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Abstract: Substituent effects on the IR stretching frequencies and 1H-NMR chemi-
cal shifts of the pyridone NH group in 4- and 6-disubstituted alkyl and aryl 3-cya-
no-2-pyridones were investigated. The bands most sensitive to substituent effects 
from the broad and multiple IR NH band for each compound were selected by a 
computer calculation. The selected values of the IR frequencies and the determined 
1H-NMR chemical shifts were subjected to LFER analysis, by correlations with the 
Hamett σm/p and Swain–Lupton F and R substituent constants. 
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INTRODUCTION 

In a recent paper,1 an investigation of the spectral characteristics of the title 
compounds was reported. The effects of substituents in the 4 and 6 positions of 
the 2-pyridone nucleus on CN, CO, ring and 5H functions were estimated there, 
by applying the LFER principles. At that time, it was not possible to report on the 
effect of substituents on the NH bond, due to the well known controversy of the 
broad multiple NH band in the IR spectra, which is otherwise the most interesting 
functional group in 2-pyridones. In the present paper, for the same three series of 
compounds from the previous work, of the general formulae shown in Scheme 1, 
the data on the NH IR stretching frequencies and the 1H-NMR chemical shifts 
were subjected to correlation analysis using the LFER principles, with the inten-
tion of gaining information concerning the transmission of substituent effects to 
the NH bond. It was believed that this is important because of the known po-
tential biological activity of substituted pyridones.1 It is reasonable to expect, due 
to the presence of the CONH group in the pyridone molecule and the similarity 
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of this group to the peptide bond in proteins, that the interactions of 2-pyridone 
derivatives with natural substrates would occur via the hydrogen bond formation 
between the two complementary functions. 
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Compd. Substituent Compd. Substituent Compd. Substituent 

1a Me 2a p-OCH3 3a p-OCH3 
1b Et 2b H 3b H 
1c n-Pr 2c p-Br 3c p-Br 
1d i-Pr 2d p-Cl 3d p-Cl 
1e n-Bu 2e m-NO2 3e m-NO2 
1f i-Bu 2f p-NO2 3f p-NO2 
1g t-Bu     

Scheme 1. General structures of the investigated 4,6-disubstituted-3-cyano-2-pyridones. 

In the first investigation of the IR spectra of the NH bond in 2-pyridones,2 
the main peak in the solid state was assigned at 3100 cm−1 and at 2850 cm−1 in 
solution. In both forms, broad multiple bands were observed with well resolved 
subsidiary peaks. Later, it was claimed3 that 2-pyridones exist as hydrogen bon-
ded spiral dimers both in the solid state and in concentrated solutions, with the 
NH peaks very broad and strong with many maxima in the region 3200–2800 cm−1. 
It was also observed that some free νNH frequencies were found at ca. 3400 cm−1 

in dilute CCl4 solutions and in the gas phase at 3448 cm−1.4 Recently, the IR 
spectra of the 2-pyridone NH bond were used to study 2-pyridone/2-hydroxy-
pyridine tautomerism in the context of water clusters in supersonic jets,4,5 and as 
analogues for biological systems,6,7 or for comparison in a theoretical study of 
the same phenomenon.8 In all these studies, broad multiple NH bands were ob-
served, and the main peak was estimated as above. However, it should be pointed 
out that all these studies refer to unsubstituted 2-pyridone. 

EXPERIMENTAL 
All substances, the spectral characteristics of which are presented in the present paper and were 

used for correlations with the LFER parameters, were synthesized by literature methods or by ana-
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logy to those, sometimes by modified procedures. Some of these were new compounds, fully chara-
cterized by IR, NMR, MS and UV spectroscopy, and were reported in previous communications.9–11 

The LFER equations and substituent constants employed for the calculations were taken from 
the standard texts on the subject.12,13 

A computer calculation based on Fortran 77 was devised and used for the selection of IR 
frequencies of investigated alkyl and aryl 2-pyridones with the highest sensitivity to substituent 
effects. Experimental values of frequencies with well-defined peaks from the broad multiple NH 
band were used. In a stepwise elimination procedure, in the predetermined range of regression co-
efficients 0.970–0.999, corresponding alkyl and aryl IR frequencies for each investigated com-
pound were obtained. These are given in Tables I and II and were subjected to regression analysis, 
and the corresponding statistical parameters are presented in Eqs. (1), (2), (4), (5) and (8). 

TABLE I. IR stretching frequencies and 1H-NMR chemical shifts for the NH bond in 4-alkyl-6-me-
thyl-3-cyano-2-pyridones 

Compd. Substituent νNH (KBr) / cm-1 δNH (DMSO-d6) / ppm 
1a Me 2996 12.24 
1b Et 2982 12.40 
1c n-Pr 2957  
1d i-Pr 2975 12.26 
1e n-Bu 2986  
1f i-Bu 2963  
1g t-Bu 3019 11.53 

The instruments used in the investigation were as follows: the IR spectra were recorded on 
Perkin–Elmer FTIR 1725x and Bomem MB 100 FTIR spectrophotometer. 1H-NMR spectra were 
determined in DMSO-d6 on a Varian–Gemini 200 MHz spectrometer using TMS as the internal 
standard. 

TABLE II. IR stretching frequencies and 1H-NMR chemical shifts for the NH bond in 4(6)-aryl- 
-6(4)-methyl-3-cyano-2-pyridones (KBr) 

Compd. Substituent νNH (KBr) / cm-1 δNH (DMSO-d6) / ppm 
4-Aryl substitution 

2a p-OCH3 3134  
2b H 3054 12.61 
2c p-Br 3020  
2d p-Cl 3013  
2e m-NO2 2899  
2f p-NO2 2897 12.75 

6-Aryl substitution 
3a p-OCH3 3131 12.48 
3b H 3066 12.55 
3c p-Br 3018 12.60 
3d p-Cl 3019 12.62 
3e m-NO2 2928 12.80 
3f p-NO2 2898  
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RESULTS AND DISCUSSION 

No attempt to resolve the broad multiple NH band in the IR spectra of sub-
stituted 2-pyridone, not even for 2-pyridone itself, were found in the literature. In 
all literature references, the IR NH absorption is described as a broad band of 
peaks of approximately the same intensity, but usually one is singled out, being 
called the main peak at 3100 cm−1,2 the bonded NH frequency (the middle-band 
or peak absorption) at 2700 cm−1,3 or a bound NH stretch as a sharp band at 
3140 cm−1.7 It has been stated that 2-pyridone in the solid state, in KBr and 
Nujol mull, exists exclusively in the oxo-form.2,3 In a fairly recent Japanese data-
base, absorption of 2-pyridone in the IR region 3119–2880 cm−1 was also assign-
ned to its oxo-form. 

In the present investigation, the IR spectra of 4,6-disubstituted-3-cyano-2-py-
ridones were recorded in the form of KBr pellets on two instruments with very 
good resolution and the corresponding spectra from both were practically the 
same. The spectra of the three series of 4,6-disubstituted-3-cyano-2-pyridone shown 
in Scheme 1 have a broad band in the IR region 3200–2300 cm−1, but the ab-
sorption bands which vary with the substituent, and presumably indicate substi-
tuent effects on the NH bond, were in a more narrow region 3150–2750 cm−1. 
The absorption frequencies outside of this region are few and more or less con-
stant, therefore not sensitive to substituent effects. Peaks in the region 3100– 
–3000 cm−1 did not show appreciable substituent effects, as the corresponding 
correlation coefficients with the Hammett σp/m constant were extremely low, which 
was also true for the region 2850–2750 cm−1. Therefore, it was decided to select 
by a computer calculation, absorption bands in the mid-region 3140–2880 cm−1, 
which gave the best fit to the Hammett equation with σp/m constants as a standard 
test for the existence of an LFER relationship. This method was applied to both 
alkyl and aryl substituted 3-cyano-2-pyridones. The selected frequencies are pre-
sented in the Tables I and II and were used in the calculations presented in the 
following section. These values expectedly give the best correlations with both 2 
and 3 parameter equations. 

There was not sufficient data available for correlations of the 1H-NMR chemi-
cal shifts, due to the insolubility of the investigated compounds in CDCl3 and DMSO-d6. 
Also, some of the compounds did not show visible peaks in the range of the NH 
bond, probably due to the inadequate sensitivity of the employed instruments. 
4-Alkyl-6-methyl-3-cyano-2-pyridones (compounds 1a−f) 

The IR stretching frequencies of the alkyl substituted series (Table I) selec-
ted in the above described manner were correlated with Hammett σm/p constants 
and the result is presented in Eq. (1). 
 νNH = (–772.61±71.02)σp + (2863.37±12.03) (1) 
 R = 0.976, s = 4.97, n = 7, F = 100.6 
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Except for the relatively high standard error, the correlation is fairly good, 
considering the weak electronic effects of the alkyl groups. Similar result was 
obtained by use of the Swain–Lupton parameters, Eq. (2): 
 νNH )34.1145.2868()18.7218.742()70.10218.87.884( ±+±−+±−= RF  (2) 
 R = 0.984, s = 4.47, n = 7, F = 63.4 

Only four compounds from the alkyl series were sufficiently soluble in 
DMSO-d6 for the 1H-NMR spectra to be recorded but had sufficiently different 
and well-defined chemical shifts for the NH group. The corresponding correla-
tion is presented in Eq. (3): 
 δNH = (16.07±3.47)σp + (14.81±0.58) (3) 
 R = 0.956, s = 0.14, n = 4, F = 21.4 

It is interesting to note that neither of the above correlations required correc-
tion with the steric parameters. Actually, the inclusion of these parameters gave 
inferior results, which is opposed to that observed in a previous study.1 

The obtained high standard deviations in the correlations of IR spectra could 
perhaps be explained by interference with the IR absorption in the same region of me-
thyl and methylene groups and also the aromatic C−H stretching absorption from 
the 5H C−H bond. These disturbances are probably not very strong but are not con-
stant and, except for the aromatic 5H, could cause dispersion of the data points. 
4(6)-Substituted aryl-6(4) methyl-3-cyano-2-pyridones (compounds 2a-f and 3a-f) 

In the previous investigation1 on the correlation analysis on the same series 
of compounds as here, the effects from aryl substituents in positions 4 and 6 of 
the 3-cyano-2-pyridones on the CN, CO, ring and 5H groups was studied 
separately. In treating the broad multiple peak IR band in the same manner as for 
alkyl substituted compounds 1a–g, it appeared that the equation which gives the 
best fit to Hammett σm/p values could include all 12 compounds from 2a–f and 
3a–f series. The corresponding correlation is given in Eq. (4): 

 )06.300.3067()59.614.219( m/p
6,4

NH ±+±−= σν  (4) 
 R = 0.995, s = 8.45, n = 12, F = 110.48 

Except for the high standard deviations, the correlation according to Eq. (4) 
is satisfactory, but the correlation for both 2a–f and 3a–f series with F and R pa-
rameters is slightly less good considering the standard deviation (Eq. (5)): 

 )33.748.3066()88.1245.3219()47.1490.204(6,4
NH ±+±−+±−= RFν  (5) 

 R = 0.994, s = 8.87, n = 12, F = 403.65 
For the aryl substituted compounds, due to insolubility in DMSO-d6, only 

seven data on the chemical shifts of the NH bond from series 2a–f and 3a–f are 
available, but these gave a very good correlation as can be seen in Eq. (6): 
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 )02.056.12()04.0277.0( m/p
6,4

NH ±+±= σδ  (6) 
 R = 0.961, s = 0.03, n = 7, F = 59.9 

The correlation with F and R was also good (Eq. (7)): 

 )02.057.12()05.0305.0()04.0245.0(6,4
NH ±+±+±= RFδ  (7) 

 R = 0.977, s = 0.03, n = 7, F = 41.5 
Good fit in the two last correlations, Eqs. (6) and (7), shows that the 1H-NMR 

chemical shifts for the N–H bond, although the corresponding peaks are some-
what broad, are quite distinctive and seemingly free from any interferences. 

The good correlations with the 1H-NMR spectral data, led to the idea to 
check the validity of the method employed for selecting the IR bands most sen-
sitive to the effect of substituents. Therefore, the values of the IR stretching fre-
quencies and the available 1H-NMR data were intercorrelated and the obtained 
correlation is presented in Eq. (8): 

 )54.069.15()0001.000131.0( NHNH ±+±−= νδ  (8) 
 R = 0.957, s = 0.04, n = 7, F = 54.68 

Considering that the determination of the 1H-NMR chemical shifts is much 
more precise than that of the IR stretching frequencies, particularly because of 
the broad multiple NH band, this fairly good intercorrelation proves that the se-
lection of the IR NH stretching frequencies for use in the correlations presented 
in this paper was justified. 

It was taken for granted that 2-pyridone in the solid state is in the oxo-form 
and, on the basis of crystallographic data, mostly as a dimer. Hence, the IR spec-
tra in KBr were treated accordingly. In solution, a tautomeric equilibrium exists,2,3 

which has been extensively investigated.4 It was recently confirmed that 2-pyri-
done in the gaseous phase also exists as a dimer of both tautomeric forms, 
2Py⋅2HP, resulting from a double proton transfer.5 However, the IR spectrum of 
3-nitro-2-pyridone in KBr published in a Japanese database14 was declared as 
belonging to 3-nitro-2-hydroxypyridine, and had a distinctive hydroxy absorption 
band at 3432 cm−1. In the same database, as mentioned previously, the unsubsti-
tuted 2-pyridone is presented as being exclusively in the oxo-form. This example 
shows that electronic effects drastically influence the existence of tautomeric 
forms, even in the solid state. This effect is particularly strong in the above-men-
tioned 3-nitro-2-pyridone,14 because the electron attracting nitro group in this com-
pound is directly attached to the pyridone nucleus, as opposed to the compounds 
investigated in this paper, where the phenyl group is interpolated between the 
substituent and the pyridone ring, weakening the strong-electron accepting effects. 

In the light of these data, it is also possible that the high standard errors in 
the presented calculations, in addition to resulting from the large numerical diffe-
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rence between the two correlated values, σm/p and the IR stretching frequencies, 
could also be due to some contribution of the 2-hydroxypyridine, which might 
also be the reason for the dispersion of the values of IR stretching frequencies of 
the nitro-substituted derivatives and the high standard deviations. It is possible 
that strong electron-attracting groups in the p- and o-position of the phenyl ring 
weaken the NH bond and facilitate a proton transfer to the carbonyl oxygen. 

CONCLUSION 

This paper presents the results of an LFER analysis of substituent effects on 
the IR stretching frequencies of the NH group and 1H-NMR chemical shifts for 
three series of 4,6-disubstituted-3-cyano-2-pyridones. It was established that satis-
factory correlations could be obtained with simple Hammett type parameters. Cor-
relations with the Swain–Lupton constants yielded equations of similar precision. 

It appears that electronic effects of both alkyl and aryl substituents conside-
rably influence the spectral characteristics of the NH bond. It was not necessary 
to include steric parameters in the calculations to improve the correlations, as 
was previously necessary.1 This is probably due to better transmission of substi-
tuent effects to the NH bond via the direct conjugation from the substituted phe-
nyl group in position 4 and the negligibly small steric interaction of the substi-
tuent in position 6 with the practically linear N−H group. The substituent effects are 
therefore stronger and less affected by non-planarity of the pyridone nucleus and 
steric hindrance as was the case for CN, CO and 5H in a previous investigation.1 

The importance of a better knowledge of the effects of substituents on the 
NH bond, particularly in a view of the potential use of substituted 2-pyridones as 
therapeutic agents and DNA base mimics should be stressed. 
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И З В О Д  

КОРЕЛАЦИОНА АНАЛИЗА IR И 1H-NMR СПЕКТРАЛНИХ ПОДАТАКА ЗА NH ВЕЗУ У 
АЛКИЛ И АРИЛ 4,6-ДИСУПСТИТУИСАНИМ 3-ЦИЈАНО-2-ПИРИДОНИМА 
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У раду је разматран утицај супституената на IR фреквенције и 1H-NMR хемијска поме-
рања за пиридонску NH групу у 4- и 6-дисупституисаним алкил и арил 3-цијано-2-пири-
донима коришћењем принципа линеарне корелације слободне енергије. За израчунавања су 
примењене Хаметове σm/p константе као и Swаin–Lupton константе супституената F и R. Раз-
вијен је компјутерски метод за избор IR NH трака најосетљивијих на утицај супституената. 

(Примљено 8. октобра 2007) 



1236 MIŠIĆ–VUKOVIĆ et al. 

REFERENCES 

1. S. Jovanović, D. Mijin, M. Mišić–Vuković, ARKIVOC 10 (2006) 116 
2. L. J. Bellamy, P. E. Roqasch, Proc. Roy. Soc. A257 (1960) 98 
3. A. R. Katritzky, A. P. Ambler, in Physical Methods in Heterocyclic Chemistry, Vol. II, A. R. 

Katritzky, Ed., Academic Press, New York, 1963, p. 262 
4. Z. Matsuda, T. Ebata, N. Mikami, J. Chem. Phys.110 (1999) 8397, and references cited therein 
5. G. M. Florio, C. J. Grueriloh, R. C. Quimpo, S. Zwier, J. Chem. Phys. 113 (2000) 11143 
6. M. Menwlz, A. Müller, S. Leutwyler, Phys. Chem. Chem. Phys. 5 (2003) 2663 
7. J. A. Frey, A. Müler, H. M. Frez, S. Leutwyler, J. Chem. Phys. 121 (2004) 8237 
8. M. J. Wójcik, W. Tatara, M. Boczar, A. Apola, S. Ikeda, J. Mol. Struct. 596 (2001) 207 
9. V. Krstić, M. Mišić–Vuković, M. Radojković–Veličković, J. Chem. Res. (S) 4 (1991) 81; (M) 783 

10. M. Mišić–Vuković, M. Radojković–Veličković, J. Chem. Soc. Perkin Trans. 2 (1992) 1965 
11. a) D. Mijin, D. Antonović, M. Mišić–Vuković, Indian J. Chem. 33B (1994) 309; b) D. Mijin, 

M. Mišić–Vuković, Indian J. Chem. 34B (1995) 348; c) D. Mijin, M. Mišić–Vuković, Indian 
J. Chem. 37B (1998) 988 

12. C. Hansch, A. Leo, R. W. Taft, Chem. Rev. (1991) 91 
13. M. Charton, Prog. Phys. Org. Chem. 13 (1981) 119 
14. SDBSWeb : http://www.aist.go.jp/RIODB/SDBS/, (05.5.2006). 


