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Abstract: Enol form of barbituric acid (l,3-diazine-2,4,6-triol) is formed in presence of ethylene or propylene 

oxides in DMF at 40 and 60°C, respectively, while its formation in DMF occurs in more drastic conditions. The 

trienol was identified and studied in water and dimethylformamide solutions with UV-VIS, IR, 1 Η i l3C-NMR, 

including 2-D HMBC and HMQC techniques. 

Introduction 

Barbituric acid (BA, lH,3H,5H-diazine-2,4,6-trione) is non-carboxylic acid. The acidic character results from the 

presence of nitrogen-attached hydrogen as well as C5-H, both neighboring to carbonyl functions. These groups 

induce acidity of N-H and C5-H. Theoretically, four symmetry-independent tautomeric forms of BA can be 

considered: 
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In the solid state BA is known as triketone form I. This has been confirmed by X-ray crystallography [1, 2] and 
l4NQR [3]. It has also been found on the basis of l3C NMR studies that BA I dominates in DMSO [4, 5], In 

protophilic solvents however, the equilibrium between I and II was observed [6-9]. The keto-enol equilibrium can be 

established slowly, depending on the basicity of solvent [9]. Numerous data are available in literature on the keto-

enol equilibria of BA depending on kind of solvent and its acid-base properties [4, 5, 8-13]. From theoretical 

considerations [14, 15] and spectral data [16, 17] it has been generally accepted that enol forms of BA are present 

only in solutions and not isolated to date. Here we report on formation of enol form of BA IV in DMF isolation of 

solid tautomer and some additional studies of BA in aqueous solutions. 

149 



Vol. 14, No. 3, 2008 Stable enol form of barbituric acid 

Experimental 

Formation of trienol of BA 

6.4 g (0.05 mola) of BA (pure, BDH Laboratory Supplies Poole, England), 50 cm3 DMF, 5.8 g of propylene oxide 

(PO; pure, Fluka, Schwitzeland) or 4.4 g ethylene oxide (EO; pure, Fluka, Schwitzeland ) (0.1 mol) were placed in 

high-pressure 100 cm3 reactor. The temperature of the reactor was then gradually increased to 60 or 40° C, 

respectively. The solution became turbid 15 to 30 minutes of heating followed by precipitation of yellow solid. The 

same result was observed in presence of excess of oxirane (2-10 moles per mole of BA) Formation of yellow 

precipitate was observed also in pure DMF in absence of alkylene oxides at 100° C after 4-5 hours (Table 1). 

Table-1 : Conversion of barbituric acid in presence of oxiranes in DMF 

Oxirane 

Reaction conditions 

Remarks Oxirane Molar Ratio 
BA:oxirane 

Temperature 
[°C] Time [h] 

Remarks 

PO 1:2-1:10 60 8 After 15 min solution becomes turbid and 
yellow solid start to precipitate 

EO 1:2-1:4 40 4 After 30 min solution becomes turbid and 
yellow solid start to precipitate 

- - 100 
1 

+4 
+3 

No precipitation 
Precipitation starts 

Copious amount of precipitate is noted 

Analyses 

Acidic number (AN) of BA and its enol form were determined by titration with NaOH(aq). Elemental analyses were 

done with Carlo-Erba Analyzer EA 1108 for C, Η, N. Molar mass of enol form by cryoscopic method in DMSO has 

been measurement. The 'H and 13C NMR spectral assignments have been done by standard 'H COSY, HMQC, and 

HMBC spectra obtained with Bruker Avance 300 MHz instrument in DMSO-rf6. IR spectra in KBr pellets were 

recorded on PARAGON 1000 FT spectrophotometer (Perkin-Elmer). UV spectra were obtained with SPECORD 

(Carl Zeis, Jena) in 1 cm cell within the 50-14xl03 cm"1 region vs water reference. Thermal decomposition of BA 

and enol IV BA was determined with Paulik-Paulik-Erdey (MOM, Hungary) derivatograph using 200 mg initial 

sample mass in aerobic conditions, 20-1000°C temperature range, within 100 min. recording. 

Analytical data 

1 H,3H,5H-diazyno-2,4,6-1rion - triketoform of barbituric acid (I) m.p. = 248°C; AN [mg KOH/g], Calcd.: 440, 

Found: 438; Elemental analysis, - % Calcd.: C 37.50; Η 3.13; Ν 21.88; % Found: C 37,45; Η 3,33; Ν 21,54; 

IR [cm1], 3200, 3090 (NH), 1724,1690 (C=0), 1420 (CH2), 1250, 1174 (-C-0-), 806 (CH2) 637 (C=0); 'H NMR 

04-DMSO), δ [ppm] 11.0 (2H, s, NH), 3,4 (2H, s, CH2); 13C-NMR (4-DMSO), δ [ppm] 167.77 (C4,6), 151,70 (C2), 

77,33 (C5): UV-VIS [nm] 211, ε = 4500; 256, ε = 8000 (HN-C=0). 

1,3-diazy ne-2,4,6-t riol - trienol form of barbituric acid (IV) - m.p. 280°C; Molar mass: calc. 128 g/mol, found. 

129.8 g/mol; AN [mg KOH/g], Found: 160; Elemental analysis - % Found: C 37,25; Η 3,10; Ν 21,79; IR [cm"1], 

3000-3150 (OH) 1624 (C=C, C=N), 1440 - 1400 (CH2), 'H NMR (</6-DMSO), δ [ppm] 9.91 (3H, s, OH), 8.2 (H, s, 

CH= ): 13C NMR (rf6-DMSO), δ [ppm] 150.93 (C,), 148.43 (C5), 100. 24 (C4, C6); UV-VIS [nm] 417, ε = 11000 

(C=N, η—π*,) 233, ε=7500 (C=C and C=N). 
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Results and Discussion 

In attempted reaction of BA with oxiranes we expected formation of N-hydroxyalkyl derivatives, similarly as it was 

found for other azacycles like cyanuric acid [18, 19] or parabanic acid [20]. At the process performed in DMF at 40-

60°C the formation of yellow precipitate was noticed. Surprisingly, the elemental analysis of yellow solid was 

analogous to starting BA. Absence of resonances from methylene protons of the 'H NMR spectrum of the product 

eventually indicated that oxiranes remained unreacted in the protocol applied here. Instead, two singlet resonances at 

10.0 and 8.2 ppm of 3:1 integral intensity ratio were observed (Figure-1). The resonance at 10.0 ppm was quenched 

upon addition of D 2 0 . Thus the resonances at 10.0 and 8.2 ppm were attributed to hydroxylic and methine 

hydrogens, respectively. n C-NMR spectrum is composed of three resonances at 100.24; 150.93; and 148.43 ppm, 

which were assigned to C4(C6) in IV, Ci, and C5, respectively based on HMQC and HMBC experiments (Figure-1). 
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a) b) 
Figure-1 : 2-D 'H- l3C correlation spectra of enol form of BA; a) HMBC b) HMQC 

IR spectrum of IV differs considerably from that of I. The v(C=0) band at 1650 cm"1 and δ(ΝΗ) band at 1370-1340 

cm"1 of I disappear, instead broad absorption from valence C=C and C=N and δ(ΟΗ) appear. The most 

characteristic features of the spectrum of IV are the absence of the bands from CH2 centered at 810 cm"' and 

deformation mode of C = 0 at 640 cm'1 in I. Instead new band at 1480 cm'1 attributed to ring stretching appears in the 

spectrum of IV. Acidic number of IV is much lower in comparison with that of I (see Analytical data). 

UV-Vis spectrum of I is composed of two bands in UV region, attributed to η —»π* transitions centered at 211 and 

256 nm (Figure-2a), while they are replaced with broad absorption centered at 233 nm in the spectrum of IV, which 

contains only one band at 408 nm attributed to π-+π of coupled C=C i C=N chromophores (Figure-2b). Yellow IV 

slowly rearranges into colorless I within 10 days, which corroborates with UV-Vis spectral assignments (Figure-2c). 
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Figure-2 : UV-VIS spectrum of a) keto form ( - ) , b) enol form (—) barbituric acid immediately after solving in water 

c) enol form after 5 days from moment solving in water (· • ·) 

Comparison of thermogravimetrogram pattern (Figure-3) and melting points indicate that enol IV melts at higher 

temperature ( 280°C ) than I ( 248°C ). DTG analysis of IV indicates that simultaneous decomposition takes place, 

while I is more stable (decomposition starts at 380°C) 

Heating of BA I in DMF at 100°C results in formation of IV within 4 hours. Thus, the enol form IV is 

thermodynamically stable in these conditions. However, the enolization is faster in presence of oxiranes and can be 

performed at lower temperatures. Catalytic role of oxiranes is consistent with our previous studies [22] on the 

reaction of other cyclic imides with oxiranes in which the crucial step of reaction was rebound of protons from acids 

by oxirane oxygen according to the scheme: 
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a) b) 
Figure-3 : Thermal analysts of BA: (a) keto form 1; (b) enol form IV 
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