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Abstract

The ionization of six compounds of bis-phenolic amides was studied spectrophotochemically in DMF-water mixture. The compounds
showed two pK values in the range of 5.97-7.32 for gkand 7.61-8.44 for p&. The obtained values &, were normalized using the
distribution diagrams of the different species and found to be in the range of 5.81-7.42,faruk7.48-8.27 for p&.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction N,N'-bis(o-hydroxyphenyl)malonamide (BD-6) compounds
(Scheme 1).

Recently, much interest has been directed to the synthesis The ionization equilibria of the compounds BD-1-BD-6
and characterization of benzamide, oxamide and malon-show the species, 4R, HR™, and R 2 wheresyr has been
amide derivatives due to their interesting applications in found to be intermediate betweep,r ander at all wave-
diverse fields[1-4]. Most of these compounds have the lengths except at the isosbestic point of the spectra. In con-
ability to ligate alkali and alkaline-earth metal cations, trast toen,r andeg, the value ofsyr was very difficult to
thus representing excellent ionophores for the construc-be determined directly from the absorbance—pH curve.
tion of alkali and alkaline-earth cations-selective electrodes A calculation method for pKhas been previously sug-
[5,6]. However, the literature lacks sufficient information gested7,8] depending on the absorbances of the fully pro-
about the ionization behavior of bis(o-hydroxy benza- tonated species (4r) and the deprotonated speciek)A
mido) alkanes, N,N'-bis(o-hydroxyphenyl)oxamide, and and supposing that the absorbance of the mono-protonated
N,N-bis(o-hydroxyphenyl) malonamide. Investigation of species (Ar) is unknown. However, the method requires
such behavior is very important because it pave the way for many calculation steps and application of sophisticated
understanding the mechanism of action of these compoundsequations. In the present paper, a new approach has been
as complexing agents and/or ionophores. Furthermore theapplied successfully for the determination ofy&) from
determination of the ionization constants of organic com- the spectral data and use it together withi{e) and (AR)
pounds, in general, is very valuable in applying separation for the determination of the ionization constants of the in-
techniques using these compounds. Spectrophotometriovestigated compounds. A method has been presented for
measurements for the determination of such constants havenormalization of the obtained constants.
been reported in many publicatiofig,8]. In the present
work pKs and pk, have been determined, spectropho-
tometrically, for bis(o-hydroxybenzamido)alkanes (BD-1 .
to BD-4), N,N'-bis(o-hydroxyphenyl)oxamide (BD-5), and 2. Experimental

2.1. Chemicals and solutions

* Corresponding author. The following compounds have been prepared as pre-
E-mail address: ashoukry@kuc01.kuniv.edu.kw (A.F. Shoukry). viously described[1-4]:1,2-bis(2-hydroxybenzoylamino)-
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Scheme 1.

ethane (BD-1); 1,3-bis(2-hydroxybenzoylamino) propane
(BD-2); 3-allyl-1,2-bis(2-hydroxybenzoylamino)ethane
(BD-3); 1,2-bis(2-hydroxybenzoylamino)benzene (BD-4);
N,N  bis(2-hydroxyphenyl)oxamide (BD-5) and\,N
bis(o-hydroxyphenyl) malonamide (BD-6). All the pre-
pared compounds were characterized after crystallization
with the appropriate solvent by microanalysis for C, H,
N, by H NMR and by 3C NMR spectrometry. Ana-
lytical grade reagents were used for the preparation of
the solutions. Because of the very low solubility of the
investigated compounds, determination of their ioniza-
tion constants was carried out in 50% (v/v) DMF-water
solvent.

2.2. Measurements

The absorption spectra of the solutions were recorded on
a Cary-5/Varian UV-vis spectrophotometer in the range of
250-380 nm.

The values of pH were measured with an Orion Model
710-A pH meter. The pH meter was calibrated regularly
before use with standard 0.05M potassium hydrogen ph-
thalate buffer solution in 50% (v/v) DMF—water mixture

9.

2.3. Spectrophotometric determination of the
ionization constants

The method is based on studying the absorption spec-
tra of the investigated compounds in 50% aqueous-DMF
medium at different pH values. From the spectra obtained,
absorbance values at selected wavelengths are plotted as
function of pH. The pH values were corrected for the pres-

ence of the non-aqueous part of the solvent. For this purpose,

the combined glass electrode was calibrated using 0.05M
potassium hydrogen phthalate buffer solution made in 50%
(v/v) DMF—water solven{9].
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2.4. Procedure

To a 50 mL volumetric flask containing 5.0 mL of BD-1
(1.0 x 103molL™1), BD-2 (1.0 x 10 3molL"1), BD-3
(2.0 x 103molL~1), BD-4 (1.0 x 103molL~1), BD-5
(2.0 x 103molL~1Y) or BD-6 (2.0 x 10 3molL~1) so-
lution in DMF, 25.0mL of 0.2 mol £ tetramethylammo-
nium chloride (TMAC) aqueous solution were transferred.
The volume was completed to the mark with DMF. Af-
ter thoroughly mixing, the solution was transferred into a
100 mL conical flask and its pH value is measured after cal-
ibrating the pH meter with the potassium hydrogen phtha-
late buffer in 50% (v/v) DMF—water mixture. The absorp-
tion spectrum of the solution is scanned over the range of
250-380 nm using dry clean quartz cuvette of 1.0cm path
length. After scaning the spectrum, the content of the cell
was returned to the conical flask containing the mother so-
lution. The pH value of the solution was then raised by
adding very small aliquot portions (5uL) of 0.1 mol L1
NaOH solution and the spectrum at the new pH is scanned
again as above. The process is repeated at different pH val-
ues till obtaining constant absorbance values which means
a nearly complete ionization. The average total volume of
NaOH added is about0.5 mL which represents minor ef-
fect on accuracy as the systematic errors due to dilution will
not exceed 1.0%. Representative spectra at different pH val-
ues for BD-1, are shown ifrig. 1. All spectral measure-
ments were made in presence of 0.1 mot tetramethylam-
monium chloride to provide nearly constant ionic strength
of 0.1.

The absorbance values at different wavelengths in the
range betweehnay Of the non-ionized species;R and that
of the ionized one R? (Table 1) are plotted versus pH of
the solution and used to calculdtg. Fig. 2. shows repre-
sentatives of such plots for BD-1.
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Fig. 1. Absorption spectra of 1.& 10~*molL~! solutions of BD-1
in 50% (v/v) DMF—-water mixture at different pH values between 5.52
(spectrum a) and 9.47 (spectrum b).
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Table 1

Spectral data and ionization constants of the bis(o-hydroxybenzamido)-alkanes (BD-1 to BIIN4jis(o-hydroxyphenyl)oxamide (BD-5), and,N’
bis(o-hydroxyphenyl)malonamide (BD-6)

Compound  Amax hm ¢ (H2R) Amax NM e (R A (nm) PKa Sr,? (%) PKa, Sr,? (%)
(H2R) (mol~*Lem™1) (R7?) (mol~*Lem™1) isospestic
BD-1 300.6 466.9 330.9 1178.0 309.7 6.15 2.08 7.66 0.60
BD-2 300.9 412.3 330.4 1076.5 309.5 6.31 2.52 7.61 0.71
BD-3 308.0 427.2 334.3 1082.7 316.2 6.82 1.33 8.13 0.12
BD-4 308.0 832.0 338.0 1280.0 316.3 5.97 1.55 8.05 0.81
BD-5 311.0 850.0 367.4 1098.0 336.2 7.29 1.68 8.24 0.56
BD-6 286.0 641.0 315.5 1488.5 295.4 7.32 1.18 8.44 0.31

a8 SR (%): coefficient of variation.

2.5. lonization behaviour in presence of different salts tensity of the HR band decreases and the band is gradually
changed to a shoulder, the change is associated with a grad-
The above procedure has been applied in presence of LiCl,ual shift to longer wavelengths.
NaCl and KCl to study the effect of the presence of different  Concurrent with this gradual vanishing of theRiband
alkali metals on the ionization of the compounds. a new band is observed at wavelength of about 340.0 nm
as a weak shoulder. The absorbance at this shoulder in-
creases gradually with the increase in pH value and the
3. Results and discussion shoulder changes to a strong band at about 330.6 nm as the
pH approaches the value of 9.47 for BDHig. 1. For the
The solutions of the investigated compounds BD-1, BD-2, other derivatives BD-2, BD-3, BD-4, BD-5 and BD-6 the
BD-3, BD-4, BD-5 and BD-6, in 50% (v/v DMF—water sol- new band appears atnax: 330.6, 334.3, 338.2, 367.4, and
vent mixture), exhibited broad bandxatax of about 300.6, 315.5 nm, respectively.
300.9, 308.0, 308.0, 311.0, and 286.0 nm with correspond- It is evident that the band at 300.0 nm for all the investi-
ing pH values of 5.52, 5.40, 5.77, 5.12, 5.29 and 5.26, re- gated compounds is attributed to theRdspecies and as the
spectively. These bands are assigned-tar* transitions in pH increases, the concentration of this species decreases and
the non-ionized KR species. Generally, in all cases it was the concentration of HR species, increases. This change is
clear that as the pH value of the solution increases, the in-associated with a net decrease in absorbance which reveal
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Fig. 2. Absorbance/pH curves, for BD-1, at different wavelengths ranging betiuggnof the non-ionized species,,R (300 nm) and that of ionized
species, R? (330 nm).
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that HR™ has lower absorbitivity than #R. Also, thischange ~ other hand at pH values sufficiently higher thangpKhe

in proportionality causes the shift iqmax of H2R, and the absorbance recordedgfcan be totally attributed to the ion-
appearance of the shoulder band. Continuing increasing theized species (R?). At pH value where the absorbance—pH
pH value results in conversion of HRo the ionized species  curves at different wavelengths meet, the absorbance value
R~2 which have higher molar absorptivity at its characteris- (A4r) is mainly due to presence of HRspeciegFig. 2. For

tic Amax. Therefore, akmax of H2R, ep,r > eHr > er While equilibrium mixture of the three species of the diprotic acid,
the reverse order is observediatax of R2. This leads to  the absorbance value is given by the following equéfifod]

the conclusion that two absorbance—pH curves plotted at two

wavelengths on the two sides of thepisospesticppoint would A = <1(AR - AHRIH]/ K o, + AvgR[H]?/ Ko Koy)

@)

2
intercept at pH value where HRpredominates. (14 [Hl/ K +[H]7/ Koy Kap)
o o For simplicity charges are omitted. Dividing both numerator
3.1. Determination of the ionization constants and denomerator by [B] Eq. (3)can be modified to
The ionization constants are given by A= (AR/[H]? + Anr/[HIM + An,R/N) @
[HR_][H +] (1/[H]2 + 1/[H]M + 1/N)
%~ THLR] (1) whereM = K5, andN = K5, KazThen,
- A A A A A A
[R2[H*] A A A AR | A Aug ]
Kee =R @  [FETHM N TR M TN ®)

The species concentrations have been used instead of activiBY réarrangement

ties as the measurements were made in very dilute solutions; 4 A 1 Aua\ A 1

: . : R HR

moreover the solvent is partially aqueous which decreases-——s — 7735 = ( > ( ) o < ) (AH,R — A)
to a large extent the effect of ionic spheres. [H] [H] [H] J TH]

The relative changes of the equilibrium concentrations of ®)
H,R, HR™, and R 2 as the pH of the medium vary can
be followed by plotting the absorbance—pH value (Fig. 2).
At wavelengths shorter than that of the isosbestic point and
longer thanimax of H2R, descending absorbance values A/[H]? — Ar/[H]? _ (1/M)(Aur/[H] — A/[H]) 1
were obtained as the pH increases (Fig. 2, at 300, 306 An,R — A - (AH,R — A) +1/N
and 308 nm) indicating gradual conversion offHto R2 7)
passing by HR. At wavelengths longer than that of the
isosbestic point and shorter thagax of the ionized species  EQ. (7)is a linear relation-ship of the type (3= ax + b)

R~2, ascending absorbance is obtained as the pH value in-wherea = 1/M and b = 1/N that can be solved algebri-
creases (Fig. 2, at 315, 324 and 330 nm). The magnitude cally or graphically to obtain the values &f; and Kj,.

of variation in absorbance—pH depends on the relative molarIn the present worleg. (7)was solved algebrically for two
absorptivites of the absorbing speciesR{HR™ and R2 at different absorbance values ait}, and K5, values were

the concerned wavelengths. The values of the molar absorp-obtained. Three replicate calculations were made for three
tivities of the three species come close as we appraaah different pairs of absorbance and the mean values together
the isosbestic point, and consequently, less sBamprve is with the corresponding coefficients of variationrjSare
obtained. However all curves met at a point with certain pH given (Table 1). The method of calculation proved high de-
value and the absorbance at this point, is mainly attributed gree of precision as indicated by the very low values of the
to the the species HR obtained (R) every time.

The ionization constantX, and K, of each of the
benzamide compounds can be calculated from any of the
absorbance—pH curves shown kig. 2. However, in the 4. Calculation of the normalized ionization constants
present work, the calculations have been applied to data ob-

M

N

Dividing both sides by (4,r—A), the following equation
is obtained.

tained afmay Of the ionized species R (Fig. 2,4 =330 nm) For a polybasic acids, the distribution diagrgh®] il-
because the magnitude of change at this wavelength is max{ustrates how the relative amounts of the different species
imum. vary as a function of pH. For the investigated compounds,

At any point on the absorbance—pH curve, the absorbancethe distribution diagrams have been constructed based on
of the solution is a result of contribution of the three equili- their ionization constants given in (Table 1). From the rep-
brating species bR, HR~ and R 2 with different percent- resentative diagrams shown kig. 3, it is clear that at pH
ages depending on the pH value. At pH values sufficiently 4.00, bR exists nearly alone and as the pH increases, the
lower than pk,, the bR species can be considered the fraction of it decreases as a result of the gradual formation
only existing species with absorbance{A) while on the of HR™ in addition to the appearance and growing of°’R
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Fig. 3. Distribution diagram for BD-1 as a function of pH.o{cx; and a2 are the fractions existing of #R, HR™ and R2, respectively).

species starting from pH 5.50. The species HRreaches  Substituting inEq. (7)with (A4r)norm instead ofAyg, nor-
maximum formation at pH equal to 6.84, then its mole frac- malized ionization constants for the investigated compounds
tion () decreases again while the mole fractian)(of the are obtained (Table 2).
species R? continue to increase reaching the value of 1.0at  Comparing the obtained values of pfr the benzamide
pH ~10.00. Similar trends were found for the other deriva- derivatives BD-1 to BD-4, it is clear that BD-3 has gk
tives with slight changes in the pH values corresponding to higher than those for BD-1, BD-2 and BD-4. This is most
maximum existence of the different species (Table 2). probably due to the presence of the allyl constituent in the
The values ofyy, at pH values where maximum percent- positionY- instead of H in the other compounds (Scheme 1).
age of HR™ exists, were found to range between 0.59778 The allyl group with itsw-bond contributes to the conjugate
for BD-5 and 0.84593 for BD-4. Since the absorbances (A) system of the molecule as a whole rendering the adjacent
at these pH values were taken Asg, it was necessary to  (—~OH) group weaker as an acid. On the other hand BD-6 ex-
normalize the obtained plalues by calculating (4R)norm hibited pK;, and pk, slightly higher than the correspond-

as follows ing values for BD-5, this is due to the effect of presence

of (~CHy—) group between the two amide groups in BD-6
(AHR)norm = Ac1 (8) where this group is absent in case of BD-5. Consequently in
Table 2

Normalized ionization constants of bis(o-hydroxybenzamido)alkanes (BD-1 to BDOMAN bis(o-hydroxyphenyl)oxamide (BD-5), andN,N
bis(o-hydroxyphenyl)-malonamide (BD-6)

Compound pH of maximum HR a1 pKa (PKz; )norm pKa, (PKay)norm
BD-1 6.84 0.73647 6.15 6.14 7.66 7.55
BD-2 6.94 0.69440 6.31 6.27 7.61 7.48
BD-3 7.50 0.69439 6.82 6.81 8.13 7.95
BD-4 7.00 0.84593 5.97 5.81 8.05 7.84
BD-5 7.70 0.59778 7.29 7.31 8.24 7.98

BD-6 7.96 0.60775 7.32 7.42 8.44 8.27
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