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ADDITIVE CHARACTER OF THE RESONANCE CONSTANTS OF AZINYL GROUPS

0. P. Shkurko and V. P. Mamaev¥® UDC 541.27:547.873'872"
853'852'82.04

The increments for the endocyclic nitrogen atoms in various positions of
the azine ring, which make it possible to calculate the resonance con-
stants of azinyl groups via an additive scheme, were found. A correla-
tion between the resonance constants and the m-electron charges in the
corresponding ipso positions of the azine ring was noted. Correlated
constants of the Hammett type, which quantitatively describe the CH acid-
ities of methyl azines and the NH acidities of amino azines were derived.

The concept [1] of the dependence of the w-acceptor character of the azine ring on the
number of endocyclic nitrogen atoms is generally accepted in the chemistry of heterocycles.
A qualitative dependence was established on the basis of numerous data on the reactivities
of functional derivatives of azines and their physical characteristics. However, a quanti-
tative form of this dependence has not yet been found.

For a systematic study of the electronic effects of azinyl groups (Az) as substituents
we compared the resonance constants of pyridyl (Py) [2], pyridazinyl (Pyd) [3], pyrimidyl
(Pym) [4, 5], and triazinyl groups (s-Tr (6], as-Tr [7]) with the constants of the phenyl
group (Ph); the phenyl group was regarded as the zero member of the series of azinyl sub-
stituents presented. The averaged values of the oR’ and oRp~ resonance constants that were
previously found by NMR spectroscopy for suitable model structures are presented in Table
1. The data pertaining to the phenyl group and regarded by us as reference points are dis-
cussed in greater detail below.

The oR° constants of the azinyl groups, which characterize only their mesomeric effect,
were determined from the '3C NMR spectra of phenylazines and the °F NMR spectra of fluoro-
phenylazines in DMSO. A value of —0.11, which was derived as a result of statistical treat-
ment of data for several correlation series [8], is usually adopted for the phenyl group.
However, the sampling of the values of the constants that is used in this case primarily
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TABLE 1. Resonance Constants of the Phenyl
and Azinyl Groups

oy oF o5
No. Group
calc. from calc. from
found | gq. (&) found{ Eq. (&) calc.

1 Ph -0,08 —0,08 0,04 0,04 0.17
2 2.Py 0,01 0,01 0,27 0,26 0.37
3 3-Py -0,04 —0,05 0,06* 0,12 0.25
4 4-Py -0,01 0,00 0,26 029 0,46
5 3-Pyd 0,04 0,04 0,30 0,34 0,48
6 4-Pyd 0,02 0,03 0,35 0,37 0,59
7 2-Pym 0,09 0,10 0,45 0.48 0,55
8 4-Pym 0,09 0,09 0,49 0,51 0,67
9 5-Pym —0,04 —0,02 0,18 0.20 0,40
10 2-Pyz — 0,04 — 0,34 0,50
a1 3-as-Tr 0,12 0,13 0,55 0,56 0,72
12 5-as-Tr 0,13 0,12 0.69 0,59 0,93
13 6-as-Tr 10,07 0,07 0,50 0,42 0.72
14 2-s-Tr 0,19 0,18 0,74 0,73 0,88

%Obtained by averaging the values 0.03 (*‘H NMR
H,NC,H,Py-3 in DMSO [2]) and 0.08 ('H NMR
HOC4H,Py-3 in DMSO, Spg-p 9.58 ppm); see

[4] for the calculation.

encompasses reactions and equilibria with the participation of charged particles, for which
solvation effects are significant — acid-base equilibria in series of acids and the hydroly-
sis of their esters in hydroxy-containing solvents. The inclusion in the statistical sam-
pling of values obtained from IR and PMR spectra data, together with data on the reactivi-
ties (Table 2), gives —0.08 + 0.03 for og, which is in good agreement with the theoretically
calculated value. Let us note that the value —0.11 presented above and the other known
value of —0.06 [20] lie within this range. In conformity with the statistical-mean values
of the o7 [9] and oR° constants for the phenyl group one can derive the constant op° = 0.05,
which is confirmed by the data in [21].

The resonance constants of the azinyl groups calculated on the basis of the chemical
shifts of the protons of p-amino and p-hydroxy groups in the 'H NMR spectra of aminophenyl-
and hydroxyphenylazines in DMSO [2-4, 6, 7] are also presented in Table 1. These constants
characterize the effect of direct polar conjugation through the benzene ring of electron-
acceptor azinyl substituents with electron-donor amino and hydroxy groups and are essen-
tially nucleophilic oR~ constants. The value of the constant for the phenyl group was taken
from a review [8]; it was calculated from data on the acidic dissociation of p-hydroxy-
biphenyl and the conjugate acid of p-aminobiphenyl in water and is in good agreement with
the data from the *H NMR spectrum of p-aminobiphenyl in DMSO [9]. The correlated ¢,  con-
stant presented in Table 1 for the phenyl group is also fully substantiated proceeding from
the available values of 0.179 [22] and 0.156 [23].

We found that the values of the resonance constants of both types correlate satisfac-
torily with one another for the entire series of azinyl substituents:

ok =2,7667 +025 (r=0,970; s=0,04). (1)

Let us note that, in addition to the indicated resonance constants, one can calculate
the o constants of azinyl groups using data from the 'H NMR spectra of m-aminophenyl azines
in DMSO {2-4, 6, 7]. For this, in Eq. (2) [4] one must substitute the corresponding values
of the o1 constants and the relative chemical shifts of m-NH, with corrections for the mag-
netic anisotropy of the azine rings.

0.008 —AdNg._m— 1.1380
op = 6??43 - (2)

In Eq. (2) the values of the Adng, chemical shifts relative to the signal of aniline
in DMSO (4.90 ppm) are taken with a negative sign and, aftér subtraction of the inductive
component in the numerator, remain very small. The accuracy of this calculation of oR is
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TABLE 2. Values of the oR’ Constants of the Phenyl Groups

Solvent Method cf determination and model 5
compound !
ccl, IR spectrum 4'/2 (vg)Ph—Ph [10] —10.10
CCl, IR spectrum A2 (ve—c)PhCH=CH, (11} —10.10
CCl, IR spectrum A4'/2 (v._)PhC=CH [12] —0.06
Acetone 13, Ph—Ph [13] —0.07
C NMR  Ph [13] 0.07
Acetone- pg 130 gvg Ph—Ph [13] —~0.07
Aprotic solvents13 ¥ yup PhGsHJF [14] —0.09*¢
methanol
Benzene pK PhCgH,COOH, 25°C {15} —0.11
Water pKa PhCeH.COOH, 25°C [15] —0,11
- log %y, thermal decompositionof p-PhC;H,OCOOC;H; | —0.02%%
363.4°C [16]
60% acetone log ks,alkaline hydrolysis of n-PhC¢H,CH,COOC,H;,| —0.11%*
25°C [1/]
Benzene log #», piperidino-dechlorination of-2-NQ,CsH,Cl, —0.05
45-C [18]
- Calculation ab initio in the 4-31G basis. -0.07
PhCH=CH, [19]

*Average value.
#**Calculated from two-parameter correlation equations (see
Table VIII in [8]); o1 = 0.13 [9] was adopted for Ph.

TABLE 3. Aogp(N) Increments

Position of the 0 _
nitrogen atom in A‘T’R(N) Aa R(N)
the ring#*

ortho-  (2-N) 0.09 0,22
meta- (3-N) 0,03 0,08
para- (4-N) 0,08 0,25

*Relative to the ipso carbon
atom. For example, for the

m-
/N:“\

p-x i (5-as-Tr) group

A
LN o-
all three increments are taken
into account.

therefore low. However, it was established that these constants for the azinyl groups can,
when necessary, be estimated by a simple conversion starting from the corresponding oR~ con-

stants:

or=0,88c7%. (3)

It follows from the data presented in Table 1 that both resonance constants depend
on the number and position of the nitrogen atoms in the heteroaromatic ring. The relative
contributions of endocyclic nitrogen atoms [increments Aog(N)° and Acg(y)] to the corre-
sponding resonance constants of azinyl groups (Table 3) were determined by the method of
least squares (MLS). The nitrogen atoms in the ortho and para positions of the hetero-
aromatic ring, which are in conjugation with the side bond, make the most substantial con-
tribution to the constants. The increments found make it possible a priori to calculate
the resonance constants of other azinyl groups also:

or(Az) =or(Ph) +ZAor). (4)

It follows from Eq. (4) that the resonance constants of the 3-pyridazinyl and 2-pyra-
zinyl (2-Pyz) groups should be virtually equal (Table 1). The mean-square deviations of
the values calculated via an additive scheme from the empirically found values amount to
0.01 for oR° and 0.05 for ogr~. The greatest deviations are noted for the 5- and
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Fig. 1. Correlation of the resonance constants with the 7-
electron charges on the ipso atoms of the azinyl groups. The
data from calculation by the ab initio method were taken from

[1]. The numbering of the points corresponds to the numbering
in Table 1: ogR") ; og”) o.
TABLE 4. Equilibrium Acidities of Pyrazine Derivatives
¢ a Solvent, pK
POy gegenion | Correlation equation n r s

calc.| found
2-CH;Pyz DME Cs*+ | pAcn=443-2530, (Az) | 10] 0,970{ 1.4 | 31,6 | 31,7 [25]
2-NH,Pyz DMSO K+ | pAyy=326~1310, (Az) | 10 0,975] 0,7 y 26,1 | 258 [26]
2-CH,COPvz| DMSO K+ PR =268—14.80 7 (Az) 91 0,9281 1,0 | 19,4 | 18,7 [26]

6-unsym-triazinyl groups; this may be associated with the pronounced decrease in the accu-
racy of the values in the case of summing up several increments.

The different effects of nitrogen atoms from the ortho, meta, and para positions (2-N,
3-N, 4-N) relative to the ipso carbon atom of the ring on the resonance constants of the
azinyl groups depend on the distribution of the w-electron density over the heteroring.
In particular, distinct symbatic character of these constants and the n-electron charges
in the corresponding positions of the ring is observed (Fig. 1).

The correlated constants of the Hammett type (Table 1) can be readily derived on the
basis of the inductive and resonance constants found for the azinyl groups. For the 2-
pyrazinyl group the o,” constant had not been previously determined. Nevertheless, this
constant can be estimated after prior calculation of its components op”~ (see above) and
o7 within the framework of the computational schemes developed. Assuming that the dipole
moment of the 2-pyrazinyl group w(Pyz) ~ 0, we obtain, in accordance with [9], that oy =
0.16, whence cp‘(Pyz) = 0.50.

Since the op” constants of azinyl groups satisfactorily describe the equilibrium CH
acidities of methyl azines and the NH acidities of amino azines [24], one could verify the
correctness of the calculated o, (Pyz) value. The pK values of 2-methylpyrazine and 2--
aminopyrazine in aprotic solvents, found experimentally and predicted on the basis of the
corresponding correlation equations and the above-established o, (Pyz) value, are presented
in Table 4. The result obtained serves as a confirmation of the usefulness of an additive
scheme for evaluating the o constants of azinyl groups. Let us note that calculation of
the CH acidity of 2-acetylpyrazine gives a poorer result, since a cruder correlation rela-
tionship than in the preceding two examples is used in the calculation.
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