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DISSOCIATION CONSTANTS OF ARYLAZO OROTIC ACID COMPOUNDS AND

STABILITY CONSTANTS OF THEIR COMPLEXES
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Synthesis of new arylazo orotic acids with different functional groups has been carried out. p~ and log Kc values
were evaluated. Solvent effects on the thermodynamic parameters of dissociation were discussed. The data were
explained from the electronic character of the substituents.
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Introduction
The N-heterocyclic compounds containing amide link-

ages are widely used in medicine, principally as hypnotic
drugs [1].
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Orotic acid. a key compound (1) involved in the de novo
biosynthesis of pyrimidine bases of nucleic acids in living
organisms [2-4], is like a cyclic amide. The overall process of
enzymatic phosphoribosyl pyrophosphate ultimately requires
an unsubstituted N (1) nitrogen atoms [5]. Metals ions make
orotic acid available in the form of the reactive N (3) H dianion
where N (1) is unsubstituted, thus containing to the phosphori-
bosylation at the N (1) site [6]. It is also known to display
bacteriostatic and cytostatic properties. Oral cosmetic con-
tains an active ingredient of a mixture at least of magnesium
and potassium orotates for the treatment of skin, hair and nails.
The cosmetics prevent pigmentation, wrinkles and protect
against the effect of the sun [6].

The coordinating behaviour of some new arylazo orotic
acid compounds (B) is described, based on the following
items:

(i) Evaluation of the dissociation constants of the free
azo compounds by spectrophotometric and potentiometric
methods at different temperatures. The effect of ethanol and
dioxane on the pK values is discussed. The thermodynamic
parameters of dissociation are evaluated. The data are ex-
plained in the light of molecular structure of the compounds.

(ii) The stability constants of cobalt, nickel and copper
complexes are also aimed to be evaluated.

Experimental
Orotic acid (A) was supplied from BDH. Dyestuff-chro-

mogenic azo orotic acid compounds (B) were prepared by the
usual diazotization process [7]. The corresponding amines
(0.1 mole) were dissolved in 0.2 mole HCI and 25 ml distilled
water. The hydrochloride compounds were diazotized below
5° with 0.1 mole NaN02 solution and 20 ml distilled water. The
diazonium chlorides were coupled with an alkaline solution of
(0.1 mole NaOH) orotic acid. The crude dyes were filtered and
were crystallized from ethanol.
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Acidity and stability constants were determined by using
acid-base titration technique. A 10.2 M stock solution of the
organic compound was prepared. A standard 10.2 M KOH
solution was prepared in CO2 free distilled water. 0.5 M KCI
was used as a supporting electrolyte. 0.1 M stock metal salt
solutions were prepared and the exact concentration was
determined by direct complexometric titration with EDT A
[8]. A stream of purified nitrogen gas was passed through the
solution during the whole titration. BDH spectroscopic-qual-
ity solvents (dioxane and ethanol) were used. The correction
factor, 0, for measuring the pH values in different dioxane-
water and ethanol-water concentration was calculated [9].

The dissociation constants of the organic compounds
were determined by introducing the appropriate volume of the
organic compound into the titration cell in presence of 5 m10.5
M KCI solution and 75% (v/v) ethanol-water at different
temperatures 27-45' and 75% (v/v) dioxane-water at27'. The
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same potentiometric titration experiment was applied for
studying the complex equilibria in 75% (vjv) ethanol-water.
The reaction mixture was titrated against 2.58 x IQ-3 M KOH.
The Cole-Palmer pH-meter Model 60648 was used. The
electrode system was calibrated before and after each titration
using standard buffers of pH's 4.01 and 9.14. The titrations
were carried out in 150 ml thermostated cell. The cell compart-
ment was kept constant at desired temperature by using a
thermostate Model UlO. The electronic absorption spectra
were measured using Perkin Elmer spectrophotometer Model
Lambda 4B covering a range from 190-900 nm.

Results and Discussion
Dissociation constants of the ligands. Three basic spec-

trophotometric methods are applied for this purpose: half
height [10], Colleter [II] and modified limiting absorption
[12]. The potentiometric measurements depend on the evalu-

ation of the average number of proton associated with the
ligand [13],IlA• The plotting of ri; values against pH gave
three pK's values (for orotic acid and its 5-(substituted phcn-
ylazo) orotic acid compounds except the p-Br derivative. The
latter gives two pK's values. The data are collected in Table 1.
The Point-Wise [14] and basic method of calculation cons-
tructed by Martell [15] were used for the same purpose, where
concordant results are obtained. The plot of the log TIA ratio
versus pH gives the required pK values (Table 1).

TABLE l. pK VALUES FOR THE OROTIC ACID AND 5-(SOOSTI--
TIITED ARYLAZO)OROTIC ACID IN DIFFERENT SOLVEl\'1'S.

Pk in dioxane-water Pk in ethanol-water
75% 75%

Compound nA-pH Point-wise Aigebric "A-pH Point-wise
method method

Orotic acid 4.76 4.86 4.79 5.55 5.52
9.56 9.66 9.61 10.30 10.30

11.66 11.66 11.67 11.20 11.20
5-(aryla7..0) 3.96 3.92 3.86 4.50 4.53

orotic acid 4.91 4.91 4.91 10.20 10.22
10.36 10.36 10.31 12.10 12.10

5-(p-methyl- 5.41 5.40 5.48 7.60 7.60
arylazojorotic 9.72 9.70 9.66 10.20 10.15
acid 11.41 11.40 11.41 11.10 11.10

5-(p'bromo-aryl- 4.26 4.31 4.26 10.10 10.14
azo)orotic 9.41 9.46 9.44 11.45 11.45
acid 11.91 11.93 11.92

5-(o-hydroxy- 4.71 4.69 4.65 5.40 5.47
arylazojorotic 9.90 9.90 9.93 10.50 10.50
acid 12.06 12.06 12.08 11.78 11.80

5-(o-carboxy- 8.20 8.15 8.09 8.35 8.34
arylazojorotic 11.55 11.55 11.56 10.65 10.67
acid 12.60 12.60 12.65 11.40 11.40

5-(m-carboxy- 4.36 4.35 4.32 4.15 4.16
arylazojorotic 9.26 9.30 9.30 9.35 9.43
acid 11.55 11.60 11.55 11.35 11.32

5-(p-carboxy 9.25 9.20 9.21 9.10 9.10
arylazojorotic 11.70 11.70 11.74 10.65 10.67
acid 12.60 12.60 12.60 11.30 11.32
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The spectral bands are pH dependent and the shape of the
band envelope can be correlated to the nature of the absorbing
species depending on the electronic character of the substitu-
ent, to some extent. Earlier literature [16-18] concerned with
orotates where the state of ionization of these molecules at
physiological pH controlled the importance of these com-
pounds as drugs. The 208-214 nm region of the uv spectra is
mainly due to n- 1t*. electronic transition and that of 277-288
nm spectra is considered as n-rt". In solution of sufficient
(W), the proton is bound symmetrically to both N atoms [19],
i.e. acts as a single basic site [20] or in the form of n-complcx
[21] and the azo group can act as a proton acceptor. The
aromatic azo compounds are resonance stabilized. The hydra,
zone-azo tautomerism can be strongly influenced by syner-
getic tautomerism in another portion of the molecule [22]. In
the pH range 3-9, orotic acid exists in aqueous solutions
mainly as the orotate anion (I). The N(3)H with N(l) unsub-
stituted is obtained by abstraction of a second proton (pK
=9.45) exists together with N (l)H tautomer [23]. So the
mechanism of lactam-Iactim tautomerism is represented as
follows:

OH
R-N-C-R ~,,====='

III W
HO

R-1'{-C-R ~(_.__ ~
II
o

R-N=C-R
I
0-

The pK2 of orotic acid refer to proton dissociation from
o
II

a hydroxyl group, or from a -NH-C structure. The following
structures illustrate how stabillization by hydrogen-bonding
would favour keto ~ enol formation for orotic acid in the
region of pK2 [24]. The azo group in the reactive position 5 of
orotic acid affects the mode of ionization to some extent. In
general all the azo compounds under investigation undergo a
regular bathochromic shift on increasing the pH as a result of
proton elimination. From half height method (Table 2), all the
compounds except those containing p-COOH, m-COOH
groups are characterized by pK value lies in the range 9.30-
10.1 due to ionization of N(3)H group. The latter two com-
pounds gave pK2 value equals to 3.5 and 4.4 respectively. Such
value may due to ionization of the carboxy group of the azo
phenyl ring and not for carboxy of orotic acid nuclei. Such
value is not detected in o-carboxy compounds, where the
-COOH group is strongly bonded to the azo group through
intramolecular hydrogen bond [25]. The extra pK value for the
p-COOH compound (7.0) is assigned to its presence in
different resonating structures. For this compound the car-
boxy group is more donor rather than acceptor [26]. Such
abnormal behaviour is detected in some schiff base com-
pounds containing carboxy group.
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As a general trend, the compounds with electron attract-
ing group, e.g. -p-Br, are with low pK value compared to the
unsubsti tuted compound (ary lazo). The electron donor groups
(e.g. p-CH3) lead to increase the pK values. In general, no
regular trend could be recorded on relating the pK values with
the Hammett constants, where scattering correlation exists.
The slope of the modified limiting absorption method merits
some comments. Three groups of compounds arc classified
from this view:

(1) A group with a slope of 1obtained for orotic acid and
phenylazo orotic acid compounds, denotes that the mecha-
nism of dissociation gives only one H+, detected by only pKl
value N(3)H.

H3L, .." H++ H2L-
(2) A group with a slope =2 is obtained from p-tolylazo

orotic acid, p-bromoaryl azo orotic acid a-carboxy aryl azo
orotic acid and p-carboxy aryl azo orotic acid. So the mecha-
nism of dissociation could be formulated as:

H3L <='\ ===..,,~ 2W + Ht- (for p-bromo and p-tolyl azo
compounds)

H4L <='\ ==='~ 2W + H2L-2(for o-carboxyl aryl azo com-
pound)

H3L " .." H++ HlL-l (for o-carboxyl aryl azocom-
pound)

(3) A group with a slope =3 is obtained from both
o-hydroxy and m-carboxy aryl azo orotic acids.

H4L ~,,==:::::::='

H4L ==s=>
H3L~\==:::::::='

3W + HL-3 (for the o-hydroxy)

H++ H3L (for o-carboxyl aryl azo com-
pound)

Orotic acid and all the substituted phenylazo orotic acids
in 75% dioxane-H20 and 75% ethanol-H20 gave three pK's
values based on potentiometric measurements. The first ioni-
zation is due to the carboxylic group of orotic nuclie (I). Based
on the second ionization, the ligand exists as the orotate anion.
(1). N(3) (H) [22] (II) in which N(I) nitrogen is unsubstitutccl
is obtained by abstraction of a second proton.

-0 ~o
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The pK values obtained potentiometrically in presence
of 75% v/v ethanol-Hj) and 75% v/v dioxane-Hj) media,
where the compounds with p- and o-carboxy groups have
higher pK's values, except the pK2 and P~ in ethanol due to
the COO-group in the 0- and p- positions ean act as electron
donor rather than electron acceptor. Abnormal behaviour is
obtained for the compounds contain ing o-OH and p- Br groups
in 75% v/v cihanol-Hj) where high pKl values arc obtained
than those with -CH3 group. The elcctronegativity property of
the substituent is a major factor for controlling the behaviour
of these compounds.

Complex formation studies. The acid base properties of
the free ligand facilitate the investigation of the coordinating
behaviour of these ligands towards cobalt (II), nickel (II) and
copper (II). Comparing the pH titration curves of the free
ligands with that of the complex solutions reveals a drop in pH,

TABLE2. SUMMARYFORTHErK VALUESOF5-(SUBSTlTtJI'EDARYLAZO)OROTICACIDBYSPECTRALMr:.'THOD.

Compound A.
max (nm) Isobestic point Half height Modified limiting absorption Colleter

(nm) pKl pKl pKl pK2 slope pK1 pKl
Orotic 210,280 286 9.30 9,25 1 9.39
R=H 214,283 252,295 9.50 9.40 1 9.32
p=CH3 210,279,347 253 9.55 9.50 2 9.60
p-Br 209,278 9.45 9.50 2 9.70
o-OH 212,279 295 9.30 9.20 3 9.40
o-COOH 208,277 293 9.65 9.70 2 9.84
m-COOH 288 297 4.40 9.60 4.50 8.65 3 4.35 9.45
p-COOH 285 3.50 7.00 10.10 6.30 9.70 2 5.10 (7.10) 10.03
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TABLE3. THERMODYNAMICPARAMETERSOFIONIZATIONOFTHEOROTICACID ANDSunSTITUfEDARYLAZOOROTICACID.

pK tlG7:l°C tlH tlS
Compound 21' 30' 35' 40' 45' K. cal/mol. K. cal/mol. e.u.

Orotic acid 5.55 5.80 5.90 6.05 6.15 7.66 -9.20 -56.19
(10.35) (10.20) (10.10) (9.85) (9.75) (14.28) (14.92) (2.12)
(11.20) (11.08) (10.95) (10.80) (10.68) (15.45) (11.34) (-13.71)

5-(arylazo) orotic 4.55 4.55 4.55 4.55 4.55
acid (10.20) (9.95) (9.45) (9.22) (9.10) (14.07) (31.98) (59.68)

(12.10) (11.78) (11.20) (10.75) (10.40) (16.69) (45.12) (94.75)
5-(p-methylaryl- 7.60 7.47 7.40 7.30 7.20 10.49 8.76 -5.75

azo)- orotic acid (10.20) (10.00) (9.90) (9.82) (9.75) (14.07) (7.42) (-22.18)
(11.10) (11.00) (-10.90) (10.80) (10.75) (15.31) (9.20) (-20.40)

5-(p-bromoarylazo) 10.10 9.95 9.70 9.25 9.10 13.94 24.86 36.42
-orotic acid «11.45) (11.30) (11.20) (10.90) (10.75) (15.60) (16.32) (1.73)

5-(o-hydroxyaryl- 5.45 5.23 5.10 4.85 4.70 7.52 20.12 42.01
azo)- orotic acid (10.55) (10.40) (9.95) (9.80) (9.57) (14.56) (24.76) (34.02)

(11.77) (11.50) (11.23) (10.87) (10.55) (16.24) (28.68) (41.46)
5-(o-carboxyary 1- 8.35 8.35 8.35 8.35 8.35

azo) orotic acid (10.65) (10.55) (10.42) (10.20) (10.10) (14.69) (13.22) -(-4.91)
(11.40) (11.25) (11.10) (10.87) (10.75) (15.73) (13.80) (-6.44)

5-(m-carboxyaryl- 4.15 4.27 4.35 4.44 4.60 5.72 -11.50 -57.42
azo)-orotic acid (9.49) (9.40) (9.30) (9.16) (9.07) (13.09) (10.07) (-10.07)

(11.35) (11.07) (10.90) (10.70) (10.45) (15.66) (21.25) (17.03)
5-(p-carbox yary 1- 9.10 9.10 9.10 9.10 9.10

azo)-orotic acid (10.65) (10.57) (10.48) (10.37) (10.30) (14.69) (8.28) (-21.39)
(11.33) (11.22) (11.10) (10.90) (10.73) (15.63) (14.65) (-3.28)

( ) = pis and pk, respectively.

TABLE4. STOICmOMETRYANDFORMATIONCONSTANTSOFTHECOMPLEXESAT27'C .

Co (II) Ni(II) Cu(II)
log K logK logK

Ligand Stoichio- fipL Point-wise Stoichio- i'ipL Point-wise Stoichio- npL Point-wise
metry method me try method metry method

Orotic acid 1:1 9.03 8.90 1:1 6.90 6.45 1:1 10.80 10.84
1:2 5.80 5.84 1:1 1:1 8.20 8.10
1:3 1:3 1:3 4.65 4.65

5-(arylazo)orotic 1:1 8.80 8.70 1:1 9.50 9.40 1:1 9.00 9.05
5-(p-mcthylaryl- 1:1 13.35 13.20 1:1 16.00 16.00 1:1 14.55 14.50

azo)orotic acid 1:2 1:2 1:2 10.95 10.85
5(p-bromoarylazo)- 1:1 9.50 9.45 1:1 7.80 7.85 1:1 10.80

orotic acid 1:2 6.80 6.80 1:2 1:2 9.70 9.85
5-(o-hydroxyaryl- 1:1 9.50 9.55 1:1 8.50 8.55 1:1 10.75 10.79

azo) orotic acid 1:2 6.95 7.00 1:2 1:2 9.15 9.17
1:3 5.50 5.70

5-( o-carboxyary 1- 1:1 13.50 13.50 1:1 15.25 15.25 1:1 14.45 14.50
azo) orotic acid 1:2 10.75 10.65

5-(m-carboxyaryl- 1:1 10.65 10.65 1:1 10.40 10.50 1:1 12.10 12.15
azo) orotic acid 1:2 8.35 8.30 1:2 10.70 10.65

1:3 8.65 8.65
5-(p-carboxyaryl- 1:1 12.45 12.35 1:1 11.40 11.40 1:1 14.20 14.25

azo) orotic acid 1:2 10.05 10.05

..
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indicating that the mechanism of complexation is based on
hydrogen ion liberation. It is apparentthat the ligands under in-
vestigation, are of stronger coordinating ability. The pK val-
ues of the free ligand are strongly affected On complexation.
The pH measurements during titration of the solution of
chelating agent in presence and in absence of metal ions with
alkali could be used to calculate the free ligand exponent PL,
the degree offormation of the system, n, and hence the stability
constants of the metal ligand complexes present. Plotting the
nvalues versus PL, the log KI' log K2 and log K3 values are
recorded at the PL values equivalent to n= 0.5, 1.5 and 2.5
respectively. However concordant results were obtained On
applying the point wise calculation methods [14]. On plotting
log n function versus PL, straight lines are obtained from
which log K value are computed. The data are collected in
Table 3.

An attempt was madc to relate the acid dissociation con-
stants of the ligands and the stability constants of their com-
plexes [27]. The linearity between log KI and pKI could be
checked from the relation:

log KI = a pKI + b
where a and b are constants. The slope "a" of log K -pK plot
would be unity if the bonding was similar in both ligand and
the complex, and deviation from unity results from metal com-
plexes with rt-bonding. The latter is apparent for cations
function as n- electron donors, and a will exceed unity for
cations act as n-elcctron acceptor. The slope for 1:1 cobalt
complexes derived from phenylazo orotic acid and its 0-

hydroxy and p-tolyl azo compounds 1.4. This points to that
cobalt acts as rc-clectron acceptor. Similar slope is obtained for
1:1 copper complexes derived from orotic acid, phenylazo
orotic acid and its o-hydroxy and o-carboxy derivatives. Also
1:2 copper complex series are present from orotic acid, and its
o-hydroxy, o-carboxy and p- bromo compounds. Such plots
for the 1:2 copper complexes is 9.4. This suggests that in spite
that copper acts as n-clcctron acceptor, but the ligands arc
strongly attached to the metals and the charge density on the
metal is high. On plotting log KI value versus atomic radius of
the metal straight lines are obtained for orotic acid and its 0-

hydroxy arylazo complexes where pKI are decreased as the
atomic number increased. The effect of substituents from the
Hammett constant view point (0-) on the stability constants of
the complexes is investigated. Straight line is obtained in
copper and nickel complexes derived from -H, p-Br and
m-COOH versus the Hammett constant.

Thermodynamic parameter's of ionization. The behavi-
our of the free Jigands was investigated in the temperature
range 27 - 45', where the '~G*, ~H* and ~S* values are
evaluated and collected in Table 4. The pK values for all the
compounds except orotic acid and m-carboxy phenylazo de-

rivative are decreased with increasing temperature. Also, the
pKI value for phenylazo compound and its p-carboxy deriva-
tive is temperature independent. For all compounds, for one
and the same temperature, pKn > pKn_1" and consequently the
~G value. The isokinetic temperature relationship for the plot
of ~H versus ~S based on pKI' pK2 and pK3 values, best fit
straight lines are obtained. The slopes of these plots are 0.2,
0.35 and 0.35 respectively. The data point to the greater
stabilization of such compounds.
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