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Abstract 

Molecular structure of 3-nitro-2,4-pentanedione (NAA) has been investigated by 

means of Density Functional Theory (DFT) calculations and the results were compared 

with those of acetylacetone (AA). The harmonic vibrational frequencies of the two most 

stable cis-enol forms were calculated at the B3LYP level. The calculated frequencies and 

the Raman and IR intensities were compared with the experimental results. 
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Introduction 

 

The cis-enol form of β-diketones are stabilized by a strong intramolecular hydrogen 

bond. The vibrational spectra of these compounds have been extensively studied, which 

support the existence of a strong intramolecular hydrogen bond of chelating nature in the 

enol form of β-diketones. This hydrogen bond formation leads to the enhancement of the 

resonance conjugation of the π-electrons, which causes a marked tendency for 

equalization of the bond orders of the valence bonds in the resulting six-member chelated 

ring. Therefore, it seems that any parameter that affects the electron density of the 

chelated ring will change the hydrogen bond strength. It is well known that substitution 

in α- or β-position drastically changes the hydrogen bond strength and the equilibrium 

between enol and keto tautomers. The substituent in the α-position has an important effect 

on the character of the enolization. It seemed interesting to examine the substitution 

effects of a nitro group in the α-position on the hydrogen bond strength of the system. For 

this purpose, we compared the geometry and vibrational spectra of 3- nitro-2,4-

pentanedione (NAA) with those of acetylacetone (AA). NAA is capable of forming two 

different enol forms: the cis- and trans- enolic forms. Comparison between NAA and AA 

geometrical parameters and vibrational spectra gives a clear understanding of 

substitution effects of the nitro group in α-position of AA on the 
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structure and hydrogen bond strength of the system. 

 
 

Experimental 

 

NAA was prepared and purified according to the method described in the literature [1,2]. 

The mid-IR spectra of NAA were recorded by using Bomem MB-154 Fourier transform 

spectrophotometer in the region 500– 4000 cm-1 in KBr pellet and in CCl4 solution. 

The Raman spectra were collected employing a 180° back-scattering geometry and a 

Bomem MB-154 Fourier transform Raman spectrometer. 

The Far-IR spectra in the region 50–600 cm-1 were obtained using a Thermo Nicolet 

NEXUS 870 FT-IR spectrometer equipped with DTGS/polyethylene detector and a solid 

substrate beam splitter. 

 

Computational details 

 

The entire calculations were performed at the B3LYP level using Gaussian 03 program 

package. 

In order to assign the observed vibrational transitions, the harmonic and frequency 

calculations were performed for NAA and AA with the B3LYP function, using 6-31G** 

and 6-311G** basis sets. 

 
 

Results and discussion 

 

The calculated results indicate that the hydrogen bond length (O…O distance) is 

considerably reduced upon NO2 substitution. This is consistent with increasing the H-bond 

strength (the energy difference between chelated and open structures), which is confirmed by 

all spectroscopic results, such as the OH stretching, OH out-of-plane bending, and O…O 

stretching frequencies. This strengthening of the H-bond is attributed to the steric and 

resonance effects between NO2 group and the rest of the molecule. 

The IR spectrum indicates a very broad band in 2600 cm-1 which is considerably lower 

than that in AA, 2800 cm-1, [3]. 

References 

 

1. J.P. Collman, R.L. Marshall, W.L. Young, S.D. Goldby, Inorg. Chem. 1 (1962) 704. 

2. Z. Yoshida, H. Ogoshi, T. Tokumitsu, Tetrahedron 26 (1970) 5691. 

3. S.F.Tayyari, F. Milani-Nejad, Spectrochim. Acta 56A (2000) 2679. 



412  

 


