Varied Analysis of Acid Dissociation
Constants by Cyclic Voltammetry

and UV-Visible to Determine the
Aqueous Solubility of a New
DiisopropylammoniumPhenylsulfonate
Molecule

ABSTRACT

The determination of dissociation constant, solubility and thermodynamic parameters are
very important physico-chemical parameters in substances and their knowledge is of
fundamental importance for the validation of a pharmaceutical ingredient target. The
determination  of these parameters for an agent candidate target
diisopropylammoniumphenylsulfonate (besylate) (PhSOs-iPr,NH;) was determined by
voltammetric and UV-visible methods.

The voltammetric method gave pKal= 3.03+0.21 and pKa2= 10.23+0.59, while the UV-
visible method determined two pKas values, pKal= 2.21+0.04 and pKa2= 10.77+0.42
respectively. The thermodynamic parameter values calculated for the enthalpy (AH) and
entropy (AS) of PhSOs-iPr,NH, are of the order of AH= 3429.96+82.30 KJ.moland AS =
11.85 + 0.26 KJ.mol™.K™. These values suggest that the crystalline molecule is stable and
the dissociation process is endothermic.

In addition, the Gibbs free energy of the molecule decreases with increasing temperature
which confirmed the stability PhSO;-iPr,NH, crystalline. The solubility shows values
between 1.3 and 70 mg/mL for pH values between 2.75 and 10.5 and reaches its
maximum Smax = 70mg/mL at pH equals 2.75 and 10.5.

All these physico-chemical properties of PhSOs-iPr,NH,, which are within the range of
active pharmaceutical ingredients, could make it an excellent candidate of pharmaceutical
ingredient.On the other hand, these results demonstrated the reliability and effectiveness
of the voltammetric and UV-visible methods for the the determination of physico-chemical
properties of molecules.

Keywords: Diisopropylammoniumphenylsufonate; voltammetric method; UV-visible method;
physicochemical parameters.




1. INTRODUCTION

The majority of drugs used in therapy have low
water solubility, which can reduce bioavailability
and the rate of dissolution [1]. So, because of
their low solubility, drugs designed to be
therapeutically active become a real danger to
humans. Water solubility is a key parameter in
drug formulation, as it has a major influence on
the pharmacokinetics and pharmacodynamics of
the drug [2]. In other words, the therapeutic
efficacy of drugs administered orally or
transdermally is highly depends on their water
solubility. Water solubility enables the desired
drug concentration to be reached in the systemic
circulation, and obtained consequently optimal
therapeutic response [3]. Based on
Biopharmaceutical classification system (BCS)
35% to 40% of new (marketed) drugs suffer from
poor water solubility which leads to low
bioavailability, reduced therapeutic effects and
dosage escalation [4]. On the other hand, 70% to
90% of drug candidates in development fail due
to poor solubility and dissolution [5]. Thus, it
becomes essential to find a way of increasing the
dissociation rate and bioavailability of drugs [6,7].
The aim is to develop a less expensive, easier
and faster technique for increasing the solubility
of these drugs [8]. In this regard, the salification
of medicines or the formation of medicinal salts is
proving to be the safest and most reliable way of
increasing solubility without unwanted side
effects [9]. For example, the Enhancement of
solubility and dissolution rate of dipyridamole
adrug with low solubility was carried out by Yi et
al. using salification method [10]. Gundlapalli et
al. also used benzenesulfonic acid (BSA) as
counterion with the objective of enhancing the
solubility and dissolution of Suvorexant by
salifying approach [11]. To form a drug salt, the
free acid or base of the drug is combined with the
base or acid of a potential counterion in specific
molar ratios in a suitable solvent system. These
latter participate in ionic interactions and
crystallize under favorable conditions to give the
solid salt [12-15]. Among potential counterions,
phenylsulphonate-based salts, commonly known
as besylate, are widely used as active
pharmaceutical ingredients (APIs) in
pharmaceutical development [16,17]. These salts
help to improve aqueous solubility or increase
the speed of dissolution thanks to their low
toxicity potential and ease of synthesis [18].1t is
in this context that we have witnessed a new era
in the synthesis of besylate derivatives. For
example, J. H. Seo et al [19] have developed a
new technique for synthesising the besylate salt

of cilostazol with the aim of improving the
solubility of the drug cilostazol and its physico-
chemical properties such as  stability,
bioavailability. All these substances have acidic
or basic functional groups whose ionisation
coefficients (pKa) affect their physico-chemical
and biological properties. However, for the
validation of any phenylsulphonate-derived
counter-ion product, the determination of pKas
values is a key parameter for the success of the
salt to be formed [20,21]. As well as influencing
the choice of counterion, it provides information
on the stability of the product formed and the
circulation of the drug in the organism.

To determine the acid dissociation constant
values, several methods were used by the

researchers, namely  spectroscopy [22],
electrophoresis[23], potentiometric titration
[24],high-performance liquid chromatography

(HPLC) and capillary electrophoresis (CE) [25].
UV-Visible  spectrophotometry and  cyclic
voltammetry [26]are the most reliable methods
for determining dissociation constants thanks to
their accuracy and ease of use. They have
advantages over other methods in that they are
relatively simple and practical, requiring a small
qguantity of sample for accurate measurement
and covering a wide range of pKa.

In the present work we have studied the
thermodynamic parameters of a
diisopropylammoniumphenylsulphonate
(besylate), a new crystalline molecule that we
have recently synthesised for the first time
[27].This diisopropylammonium comes from
diisopropylamine, a product recently used with
dichloroacetate to inhibit the propagation and
multiplication of liver cells [28]. The pKa values
and thermodynamic parameters were determined
in an aqueous medium. These parameters
associated with solubility were determined by
voltammetry and UV-visible method.

2. PRODUCTS,
PROCEDURES

MATERIALS AND

2.1 Products

Diisopropylammonium besylate (PhSOs-iProNH,)
with  empirical formula (C2H,1NSO3) was
synthesized by SEYE et al [Error! Bookmark
not defined.]. Hydrochloric acid (HCIl) and
sodium dihydroxide (NaOH) were used as the
titrating solution. Aqueous solutions used were




prepared by an ultrapure Milli-Q (MQ 18.2 MQy )
water

2.2 Materials

Experiments were carried out using cyclic
voltammetry and U-V Visible spectrophotometry.
The pH meter and electronic balance were also
used. Cyclic voltammetry allows us to visualize
the oxidation and reduction current peaks of the
PhSOs-iProNH, compound. It consists of a
PSTRAS device linked to a cable with three
electrodes (reference, counter and working
electrode) immersed in a cell containing the
solution, and another cable linked to a computer.
The Thermos Fisher Scientific U-V Visible
spectrophotometer, model G10S UV-Vis serial
number 2L9U285217, plots absorbance as a
function of wavelength. The pH/ mV/oC/oFmeter
is a device for measuring the pH of a solution. It
consists of an electronic box that displays the pH
value and an electrode that measures this value.

2.3 Procedures

A three-electrode cell composed of a platinum
working electrode (4 mm diameter), a platinum
counter electrode and an Ag/AgCl reference
electrode. The experiment was performed in the
electrochemical cell containing 10mL of solution
containing 5-10°M PhSO;-iPr,-NH, salt. Cyclic
voltammetry measurements were then carried
out after the addition of NaOH or HCI to vary pH
values between 2-11 values.

All these curves were recorded using a cyclic
voltammetry in the potential range between - 1
and 1.5 V/Ag/AgCl with a scan rate of 50mV/s.

UV-visible (UV-vis) absorption spectra of PhSOs-
iPr,-NH, were recorded with a Thermo Fisher
scientific UV-vis absorption spectrometer in 3mL
of PhSOs-iProNH, of concentration 5102 M.
Experiments were repeated following the addition
of titrating solution of NaOH (0.1M) and HCI
(0.1M).

3. RESULTS AND DISCUSSION

3.1 Proton Transfer Mechanism of PhSO;-
iPerstaIt

Diisopropylammoniumphenylsulfonate  (PhSOs-
iPr,NH,) is a salt formed from a cation (or acidic
site, diisopropylammonium) and an anion (or
basic site, phenylsulfonate). The Scheme 1
represent the procedure for synthesis of PhSOs-
iPr,NH, crystalline molecule and previously
reported [Error! Bookmark not defined.].
PhSOs-iPr,NH, is capable of capturing or
releasing a proton, depending on the nature of
the medium.
Diisopropylammoniumphenylsulfonate behaves
like an amphoteric, being able to combine with
both acids and bases. Neutralization of the acidic
site (diisopropylammonium) takes place in a
basic medium in the presence of NaOH (schema
2), followed by the formation of water, while
neutralization of the basic site (phenylsulfonate)
takes place in an acidic medium in the presence
of HCI (schema 3).

3.2 Study of the Behavior of PhS-iPr,NH,
3.2.1 By electrochemical methods

Fig. 1 shows cyclic voltammetry on the bare
platinum electrode immersed in 10mL of 5.10°M
PhSOs-iPr,NH, solution. Indeed, by cyclic
voltammetry, the potential between - 1 and 1.5
V/Ag/AgCI at a scan rate of 50 mV/s, we observe
the presence of two oxidation peaks and two
reduction peaks corresponding to the redox
behavior of the PhSOs-iPr,NH, crystalline
molecule in solution on the working electrode.

Study of the voltammetric curve (Fig. 1) shows
the presence of two anodic peaks at around 0.88
and -0.5 V/Ag/AgCI, and two reduction peaks at
around -0.67 and 0.12 V/Ag/AgCl. The potentials
of the oxidation peak at 0.88 V/Ag/AgCl and the
reduction peak at 0.12 V/Ag/AgCI are very similar
to those described for an aliphatic amine [29].
The presence of the second redox couple (-0.5
and - 0.67 V/Ag/AgCI) is linked to the presence
of the phenylsulfonate group. These results show
that the PhS-iProNH, crystalline molecule is an
electroactive compound in solution, exhibiting a
reversible characteristic and confirming that it
possesses two oxidizing/reducing couples.



H,C, o H.C,
o ot ’
Os | CH—CH, Ss—g \CH—CH
Ss—oH / :
+ HN —_— ‘H_,_(gH
Phenylsulfonic acid diisopropylamine Diisopropylammoni_umphenylsulfonate
(PhSO.,) (iPrzNH.,) (PhSO;-iPr;NH;)

Schema 1. Procedure for synthesis of PhSOs-iPr,NH,
0
@®

0
%9{/‘&9 ® 0*'\\3// o
0iPr,NH, ™0 Na
+ NaOH —— O/ +iPr;NH + H,0

Schema 2. PhSO;-iPr,NH; reaction equation in a basic medium

0 0

0
\\\S} o @ 0\\%3//
~™0iPr,NH, ~—OH o ¢
+ HCI — + iProNH,,Cl

Schema 3. PhSO;-iPr,NH, reaction equation in acid medium

0.8
== PhS0,-iPr,NH,
0.4
le'-"\
£
Q
< 0.0
E
-0.4-
-0.8 . | .
0 1

Potentiel (V)

Fig. 1. Cyclic voltammetry curve for PhSOs-iPr,NH, (0.05M) in aqgueous medium



3.2.2 By UV-Visible method

Fig. 2 shows the UV-visible spectrum of PhSOs-
iPr,NH, salt in aqueous medium recorded
between 200-500 nm. This figure shows a
maximum absorption band around 300nm.

This absorption band is due to the n—n*
electronic transitions of the phenyl group. These
results show that the crystalline molecule
possesses luminescence properties.

3.3 Process for the Determination of pKa
Values

3.3.1 By electrochemical method

The results obtained previously illustrate that the
compound PhSO3-iPr,NH, has two
oxidizing/reducing pairs as mentioned above. For
pKa determination by cyclic voltammetry,
oxidation and reduction currents are measured
as a function of solution pH after each addition of
titrant solution. After each addition of a quantity
of HCI or NaOH to the electrochemical cell
containing 0.05 M PhSOs-iPr,NH,, the pH of the
solution is modified, accompanied by a more
intense resulting current.

Kant 11
For an acid-base equilibrium (AH A+ HY) the
pKa is given by [30]:

_ [AT][H*]
7 [AH]
A
pK, = pH —log (ﬁ)

With [AH] and [AT] the respective concentrations
of the acid and its conjugate base. The resulting
total current is | =I5 [A7] + lan[AH].

This is a method for determining pKa based on
anodic (lay) and cathodic (ln) currents by
applying the equation. After combining all these
data, we obtain Eql:

Ian—Ia

pKa = pH — log( =2~ 1)(Eq2) [31]

3.3.1.1 Effect of HCI acid addition

Fig. 3 shows voltammograms of the response of
the 0.05 M solution of PhS-0siProNH, in aqueous
medium in the absence and presence of added
HCI (0.1M). It can be seen that the addition of
HCI to PhSOs-iPr,NH, leads to an increase in the
oxidation peak and the reduction peak
characteristic of the CsHsSO3H/CsHsSO3- couple
(schema 2). Fig. 3a shows that, as a function of

the progressive addition of HCI, the oxidation
peak at -0.5 V/Ag/AgCl shifts towards positive
potentials, while the reduction peak at -0.67
V/Ag/AgCl tends towards negative potentials.
These results show that the reaction between
PhSOs-iPr,NH, and H+ increases the charge
density of the molecule [32]. In addition, the
basic site of PhSOs-iPr,NH,  undergoes
neutralization, resulting in a decrease in the pH
value, which tends towards acidic pH values. On
the other hand, the redox couple at around 0.88
and 0.12 V/Ag/AgCl remains unchanged,
suggesting that the PhSOs-iPr,NH, molecule is in
acid-base salt form, and could be confirmed by
the same technique, this time with the addition of
a titrating NaOH solution.

3.3.1.2 Effect of NaOH base addition

The acid-base behavior of the PhSOs-iProNH»
crystalline molecule was studied by adding a
NaOH (0.1M) titrating solution. For this purpose,
various measurements were recorded in an
aqueous solution of 0.05 M PhSOs-iPr,NH, after
each addition of a quantity of NaOH titrating
solution and represented in Fig. 3b. These
curves show a progressive increase in the
intensity of the oxidation peaks as a function of
the volume of NaOH added. Fig. 3b reveals that
the oxidation peak at around 0.88 V/Ag/AgCl
shifts towards positive potentials, while that at -
0.5 V/Ag/AgCI remains practically unchanged.

These results confirm those previously described
and indicate that the strong base NaOH attacks
the acid site (Scheme 1). The addition of NaOH
in solution in the presence of the PhSO3-iPr,NH,
crystalline molecule enhances the
electrochemical properties, leading to an
increase in the charge density and consequently
the conductivity of the medium. Electron donors
can generate a high charge density. In basic
media, an improvement in the rate of charge
transfer is noted, leading to an increase in
current intensity [33]. Furthermore, the reduction
peak disappeared at around - 0.67V/Ag/AgCIl in
the presence of NaOH. These results indicate
that the presence of NaOH in the electrolyte
medium blocks the reduction process of the
PhSOs-iPr,NH, compound in solution.

3.3.2 UV-visible spectroscopy

UV-Visible spectrophotometry provides
information on the excitation wavelength of
compounds, and on the difference in chemical
structure between compounds. To determine the
acid dissociation constant pKa of a molecule



accurately and reliably, UV-visible
spectrophotometry is unquestionably the method
of choice, especially if the substance is too
insoluble. In this method, the pKa depends on
the ionized forms of the molecule and the pH.The
extent of a compound's ionization plays a
fundamental role in characterizing its absorption,
distribution, metabolism and excretion (ADME)
profile [34,35].

Two methods are used to determine pKa values:

First method: This is a graphical method,
plotting the pH curve as a function of log(Am/A).

If log(An/A) =0, the corresponding pH value
is equal to the pKa value.

Second method: this is a direct method,
depending on the nature of the ionized and non-
ionized forms of the compound at different pH
values. It provides information on the accuracy of
the first method by applying the equation below

(Eq. 2).

In UV-Visible spectrophotometry, the pKa value
is given by the following equation:

pKa = pH + log %(Eq 2)

A absorbance des espeéces intermédiaires
A, absorbance de I'espece moléculaire
A absorbance I'espéce ionisée

pH représente la valeur du pH du milieu
intermédiaire [36,37].

For this method, the pKa value depends on the
absorbance of the ionized forms, hence the need
to ionize the molecule by adding acid or base.

3.3.2.1 Effect of NaOH addition

Figs. 4a, 4b and 4c show the UV-visible spectra
of PhSOs-iPr,NH, in solution as a function of the
amount of NaOH added. It can be seen that the
addition of NaOH (0 — 800 L) to the PhSO:;-
iProNH, solution first leads to a decrease in the
intensity of the absorption band around 300 nm
(Fig. 4a). This decrease is due to the interactions
of the OH- base with the proton of the cationic
function of PhSOs-iPr,NH, (-O----H-), which
leads to the progressive formation of the
conjugated base in solution. This results in a
decrease in the concentration of the cationic
function, leading to a drop in absorption intensity.
The latter, responsible for absorption emission at

the same wavelength, increasingly loses its
supremacy, leading to a hypochromic effect.

These results correlate with those developed by
A. Garcia-Leis in the case of the UV-visible study
of the compound 2,2’-azino-his (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) [38].

Secondly, there is an increase in absorption
intensity at the same wavelength as before, from
800 pL up to 1300 pL of added NaOH (Fig. 4b).
In this case, the hyperchromic effect is observed,
showing that at800 pL the conjugated base
becomes the majority in solution and substitutes
the cationic function in the absorption emission.
And finally, with NaOH volumes above 1300 pL
(Fig. 4c), a decrease in absorption intensities is
again noted.

These results show that the entire cationic part of
PhSOs-iPr,NH, is completely neutralized and the
concentration of the conjugated base responsible
for the absorption band decreases with dilution.

3.3.2.2 Effect of HCI acid addition

The UV-visible spectra of the PhSOs-iPr,NH,
crystalline molecule in solution as a function of
the volume of HCI (0-5000 pL) added are shown
in Fig. 5. As a function of the amount of HCI
added, the absorbance band around 300nm
decreases considerably, reflecting the
attachment of the H" proton to the O of the
phenylsulfonate function, resulting in an
interaction (-O-H-) and the formation of the
conjugate acid of the PhSOz-iPr,NH, anion
function. Moreover, these interactions lead to
protonation of the anionic part of PhSOs-iPr,NH,
followed by a reduction in the strength of the
latter in solution, the concentration of which is
proportional to absorption.

These results point to a hypochromic effect due
to the action of HCl on PhSOs-iPr,NH, in solution
[Error! Bookmark not defined.].

3.4 Calculation of pKa Values
3.4.1 By electrochemical methods

Fig. 6a shows the variation of anodic currents as
a function of pH in acidic medium. It provides
information on the range of pKa values in the
region where current intensity tends towards the
maximum value [39]. In this case, the
(CeHsSO3H/C¢H5S03) couple is brought into play
by the amount of acid added, and is
accompanied by an increase in the anodic and
cathodic currents. This increase is linked to the
degree of interaction of the hydrogen bond [40].



In addition, the curve shows a vertical tangent
inflection between 2.9 and 3.1, corresponding to
neutralization of the anionic part of the PhS-
iPro,NH, crystalline molecule in solution. These
results correlate with those found by J. Zhao [41]
for cyclic voltammetry titration. Applying the
formula linking pKa to pH and currents, anodic
and cathodic (Eql), we find a pKa value of the
order of 3.03+0.21. The Fig. 6b corresponding to
the variation of anodic currents as a function of

pH in basic medium shows a curve with the
appearance of a classic weak acid-strong base
assay, and a significant pH jump between 10.4 -
11.2. It provides information on the pKa value
page, which lies in the pH range where the
anode current approaches its maximum value.
The data allow us to determine the pKa value by
applying equation 2, and we find a value of
pKa2= 10.23+0.59.
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3.4.2 UV-visible analysis

To confirm the pKas values found
electrochemically, the UV-visible analysis
technique is commonly used. For the

determination of pKas values using the first
method, pH curves as a function of log(Am/Ai)
are often exploited (Figs. 7a and 7b). In Fig. 7a,
the decimal logarithm of the absorbance ratio of
the molecular form to the ionized form increases
with pH. Graphically, the value pKa,=11.03 is
found for CgH14NH, /CeH14NH, corresponding to
pH = pKa under conditions where log(A./A) = 0.
The second method (Eg2), whose data gives a
value of pKa,=10.77+0.42. Fig. 7b, on the other
hand, shows the pKa value for the
(CeHsSO3H/CgHsSO3) couple. Applying the first
method corresponding to the variation of pH as a
function of log(Am/Ai) gives a pKa; value of the
order of 2.4 in the case where log(An/A;) = 0. The
second method (Eq2) gives a pKal value of
2.21+0.04. These pKa values found by the two
methods give a difference of around 0.3,
confirming the reliability of the UV-visible
technique.

3.5 Determination of
ThermodynamicParameters

Calculation of thermodynamicparameters: AG,
AH and AS

Thermodynamicparameters are important in
molecularchemistry. For the determination of
theseparameters, the Vant'Hoffequationis the
mostused(Eq 3).

dInKa
dT

— AH
- RTz(Eq 3)
AH molarenthalpy,

R universalgas constant and isequal to 8.314
J.moltK?

T temperature in Kelvin (K).

The Gibbs free energy AG isalsolinked to the
reaction constant by the relation (Eq 4):

AG=-RTInKa(Eq 4)
It is possible to determine the Gibbs free
energyfrom the absorbance value obtained by
UV-visible spectroscopy by applying the
followingrelationship (Eq 5):

AG=-2.303RTlog(A) (Eq 5)
With A is the absorbance value [42].

The resultsobtainedfromequation 5 are shown in
Table 1.



The relationshipbetween the Gibbs free energy Eq 6 makesit possible to deduce the values of
AG, the entropy AS and the enthalpy AH isgiven  AS and AH by plotting the curve AG as a function

by the thirdlaw of thermodynamics (Eq 6): of the temperature T (Fig. 8). The intercept
coincideswith the value of AH and the slope
AG=AH-TAS (Eq 6) [43]. corresponds to the opposite of AS.
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Table 1.Value of absorbances and AG as a function of temperature

Température T (K) 298 303 308 313 318 323
Absorbance 0,890 0,970 1,090 1,112 1,135 1,160
AG(KJ.mol™) 288,738 76,745 -220,716 -276,308 -334,858 -398,642
-200
AG = 3429.95868 - 11.84656 T
=250
S R® = 0.99854
E -300-
-
-3
2 -3504
-400

308 312 316 320 324
T (K)
Fig. 8. Variation curve of AG as a function of temperature T

Table 2. The different values of AG, AH and AS for the PhS-iPr,NH, crystalline molecule in
solution
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Température (K) AG(KJ.mol ™)

AH(KJ.mol ™)

AS(J.mol™* .K™)

298 288.74+11.43
303 76.75+2.99
308 -220.72+8.48
313 -276.31+10.45
318 -334.86+12.46
323 -398.64+11.84

3429,96 + 82,30

11,85+ 0.26

The obtained values of standard enthalpy,
entropy and Gibbs free energy of the dissociation
of PhSOs-iPr,NH, are given in Table 2. It
seemsthat the values of AG
decreasewithincreasingtemperature.
Theseresults are similar to those of Li [44], which
justifies that the dissociation process of PhSOs-
iPr,NH,increaseswithincreasingtemperature. The
Positive value of AH= 3429.96 kJ.mol
indicatesthat the dissociation isendothermic
[45]. The positive values of AG indicatethat the
dissociation process is not spontaneous for the
temperaturebetween 298 and 303 K. The
decreases of AG as a function of
temperatureshowedthat the dissociation of the
PhSOs-iProNH, crystalline moleculeisfavored by
the increase in temperature. However, the value
of AS 11.85 + 0.26 J.mol™.K"' due to
increaseddisorderresultingfrom dissociation
processes. All thesethermodynamicparameters
of PhSOs-iPr,NH,confirm the stability of the
crystalline molecule in an aqueous medium.

3.6 Determination of Solubility

For the determination of the solubility of
diisopropylammoniumphenylsulfonate, an
amphoric  compound composed of a

monoaciddiisopropylammonium and a monobase
phenylsulfonate, the Henderson-Hasselbalch
(HH) equationwasused [46]

For a monoacid: The HH equation for
monoacidisgiven by Eq 7:

a

S =35, (L0PH-PKa + 1) (Eq7) [47]

Fig. 9a shows the solubility of the CgHiNH,"
cation as a function of pH. Weseethat the free

cationicform has a value of Sy = 33.5
mg/mLwith an intrinsicsolubility value S, =1.3

mg/mL.

For a salt: the HH equation for a saltcomposed of
acid and base isgiven by Eq 8:

logS = logS, + log (10pKa1-pH 4 1QpH-pKaz 4
1)(Eq 8) [48]

Fig. 9b shows the variation in solubility as a
function of pH of PhS-iPr,NH,, an amphoteric
compound. For thisamphoteric the variation in pH
leads to an exponentialincrease in solubilitywith
an Spyax value approximatelyequal to 70 mg/mL
double the solubility of the saltforms of the free
acid. Theseresults show that the presence of the
besylate anion increases the solubility of
diisopropylammonium to a value practicallyequal
to twice the maximum solubility of the cation
alone. This once again shows the importance of
the besylate anion in improving the solubility of
pharmaceutical compounds. Furthermore, the
salt of diisopropylammoniumbesylate  or
(diisopropylammoniumphenylsufonate) has an
aqueoussolubility of approximately 70 mg/Mi
whichgreaterthanthat ofseveraldrug
candidatesapproved by the Administration of
Medication Food (ANM) [49]Table 3 shows a
comparative  study of the solubility of
diisopropylammoniumbesylatewithotherdrugs.

This
studydemonstratesthatdiispropylammoniumbesyl
atesolubilityis excellent is excellent compared to
the solubility values of othermolecules, and
thereforecouldbeconsidered as a potential API in
the design of pharmaceuticalsalts.

Table 3. Comparative study of the solubility of diisopropylammoniumbesylatewithotherdrugs

Molecules MW pKa Solubility (mg/mL)  Ref
Amlodipine besylate 409 9.0 2.22 [50]
Bepotastine besylate 389 4.4 ;8.9 23.3 [50]
Camostat mesylate 398 9.1 45.5 [51]
Haloperidol phosphate 471 8.3 3.4 [51]
Ethionamide maleate 280 - 19.9 [52]
Diisopropylammonium besylate 259 2.2;10.8 70 This work
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Fig. 9. pH-solubilitycurve (a) of the diisopropylammonium cation CgH1sNH," (b) of PhSOs-
iPerHz

4. CONCLUSION

Knowledge of the characteristics of an API is an
important parameter for the design of a
pharmaceuticalsalt meeting the standard
required by the World HealthOrganization
(WHO). Our workconsists of studying the
physicochemicalparameters of
diisopropylammoniumphenylsulfonate, a
potential API whichcouldbeused as a counterion
for the formation of pharmaceuticalsalts. In
ourpreviousexperiments, it has been
demonstratedthatdiisopropylammoniumphenylsul
fonatebehaves like an amphotericbecauseitis
capable of capturing a proton in an acidic
medium and givingit up in a basic medium. In
addition, the
cyclicvoltammetrycurveconfirmedthat PhS-
iProNH,hadtwoacid-base
pairs:sulfonicacid/phenylsulfonate
CHsSO3H/CgHsSO5™ and diisopropylammonium/
diisopropylamine  CgH1sNH," /CgHuNH.  The
thermodynamicparameters of PhSO;-iPr,NH,
and the pKas values weredetermined by
cyclicvoltammetry and UV-visible.
Thesetwomethods made it possible to obtain the
pKa values of the two couples with a few errors.
Thesemethodsalsoallowed us to calculate the
solubility value of the
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moleculewhichismuchhigherthanthatdeveloped in
the literature and accepted as an active
pharmaceuticalingredient.

The physicochemicalparametersobtained are in
the range of APIs and are satisfactory for the use
of PhSOs;-iPr,NH, as a counterion for the
synthesis of pharmaceuticalsalts. The PhSO;-
iProNH, crystalline moleculecouldbe a potential
API candidate with the aim of improving the
solubility, efficacy, bioavailability and safety of
drugmolecules.
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