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Ionization constants of diprotonated forms of fourteen 4-substituted 1,2-diaminobenzenes and
twelve 6-substituted 2,3-dimethylquinoxalines have been studied. Partial ionization constants
have been calculated from experimental values pKf”’“ by the methods previously suggested.
Now a new iterative calculation method has been suggested which optimalizes the constants
of empirical equations using the equations for both pKBH* and pkBH2**. Tautomeric equi-
librium constants have been computed for the system of monoacid conjugated acids from the
partial ionization constants. This report confirms both the validity of model conception concerning
the action of substituent effects in diacid systems and the posibility of the use of linear free energy
relationships for solution of prototropic tautomerism problems.

1n the previous reports!™* of this series we studied the dissociation of “mono-

protonated forms of diacid bases of the type of 4-substituted 1,2-diaminobenzenes
and 6-substituted 2,3-dimethylquinoxalines. We tried to find relationships between
structure, effective ionization constants and partial ionization constants of the
individual basicity centres, and to determine approximatively the tautomeric con-
stants for the equilibrinm between the both possible monoacid conjugate acids.
Diprotonated forms of the 6-substituted 2,3-dimethylquinoxalines described- in the
Part IT (ref.2), of this series and diprotonated forms of the 4-substituted 1,2-diamino-
benzenes of the Part IV (ref.?) are dealt with in this paper. The both series have been
extended by the tert-butyl derivatives.

Diprotonated compounds of the type of quinoxaline and 1,2-diaminobenzene can
splitt off any of the both protons (giving thus the respective monoacid conjugated
acids) in such cases only when the molecular orbital symmetry is not disturbed by sub-
stitution. An unsymmetrical position of substituent, however, will change the readi-

* Part IV: This Journal 33, 2902 (1968).
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ness of the individual basic centres to splitt off the proton and hence the ratio of the
tautomers formed according to the Eq. (7).

_ [11] _ Ky i
T Tk K W

In the Part II (ref.?) of this series two methods were suggested for calculation
of partial ionization constants and tautomeric equilibrium constant of the systems
given, viz. method A and B. The both methods of calculation are based on the con-
ception that the properties of diacid compounds can be represented as a super-
position of properties of the respective monoacid models. According to the method A
special substituent constants, o**°°, are calculated using the monoacid models,
and therefrom the values of partial ionization constants are computed using the
modified Hammett equation. The reaction constants ¢ are modified in such a way that
the optimum agreement of the calculated and experimental values of the effective
ionization constants is obtained. The method B uses a more general procedure.
The reaction constants ¢ and therefrom, as the first approximation, partial and
effective ionization constants of diacid compounds are computed using the ioniza-
tion constants of a series of monoacid models and conventional values of substituent
constant. By comparing the calculated and experimental values of the effective ioniza-
tion constants the values ¢ are modified and then used for computing the partial
ionization and tautomeric constants. The both procedures given can be, in principle,
applied even on the diprotonated forms of diacid bases.

Another possibility of solution of the whole dissociation process consists in the
optimalization of constants of the Hammett-type linear relationships using the equi-
librium constants of the first and second ionization {(method C). Let us have a finite
series of the compounds which dissociate according to a general Scheme 1; their.
pPK.s and pKy; values are given with a mean error +s and s respectively
Let us further have o, and o, values (e.g. ,, and 6,). We presume the validity of equa-
tions (2) to (5).

log K;; = log Ky + 005, 2)
log K, = log Ky + 0,0, , 3
log Kij = log Ky; + ¢jo;, 4)
log K;; = log Ky; + glo, . (5)

Our task is to find such g;, @i, o,, ¢;, Ky, and Kj; to obtain the optimum agreement
of experimental values K. and Ki with the values calculated from the Eq. (6)
and (7):
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UK. = 1/Ki; + /K,

Kérf = K;j + K:s

(©)
]

and, at the same time, the optimum fulfilment of the Eq. (8):

K’

— if

I
K

K.
Ky =—2 Ki.
T K” T

(8)

A perfect agreement between the calculated and experimental values cannot be
expected. The minimum value of the sum of weighted absolute values of deviations
of experimental and calculated pK and pKlg as well as pKy and pK7 (it would be
possible to use also the minimum values of the sum of deviation squares) was chosen
as a criterion of the “optimum’ selection of eligible constants. The values fulfilling

the condition (9) were thus considered to be optimum. The

values K1 are not devoid
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of errors, but their accuracy is not known. Therefore, for the purpose of calculation,
the weight of this error was left as eligible (the value 0-01 was used for the practical
calculation).

’ 9
PKerr SpKeer

Kerr)e = (PKaode! | 1(PKern)e = (PKetr)e 1 / :
ZH(P rf)s (p n) ‘ + !(P fr) (P rr) H 4 S_ Z \pKT — pK4| = min. (9)
Kr

From the mathematical point of view the problem consists in finding such a set of constants
that the derived values calculated from them will minimalize a certain known expression. The
solution was obtained on a most simple iterative way. Initial set of constants values and initial
iteration circle were chosen. The value of the sum was calculated for the initial set of constants
values, and in further iteration the individual constants were changed by the value of iteration
circle in such a way that value of the sum decreased. After finding the minimum sum in the range
of one iteration circle, i.e. finding such constants values that increasing or decreasing of any of
them led to a sum increase, the value of iteration circle was diminished and the whole process
repeated. The calculation was interrupted at the moment when the iteration circle reached
a lower value than the required accuracy in the determination of constants. To speed up the con-
vergency of the method, a better initial point was calculated in the moment of the diminishing
of the iteration circle. The procedure can be represented using an example of one of the variables.
At the moment of finding the Jocal minimum within the given iteration circle the value of a func-
tion (the sum which is being minimalized) is known at this minimum and at two neighbouring
points. The point in which the parabola crossing the abovementioned three known functional
values reaches the minimum is then chosen as initial point for the further iteration circle. This
procedure presumes that the real course of the function in the vicinity of the minimum is ap-
proximated by a parabola sufficiently well.

The aim of this work is to estimate the influence of substituents on the dissociation
of the individual reaction centres of the diacid conjugated acids formed by addition
of two protons to the respective bases by application of the methods 4 and B and with
the use of the method C for the whole protonated system.

EXPERIMENTAL

4-tert-Butyl-1,2-diaminobenzene

A mixture of 30 g conc. sulphuric acid and 15 g nitric acid (d1-4) was added to a solution
of 19-2 g (0-1 mol) 4-acetylamino- ert-butylbenzene®'® in 50 ml conc. sulphuric acid at 0°C with
stirring. The solution was stirred for another 1 hour and poured onto 0-5 kg crushed ice. The preci-
pitated product was collected by suction, washed with water and dried. The obtained mixture
of 3- and 2-nitro derivatives was hydrolyzed7 and the hydrolysis product was isolated, dried,
and chromatographically separated on an alumina column (Brockmann II; & 5cm, length
40 cm) using benzene with 5% ethyl acetate as eluent. After evaporation of fractions 5'11 g
2-nitro-4-amino-tert-butylbenzene and 11-60 g 3-nitro-4-amino-tert-butylbenzene, m.p. 105 to
106°C (Koffler) (30-6% and 39-8% respectively, calculated on 4-acetylamino-tert-butylbenzene)
were obtained. Ry values of the 2- and 3-nitro derivatives were 0-5 and 0-2 or on an alumina
thin layer using the abovementioned eluent.
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3-Nitro-4-amino-tert-butyl-benzene was hydrogenated on a Raney-Urushibara nickel catalyst
in ethanol at room temperature and atmospheric pressure. After filtration of the catalyst and
evaporation of solvent, 4-tert-butyl-1,2-diaminobenzene was obtained quantitatively. It was
resublimed at 0-2 Torr. m.p. 46—46-5°C. For C;oH 4N, (164-26) calculated: 73-12%; C, 9-829{ H,
17-067; N; found: 73-247; C, 9-66% H, 17-17% N.

6-tert-Butyl-2,3-dimethylquinoxaline

A mixture of 3-30 g (0-02 mol) 4-tert-butyl-1,2-diaminobenzene, 190 g (0-022 mol) biacetyl
and 50 ml 969 ethanol were heated to boiling for 4 hours. The solvent was evaporated and the
dry residue was resublimed at 1 Torr.; 2-65 g (84-4%) needles m.p. 56— 59°C was obtained. Further
three times repeated sublimation gave a product melting 59— 59-5°C. For C; ,H;gN, (214-3)
calculated: 78-47% C, 8:46% H, 13-07% N; found: 78-39% C, 8-68% H, 13-16% N,

The Methods and Apparatus Used

The ionization constants were determined by the spectrophotometric method in aqueous sul-
phuric acid solutions at 25 4 0-1°C. Informative spectral measurements were carried out on an
Unicam SP 800 B apparatus, and the precise extinction measurements on a Zeiss VSU-1 apparatus,
The sulphuric acid concentration was determined by a potentiometric titration using an auto-
titrator of the firm Orion Budapest. The acidity function H described in the Part IIL (reff‘) of
this series was used for calculations.

TABLE I

Tonization Constants pK2H2** of Diacid Conjugated Acids of 4-Substituted 1,2-Diaminobenzenes
and 6-Substituted 2,3-Dimethylquinoxalines in Water at 25°C

6-R-2,3-Dimethyl-

R 4-R-1,2-Diaminobenzenes - "
quinoxalines

OCH, 0-76 £+ 0-03 —3-47 4 0:04
OC,H; 0-71 + 0-05 —3-76 4- 0-05
(CH,)5C 1-16 4 0-02 —3:37 £ 0-03
CH, 0-98 4- 0-01 —3:45 4 0:07
H 0-67 -+ 0-03 —3-84 4 0-07
F —0-17 4- 0-08 —4:16 £+ 0-06
Ct —027 £ 0-03 —421 £ 0-05
Br —027 4+ 005 —4-38 4+ 004
1 —0-30 £ 0-03 —4-:18 + 006
COOH —1-26 £ 0-05 —4-30 £ 0-06
COCH;, —1:58 4 0-03 —4-30 4- 0-06
SO;H —1:26 4 0-05 —

CN —2:07 & 0-05 —4-92 4- 0-05
NO, —2:75 4+ 0-05 —5-02 4 0-03
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Themodynamic ionization constants of monoprotonated forms of the both compounds not
previously studied were determined at 25 & 0-1°C: pKP"" was found to be 4-87 & 0-01 and
2:36 + 0-02 for 4-tert-butyl-1,2-diaminobenzene and 6-tert-butyl-2,3-dimethylquinoxaline res-
pectively. The values of the ionization constants of diprotonated forms of the compounds studied
are summarized in Table I.

The calculations of equilibrium systems for application of the method C were carried out
on a computer National Eliot 803 B.

RESULTS AND DISCUSSION

A model of 4-substituted 1,2-diaminobenzenes can be obtained by a superposition
of 4- and 3-substituted aniline molecules. The special substitution constants were
calculated by applying the method A for ¢ = 1, and used in Eq. (4) and (5). The Ky
constant was obtained form the Eq. (7) applied on the unsubstituted compounds for
which Kij = K], (log Kg = —098). From the partial ionization constants K,
and K} obtained (the former concerns the proton dissociation from m-amonium
group with respect to the substituent, and the latter that from p-amonium group)
the effective ionization constants were computed using Eq. (7). Fig. 1 where the cal-
culated and experimental values of effective ionization constants are compared
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Correlation of the Experimental Cobstants
pKBH2®" of 4-Substituted 1,2-Diaminoben-
zenes with those Calculated in the First
Approximation. Method 4

1 H; 2 OCH,; 3 OC,Hs; 4 CHy; 5 F
6 Cl; 7 Br; 8J; 9 CH,CO; 10 CN; 11 NO,.

Correlation of the Experimental Constants
pKE2"" of 4-Substituted 1,2-Diaminoben-
zenes with those Calculated in the First
Approximation. Method B

1 OCHj;; 2 OC,H,; 3 C(CH,)3; 4 CHy; 5
H; 6 F;7Cl; 8Br; 9 J; 10 COOH; 11 COCHj3;
12S0;H; 13 CN; 14 NO,.

Collection Czechoslov. Chem. Commun. /Vol. 38/ (1971)



2492 Vete$nik, Kavélek, Beranek

TasLe I

Calculated Values of Partial and Effective Ionization Constants of Diacid Conjugated Acids
of 4-Substituted 1,2-Diaminobenzenes

Substituent pkBHa* pK,‘,‘“‘” pKBH** 4°
Method 4°
OCH; 0-51 162 0-48 0-28
OC,H, 0-46 1-48 0-42 0-29
(CH3),C 1-00 1-26 0-82 0-34
CH,4 1-01 1-36 0-85 0-13
H 0-97 0-97 0-67 0-00
F —0-13 093 —017 0-00
Cl —020 043 —0-29 0-02
Br —0-14 0-14 —0-32 0-05
1 011 0-06 —023 —0-07
COOH* — — — -
COCH;3 —016 —1-53 —1-55 —0-03
SO;H - - - -
CN —097 —1-98 —2:02 —005
NO, —1-25 —272 —2-74 —0-01
Method B¢
OCH,4 062 1-76 0-59 017
OC,H; 0-52 171 0-49 022
(CH;3);C 1-33 1-55 113 0-03
CH, 1-26 1-47 1-05 —0-07
H 0-97 0-97 0-67 0-00 ~—
F —0-05 0-79 — 011 —0-06
Cl —0-16 0-30 —0-29 0-02
Br —0-22 0-29 —034 0-07
1 —0-10 0-16 —0-29 —0-01
COOH —011 —1-17 —1-21 —0-05
COCH,4 0-14 —1-60 —1-61 0-03
SO;H —0-28 —1-29 —1-33 0-07
CN —0-85 —1-97 —2-00 — 007
NO, —119 —2-76 —2:77 0-02
Method C*°
OCH;,4 0-67 172 0-64 012
OC,H, 0-58 1-67 0-55 016
(CH;),C 1-29 1-53 1-09 0-07
CH, 1-16 1-45 0-98 0
H 0-98 0-98 0-67 0
F —0-08 0-80 —0-14 —0-03
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TasLE IX
(Continued)
Substituent pKBH*T  pgBHatt pKEH2**

Cl —0-02 0-34 —017

Br ~—0-06 0-33 —0-21

I —0-04 021 —0-24

COOH —003 —1-06 —112

COCH, 0-16 —1-47 —1-48

SO,H —011 — 117 —1-21

CN —0-82 —1-84 —1-88

NO, —0-91 —2-57 —2-58

P

—0-10
—0-06

0-06
—0-14
—0-10
—0:05
—0-09
—0-17

4 =pKeyp— PKeares b average absolute deviation 0-106; © no reliable value of pK, for the
reaction constants gy, 3-036, g,’, 2-938; average

model can be found in the literature; ¢

absolute deviation 0-063; °reaction constants e}, 2-791, 0 2:655; average absolute devia-

tion = 0-082.

TasLe III

Values of Partial and Effective Ionization Constants of Monoacid Conjugated Acids of 4-Sub-

stituted 1,2-Diaminobenzenes

Substituent pkBH* pkBH* K2} 4°
Method C®

OCH; 3-94 4-87 491 —0-08
OC,H; 3-86 4-82 4-87 —0-05
(CH;),C 446 469 4-89 —002
CH, 434 462 4-80 —012
H 4-19 419 449 —0-02
F 345 404 414 0-14
Cl 3-37 3-62 3-81 0-02
Br 3:33 3-61 379 —010
1 3:42 3-50 3-76 —0:08
COOH 341 2-36 3-45 0-04
COCH; 3-52 1-99 3-53 0-03
SOz;H 3-29 2:26 3-33 —0-04
CN 2:70 1-65 2:93 0

NO, 2:63 1-00 2:64 —0-03

4= PKexp — PKcale (for pKey, see Part XL of this series); ® the found reaction constants:

0 = 2:514, ¢, = 2:205 and value pKEH* — 4-191; average absolute deviation = 0-055,
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shows that no corrections of the reaction constant are necessary. The results of cal-
culations are summarized in Table I

For the calculation according to the method B the series of 3- and 4-substituted
anilines were used as models for computing g, and g, respectively. The values ob-
tained (o), = +2:883; ¢, = +2:791) were used in the basic equations (4), (5) and (7),
and the first approximations of pKCB:{i“ obtained were correlated with experimental
values. From the Fig. 2 it is obvious that the models do not give a quite true picture
of the behaviour of the compound series studied, and that the reaction constants need
a correcture 1 :1:053. The Table II shows the calculation resuits of the partial and
effective ionization constants after this correcture. The agreement with the experiment
is better than in the method A, and the deviations are comparable with the value
of experimental error. A greater deviation is encountered with the compounds car-
rying positive substituents which obviously suggest a partial protonation of the sub-
stituent.

Application of the method C was based on the overall reaction Scheme 1. By an
iteration method a system of general equations was solved into which the experimental
values pKP"***| pKP"* were introduced as independent variables together with
the conventional values of substituent constants o (ref.®). The Tables II and III show

:’
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1 H; 2 CHj; 3 F; 4 Cl; 5 Br; 6 NO,.
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Correlation of the Experimental Constants
pKB#2** of the 6-Substituted 2,3-Dimethyl-
quinoxalines with those Calculated in the
First Approximation. Method B

1 H; 2 OC,Hs; 3 OCHy; 4 CHy; 5
C(CH3);; 6 F; 7 Cl; 8 Br; 9 J; 10 COOH;
11 CN; 12 NO,.
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TaBLE IV

Calculated Values of Partial and Effective Ionization Constants of Diacid Conjugated Acids
of 6-Substituted 2,3-Dimethylquinoxalines

Substituent pK?,HeZ“ DKE.HGZh DK?#IU 4
Method 4°
CHj, —327 —320 —3-54 —0:09
H —3:50 ~3-50 _3.80 004
F —378 —378 408 008
a —3-96 —404 —4:30 009
Br —4-01 —403 —432 006
NO, —469 —4-87 —5.09 007
Method B¢
CH;0 —3-35 —321 359 012
C,H0 —342 —329 —366 010
CH, —3-41 —333 _363 023
(CHy);C —326 —316 —3-51 014
H —3:50 —3:50 —3-80 _004
F —3-81 —3-80 —411 0-05
c —3:97 —4:03 —430 0:09
Br —3-99 —404 —432 006
I —4-00 —4-07 —434 016
COoH —3-99 —407 _433 003
CN —451 —471 —4:92 0
NO, —470 —4-94 514 012
Method C*
CH,;0 —3:38 —321 —3-60 013
C,H50 —3-42 —325 —3.64 —012
CH, —331 —322 357 011
(CH3);C —325 —315 —3.50 013
H 351 —351 —381 _o03
E 382 —3-83 —413 —0-03
cl —3-99 —4-09 —434 o013
Br —4-00 —411 —438 0
I —3-93 —401 —427 0-09
COOH —4-00 _ 413 _437 007
CN —4-51 —4-85 —501 0-09
NO, —4-60 —4-99 —5:04 0-02

4= pK,,p — PKearc; ° reaction constant ¢ 0-57; pKBH2*" 3-50; average absolute deviation
0-072; © reaction comstants: g 0-803; ¢} 0-808; % 0-683; gf 1:240; pKBH2** —3.50;
average absolute deviation 0-10; ¢ reaction constants: 21 0:790; ¢y 0-815; @5 0-702; o 1-402;
DKEH’“ 3-51; average absolute deviation 0-08.
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the results of this way of solution. The average absolute deviation is comparable
with experimental error, as it was in the case of the method B. The greater devia-
tions encountered with positively substituted compounds also confirm that the sup-
position of a partial protonation outside the reaction centre is justified, especially
so in higher proton concentration ranges where the determination of ionization
constants of diacid conjugated acids was carried out.

The problem of ionization of diacid conjugated acids of 6-substituted 2,3-dimethyl-
quinoxalines was solved with the use of all the three abovementioned methods
again. The Jaffé equations for bicyclic systems® of model substances of the type of 6-
and 7-substituted quinoline derivatives were considered as correlation relationships.
Using the method A4, the special substituent constants were calculated for ¢ = 1.
The correlation of calculated and experimental values of effective ionization con-
stants graphically represented in Fig. 3 shows that the models used have not precisely
the same properties as the 2,3-dimethylquinoxaline system under investigation.
The reaction constant must be changed to 1 : 0-570. The calculations results are sum-
marized in Table IV.

When applying the method B, the first approximations of reaction constants o} to
0, were computed by regression analysis for 6- and 7-substituted quinolines. The

TABLE V

Values of Partial and Effective Ionization Constants of Monoacid Conjugated Acids of 6-Substi-
tuted 2,3-Dimethylquinoxalines

Substituent pKP” Pk pKE* 4° ~
Method C”
CH,0 2:02 2:23 2:44 0-01
C,H0 : 1-95 211 234 014
CH; 2-14 2:24 2-49 —0-08
(CH,),C 224 236 260 024
H 1-82 1-82 212 —0-04
F 1-29 1-31 1-60 —0-12
Cl 1-02 0:93 1-28 0-01
Br 0-99 0-90 1-25 —0-03
J 111 1-05 1-38 —0-04
COOH 0-99 0-88 1-24 —019
CN 015 —0-21 0-31 010
NO, —016 —0-57 —0-02 009

‘4= PKeyp — PKeates b the found values of reaction constants: ¢, = 1:340; ¢, 1-318; 05 1-142;
24 = 2-028; the average absolute deviation = 0-09.
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TABLE VI

Content of the Tautomeric Form I/ in the Equilibrium Mixture of Monoacid Conjugated Acids
of 4-Substituted 1,2-Diaminobenzenes

Substituent Methodf and B Mezta?d c
/o Y%
OCH;, 9.9 4 33 93 4 17
OC,Hs 10-2 £ 37 87 + 1-7
(CH3);C 391 + 59 368 + 04
CH, 319 + 65 341 4 03
“H 50:0 & 0-0 50-0 & 0:0
F 134 4+ 42 158 & 66
Cl 252 4 49 3324 39
Br 307 £ 67 317438
I 39-4 & 32 407+ 67
COOH 891 - 43 917 + 0-2
COCH, 94-8 + 2:9 962 & 12
SO;H 881 4 42 91-7 4 0-4
CN 891 4 36 916 + 0-4
NO, 951 + 2-3 97-8 + 0-1
Average standard deviation: +4:0% 11-9%

TasLE VII

Content of the Tautomeric Form I/ in the Equilibrium Mixture of Monoacid Conjugated Acids
of 6-Substituted 2,3-Dimethylquinoxalines

Substituent Method 4 and B Method C

% %
OCH; 60-2 £ 31 60-8 + 1-8
OC,H; 596 4 31 60-4 + 1-8
(CH3);C © 563+ 08 59-4 + 4-0
CH, 553 £ 1-2 555+ 09
H 50-0 4= 0-0 600 ++ 0-0
F 50-4 + 0-5 505 - 1-2
<! 464+ 1-5 446405
Br 463 - 04 447 £ 06
I 46'3 4+ 0-4 462 & 06
COOH 40-7 + 6-7 431+ 03
CN 3454 58 312 + 04
NO, 34-6 + 52 281 + 09

Average standard deviation: +2:4% 410
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values found (g) = +1417, 05 = +1408, ¢ = +1-199, o) = +2-176) gave the
first approximation of pK22*" which were compared with experiments in Fig. 4.
It is obvious that the same phenomenon is encountered here as in the method A4
(¢f. Fig. 3); to obtain an agreement between experimental and calculated values,
we had to change the reaction constants 1:0-57. After this correcture calculated
values of the partial and effective ionization constants and their deviations from
experimental values are summarized in Table IV.

According to the method C, the whole system based on the Scheme 1 was solved
by computer as in the case of 4-substituted 1,2-diaminobenzenes. The Hammett con-
stants o, and ¢, and the experimental ionization constants of mono- and diacid
conjugated acids were used as independent variables. The Jaffé three-parameter
equation was used as the basic relathionship for describing the partial ionization con-
stants, so that the task of the computer consisted in finding such eight constants ¢, to
04 and ¢} to ¢4 and such pKE'* and pKB'*" values that the leading relationships
were fulfilled with the minimum error. Deviations of calculated and experimental va-
lues of effective ionization constants and deviations of the tautomeric equilibrium con-
stans computed from the side of either monoacid or diacid conjugated acids were
thus minimalized. The Tables IV and V show that the deviations of experimental and
calculated values of the effective ionization constants are comparable to the experi-
mental errors. Reaction constants also agree well with the values obtained by the
model procedure B.

In the equilibrium systems of monoacid conjugated acids of 4-substituted 1,2-dia-
minobenzenes and 6-substituted 2,3-dimethylquinoxalines the values of tautomeric
constant Ky is given by the ratio of the respective partial ionization constants.
From the equation (I) the expressions (10) and (11) can be calculated for contents

o~

of individual monoacid tautomeric acids: -
II = 100/(1 + K1) %, (10)
I = 100K¢[(1 + K1) % . (11)

Here, I1 represents the tautomeric form having the proton on the m-nitrogen with res-
pect to the substituent whereas I1] stands for the p-nitrogen protonated tautomer.

As the abovementioned calculations fulfil the basic condition of agreement between
calculated and found values of the effective ionization constants to such an extent,
as it could be expected on the basis of the calculation methods used, it is possible
to determine the composition of the tautomeric mixtures. The calculations were car-
ried out in the both series of compounds separately from the partial ionization con-
stants of the monoacid and diacid conjugated acids, and then the average values
and deviations were determined. The method C afforded the results directly. The
composition of the tautomeric mixtures is shown in Tables VI and VII.

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971}



Protonation of Polyacid Organic Bases. V. 2499

The results show that the quinoxalines are generally less sensitive towards the sub-
stituent effects (g’l = +0790, @5 = +0-185, o3 = +0:702, ¢} = +1<402) whereas
1,2-phenylenediamines do not substantially differ from anilines in their sensitivity
towards substitution (¢, = +3-036, o = +2-938). A closer examination, however,
shows that the quinoxaline series behave substantially differently from 1,2-phenylene-
diamines as far as the addition and splitting off of the proton are concerned. The
values of the reaction constants show that in the case of 1,2-phenylenediamines the
substituent effect is transferred to the basicity centre in the para-position more
easily than in the meta-position. In the case of 2,3-dimethylquinoxalines, however,
the connection of the basic centres by an ethylenic bridge causes an inversion of the
sensibilities. The 4-nitrogen becomes more sensitive to the effect of substituent which
stands meta to it. The reason is in that the nitrogens are involved in an alternating
system of the heterocyclic chain. The abovementioned phenomena influence in turn
the relative proportion of tautomeric forms of monoacid conjugated acids. The
Tables VI and VII show that the change from electron-donor to electron-acceptor
substituents causes an increase in the content of the 4-substituted 1,2-diaminoben-
zenes protonated on the basicity centre in meta-position to the substituent whereas
in the case of 6-substituted 2,3-dimethylquinoxalines the content of the respective
form decreases.

The relative success of all the three procedures and especially the agreement bet-
ween the model methods of solution and the purely mathematical procedure shows
above all a close connection between the monoacid models and polyacid aromatic
bases. The Hammett constants valid for model substances can be used, after a simple
modification, for more complex tautomeric systems. The correlation methods sug-
gested can obviously be used more widely and allow to determine the content of tauto-
mers in mixtures of the polyacid based protonated in various ways, thus extending
the range of applicability of linear free energy relationships.

The authors are glad to akcnowledge the help and constant interest of Prof. M. Veéefa. They are
also indebted to Dr M. Kulka, chief of the computer centre of Chemical trust, Pardubice, for car-
rying out the calculations on the ic comp
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