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Abstract-A previously described index of aromatic character 

has now been applied to six-membered ring heterocycles. Of 

particular interest is its ability to indicate the extent of 

aromatic character retained by the amide form of potential 

hydroxyheterocycles. 

An earlier paper'introduced a new index of aromatic character based upon a 

statistical evaluation of the deviations in peripheral bond orders, which can be 

derived readily from experimentally determined bond lengths. Its utility was 

initially exemplified with reference to five-membered ring heterocycles. The 

present paper extends this treatment to their six-membered counterparts. 

The aromaticity indices, 16, calculated for a range of six-membered hetero- 

cycles are listed in Table 1. The values were obtained following the procedure 

described earlier' and as before are based wherever possible on the bond lengths 

recorded for the parent heterocycle. 

TABLE 1 Aromaticity Indices for Six-membered Heterocycles (16) -- 

Heterocycle & 
(Benzene 100 

Pyridine 85.7 

Pyridinium q ethiodide 66.7 

Pyridine N-oxide 74.4 

Pyridinium dicyano- 

methylide 70.1 

Pyridinium N-nitroimine 76.0 

Phosphorin 74.1 

Arsenin 66.9 

Pyrylium cation 65.8 

1,3,5_Thiadiazinium 53.1 

cation 
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) 

2 

3 
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Heterocycle 

Pyridazine 

Pyrimidine 

Pyrazine 

1,2,3-Triazine 

1,2,4-Triazine 

1,3,5-Triazine 

1,2,4,5-Tetrazine 

Pyran-a-one 

Pyran-4-one 

Pyran-4-thione 

1,2,6-Thiadiazin- 

d-one 

Is 
78.9 
84.3 

88.8 

76.9 

86.1 

100 

97.8 

32.9 

37.2 

47.9 

54.2 19 
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a Reference to source of bond lengths used for calculation of I6 

89 



90 c. w. BnlD 

In keeping with expectation the indices indicate decreasing aromaticity in 

the sequence: benzene >pyridine >phosphorin >arseninmpyrilium cation. Conversion 

of pyridine into a quaternary salt, the N-oxide or an N-ylide results in a 

lowering of its aromaticity. The effect of the Introduction of additional ring 

nitrogen atoms depends upon their orientation, thus pyrldazine <pyrimidinew 

pyridine <pyrazine. This presumably reflects the more even distribution of 

electronic charge effected by a more symmetrical arrangement of the nitrogen atoms. 

The effect is perhaps more clearly emphasised in the case of the isomeric 

triazines where aromaticityincreasesln the sequence: 1,2,3- <1,2,4- <1,3,5-tri- 

azine. 

The low aromaticity generally accorded to 2- and 4-pyrones is borne out by 

the I6 values of 32.9 and 37.2 respectively. Unfortunately no bond lengths have 

been recorded for the corresponding thiapyrones, but the 16 value calculated for 

thiapyran-4-thione of 40.8 when compared with that of 47.9 for pyran-4-thione 

suggests that the thiapyrones are less aromatic than their oxygen counterparts. 

In contrast the corresponding 2- and 4-pyridones still retain much of the 

aromaticity of the corresponding hydroxypyridine, cf. Figure 1. The slightly 

lower 16 values calculated for these hydroxypyridines than the parent heterocycle 

may arise from the participation of the ring nitrogen in hydrogen bonding in the 

crystal lattice. Reference has been made above to the effect of involvement of the 

pyridine nitrogen lone pair in bond formation in lowering the 16 value. It is of 

particular interest that these results indicate similar aromaticities for the 2- 

and I-pyridone systems. Recent molecular orbital calculations on the changes in 

resonance energies of cyclic polyenes caused by distortions indicate that the 

relationship between these aromaticity indices and resonance energies is a non- 

linear onea'. However, the differences in the aromaticity indices for the pairs 

of tautomers would seem to be in reasonable qualitative accord with the estimated 

resonance energy difference of ca. 30kJ/mole between 2-pyridone and its hydroxy 

tautomer21. Resonance energies in the range 96-134kJ/mole have been attributed to 

pyridinea2. 

59 24 81 24 61 25 81 26 

FIGURE 1 -- 

The aromatlcity indices obtained for the principal tautomer of 3,6-dihydroxy- 

pyridazine (maleic hydraside) and some of its derivatives are shown in Figure 2. 

Comparison of these values with that for pyridazine itself, 16= 78.9, indicates 

that there is a similar energy difference between 6-hydroxypyridazinone and 

its dihydroxy tautomer to that observed in the 2-hydroxypyridine/2-pyridone 

system. While this appears an eminently reasonable conclusion there appears to be 

no other quantitative information on this topic. There is an even more surprising 

lack of information on the energetic differences between the tautomeric forms of 

the hydroxypyrimidines. The aromaticity indices for a range of compounds displayed 

in Figure 3 provide some useful guidance on this aspect. Comparison of the I6 
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63 27 62 28 60 2s 49 3o 

FIGURE 2 -- 

indices for 2-pyrimidone and cytosine with the value of 84.3 for pyrimidine shows 

once more a similar difference between the tautomers to that found for the 2-hyd- 

roxypyridine/2-pyridone situation suggesting a parallel energy difference. It Is 

noteworthy that a recent 
23 ab initio molecular orbital study deduced an energy 

difference of 29.8kJ/mole between cytosine and its hydroxy tautomer. Another 

interesting feature of t 

for 3H-isocytosine than 

comparability of 2- and 

know what effect if any 

controversies that have 

he data in Figure 3 is the higher aromaticity indicated 

its lH-tautomer, especially in view of the close 

4-pyridones. It would be particularly interesting to 

the amino substituent has on the situation. In view of the 

arisen over the comparison of conclusions regarding 

tautomeric equilibria studied in differing environments it must be emphasised 

all of the present data regard molecules in the solid state. 

that 
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64 31 61 32 66 33 59.5 33 

FIGURE 3 -_ 

The foregoing discussion indicates the potential value of this aromaticity 

index approach for examining aromaticity dependent properties or behaviour of 

six-membered heterocycles, just as was earlier exemplified for their five- 

membered counterparts. 
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