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ABSTRACT 

Reac t ion  o f  equimolecular  amounts o f  x y l o s e  and u r e a  i n  D20 
a t  68 O C ,  moni tored  by l 3 C  N M R ,  gave  a s i x  carbon xy lo fu ranosy l  
d e r i v a t i v e  as t h e  major product .  No i n t e r m e d i a t e  i n  t h e  format ion  
o f  t h i s  monomeric compound was d e t e c t e d .  
d e r i v a t i v e  was subsequen t ly  i s o l a t e d  and p u r i f i e d  from a s i x  week 
0.1 molar r e a c t i o n  o f  xy lose  and urea i n  H20. 
a-k-x&-furano[ 1,2-d]oxazolidin-2-one L, was confirmed by 
e l emen ta l  a n a l y s i s ,  'H coupled  and decoupled 13C NMR, 'H 
NMR, I R  and  DCI-MS. 
ace ty l -d i -0-ace ty l  d e r i v a t i v e  2. were i n  agreement w i t h  s t r u c t u r e  L. 

The xy lo fu ranosy l  

Its s t r u c t u r e ,  

The 'H NMR and GC-MS ( E I ,  DCI) o f  t h e  1- 

INTRODUCTION 

Previous  s tud ie s1 '*  on  t h e  i n t e r a c t i o n  o f  ca rbohydra t e s  w i t h  

amino compounds ( b a i l l a r d  r e a c t i o n )  have shown t h a t  t h i s  r e a c t i o n  

may be  impor t an t  i n  t h e  format ion  o f  humic subs t ances .  I n  t h i s  

s tudy ,  t h e  r e a c t i o n  of  &-xylose, a p r e v a l e n t  ca rbohydra t e  i n  

and u r e a ,  a commonly used f e r t i l i z e r ,  are now r e p o r t e d .  

Copyright 0 1983 by Marcel Dekker, Inc. 
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440 BENZING-PURDIE AND NIKIFORUK 

Numerous a r t i c l e s  4-10 and reviews l1’l2 have been published 

I n  the  case  o f  on t h e  condensation o f  carbohydrates and urea.  
Pentoses,  t h e  acid catalyzed condensation o f  r i b o s e  with urea has  

been examined i n  depth. 

decrease i n  o p t i c a l  r o t a t i o n  concluded t h a t  a glycosyl  u re ide  was 
formed by r e a c t i o n  o f  xylose with u rea ,  while  Johnson and 

Bergmanlo and Helfer ich and Kosche5 reported t h e  formation o f  

1,3-di-,Q-xylosyl urea from t h i s  r eac t ion .  

examination o f  t h e  r e a c t i o n  o f  xylose with u r e a ,  however, h a s  n o t  

been reported.  

Schoorl  , I 3  on t h e  b a s i s  o f  a 899 

A de ta i led  

RESULTS AND DISCUSSION 

I n  t h e  p re sen t  s tudy ,  xy lose  and u r e a  were reacted i n  aqueous 

s o l u t i o n  a t  a temperature o f  68 O C .  T h i s  temperature,  a l though 
high by soil s t anda rds ,  was chosen i n  o rde r  t o  ob ta in  products i n  

a reasonable time. 
Since t h e  course o f  t h e  r e a c t i o n  was unknown, and as  t h e  dark 

colored s o l u t i o n  prevented us  from following t h e  r e a c t i o n  by t h i n  

l aye r  chromatography, t h e  r e a c t i o n  was monitored by 13C NMR. A 

0.001 molar s o l u t i o n  o f  2-xylose and u rea  i n  D20 was kept  a t  

68 O C ;  a t  d i f f e r e n t  time i n t e r v a l s  I3C NMR s p e c t r a  were taken. 

After one week one major product was detected and its r e l a t i v e  

amount increased wi th  time u n t i l  after t h r e e  weeks i t  surpassed 
the  xylose content .  
spectrum o f  t h e  r e a c t i o n  mixture showed t h e  presence o f  one major 
product,  some unreacted u rea ,  small amounts o f  by-products, bu t  no 
xylose (Fig. 1). Based on these  r e s u l t s ,  equimolecular amounts o f  
xylose and urea i n  water were reacted under s t e r i l e  cond i t ions  a t  
68 O C .  After s i x  weeks, t h e  s o l u t i o n  was passed down a column o f  
H+ r e s i n  t o  remove t h e  remaining u rea ,  as  well as most o f  t h e  

dark colored material. Thin l a y e r  chromatography (TLC) o f  t h e  

A t  t h e  end o f  s i x  weeks t h e  13C NMR 
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442 BENZING-PURDIE AND NIKIFORUK 

produc t  showed t h r e e  components, two of  which had similar Rf  

va lues .  
However, t h i s  p u r i f i c a t i o n  s t e p  f a i l e d  t o  s e p a r a t e  t h e  major 

component from t h e  by product  w i t h  a ve ry  similar Rf .  

passage  through c a t i o n  exchange column ( H  

c o l o r l e s s  sy rup  1 which f a i l e d  t o  c r y s t a l l i z e .  
spectrum o f  1 showed s i x  ca rbons ,  o n e  a t  a chemica l  s h i f t  o f  

159.98 ppm, a t t r i b u t e d  t o  a @-lactam or a ,@-unsa tu ra t ed  ester o r  

amide carbonyl .  
spectrum o r  a s t r e t c h i n g  band a t  1620 cm'l i n  t h e  I R  spec t rum 

could be d e t e c t e d ,  t h u s  e l i m i n a t i n g  t h e  l a t t e r  two p o s s i b i l i t i e s .  
The I R  spectrum showed a s t r o n g  absorbance  a t  1760 

i n d i c a t i v e  of a n  ester or  $-lactam carbonyl .  The mass spectrum 

(DCI) gave  a peak a t  m/z = 176 (M+1), s u g g e s t i n g  a compound w i t h  a 

molecular  weight of 175. This  exc ludes  t h e  p o s s i b i l i t y  of  a dimer 

p rev ious ly  r e p o r t e d  i n  t h e  ac id  c a t a l y z e d  condensa t ion  of  XYlOSe 
wi th  u rea .  5910 

on ly  one  n i t r o g e n  atom e l i m i n a t i n g  g l y c o s y l  u r e a  

p o s s i b l e  s t r u c t u r e  f o r  1. 
a t  1585 and 1685 cm-l i n d i c a t i v e  of a u r e a  d e r i v a t i v e  corro- 

bora t ed  t h e s e  r e s u l t s .  

A f i r t h e r  p u r i f i c a t i o n  by p r e p a r a t i v e  TLC was a t t empted .  

A second 
+ form) gave  a pu re  

The l3C NMR 

No C=N a b s o r p t i o n  band a t  260 nm i n  t h e  UV 

The e l emen ta l  a n a l y s i s  showed t h a t  1. con ta ined  
9 ,498  as a 

The absence  i n  t h e  I R  o f  a double  peak 

The 13C chemica l  s h i f t s  o f  t h e  f i v e  carbons  a t  85.98, 84.42, 

79.53, 73.11 and  59.15 are  c o n s i s t e n t  w i t h  a f u r a n o s i d e  

s t r u c t u r e . 1 4  

p resence  i n  t h e  I R  spectrum15 o f  a b s o r p t i o n  bands a t  825 and 

875 cm-l and by t h e  
chemica l  s h i f t s  and coup l ing  c o n s t a n t s  (e.g. JH,l, H-2 = 5.4 H z ,  

s e e  exper imenta l  d e t a i l s )  a r e  t h o s e  o f  an  CL f u r a n o s i d e  

s t r u c t u r e .  Based on t h e  above data, compound 1 was a s s i g n e d  t h e  
s t r u c t u r e  a-D-xylo-furano[l,2-d]oxazolidin-2-one. 

The f u r a n o s i d e  c o n f i g u r a t i o n  is confirmed by t h e  

1 H NMR spectrum. I n  t h e  l a t t e r  t h e  

A f i n a l  p roof  o f  t h e  s t r u c t u r e  was o b t a i n e d  by de r iva -  

t i z a t i o n .  
a c e t a t e  as  c a t a l y s t ,  gave  a product  2, which on a fused  s i l i ca  

A c e t y l a t i o n  o f  1 i n  acetic anhydr ide  wi th  sodium 
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XYLOSE AND UREA 443  

SE-54 capillary column gave one peak with a retention time RT=0.84 
The acetyl derivative 2 gave mass spectra (EI RT&o-inositol * 

and DCI) consistent with a triacetyl structure (see experimental 
details). The H spectrum showed 9 acetyl protons: 2 OAc at 

2.03 and 2.11 and an NAc at 2.52 ppm. In addition to the 9 acetyl 
protons, six other protons appear in the NMR spectrum of 2. 
as expected, appears at a lower chemical shift (6.30 ppm) relative 
to the underivatized compound L (5.69 ppm), due to the formation 
of NAc; H-2 is not affected, while H-3, H-4, H-5, H-5' are shifted 
slightly downfield. 

shifts and coupling constants comparable to those of the underi- 
vatized material 1. 
oxazolidin-2-one 1 can be explained by the formation of xylosyl 
urea followed by immediate nucleophilic displacement of NH2. 
intermediate was detected in the reaction mixture by 13C NMR. 
The stereochemistry of compound 1 is such as to facilitate the 
formation of an oxazolidine ring. 
the minor amounts of monomeric by-products, the reaction yielded a 

small quantity of dark brown colored polymer whose structure is 
presently being investigated. 

1 

H-1 

Proton assignments were based on chemical 

The formation of a-&-x~&-firano[l,2-d] 

No 

In addition to compound L, and 

EXPERIMENTAL 

1 General Methods. The l3C and H NMR spectra were recorded 
1 on a Brucker WM 250 spectrometer. The H spectra were recorded 
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444 BENZING-PURDIE AND NIKIFORUK 

i n  5 mm tubes,  SI:16K, SW:3000Hz, p u l s e  delay:  5 sec. with HOD 

(6.4 ppm) peak as t h e  r e fe rence  f o r  compound L a n d  TMS ( 0  ppm) as 

i n t e r n a l  s tandard f o r  compound 2. 
recorded i n  D 0 i n  10 mm tubes ,  SI: 16K, SW: 25000, pu l se  de l ay  

10 sec. with TMS as e x t e r n a l  s tandard.  
obtained without  NOE enhancement. The I R  spectrum was obtained 

using a Beckman 4250 spectrometer.  
a n a l y s i s  was done on a Hewlett-Packard 5880 A GC coupled with a 
5880 A GC terminal  u s ing  a 25 m fbsed s i l i ca  SE-54 c a p i l l a r y  

column, a flame i o n i z a t i o n  d e t e c t o r ,  and helium as carrier gas. 

Operating cond i t ions :  i n j e c t i o n  temperature 220 O C ,  d e t e c t o r  

temperature 250 O C ,  column temperature  200 O C ,  s p l i t  r a t i o  80/1, 

column flow, 0.67 mL/min. GC and GC-MS d a t a  were obtained on a 
Finnigan MAT 312 spectrometer.  For t h e  a c e t y l a t e d  product 2, t h e  

column used was an  OV-3 (6  ft) i n  a temperature programmed run 

from 170 t o  250 O C  a t  3 OC/min. The e l e c t r o n  impact (EI-MS) was 
obtained using an  e l e c t r o n  energy o f  70 eV. The mass spec t ro -  

metric o p e r a t i n g  cond i t ions  f o r  t h e  deso rp t ion  chemical i o n i z a t i o n  

(DCI-MS), with methane as r e a c t a n t  g a s  (0.4 mbar), were as 

follows: a c c e l e r a t i n g  vol tage:  3000 V ,  e l e c t r o n  m u l t i p l i e r  

2000 V ,  e l e c t r o n  energy 250 eV, emission c u r r e n t  0.2 mA. Thin 

l a y e r  chromatography was carried ou t  on s i l ica  gel 60 precoated 

TLC and PLC p l a t e s .  (E. Merck, Darmstadt). The so lven t  used was 

n-butanol-acetic acid-water (5-2-1). Compounds were de tec t ed  with 

30% s u l f b r i c  acid i n  e thanol .  So lu t ions  were concentrated under 

reduced p res su re  a t  38 O C .  

H" form o f  AG 50W-X8, 200-400 mesh (Bio-Rad Labora to r i e s ) .  

The 1 3 C  NMR s p e c t r a  were 

2 
l 3 C  coupled s p e c t r a  were 

The Gas Chromatographic 

The c a t i o n  exchange r e s i n  used was t h e  

Reaction o f  a-xylose with u rea .  A D20 s o l u t i o n  ( 2  m L )  

con ta in ing  2-xylose (0.300 g) and urea (0.120 g)  was k e p t  a t  
68 'C i n  a 10 mm NMR tube.  A t  d i f f e r e n t  time i n t e r v a l s  a 

13C NMR spectrum was run. 
showed no xylose and t h e  presence o f  one major monomeric compound; 
13C NMR: 6 (ppm) 159.90, 85.98. 85.42, 79.53, 73.11, 59.15. 

A t  t h e  end o f  six weeks, t h e  spectrum 
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XYLOSE AND UREA 445 

a-D-~o-furanoC1,2-dloxazolidin-2-one - - (L). A s o l u t i o n  

o f  2-xylose (15 g )  and u rea  ( 6  g )  i n  double d i s t i l l e d  water 

(100 mL) was kep t  under s t e r i l e  cond i t ions  f o r  s i x  weeks a t  
6 8  O C .  A l 3 C  NMR spectrum i n  D20 o f  an  evaporated and d r l e d  

f r a c t i o n  o f  t h i s  r e a c t i o n  mixture gave a spectrum similar t o  t h e  

one obtained i n  t h e  D20 r eac t ion .  An a l i q u o t  (20 m L )  o f  t h e  

r e a c t i o n  mixture  was passed down a column o f  AG 50W-X8 (75 x 
2 cm). The column was e l u t e d  with two success ive  volumes o f  
water, 20 and 340 mL. The first dark colored 20 mL were d i s -  

carded. 

d r i e d  over  P205; y i e l d :  1.22 g. A 1 3 C  NMR spectrum o f  t h e  

mixture showed t h e  presence o f  one major monomeric component w i th  
less than 10% by-products. 

Rf o f  0.66 and two minor products  w i th  Rf o f  0.61 and 0.44. 
P u r i f i c a t i o n  o f  t he  sy rup  was done by p r e p a r a t i v e  TLC. 

con ta in ing  t h e  des i r ed  product was e x t r a c t e d  with water and t h e  
s o l u t i o n  obtained a f te r  f i l t r a t i o n  was evaporated t o  dryness .  TLC 

still  showed t h e  presence o f  a small amount o f  by-product R f  

0.61. 
a n  AG 50W-X8 (H+ form) c a t i o n  exchange r e s i n  (95 x 1 cm). The 

compound, d i s so lved  i n  water (0.2 m L ) ,  was added t o  t h e  column 

which was e l u t e d  wi th  water and 0.6 mL f r a c t i o n s  were c o l l e c t e d .  

A l l  f r a c t i o n s  con ta in ing  the  d e s i r e d  material were pooled, 

evaporated and d r i e d  over  P205 y i e l d i n g  a syrup. 

( O H , N H ) ,  1760 ( GLactam C = O ) ;  l 3 C  NMR ( D 2 0 ) ,  'H decoupled, 

S (ppm): 159.98 ( C = O ) ,  85.98 (C-11, 85.42 (C-41, 79.53 (C-21, 
73.11 (C-31, 59.15 (C-5). 
6 (ppm): 159.98 (s ,  C = O ) ,  85.98 ( d ,  C-1, 180 Hz), 85.42 (d ,  C-4, 

168 H z ) ,  79.53 ( d ,  C-2, 143 H z ) ,  73.11 ( d ,  C-3, 157 Hz), 59.15 

(dd, C-5, 148, 1 4 1  Hz). 

The 340 mL were evaporated under reduced p res su re  and 

TLC showed one major component w i t h  a n  

The band 

Further  p u r i f i c a t i o n  o f  66 mg o f  t h i s  product was done on 

I R ( K B r )  3400 

13C NMR ( D 2 0 ) ,  'H coupled, 

'H NMR ( D 2 0 ,  250 MHz) 6 5.69 ( d ,  1, 

g-1 JH,l, H-2 = 5.4 H z ) ,  4.82 (d ,  1, g-2 JH,2, H-3 = 5.4 H z ) ,  

4.21 (d ,  1, 5-3 JH,3, H-4 2.7 Hz), 3.91 (m, 1, 5-41, 3.66 (m, 

115, 103, 91, 86, 75, 61. 

2 ,  3-5, 3-5'). MS-DCI, 216 (M+41),  204 ( h 2 9 ) ,  176 ( M + 1 ) ,  133, 

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



446 BENZING-PURDIE AND NIKIFORUK 

Anal. Calcd f o r  C H NO (175.14): C ,  41.14; H ,  5.18; N, 
6 9  5 

7.99. Found: C ,  41.43: H ,  5.57; N, 7.68. 

- N -ace t y 1 -d i -pace t y 1-; - p x y  lo- furano  [ 1,2-d Ioxazol i din- 
2-one ( 3 ) .  
(10 m L )  wi th  sodium acetate as c a t a l y s t  a t  120 O C .  

hou r s  t h e  r e a c t i o n  mixture  was evapora ted  t o  d ryness  under vacuum 

i n  a d e s s i c a t o r  over  KOH. 

d t s so lved  i n  chloroform, t h e  chloroform e x t r a c t  was d r i e d  ove r  

Na SO (anhydrous),  and evapora ted  t o  d ryness  y i e l d i n g  a 

syrup. 'H NMR ( C D C 1 3 ,  250 MHz) 

J H - l ,  H-2 

Compound L ( 2 0  m g )  was a c e t y l a t e d  i n  acetic anhydr ide  

After t w o  

The E-acetyl-di-g-acetyl d e r i v a t i v e  was 

2 4  
6.30 ( d ,  1, E-1 

= 5.4 H z ) ,  5.44 ( d ,  1, E-3 JH,3, H-4 = 2.6 H z ) ,  4.83 

( d ,  1, H-2 JH-2, H-l = 5.4 H Z ) ,  4-30 ( m ,  31 Ij-4, H-51 H-5'19 
2.52 ( 5 ,  3, N A c ) ,  2.11 ( s ,  3, O A C ) ,  2.03 ( s ,  3, OAC). GC-MS (EI), 
241 (0.78, M-AcOH), 228 (21.17, M-CH20Ac), 199 (10.61, 
M-Ac0H-CH2=C=O), 186 (25.65, M-CH20Ac-CH2=C=O) 168 (5.75, 

M-CH2OAc-AcOH), 157 (27.00) 9 145 (37.17) 139 (13.89) 126 
(59.44), 103 (29.891, 96 (12.7219 86 (14.691, 43 (l00*00). G C - M  

( D C I ) ,  342 ( H t 4 l ) ,  330 (*29), 302 (M+1), 258, 242, 61. 
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