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Abstract-4-[4-Bis(2-carboxyethyl)aminophenylazo]benzenesulfonic acid and 4-[2-bis(2-carboxyethyl)amino-
4,5-dimethylphenylazo]benzenesulfonic acid were synthesized for the first time by azo coupling of diazosul-
fanilic acid with N,N-bis(2-carboxyethyl)aniline andN,N-bis(2-carboxyethyl)-3,4-xylidine, respectively.
The acid ionization constants of the products were determined, their electron absorption spectra were
measured, and schemes of acid3base equilibria in aqueous solution were proposed.

Only a few complexones derived from azobenzene
and containing an iminodiacetate group conjugated
with the aromatic system have been reported [1, 2].
The presence of conjugated bond system and chelating
moiety gives rise to a considerable shift of the absorp-
tion maximum in the visible region of electron spectra
on complex formation with metals. Therefore, such
compounds can be used as metallochromic indicators
and photometric reagents. Promising model com-
pounds for synthesis of complexones having an azo-
benzene moiety areN,N-bis(2-carboxyethyl)anilines

which have been prepared by us previously [335].
These compounds exhibit a high selectivity for cop-
per(II) ions but absorb only in the ultraviolet region of
the spectrum. Therefore, the goal of the present study
was to synthesize and characterize someN,N-bis-
(2-carboxyethyl)aminoazobenzenesulfonic acids on
the basis ofN,N-bis(2-carboxyethyl)anilines and to
examine their protolytic equilibria in aqueous solution.

4-[4-Bis(2-carboxyethyl)aminophenylazo]benzene-
sulfonic acid (I ) and 4-[2-bis(2-carboxyethyl)amino-
4,5-dimethylphenylazo]benzenesulfonic acid (II ) were

Scheme 1.

I , R1 = R3 = H, R2 = N(CH2CH2COOH)2; II , R1 = R2 = Me, R3 = N(CH2CH2COOH)2.
____________
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Fig. 1. Electron absorption spectra (a) in the ultraviolet
and (b) in the visible region of solutions of 4-[4-bis(2-car-
boxyethyl)aminophenylazo]benzenesulfonic acid (I )
(1, 2) in 0.1 N hydrochloric acid and (3, 4) at pH 10;cI 0

1035, M: (1, 3) 8, (2, 4) 1.

synthesized by us for the first time by azo coupling
of diazosulfanilic acid withN,N-bis(2-carboxyethyl)-
aniline and N,N-bis(2-carboxyethyl)-3,4-xylidine,
respectively (Scheme 1). CompoundsI and II are
H3L acids having two additional basic centers,
the amino and azo groups, which could give rise
to versatile ionization mechanisms. Their acid
ionization constants (Schemes 2 and 3) were deter-
mined by potentiometry. The ionization constants for
cationic forms H4L

+ (pK0) were determined by
potentiometric titration of solutions containing
an equimolar amount of HCl. In order to attain
a necessary accuracy in the determination of pKa the

Fig. 2. Electron absorption spectra (a) in the ultraviolet
and (b) in the visible region of solutions of 4-[2-bis(2-car-
boxyethyl)amino-4,5-dimethylphenylazo]benzenesulfonic
acid (I ) in aqueous solution at pH (1, 2) 4.0 and (3, 4) 10.0;
cII 01035, M: (1, 3) 0.7, (2, 4) 5.

concentration of a weak acid should be no less than
the expected ionization constant [6]. Insofar as com-
pound I is poorly soluble in acid medium, we failed
to determine by potentiometry its pK0 value with
an acceptable accuracy.

Electron absorption spectroscopy is a sufficiently
informative tool for studying protolytic equilibria
of compounds having a conjugated bond system in
aqueous medium. It is known [739] that N-substituted
aminoazobenzenes can undergo protonation at the
amino or azo group. Protonation of both these to form
a dication is also possible. Proton addition induces
reorganization of the conjugated bond system, so that
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Scheme 2.

Scheme 3.

different forms display different spectral parameters.
The electron absorption spectra in the ultraviolet and
visible regions of aqueous solutions of compoundsI
and II at different pH values (0312) are given in
Figs. 1 and 2, and their absorption maxima are listed
in table. The acid ionization constants were deter-
mined from the pH dependences of optical density at
the absorption maximum (Fig. 3): pK0(I ) 2.00+0.03
and pK3(II ) 7.40+0.09. The S-like shape of these
dependences indicates that only two absorbing species
are present in aqueous solution of each compound.
Let us arbitrarily call these species protonated and de-
protonated. We did not detect completely protonated
form, though its existence cannot be ruled out. For
example, double protonation ofN,N-dimethylamino-
azobenzene is observed only in 14.7 M H2SO4 in
methanol [10].

The spectral parameters of aqueous solutions of
compoundI are similar to those found for its nearest

structural analog,N,N-dimethylaminoazobenzene-4-
sulfonic acid (III ) (conjugate acid of Methyl Orange),
whose ionization mechanism was studied in [11].
With the above in mind and taking into account that
sulfo group is more acid than carboxy, we can assert
that ionization of acidI follows Scheme 2. Com-
pound I should possess a weak complexing power
because of the very low basicity of the nitrogen atom
in the aminodipropionate moiety. Therefore, it may
be used as acid3base indicator with visual parameters
like those of Methyl Orange, but its indicator range
(pH 1.033.0) is displaced to the acid region by 1.5 log
unit relative to that of Methyl Orange: pT(II ) 2.00,
pT(III ) 3.46 [11].

CompoundII shows considerably different spectral
parameters, including the position of absorption
bands, their intensity, and pH dependence. The intens-
ities of analogous absorption bands of compoundsI
and II change in the opposite directions on variation
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Fig. 3. Dependences of the absorption of aqueous solu-
tions of N-substituted aminoazobenzenesulfonic acidsI3III
on pH of the medium: (1) I , c = 101035 M, l 535 nm;
(2) II , c = 201033 M, l 490 nm; (3) III , c = 101035 M,
l 530 nm.

of pH (Fig. 3). Their ionization constants, determined
by spectrophotometry, differ by more than 5 orders of
magnitude. These data indicate distortion of conjuga-
tion between the amino and azo groups in molecule
II , which leads to increase of the basicity of the amino
group. As a result, the latter undergoes protonation
to form zwitterionic structure with reduced basicity
of the azo group. The mechanism of ionization of
compoundII can be illustrated by Scheme 3.

The presence in moleculeII of highly basic nitro-
gen atom in the aminodipropionate moiety and of
azo group (as possible coordination center) in the
ortho position could give rise to interesting complex
formation properties of this compound.

EXPERIMENTAL

Initial N,N-bis(2-carboxyethyl)anilines were syn-
thesized as described in [335]. Sulfanilic acid was
diazotized by the procedure reported in [12]. The azo
coupling withN,N-bis(2-carboxyethyl)aniline was per-
formed in strongly acid medium at room temperature,

Absorption maxima (l, nm) in the electron spectra of
aqueous solutions of N-substituted aminoazobenzenesul-
fonic acids
ÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Electron
³ Protonated form³ Deprotonated form
ÃÄÄÄÄÂÄÄÄÄÂÄÄÄÄÅÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄ

transition ³ I ³ II ³ III ³ I ³ II ³ III
ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄ
F6F* ³ 272 ³ 250 ³ 274 ³ 272 ³ 250 ³ 274

³ 315 ³ 310 ³ 316 ³ ³ 310 ³
p6p* ³ 516 ³ 425 ³ 506 ³ 460 ³ 430 ³ 460
n6p* ³ 535 ³ 495 ³ 530 ³ ³ 490 ³

ÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄ

and the reaction withN,N-bis(2-carboxyethyl)-3,4-
xylidine was carried out in neutral medium at a tem-
perature not exceeding 5oC.

4-(4-Dimethylaminophenylazo)benzenesulfonic
acid was synthesized by standard procedure [12].

4-[4-Bis(2-carboxyethyl)aminophenylazo]ben-
zenesulfonic acid (I). Yield 80%, mp 225oC. 1H
NMR spectrum (Bruker Avance DRX-400, 400 MHz,
DMSO-d6), d, ppm: 2.53 t (4H, CH2COOH, J =
7.1 Hz), 3.72 t (4H, NCH2, J = 7.1 Hz), 6.82 d (2H,
2-H, 6-H, J = 9.3 Hz), 7.73 d.d (4H, 2`-H, 3̀ -H, 5̀ -H,
6`-H, J1 = 8.8, J2 = 4.0 Hz), 7.78 d (2H, 3-H, 5-H,
J = 9.3 Hz). Found, %: C 51.31; H 4.33; N 9.89.
C18H19N3O7S. Calculated, %: C 51.30; H 4.54;
N 9.97.

4-[2-Bis(2-carboxyethyl)amino-4,5-dimethyl-
phenylazo]benzenesulfonic acid (II).Yield 60%.
mp 170oC. 1H NMR spectrum (Tesla BS-587A,
80 MHz, DMSO-d6), d, ppm: 2.10 s (3H, CH3), 2.16 s
(3H, CH3), 2.41 t (4H, CH2COOH,J = 7.1 Hz), 3.52 t
(4H, NCH2, J = 7.1 Hz), 6.5137.74 m (6H, Harom).
Found, %: C 53.82; H 4.82; N 8.90. C20H23N3O7S.
Calculated, %: C 53.44; H 5.16; N 9.35.

Potentiometric titration of 2 and 3 mM aqueous
solutions of compoundsI and II was performed in
an inert atmosphere (nitrogen) at 20+1oC; ionic
strengthm 0.1 (KCl). An I-130M ionometer equipped
with an ESL-43-07 glass electrode and an EVL-1M3.1
saturated silver chloride electrode was used. At least
three titration curves were recorded for each concen-
tration. The titrant was a 0.1 M carbonate-free solu-
tion of potassium hydroxide. The ionization constants
were calculated by the programs developed by the
authors [4], the absolute error in the determination
of pKa values was no more than 0.08 log unit.

Spectrophotometric measurements were performed
on an SF-46 spectrophotometer using 1-cm quartz
cells. The optical densities were measured relative to
a 0.1 N solution of KCl or 0.1 N hydrochloric acid
and a 0.1 N solution of KOH for strongly acidic and
strongly basic solutions, respectively. The acid ioniza-
tion constants were calculated [13] by approximation
of the experimental dependences of optical density on
pH, using the equationy = a + b/(1 + 10c 3 x), where
the coefficient c is the sought pKa.
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