o l a t i o n  of both mono and 
diketose amine i n  t h e  react ion of B-xylose - and glycine.  These 
products were no t  f u l l y  character ized,  un l ike  those of Q-glucose - 
and glycine.  To complement our on the  s t r u c t u r a l  
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16 BENZING-PURDIE AND NIKIFORUK 

elucidation of the high molecular weight melanoidins produced in 
the reaction of 2-xylose and glycine, the result of a study of 
the low molecular weight components of the reaction is now 
reported. 
mechanismI4 and the known instability of the diketose 

The lack of complete understanding of the reaction 

has led us to use I3C NMR as a primary tool for 
this study. 

RFSULTS AND DISCUSSION 

When the reaction of equimolar amounts of - _D-xylose and 
glycine, in D20 at 68OC, was monitored by I3C NMR, only one 
major product was detected. Although the solution was dark 
brown after 48 h, the 13C NMR spectrum showed no additional 
signals besides those of the starting materials. 
days the presence of a twelve carbon compound - 1, could clearly 
be seen (Fig. 1). The 13C NMR spectrum of - 1, 
addition to a carbonyl carbon, a distinctive low field signal in 
the unsaturated carbon region. 
compound increased with time, until after six weeks, it was the 
only low molecular weight compound present, besides large 
amounts of glycine, trace amounts of unreacted xylose and minute 
amounts of aromatic products. 

A parallel experiment, with water as solvent, gave, a I3C 

NMR spectrum similar to the one obtained in the D20 reaction. 
Product - 1, was isolated from the reaction mixture after 
solubilization in anhydrous methanol, and purified by gel 
filtration chromatography. 
molecule suggested the presence of two units (A and B) one 
derived from xylose and one from glycine. 
borohydride, followed by acetylation for gas chromatographic 
analysis, led to decomposition. However, trimethylsilylation of 

After seven 

exhibited in 

The relative amount of this 

The number of carbons in the 

Reduction with sodium 
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REACTION OF XYLOSE AND GLYCINE 17 
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I !  

d 
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I 1 I 1 1 I 1 1 

180 140 100 60 20 PPM 

Fig. 1. Reaction of xylose and glycine. Reaction times (days) 
a, 0; b, 7; c, 30; product, d. 
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18 BENZING-PURDIE AND NIKIFORUK 

- 1, followed immediately by gas chromatography on a c a p i l l a r y  

column, gave only one peak  (Gc r e t en t ion  time of 1.7 r e l a t i v e  t o  
1J a c e t y l  muramic acid). 

N/P specific detector. 
sugars could n o t  be detected.  
spectrum (CI-Ms) of t h i s  de r iva t ive ,  showed a peak  a t  m/z 754 

corresponding t o  t h e  protonated molecular ion (M+H) i- of t h e  

lactone - 3 .  
acid run under t h e  same condi t ions  also gave t h e  protonated 
molecular ion  of t h e  lactone. The fas t  atom bombardment mass 

spectrum (FAB-MS) of - 1 d i d  not  show t h e  pseudomolecular ion  
(M+H) a t  m/z 340. A linked-scan spectrum of t h e  type 
R /E=constant, however, showed t h a t  t h e  peak a t  m/z 322 arose 
d i r e c t l y  from t h e  un imlecu la r  d i s soc ia t ion  of a s i n g l e  pa ren t  
ion a t  m/z 340, thus  confirming t h e  molecular weight of 1 t o  be 

339, and t h e  na ture  of t h e  daughter ion a t  m/z 322 to  be 

(M+H-H20) . 
of carbohydrates has  heen reported earlier.’ Although t h e  

peak a t  m/z 322 could o r i g i n a t e  from t h e  lac tone  form of I, t h e  
above l inked scan and t h e  presence of  t h e  t w o  p e a k s  a t  m/z 207 

( u n i t  A and amino acid moiety) and a t  m/z 115 ( u n i t  B minus 
H20) r u l e s  o u t  t h e  latter p o s s i b i l i t y .  From t h e  l3C  NMR 

spectrum i n  D20,  it is clear t h a t  t h e  product is n o t  i n  t h e  
( l i k e t o  form s i n c e  only one s i g n a l  i n  t h e  carbonyl region of the 

spectrum, corresponding t o  COOHI was observed. The molecule is 
also nonsymnetrical with respec t  t o  the N ,  as shown by the 
presence of twelve carbon resonances with d i f f e r e n t  chemical. 

s h i f t s .  

t h e  methylene carbon of g lyc ine  (55.85 ppn) ind ica t e s  a t e r t i a r y  

or quaternary amine.8 
chemical s h i f t  and t h a t  of t h e  methylene carbon of 
N- - (1-deoxy-E-f ructos-1-yl) L-glycine (49 ppm) 
a t e r t i a r y  a l i p h a t i c  m i n e , *  as is t h e  7 ppm d i f f e r e n c e  

The de tec t ion  of 1 was done using an 
Under t h e  same condi t ions,  n e u t r a l  

The chemical ion iza t ion  mass 

A t r ime thy l s i ly l a t ed  derivative of N-acetylmuramic - 

+ 6 

2 

+ 
This loss of water from t h e  quasimolecular ion 

The l a r g e  downfield chemical s h i f t  o f  t h e  resonance of 

The d i f f e rence  of 6 ppm between t h i s  

is ind ica t ive  of 
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REACTION OF XYLOSE AND GLYCINE 19 

between the  chemical s h i f t  of t h e  methylene carbon (C-1 ' )  of t he  
B moiety (60.3 p p )  and the  53 ppm value reported f o r  t h e  

corresponding carbon i n  f ruc tosy l  g lyc ine  . The occurence of 

a resonance a t  169.96 ppm, upfield from t h e  reported 171.27 

ppm value for t h e  carboxyl ic  ac id  carbon 
of f ruc tosy l  glycine,  is also i n  agreement with the  above da ta .  

The b coupled I3C NMR spectrum, and t h e  mul t ip l i c i ty  

so r t ing  da ta  obtained by spin echo Fourier transform 

exprimentsl0, showed that- t h e  product conta ins  only four  

methylene, f i v e  methine and th ree  quaternary carbons, ru l ing  out  
a dixylulose g lyc ine  as a poss ib le  s t ruc tu re .  
t he  quaternary carbon a t  169.96 ppm, the  molecule conta ins  two 
o the r  quaternary carbons, one a t  115.01 ppm and one a t  92.79 

p p .  me presence of t h e  115.01 ppm resonance is s t rongly  

ind ica t ive  of  an unsaturated carbon. The p o s s i b i l i t y  of a 

carbon-nitrogen double bond was el iminated on the  b a s i s  of 

chemical s h i f t s  assignments 

much lower f i e l d .  

eno l  carbon, based on t h e  following: (1) t h e  f a c i l e  enol iza t ion  

of a "diketose amine" a t  p H  5.5 (pH of t h e  react ion)  has been 

roported; l*  ( 2 )  chemical s h i f t s  of 117-132 ppm and 99-110 ppm 
have been reported f o r  =*3I-N: and C=C: respec t ive ly  . 
Introduction of an OH group a t  *C of the  latter func t iona l  

group, would increase t h e  charge dens i ty  a t  t h a t  *C, r e su l t i ng  

i n  deshielding of t h a t  carbon and sh ie ld ing  of the  CL carbon; 

(3) a s i m i l a r  chemical s h i f t  has  been reported f o r  an en01 

carbon of ascorb ic  ac id  . Although, t h e  115.01 ppm resonance 

may also be a t t r i b u t e d  t o  an unsaturated carbon of a d l a c t o n e  

r ing,  t h e  presence of t he  1630 cm 
spectrum, e l imina tes  t h i s  poss ib i l i t y .  
t h e  carbon-carbon double bond came from t h e  H NMR spectrum O C  
t h e  HC1 sa l t  of L i n  D20 (a b e t t e r  resolved spectrum than t h a t  

of the  f r e e  amine) which showed t h e  presence of only one low 

9 

I n  addi t ion  t o  

as t h e  carbon would resonate  a t  

The 115.01 ppm resonance was assigned t o  a n  

\ 11 
/" 

1 3  

-1 absorption band i n  t h e  I R  

Additional evidence f o r  
1 
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20 BENZING-PURDIE AND NIKIFORUK 

f i e l d  s igna l ,  a s i n g l e t  a t  5.0 ppm a t t r i b u t e d  t o  C-1. Although, 

anomeric pro tons  would occur i n  t h i s  region of t he  NMK spectrum, 
the latter chemical s h i f t  is also c o n s i s t e n t  with an e thy len ic  

hydrogen.14 

coupling cons t an t  J 

I3C NMR spectrum of compound - 1. When t h e  %I NMR of 1 was 
run immediately a f t e r  d i s s o l u t i o n  of CD30D, t h e  following 
c h a r a c t e r i s t i c  s i g n a l s  were observed: 
(enol  OH) , a mul t ip l e t  a t  7.60 p p m  (NH ) and a s i n g l e t  a t  5.12 

ppm (e thy len ic  H) . 
component i n  t h e  product. The absence i n  t h e  I3C NEilR spec.trum 

of both a keto carbonyl carbon and a second resonance i n  t h e  
unsaturated region, w a s  i nd ica t ive  of a r ing  form i n  u n i t  (B) of 
t h e  molecule. 
I3C NMR spectrum showed t h a t  t h e  r ing  form o f  u n i t  (B) , is 
anomerically pure. The s i g n a l  a t  92.85 ppm, a quaternary 
carbon, can  only  be a t t r i b u t e d  t o  C-2' of u n i t  (B) .  The 
13C Np.IR spectrum of t h e  m o d e l  compound xylulose,  showed t h e  
presence of t w o  furanose s t r u c t u r e s  a and B,  and a keto 

s t r u c t u r e ,  with t h e  anomeric carbons a t  105.73 and 102.97 and the  

keto carbon a t  212.07 pxn. 

This  is f u r t h e r  corroborated by t h e  l a r g e  

-175 Hz,  found i n  t h e  b coupled C-1 ,H- 

a s i n g l e t  a t  15.43 ppn 
+ 

Both I R  and W d a t a  support  an  eno l  

The presence of only twelve resonances i n  t h e  

The chemical s h i f t s  of t h e  anomeric 
carbons are very similar t o  those reported f o r  f ruc tose :  15. , 

t h e  B f r u c t o s e  s t r u c t u r e  being predominent. I n  t h e  case of 
f r u c t o s y l  g lyc ine ,  the C-2 resonance is a t  99.0 i n  c o n t r a s t  t o  

102.6 ppm i n  f ruc tose .  
a second sugar moiety, w i l l  l ead  t o  an up f i e ld  s h i f t  of t h e  B 

carbon, i.e. C-2'. The 92.85 ppm chemical s h i f t  is the re fo re  
cons i s t en t  with a 6 furanose s t ruc tu re .  Assignments of the 

o the r  carbons of t h e  molecule were made by comparison with 
s tandard compounds of similar s t ruc tu res .  
NMR spectra of - 1 i n  aqueous so lu t ion  a t  pH 2 and n e u t r a l  p H  were 
the same. 

of 9,  s e v e r a l  more resonances appeared i n  the spectrum. 

A second s u b s t i t u t i o n  of t h e  H of NH by 

15,16,17 me 13c 

However, when a I3C spectrum of 1, w a s  run a t  a p D  

The C-2 
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REACTION OF XYLOSE AND GLYCINE 21 

resonance a t  115.01 ppm and t h e  C-1 resonance a t  99.85 ppm were 
lef t  unchanged, while t he  C-2 resonance a t  92.85 ppm, 
disappeared and was replaced by two other  s ignals .  
r e s u l t s  allow u s  t o  conclude, t h a t  t h e  N atom of t h e  molecule is 
not  involved i n  t h e  s t a b i l i z a t i o n  of t h e  eno l i c  funct ion,  as t h e  

N would be i n  t h e  NH 

the N form in  basic  medium. The enolamine, s t ab i l i zed  by 
hydrogen bonding to the  carboxylate anion, as shown on a 
molecular model, is a more l i k e l y  form of the  molecule. The 
poss ib i l i t y ,  however, t h a t  the  compound e x i s t s  i n  the  a c i d i c  
aqueous react ion mixture i n  the  lactone form - 2,  cannot be 
excluded; ready cyc l iza t ion  i n  presence of ac id  can occur 
between the  COOH and the  enol CXJ groups with elimination of 
H20. Based on the  above da ta ,  the  product was assigned the 

enolamine structure - 1. 

These 

4- form i n  ac id  and neu t r a l  m e d i u m ,  and i n  

1 2 R = H  - 
3 - R = T M S  

Unlike previously reported da ta  on the  react ion of glucose 
I n  t h i s  and glycine,  t h i s  react ion gave only the eneaminol - 1. 
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22 BENZING-PURDIE AND N I K I F O R U K  

study, no other l o w  molecular weight products were detected in 
appreciable amount in the reaction. 

1 monoketo mine (simple Amadori compound) isolated by Anet, 
were seen by 13C NMR or could be isolated from the reaction 
mixture. 

Neither the diketo nor the 

General Methods. The 13C and kl NMR spectra were 
recorded on a Brucker WM 

D20 were determined in 5 
pulse delay: 5 sec. with 
1~ spectrum in CD~OD was 
S I : 16K, SW: 5000Hz, pulse 

250 spectrometer. 
mm tubes, with SI:16K, SW:3000Hz, 
HOD (4.60 ppm) peak as reference. The 
determined in 5 mm tubes, with 
delay: 20 sec. with CD,OH (4.78 ppm) 

The b spectra in 

J 

peak as reference. The 13C NMR spectra were recorded in D20 
in 10 mm tubes, SI:16K, SW:15000Hz, pulse delay 10 sec with 734s 
as external standard. The I3C coupled spectrum was obtained 
without NOE enhancement. 
was carried out as reported. 

The multiplicity sorting experiment 
18 

The IR spectrum was obtained using a Beckman 4250 spectro- 
meter. The W spectrum was obtained on a Bausch and Lomb 
Spectronic 2000. 
on a Hewlett-Packard 5880A GC using a 30 m fused silica capillary 
column containing a chemically bonded liquid phase (Durabond- 
1701, J. & W. Scientific, Inc.). Both flame ionization and 
nitrogen/phosphorous detectors were used with helium as the 
carrier gas. 
Operating conditions: 
temperature 300 OC, column temprature 240 OC, split ratio 80/1, 
column flow 1 ml/min. 
treating 2 mg of material in Tri-SilZ (1mL) Pierce Chemical Co. 
Rockford 11. for 20 min at 68 OC. The fast atom bombardment 

The Gas Chromatographic analysis was performed 

The GC was interfaced with a 5880A GC terminal. 
injection temperature 250 OC, detector 

The TMS derivative was obtained by 
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REACTION OF XYLOSE AND GLYCINE 23 

(FAB) spectrum was obtained on a Finnigan MAT 312 mass spectro- 
meter, interfaced with a Finnigan - Incos 2300 data system. 
fast atom beam was produced with a saddle field ion source from 
Ion Tech, Ltd. (Middlesex, England). The sample was dissolved 
in glycerol, applied on a copper probe and bombarded with 8 KV 

The 

xenon atoms at a source pressure of 3-5 x lo-’ mbar. 
spectrum was obtained at 3KV, resolution 1000 over a mass range 
of 100-1000, at a scan speed of 3s/decade. The linked-scan 
spectra were recorded on the same instrument. The unimolecular 
dissociation reactions occurring in the first-field free region 
of the instrument were monitored by a linked-scan acquisition 
where the ratio B /E was maintained constant. 

The 

2 

For the combined gas liquid chromatography-chemical 
ionization (isobutane)-mass spectrometry, the TMS derivative was 
introduced into the mass spectrometer by g.l.c., using an on 
column injector and a DB-5 Durahond fused silica capillary 
column (0.32 nun x 30 m), J. and W. Scientific. A temperature 
programming from 120-240 OC at 15O/min and a helium flow of 
2cc/min were used. 
following conditions: accelerating voltage 3000 V; ionization 
energy 250 eV; emission current 0.5 mA; ion source temperature 
120 OC. 

of ~ 0 . 7  torr. 
silica gel 60 precoated TLC plates (E. Merck, Darmstadt) and on 
microcrystalline cellulose plates using n-butanol-acetic 
acid-ethyl acetate-water (1:l:l:l) and n-butanol-ethanol-water 
(4:1:5) as solvents respectively. G e l  filtration was carried 
out on Sephadex G-10, Fine, Pharmacia Fine Chemicals. 
were eluted with double distilled water and detected on TLC 
plates with 30% sulfuric acid in ethanol, silver nitrate-sodium 
hydroxide, and ninhydrin. 

The mass spectrometer was operated under the 

Isobutane was introduced into the source at a pressure 
Thin layer chromatography was carried out on 

Products 

Reaction of - _D-xylose with glycine. A D20 solution (2  ml) 

containing D-xylose - (0.300 g )  and glycine (0.150 g) was kept at 
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24 BENZING-PURDIE AND NIKIFORUK 

68OC i n  a 10 mm NMR tube. 

d i f f e r e n t  time intervals. 
showed i n  addition to  l a r g e  amounts of  unreacted g lyc ine  and 
traces of xylose,  t h e  presence of  one major 12  carbon compound; 
l 3 C  NMR: tf (ppn) 169.96 (C-7), 115.01 (C-2), 99.85 (C-l), 
92.79 (C-2'), 73.65 (C-3), 70.97 (C-4'),  69.68 ( C - 5 ' ) ~  69.24 
(C-4),  63.32 (C -5 ) ,  60.31 (C-l'), 60.29 (C-3'), 55.85 (C-6). 

A 13C IWI spectrum was run a t  

A t  t h e  end of s i x  weeks  t h e  spectrum 

N ,N [ l-deoxy-~-threo-pent-2-enitol,l - ' -deoxyf3 -D-threo- - 
p e n t o s e ( 2 ' , 5 ' ) ]  g1ycine.l. A so lu t ion  of  Q-xylose - (15 9) and 
g lyc ine  (7.5 9) i n  double d i s t i l l e d  water (100 mL) was kept 

under steri le condi t ions  f o r  s i x  weeks a t  68 O C .  

t h e  reac t ion  mixture was f i l t e r e d ,  t h e  dark brown precipitate 

was washed with water u n t i l  t h e  washings were colorless and 

d r i e d  over P205, y i e ld ing  a dark brown amorphous material 
( 8 . 4 1  9 ) .  

d r i ed ,  y i e ld ing  a l i g h t  brown hygroscopic substance (6.52 9) .  A 

I3C NMR spectrum (D20) of t h e  latter, was i d e n t i c a l  t o  t h e  
one obtained i n  t h e  D20 reaction. 
res idue  was taken up i n  anhydrous methanol (50 m l ) ,  stirred f o r  
10 min and f i l t e r e d  t o  remove the inso luble  glycine.  

f i l t r a t e  w a s  evaporated under reduced pressure  without hea t ing ,  

y ie ld ing  0.275 g of methanol so lub le  product. A po r t ion  of t h e  

res idue ,  0.137 g was taken up i n  double d i s t i l l ed  water (1 mL) 

and chromatographed on a Sephadex G-10 column (75 x 1.5 em), 
using water as e l u a n t  a t  a f l o w  rate of 0.64 ml/min and 1 mL 

f r a c t i o n s  were collekted. A dark brown substance,  subsequently 

found t o  be re t a ined  i n  d i a l y s i s  tubing with a molecular weight 
c u t  o f f  of  12,000, e lu t ed  i n  t h e  f i r s t  3 mL following t h e  void 
v o l w ,  and weighed 0.008 g after evaporat ion and drying. The 
fractions containing t h e  pure des i r ed  product were pooled and 
freeze d r i ed ,  y i e ld ing  a l i g h t  yellow g l a s s y  res idue  which 

f a i l e d  t o  c r y s t a l l i z e  (0.066 9 ) .  
recovered from t h e  remaining f r a c t i o n s  after a second 

After  cool ing,  

The f i l t r a t e  and washings were combined and f r eeze  

A portion (0.5 g)  of t h i s  

The 

An add i t iona l  0.020 g could be 
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chromatography. 
0.086 4, yield: 34% of total water soluble material. The 
product on TLC silica gel and microcrystalline cellulose gave 
two spots, probably the enol and diketo forms of the product. 
On silica gel Rf/xyl=0.52; Rf/xy1=0.44. 
crystalline cellulose : Rf/xyl=O. 58 ; Rf/xyl=O. 34. 13C NMR 

( D 2 0 ) ,  'H decoupled b (ppm), with multiplicity sorting 
results in brackets. 169.96 (C) , 115.01 (C) , 99.85 (CH) , 
92.79 (C), 73.65 (CH), 70.97 (CH), 69.98 (CH2), 69.24 (CH), 

63.32 (CH2), 60.31 (CH2), 60.29 (CH), 55.85 (a2). l3C 

NMR (D20) , 'H coupled, 6 (ppm) : 169.69 ( s ,  COO), 114.85 (s, 

Total recovery of pure product from 0.137 g: 

On micro 

I 

C-2), 99.61 (d, C-1, 175 H z ) ,  92.57 ( s ,  C-2'), 74.04 (d, C-3 - , 
157 Hz), 70.55 (d, 15-4', 1 5 1 ) ,  69.35 (t, C-5', 151 XZ), 68.85 
(d, C-4, 142 Hz), 62.91 (t, C-5,142 H z ) ,  60.04 (t, C-l', 151 

Hz) ,  59.86 (13, C-3, 147 Hz) , 55.29 (t, C-6, 14s Hz) . 'H NMH 

(D20,  250 MHz) 5.00 ( ~ ~ 1 ,  g-l), 4.28 (q,l), 4.18 ( d , l ,  1 2  
Hz), 4.04 (d,l, 17 Hz), 3.90 ( m , 3 ) ,  3.75 (d,l, - H-6a, 12.8 Hz), 
3.67 (t,l, 14 Hz, 7 Hz), 3.34 (d,l, g-6b, 12.8 H z ) ,  3.24 (q,3) 

partial H NMR (CD30D, 250 MHz) 8 15.43 (s, enol-OH) - , 7.60 

(m, rJ1! ) , 5.12 (s,l, 2-1). 
and purified eneaminol - I, precluded the use of microanalysis. 
IR of HC1 salt (Kl3r) cm-l 3360 (OH), 2970 (CH), 2760 (OH, 
enol), 2520 (NH+), 1750 (C=O, COOH), 1640 (C=C). 
cm 
(COO-), 1400 (COO-). 
(M+1-133), 115 (M+1-207-HP). 
one peak: 
r / z  754 (M+l)+ of lactone. 

1 
+ The instability of the isolated 

IK (KBr) 
-1 3440 (OH), 2970 (CH), 2760 (OH, enol), 2600 (NH'), 1630 

FAB-MS, m/z 322 (M+1-H20), 207 
On GC, the 1Ms derivative gave 

€$=1.67 % muramic acid;CI-MS (?Ms derivative) ; 
W (H 0) x max 340 ( ~ = 1 2 2 0 ) .  2 
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