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SPECTRAL DETERMINATION OF THE STRUCTURE OF 

5-HYDROXYME THYLFURF URYLI DENE BARB1 TUR I C AC I D  

KEY .WORDS: 5-hydroxymethylfurfural, b a r b i t u r i c  a c i d ,  

5-hydroxymethylfurfurylidene b a r b i t u r i c  

acid,hexose moiety o f  g lycopro te ins  

Marian N.Nikolov 1 and Mir jana  V.Poneva 2 ,- 

'-Department of Chemistry and Biochemistry,Medical 

* - I n s t i t u t e  of  Organic Chemistry,Bulgar ian Academy of 
Academy, 1431 S o f i a ,  Bu lga r i a  

Sc iences ,  So f i a ,  Bu lga r i a  

ABS'I!RACI 

5-hydroxymethylfurfural r e a c t s  with b a r b i t u r i c  

a c i d  and forms a product  wi th  maximum absorbance a t  

395nm.Via UV-VIS and IR-spec t ra  it becomes ev iden t  

t h a t  i n  a c i d i c  cond i t ions  t h i s  compound has  a 

conjugated system o f  bonds wi th  a chynoide- l ike 

chromophore.In a l k a l i  cond i t ions  t h i s  chromophore 

breaks  out  and t h e  s o l u t i o n  is  c o l o r l e s s . I n  t h i s  paper  

i s  r epor t ed  a mechanism which i s  a n  a t t empt  t o  exp la in  

t h e  stages of t h i s  r eac t ion .  

1-Author t o  whom a l l  correspondence should be sen t .  
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8 22 NIKOLOV AND PONEVA 

IMIRODUCTION 

I n  so  called c o l o r i m e t r i c  o r  chemical method t h e  
hexose moiety of  g lycopro te ins  1 and glycohemoglobin2 i s  

converted t o  5-hydroxymethylfurfural/HMF/ by h e a t i n g  i n  

a c i d i c  conditions.The l i b e r a t e d  HMF is r e a c t e d  wi th  2- 

t h i o b a r b i t u r i c  acid/TBA/and t h e  resulting c o l o r  is 

measured spec t ropho tomet r i ca l ly  a t  443 nm.In a s h o r t  

t i m e  appeard s e v e r a l  methods based on t h i s  r e a ~ t i o n ~ - ~ .  

A l l  of  t h e  a u t h o r s  named t h e  product  obtained f rom t h e  

r e a c t i o n  between HMP and TBA ye l low pigments o r  co lored  

products  and neg lec t ed  t h e  r e s u l t i n g  s t r u c t u r e .  

I n  t h e  p r e s e n t  s tudy  we r e p o r t  a s p e c t r a l  

de te rmina t ion  o f  t h e  s t r u c t u r e  of  t he  yel low compound 

de r ived  from t h e  r e a c t i o n  between HMF and b a r b i t u r i c  

acid/BA/in the r e a c t i o n  mixture.We p r e f e r  BA than  TBA 

because t h e  f i rs t  one absorbs  the l i g h t  t o  340 nm while  

the  second one absorbs  t o  400 nm.In a d d i t i o n , t h e  

absorbance of  t he  product  formed between HMF and BA 

/Fig.  1 , l / i s  more i n t e n s i v e  than  t h i s  one formed between 

HMF and TBA/Fig. 1 ,2/der ived in  equal  condi t ions .  

E XPE RIKENTAL 

C hemicals: D/ -/- f ruc  t ose/C arl  o Erba,  Milano, I t a l y /  , L/+/- 
arabinose/Koch-Light Labs Ltd,C olnbrook Bucks,England/, 

b a r b i t u r i c  a c i d  and 2 - th ioba rb i tu r i c  acid/Reanal ,  

Budapest ,Hungary/, phenobarb i ta l /  5-phenyl- 5-e thyl-barbi-  

*iC acid/Loba Feinchemie, Vienna,Austria/and hydro- 
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5-HYDROXYMETHYLFURFURYLIDENE BARBITURIC ACID 

Wavelength , rn 

BIG.l UV-VIS spec t r a  o f  f ruc tose ,  HMF, the  condensation 
product of HMF and BA, t h e  condensation product o f  HMF 
and TBA, HMP and equimolar quan t i ty  of phenobarbital ,  
and d i lu t ed  fMF. 

ch lo r i c  acid/ Apol da,  B erl in, GDR/ -a l l  analyty c a l  grade 

were used i n  t h i s  s tudy without f u r t h e r  pu r i f i ca t ion .  

Instruments: Spec trophotometer UP-VIS , Specord/C a r l  Zeiss,  

Jena, GDR/, spectrophotometer UV-VIS ,Unicam SP 800,Englan& 

Furie-spectrometer Bruker IFS-113,FRG and mass-spectro- 

Deter JEOL 300-D,Japan were used i n  this study. 

To determine t h e  s i t e  o f  binding o f  HMF and BA we 

have made t h e  following experiments:In t w o  sealed tubes 

were placed 2 ml 0.005 m o l / l  f ruc tose  so lu t ion  and 1 m l  

0.1 m o l / l  HC1.They were heated in a bo i l ing  water bath. 

After 1 hour in t h e  first tube w a s  added 0.5 ml 0.01 

m o l / l  BA and in the  second tube 0.5 m l  0.01 m o l / l  

phenobarbital.The r eac t ion  tubes were incubated I h  a t  
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8 24 NIKOLOV A m  PQNEVA 

40°C,The UV-VIS s p e c t r a  revea led  t h a t  BA and HMF produced 

a yel low product with a maximum abso rb t ion  a t  395nm 

while t h e  phenobarb i ta l  and HMF d i d  n o t  produce a c o l o r  

so lu t ion .  

The r e a c t i o n  between HMF a n d  BA was s t u d i e d  via 

UV-VIS spec t ra /F ig .  l /  .On Fig.  1: 0- 0.1 mol/ l  f r u c t o s e  

so lu t ion ;  0 ' -  0.1 mol/ l  f r u c t o s e  s o l u t i o n  a f t e r  l h  

hea t ing  i n  a b o i l i n g  water b a t h  and a f t e r  10-fold 

d i l u t i o n ,  maximum absorbance a t  284nm/HMF/; 1- t h e  

condensation product  of  HMF and BA after 10 min hea t ing  

in a b o i l i n g  water  bath,maximum absorbance a t  395nm;Z- 

a f t e r  a d d i t i o n  of equimolar  q u a n t i t y  of TBA and 10 min 

heat ing in a b o i l i n g  water  bath,mximum absorbance a t  

443nm;F HI@ and equimolar q u a n t i t y  of  phenobarbi ta l ;  

and 4- HMP an3 1: 1.5 volume/volume d i s t i l l e d  water. 

The r e a c t i o n  s o l u t i o n  of HNF and BA w a s  vacuum 

dried.The s o l i d  r e s i d u e  was r e c r y s t a l l i z e d  5 times i n  

metha.?ol.This y i e l d e d  dark brown s l a b  c r y s t a l s  I wi th  a 

m.p. 255-257OC. 

Elemental ana lys i s :  C- 50,44%/calc. 50.85%/,H-4.1T$ 

/calc.3.3g%/and N- 8.81%/calc. 11.86%/.Unfortunately, 

our a t tempts  t o  achieve  b e t t e r  results f o r  n i t r o g e n  

analysis failed.As a p o s s i b l e  explana t ion  o f  t h i s  f a c t  

may serve  t h a t  t h e  n i t r o g e n  i s  inc luded  in a pyriniidine 

r ing . I t  i s  known t h a t  such compounds sometimes g i v e  

lower results f o r  N-analysis. 

I n  t h e  mass-spectrum obta ined  wi th  e l e c t r o n i c  

ion iza t ion  t h e r e  is  a base pe.ak a t  M/e=205 which 
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5-HYDROXYMETHYLFURFURYLIDENE BARBITURIC ACID 825 

J 
A 

FIG.2 UV-?IS s p e c t r a  o f  v ~ 2 s r  s o i u t r o r .  o f  c r y s t a l  
pro3uct -  1,after i x ~ r ~ 5 u c i r ~ g ~ C i  t c j  a Pf! abont 1- 2,216 
a f t e r  i r?troduci Ing KaX? t c  a ?H ii.m;;t 13- 3. 

corresponds t o  ( C  H N 0 )+i .e .  an i o n  af ter  a breaking  

away of t h e  group HO-CH2.1n add i t ion ,  t h e r e  are two 

o t h e r  peaks one f o r  t he  molecule-i0n,M/~=Z36, (C,oH$7205)+ 

and one with M/e=250.We suppose it is  an i o n  formed 

after a recombination o f  t h e  molecule ion  with a CH2 

group- (C 1HloN205)+. 

9 5 2 4  

The water  s o l u t i o n  of t h e s e  c r y s t a l s  absorbs  a t  

395nm and has  a pH=./Fig.2,1/.After an a d d i t i o n  of  H C l  

t o  a pH about 1 t h e  peak a t  395nm s l i g h t l y  i n c r e a s e s  

its i n t e n s i t y  bu t  t h i s  one a t  260nm/aromatic s t ructure/  

s l i g h t l y  decreases/Fig.  2,2/ .After in t roducing  a c r y s t a l  

o f  NaOH t o  a pH about 13 t h e  absorbance a t  395m and t h e  

ye l low c o l o r  completely d i sappea r s ,bu t  t h e  absorbance 

at 260nm shows a s t rong  increase /F ig .  2,3/ .The r e a c t i o n  

mixture  of  HMF and BA g i v e s  t h e  same s p e c t r a  When 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



826 

2 

NIKOLOV AND PONEVA 

3i5 350 400 4513 
Wavelength, nm 

FIG.3 UV-VIS peak 
when c r y s t a l s  a r e  
dissolved i n  water- 
1; and in ethanol- 2 

introducing HC1 t o  a pH about 1 or NaOH t o  a pH about 

13. 
We have measured the absorbance of  the c r y s t a l  

product when dissolved i n  d i f f e r e n t  solvents.Fig.3: 1- 

i n  w t e r  and 2- i n  ethanol/more non-polar as compared 

w i t h  water/. 

We have made IR-spec tra of HMF/Fig.4/ ,BA/Pig. 5/, 

t h e  product o f  t h e i r  raac tion/Fig.6/and o f  t h e  product 

a f t e r  a l k a l i z a t i o n  w i t h  NaOR in KBr tablets/Fig.7/.We 

have made also IR-spectrum of  the c r y s t a l  product 
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N x o L o V  AND PONEVA 

FIG.7 IR-spectrum of  HMFBA a f t e r  a l k a l i z a t i o n  
with MaOH/the sodium salt  o f  t h e  
product  after drying/ 

D20 and a f t e r  vacuum d r y i n g  i n  t h e  regiona 4000-2800~m-~ 

and 1800-1250cm~’/Fig.8/.The results are g iven  in 

TABLE 1. 

RESTLTS AIU’I? DISCDSSIOR 

The methylene group in pyrimidine r i n g  of BA reac ts  

wi th  aldehyae group of HMF and  l e a d s  t o  a profiuct w i t k  

the same s t r u c t u r e  as de3cr ibe3  b7: 

HC-CH 

name d by us 5-hydr oxyme Ynylfurf uryl idene-barbi  t u r  i C  

ac id/HMFBA/ . 
Phenobarb i ta l  which h a s  a blocked CH2 group does 

n o t  produce a color product .  
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5-HYDROXYMETHYLFURFURYLIDENE BARBITURIC ACID 829 

FIG.8 IR-spectrum of HMFBA a f t e r  d i s s o l u t i o n  
in  D20 and dr:-ing 

From UV-PIS s p e c t r a  i t  is  ev iden t  t h a t  t h e  product 

HMFBA has a maximum absorbance a t  395nm and we suppose 

t h a t  it could  be  connected w i t h  a chynoide- l ike 

chrompphore af ter  e n o l i z a t i o n  of 4- and 6- CO groups in 

t h e  BA r ing/See Mechanism,4/ .When in t roducing  HC1 i n  

t he  HMFBA s o l u t i o n  t h e  T95nm peak inc reases  and t h i s  

one a t  260m decreases  i t s  i n t e n s i t y . I t  is i n  good 

agreement with t h e  Mechanism.The Mechanism which we 

propose fop t h i s  r e a c t i o n , e x p l a i n s  t h a t  i n  s o l u t i o n  

t h e r e  is an  equi l ibr ium between 4b  form of t h e  compound 

and hydroxyl ic  one/?, and 3b/ .The a d d i t i o n a l  a c i d i f y i n g  

of t h e  HMFBA s o l u t i o n  prevents  t h e  f u l l  e n o l i z a t i o n  of  

3a to 3b/Mechanism/and t h e  peak a t  260nm 1owers.The 

a d d i t i o n a l  a l k a l i f y i n g ,  on t h e  oppos i te ,  b reaks  the 

chynoide- l ike s t ruc ture /4b/and  forms t h e  product  o f  

f u l l  enol iza t ion /3b/  .It is t h e  reason  o f  a romat iza t ion  

of compound i n  a lkal i  c o n d i t i o n s  which leads t o  an  
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5-HYDROXYMETHYLFURFURYLIDENE BARBITURIC ACID a31 

HC-CH 

H 

W C H  AN1 Sr : 

L 
la i b  

2a 2b 

A n u c l e o p h y l i c  a d d i t i o n  o f  2a t o  lb: 

4 3  
bH 

4 b  

4 5  l o r n  o f  HKF3A has i ; k L r o f f i o p h c r e / ~ h y n o i d e - l ~ ; t e  s t r u c t u r e / h i c h  
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a32 NIKOLOV AND PONEVA 

increasement of the absorbance a t  260nm.IR-spectrum of 

the dr ied  residue from t h e  a l k a l i n e  solution/Fig.7/ 

confirms o u r  assumption t h a t  i n  t h i s  s i t u a t i o n  HMFBA i s  

f u l l y  enolized.There is no band a t  1708cm-' .The 

appearance in t h i s  spectrum o f  an intensive band 

consis t ing of f o u r  bands 1632, 1598, 1698 and 1670~m-~ 

connected with valent/))/C=C vibrat ions,  3 C=N vibra t ions  

and the  bands 666 and 865cmm1 connected with C-H 

deformation/ 6/vibrat ions near  t o  a couple bond 

demonstrate t h e  t r u t h  of t h e  t r i p l e  enolized s t r u c t u r e  

of t h e  sodium salt  of  HMFBA. 

The red s h i f t / t o  longer waves/of the  absorbance a t  

395nm i n  more polar  solvent/Fig.3/points o u t  a 

conjugated system of bondsm-'Tr* electron t r a n s i t i o n s ,  

Mechanism,4b/. 

a-  

IR-spectrum of HMFBA i n  D20 a f t e r  drglng shows a 

band associated with connected OH groups and only one 

band f o r  CO group which i s  i n  agreement with a ohynoide- 

l i k e  chromophore o f  the compound i n  water solution. 

I n  IR-spectrum of BA/Fig.5/there are four bands 

f o r  3 C O  vibrations:  1768, 1757, 1744 and 1719Cm-l 

while i n  IR-spectrum of HMFBA/Fig.G/there a r e  t w o  bands: 

1708 and 167Tcm-'.This f a c t  gives  us ground t o  think 

that the band a t  1708cm-lis associated with the  CO 

group between t h e  two N-atoms from t h e  barb i tur ic  

fragment and t h i s  a t  1673cm-lfor C-N couple bonds and 

tha t  HMFBA crys ta l ized  i n  double enolized form of t h e  

pyrimidine ring.The dark brown colored c r y s t a l s  Of 
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5-HYDROXYMETHYLFURFURYLIDENE BARBITURIC A C I D  a33 

HMFBA,their h i g h  mel t ing  p o i n t  and hard burn o u t  on a 

metal p l a t e  confirm t h e  chynoide s t r u c t u r e  o f  t h e  

compound/Mechanism,4b/ .The presence i n  t h e  spectrum o f  

HMFBA of bands a t  1708 and 1034cm-'connected wi th  

s imple  C-OH bonds is  in agreement with t h e  above c i t e d  

s t r u c t u r e  too.  

We have made W-VIS s p e c t r a l  observa t ions  of  t h e  

r e a c t i o n  of  fu r fu ra l /F / and  BA .Furfurylidene-barbituric 

acid/FBA/which is product  of t h i s  r e a c t i o n  has  t w o  main 

absorbances: a t  260nm and a t  385nm.The first is  

a s s o c i a t e d  wi th  aromatic  s t r u c t u r e  i n  t h e  molecule and 

t h e  second with t h e  chromophore appearing from double 

enol ized  form of b a r b i t u r i c  fragment.By a c i d i f y i n g  t o  

a pH about  1 t h e  absorbance a t  260 nm decreases  s l i g h t l y  

whi le  t h i s  one a t  385nm increases .That  means an 

equi l ibr ium s h i f t  t o  a chynoide- l ike form o f  FBA with 

a chromophore i n  the  molecule.By a l k a l i f y i n g  t o  pH 

about  13,011 t h e  oppos i t e , t he  absorbance a t  385m 

completely d i sappea res  while  t h i s  a t  260m increases .  

I t  could be assoc ia t ed  wi th  a f u l l  e n o l i z a t i o n  o f  t h e  

hydroxyl form of t h e  compound/Mechanism, 3b/. 

This  paper  devoted t o  s p e c t r a l  de te rmina t ion  o f  

the  s t r u c t u r e  of HMFBA w i l l  s e r v e  as a s t a r t i n g  p o i n t  

o f  a c r e a t i o n  of a new chemical  method f o r  de te rmina t ion  

t h e  e x t e n t  of  non-enzymatically g lyca ted  p r o t e l n a  an& 

hemogl ob Fn. 
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