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A plot of pK, values for eleven azoles and benzazoles vs the experimental ionization energy of the nitrogen
lone pair shows the existence of three groups of compounds: simple unsubstituted azoles (imidazole, pyraz-
ole, oxazole, isoxazole), unsubstituted benzazoles (benzimidazole, 1H-indazole and benzoxazole, including
imidazo [1,2-a]pyridine) and benzazoles carrying a methyl group - to the basic centre (2-methylbenzimidaz-
ole, 2-methylindazole and 2-methylbenzoxazole).
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In previous papers of these series [2-4] we have shown N-substituted (as 10) or oxygen derivatives. Since the
that a good correlation exists between pK, values (meas- 1H-tautomer is much more stable than the 2H-tautomer in
ured in water) and calculated lone pair energies, ey, for indazoles [8), the cation corresponding to compound 6 can
pyrazoles and imidazoles. The annelation (imidazole-benz- loose only one proton (that on N,) and thus it must be
imidazole) [2] and the presence of methyl group « to the treated as a N-substituted derivative.

basic center (methylimidazoles and -pyrazoles) [3] causes a
decrease in the basicity in water solution, due to steric hin- 10.0 10.5 11.0
drance and charge dispersion. '

We wish to report here an extension to oxygenated deri-

vatives [5], but instead of using calculated ey values we
would base our discussion on nitrogen-lone pair vertical
ionization energies determined by photoelectron spectro-
scopy LPMeV). It is well established that for a series of het-
erocycles (pyridines, imidazoles, etc.) [6,7] there is a linear
correlation between pK,'s and LP,.

We have found in the literature the pK, and LPy values
for eleven compounds of the families mentioned above:
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It must be stressed that several pK, values can be found
for each compound (although the dispersion is not large)
and even different values for the ionization potentials.
Concerning the pK,'s it is necessary to take into account
the “‘statistical factor’’ [3,8] when comparing NH with -
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Table

Experimental Values for Azoles and Benzazoles

Compound LPMexp) eV
Imidazole 1 10.3 [9]
Pyrazole 2 10.7 [9]
Oxazole 3 11.19 [9]
Isoxazole 4 11.41 {9]

Benzimidazole 5

Indazole 6 10.6 [10]
Benzoxazole 7 10.75 [11]
Imidazo[1,2-¢]pyridine 8 10.09 [12]
2-Methylbenzimidazole 9 9.86 [11]
2-Methylindazole 10 10.24 [9]
2-Methylbenzoxazole 11 10.52 [11]

In the figure we plot pK, vsLPy. Clearly all compounds
fall in one of three groups:
- Monocyclic compounds (1, 2, 3, 4):
pK. = 93.7-84LP, n = 4, CC* = 0.949 [1]
- Bicyclic compounds (5, 6, 7, 8):
pK. = 101.5-9.4 LPy n = 4, CC? = 0.988 [2]
- a-Methyl bicyelic compounds (9, 10, 11):
pK. = 89.9-85LPy n = 3, CC?* = 0.934 [3]
From these results it can be concluded:
1) There is a parallelism between proton affinities
(directly related to LPy [3]) and aqueous basicities for
azoles containing nitrogen and oxygen.
2) The annelation decreases the aqueous basicity by
about 2.8 pK, units (at 10.5 eV).
3) The presence of a methyl group « to the basic
nitrogen further decreases the basicity by about 2.0 pK,
units (at 10.5 eV) [25].

In the vapour phase the intrinsic basicity will follow the
LPy values, and as benzimidazole is experimentally more
“basic’’ than imidazole in the vapour phase [2], indazole
and benzoxazole should be stronger bases than pyrazole
and oxazole, respectively.

REFERENCES AND NOTES

[1] Preceding parts of this series, references [2] to [4].

[2] J. Catalan, J. Elguero, R. Flammang and A. Maquestiau, Angew.
Chem., Int. Ed. Engl, 22 (1983); and Angew. Chem. Suppl., 411-418
(1983).

[3] J. Catalan and J. Elguero, J. Chem. Soc., Perkin Trans. 2, ac-
cepted for publication.

[4] J. Catalan, P. Pérez and J. Elguero, Heterocycles, 20, 1717 (1983).

10.18 [9], 10.05 [10]

Corrected
pK.(exp) (25°C) values
6.95 [13], 7.22 [14]

2.52 [15], 2.56 [14] 5
0.8 [16] 0.5
-2.97 [18] -3.27
5.48 [19), 5.77 [14] -
1.31 [10] 1.01
0.5 [21] 0.2
6.79 [22] 6.49
6.19 [24] .
2.02 [20] 1.72
0.99 [21] 0.69

[5] Sulfur derivatives (thiazoles, isothiazoles and benzothiazoles) pre-
sent peculiar problems that will be examined subsequently.

[6] B. G. Ramsey and F. A, Walker, J. Am. Chem. Soc., 96, 3314
(1974).

[7] B. G. Ramsey, J. Org. Chem., 44, 2093 (1979).

[8] J. Elguero, C. Marzin, A. R. Katritzky and P. Linda, *“The Tauto-
merism of Heterocycles”, Academic Press, New York, 1976, p 269.

[9] M. H. Palmer and S. M. F. Kennedy, J. Mol. Struct., 43, 33 and
203 (1978).

[10] B. Kovag, L. Klasinc, B. Stanovnik and M. Tisler, J. Heterocyclic
Chem., 17, 689 (1980).

[11] C. Guimeon, G. Pfister-Guillouzo, G. Salmona and E. J. Vincent, J.
Chim. Phys., 75, 859 (1978).

[12] M. H. Palmer, D. Leaver, J. D. Nisbet, R. W. Millar and R. Egdell,
J. Mol. Struct., 42, 85 (1977).

[13] A. H. M. Kirby, A. Neuberger, Biochem. J., 32, 1146 (1938).

[14] M. J. Blais, O. Enea and G. Berthon, Thermochim. Acta, 20, 335
(1977).

[15} J. Elguero, E. Gonzalez and R. Jacquier, Bull. Soc. Chim. France,
5009 (1968). ’

[16] Value determined at 33° [17].

[17] A. Albert, in *‘Physical Methods in Heterocyclic Chemistry”’, Vol
3 (A. R. Katritzky, ed), Academic Press, New York, 1971).

[18] A. G. Burton, P. P. Forstythe, C. D. Johnson and A. R. Katritzky,
J. Chem. Soc. (B), 2365 (1971).

[19] M. T. Davies, P. Mamalis, V. Petrov and B. Sturgeon, J. Pharm.
Pharmacol., 3, 420 (1951).

[20] J. Elguero, A. Fruchier and R. Jacquier, Bull. Soc. Chim. France,
2619 (1967). ’

[21] S. B. Bulgarevich, V. S. Bolotnikov, D. Ya Movshovich, V. N.
Sheinker, O. A. Osipov and A. D. Ganovskii, Zh. Obshch, Khim. 48, 1824
(1978); Chem. Abstr., 89, 162886 (1978).

[22] Value determined at 20° [23).

[23] W. L. Armarego, J. Chem. Soc., 4226 (1964).

[24] ““Handbook of Tables for Organic Compound Identification’,
3rd Ed, Z. Rappoport, ed, The Chemical Rubber Co, 1967 p 438.

[25] It is interesting that using Eq (3) (which corresponds to a-methyl
bicyclic compounds) we find for 3 Cl-indazole (LP,{exp) = 10.80 eV [10))
a ‘‘corrected” value of pK, = -1.9, which coincides with the
““corrected’’ experimental value of -1.97 [20]



