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THEORETICAL STUDY OF IONIZATION OF
SARTANSIN AQUEOUS MEDIA

M. Popovié!, G. Popovié?, K. Nikolié¢ !, M. Gruji¢' and D. Agbaba!

!Department of Pharmaceutical Chemistry,
(majap@pharmacy.bg.ac.rs)
’Department of General and Inorganic Chemistry,
University of Belgrade-Faculty of Pharmacy, Vojvode Stepe 450,
11000 Belgrade, Serbia

ABSTRACT

In this study the order of ionization in the molecules ofirbesartan, losartan,
and valsartan has been investigated. Irbesartan and losartan are ampholytes,
valsartan isdiacid with close values of ionization constants. In order to get
better insight in the overlapped protolytic equilibria of sartanstheoretical
study was performed. Energy calculation of the optimized structures of
equilibrium forms was performed at the B3LYP/6-31G (d,p) level of the
Density Functional Theory (DFT). Results of theoretical study
confirmedprediction that in allexamined compoundshigher pK, valuescan be
attributed to the ionization of tetrazole.

INTRODUCTION

Angiotensin II Receptor Blockers (ARB), also known as sartans, are used in
the treatment of hypertension, cardiac insufficiency, myocardial infarction,
and diabetic nephropathy.Not only the conformation of the sartans active
form is important for pharmacological activity but also their ionization state
in physiological conditions that can affect partitioning between plasma and
biomembranes [1]. Irbesartan and losartan are ampholytes with one acidic
(tetrazole ring) and one basic center (imidazole ring), while the valsartan is
diprotic acid (carboxylic group and tetrazole ring) (Figure 1). The pKa
values of examined sartans were determined potentiometrically: pKai
3.88and pKa 4.55 for irbesartan; pKa1 3.27 and pKaz 4.60 for losartan; pKai
3.79 and pKa 4.55 for valsartan [2]. Ionization processes include
equilibrium forms that can differ in physico-chemical properties. In order to
estimate the extent of ionization at any given pH value it is necessary to
assign thepK. values to corresponding ionizable centers. The main aim of
theoretical study was to obtain a better insight in the overlappedprotolyitic
equilibriaand properties ofsartans equilibrium forms.
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Figure 1. Ionization profiles of a) irbesartan, b) losartan, ¢) valsartan.
Equilibrium forms: cationic (IrtbH", LosH"), molecular (IrbH, LosH,
ValH»), zwitterionic (IrbH"™~, LosH™™), monoanionic (Irb™, Los™,
ValH"), dianionic (Val*).

EXPERIMENTAL

Chemical structures of each equilibrium form of examined sartans that can
exist in solution were built in ChemBioDraw Ultra 13.0 program and copied
to ChemBio3D Ultra 13.0 program in order to create their 3D-models.
Irbesartan and losartan are ampholytes which may exist in four equilibrium
forms in a solution (cationic, anionic, zwitterionic, and molecule), while the
valsartan is diacid with three equilibrium forms (molecular, monoanionic,
and dianionic). Geometry optimizations of each of the elevenequilibrium
forms were performed at the B3LYP/6-31G (d,p) level of the DFT[3, 4] in
the gas phase using the Gaussian 09 program [5]. Optimized molecular
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models were used for all further calculations. The PCM [6] in the B3LYP/6-
31G (d,p)*™" basis set[3, 4] was applied to compute the electronic
descriptors, energies of the highest occupied and the lowest unoccupied
molecular orbital (Emomo and Erumo),chemical potential (u),
electronegativity (x), hardness (), global softness (S), electrophilicity index
(w), dipole moment, and charges [7].

RESULTS AND DISCUSSION

Potentiometrically determined pKavalues of examined sartans are very close
which point out to overlapped protolytic equilibria. Order of ionization can
be predicted based on the analysis of chemical structure only in case of
valsartan (lower pKa. value of carboxylic group than tetrazole). Irbesartan
and losartan contain imidazole ring as a basic center with pK, value lower
than the pK. of tetrazole as an acidic center.

Table 1. SCF energies of sartans calculated at B3LYP/6-31G(d,p)
level of DFT. Energies are given in hartrees. (Equilibrium forms are
explained on Figure 1).

Sartan Form SCFgas SCFpcm ASCF
Irbesartan  IrbH —1373.29323  —-1373.31279 —-0.01956
IrbH™~ -1373.29353  -1373.29109 0.00244
Irb™ —1372.74810 —1372.83809  —0.08755
IrbH," —1373.69218 —1373.77253  —0.08035
Losartan LosH —1716.12055 —-1716.14021 —0.01966
LosH™ -1716.11971 -1716.12615 —0.00644
Los™ —1715.58099 —-1715.66139  —0.08040
LosHy" —-1716.52008 —1716.59122 —0.07114
Valsartan ValH, —1431.48628 —1431.509456 -0.023176
ValH- -1430.93597 -1431.027103 -0.091133
Val>~  —1430.32750 -1430.552276 —0.224776

Energy calculation of the optimised molecular models was performed at
theB3LYP/6-31G (d,p) [3] level of the DFT [4] in a gas phase and in water
solution. The energies of optimised molecular models were computed by
applying self-consistent field method (SCF) for transfer the molecules from
gas (SCFagas) to aqueous phase (SCFpcwm) [8] and differences between the
energies were calculated (ASCF= SCFgas- SCFpcm) and listed in Table 1.
Value ASCF is higher for anionic forms of losartanand irbesartan in
relation to their corresponding cationic forms, as well as for dianionic
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valsartan form compared to its monoanionic form. Larger ASCF values
were observed for anions formed by deprotonation oftetrazole(Irb~, Los™,
Val*>") which indicate that more energy is required for ionization of tetrazole
in comparison to the ionization of the imidazole and carboxyl group. Based
on these results, pKa values (4.55, 4.60, 4.55) can be attributed to the
tetrazole ring of irbesartan, losartan and valsartan, respectively.
Accordingly, pKa1 values (3.88, 3.27, 3.79) correspond to imidazole ring of
irbesartan, imidazole of losartan, and carboxylic group of valsartan,
respectively.In case ofampholytes in which pK, of acidic group is greater
than the pK. of the basic group is expected that in a solution molecular form
is dominant in a relation to zwitterionic.

CONCLUSION

Experimentaly determined pKa values of irbesartan, losartan, and valsartan
have beenattributed to the corresponding ionizable groups based on results
obtained in theoretical study. Defining the ionization of sartans can help
with determination of the equilibrium form which is required for achieving a
better bioavailability as well as with more accurately explanation of the
mechanism of interaction between sartans and their target site of action.
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