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INTRODUCERE

Prin prezenta teza de doctorat, intitulata “Enantiosepararea substantelor
bioactive chirale” am abordat problema medicamentelor care prezinta un centru de
chiralitate si importanta gasirii unor metode simple si eficiente pentru separarea
enantiomerilor.

Pornind de la ipoteza cd majoritatea moleculelor utilizate In prezent in terapia
medicamentoasa prezinta un centru de chiralitate si sunt in general sintetizate ca
amestec racemic si tinand cont de diferentele farmacodinamice: absorbtia, distributie,
legarea de proteine, afinitatea fatd de receptori, calea de metabolizare, respectiv
proprietatile si potentialul efectului farmacologic, In multe cazuri in terapia
medicamentoasa este de dorit utilizarea unui singur enantiomer in locul amestecului
racemic.

Principala metoda de separare a enantiomerilor substantelor bioactive chirale o
reprezinta electroforeza capilara. Aceastd metoda se bazeaza pe utilizarea unor selectori
chirali capabili de recunoastere chirala si formarea de complecsi diaseroizomerici cu cei
doi enantiomeri. Conform regulii de interactiune in trei puncte a lui Dalgliesh,
recunoasterea chirald depinde de cel putin trei interactiuni simultane Intre selector si
selectand, si cel putin una dintre aceste interactiuni trebuie sa fie stereoselectiva pentru
a permite discriminarea enantiomerilor. Majoritatea CSs formeaza complecsi de
incluziune, legaturi covalente si legaturi electrostatice. Recunosterea chirala este si
rezultatul unor interactiuni secundare: legaturi de hidrogen, legaturi dipol-dipol sau
interactiuni m-m. Numarul CSs sintetizati este in continua crestere, scopul utilizarii
acestora fiind reducerea timpului de analiza, cresterea selectivitatii sistemului si/sau
cresterea sensibilitatii de detectie (scaderea limitei de detectie). Cei mai utilizati
selectori chirali sunt de departe derivatii de CD, dar gasirea a noi molecule reprezinta a
provocare continua pentru cercetare.

Teza este structuratd in douad parti, prima reprezentand stadiul actual al
cunoasterii, iar cea de-a doua cuprinde contribufia personald. Scopul studiile
experimentale a fost dezvoltarea si validarea unor noi metode de separare a
enantiomerilor de ibuprofen si ketoprofen, prin CE si gasirea unui design experimental
adecvat, in vederea imbunatatirii selectivitatii si cresterea rezolutiei.

STADIUL ACTUAL AL CUNOASTERII

Aceasta prima parte a tezei are ca scop familiarizarea cititorului cu notiunea de
chiralitate, respectiv amestec racemic, enantiomeri. Aceasta parte cuprinde si notiuni
teoretice de electroforeza capilard, descrierea aparaturii si a materialelor necesare,
urmate de clasificarea si descrierea selectorilor chirali utilizati in enantiosepararea
compusilor chirali prin electroforeza capilara.
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CONTRIBUTIA PERSONALA

Principalul obiectiv al tezei a fost cercetarea comportamentului unor molecule
medicamentoase chirale model in vederea obtinerii unei discriminari chirale prin
electroforeza capilara.

Unul din cele mai frecvent prescrise medicamente in practica medicala o
reprezinta antiinflamatoarele nesteroidiene. AINS reprezinta o clasa de medicamente cu
proprietdti antiinflamatoare, analgezice si antipiretice. Au ca mecanism de actiune
inhibarea ciclooxigenazei (COX-1 si COX-2), prin mecanism competitiv cu acidul
arahidonic, Impiedicand formarea prostaglandinelor (PG), prostaciclinelor (PC) si a
tromboxanilor (TX). Din punct de vedere chimic majoritatea AINS sunt acizi organici
slabi si se clasifici in acizi carboxilici, respectiv acizi enolici. In studiile efectuate am ales
ca substante model doi profeni din grupa acidului 2-arilpropionic: ibuprofenul si
ketoprofenul, care prezinta cate un centru de chiralitate In molecula.

Studiul 1. Strategii de enantioseparare a AINS prin CE

In decursul ultimelor decenii s-au dezvoltat si aplicat o mare varietate de metode
de enantioseparare prin CE. Obiectivul primului studiu a fost realizarea unui vast studiu
de literatura, prin accesarea unui numar mare de articole de cercetare si publicatii de
specialitate pe tema enantioseparare, electroforeza capilard, selectori chirali si AINS.

Baza de date a publicatiilor SCOPUS, respectiv Web of Knowledge (WOK),
reprezinta o modalitate comuna de accesare a informatiilor cu caracter stiintific privind
cercetarea pe aceasti tema. In principal ciutirile s-au focusat pe metodele dezvoltate si
validate ce folosesc selector chiral, dar mai ales cele cu aplicabilitatea in domeniul
farmaceutic.

Prima parte ofera o imagine de ansamblu asupra publicatiilor privind subiectul
electroforeza capilard si enantiosepararea. Numarul mare de articole publicate in
ultimele doua decenii, arata interesul crescut fata de acest subiect. Rezultatele au fost
prezentate sub forma unor grafice care totodata ne arata si tendintele generale, astfel in
urmatoarea perioada este de asteptat o crestere a numarului de publicatii.

A doua parte a studiului reprezinta o sinteza a celor mai noi strategii aplicate In
enantiosepararea prin electroforeza capilara utilizand ca model de compusi chirali AINS.
Am constatat ca utilizarea AINS ca substante chirale reprezinta alegerea unui numar
limitat de echipe de cercetare. Separarea enantiomerilor si a metabolitilor chirali ai
profenilor si cresterea rezolufiei, nu este o problema analitici usor de rezolvat.
Principiul de baza pentru a realiza separari chirale prin electroforeza este adaugarea
unui aditiv optic activ, capabil sa formeze interactiuni stereoselective pentru a permite
discriminarea enantiomerilor. 80% utilizeazi ca selector chiral ciclodextrinele. Tn
continuare s-au discutat mecanismele de recunoastere si rolul structurii chimice in
recunoasterea moleculard, stabilitatea compusilor model in diferite solutii tampon si
influenta naturii electrolitului suport in modelarea moleculara.
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Studiul 2. Separarea enantiomerilor de profeni prin CE folosind

ciclodextrine native

In acest studiu s-a pornit de la un plan teoretic privind enantiosepararea
compusilor chirali model In mediu neapos (NACE) in prezenta ciclodextrinelor native
(a-, B- si y-CD), considerand ca utilizarea unui sistem neapos poate reduce interactiunea
dintre analit si peretii capilarei si implicit duce la cresterea rezolutiei. S-a realizat un
design experimental ce presupunea utilizarea unei solutii de electrolit MeOH:ACN, iar
pentru ajustarea pH-lui s-a utilizarea un tampon formiat.

S-a utilizat un sistem de electroforeza capilara Agilent 3D (Agilent Technologies,
Walbronn, Germania) echipat cu un detector spectrofotometric. S-au folosint capilare de
silice de 50um, L=48.5cm, 1=40cm, fixate Intr-o incinta riguros termostatata la 25°C.
Pentru prelucrarea si stocarea datelor s-a folosit un program 3D-CE Chemsation Rev.
A.08.03(843). Probele de amestec racemic de ibuprofen si ketoprofen au fost oferite de
Terapia-Rambaxy S.A., Cluj-Napoca, Romania, iar ciclodextrinele a fost achizitionate de
la Cyclolab Hungary.

Dat fiind masa moleculara mare si solubilitatea scazuta a ciclodextrinelor native
in solutie neapoasa (MeOH/ACN), ex: solubilitatea a-CD In MeOH < 0.3g/l, pentru
cresterea solubilitatii CD, a fost necesara adaugarea de apa in solutia de electrolit,
rezultand o solutie organica diluatda (MeOH/H20/ACN).

fn urma analizelor efectuate s-a constat ca separarea enantiomerilor este
influentata atat de natura, cat si de concentratia selectorului chiral. Selectivitatea
crescuta a o-CD native fata de ibuprofen si ketoprofen, se datoreaza in primul rand
dimensiunii reduse a cavitatii ciclodextrinei capabild sa incorporeze si sa formeze
legaturi puternice cu moleculele celor doi profeni. In cazul ibuprofenului se observa
cresterea vitezei de migrare odata cu cresterea moleculei de CD, dar 1n aceleasi conditii,
in cazul ketoprofenului are loc un fenomen de decelerare, cu cresterea timpului de
migrare, Insa desi creste intensitatea semnalului, scade selectivitatea si rezolutia.
Cresterea concentratiei CD influenfeaza mobilitatea electroforetica, prin cresterea
timpului de retentie si totodatd creste intensitatea semnalul electroforetic si scade
suprafata picurilor.

Totodatda am urmadrit influenta electrolitului asupra mobilitatii moleculelor,
determinarea constantelor de afinitate si mobilitatea efectiva a complecsilor analit-CD
si evaluarea interactiunilor dintre compusii chirali model si selectori. Raportul
MeOH:ACN (v/v) influenteaza diferit enantiosepararea celor doi profeni, astfel in cazul
ibuprofenului cresterea raportului are ca rezultat scaderea selectivitatii si a rezolufiei,
iar in cazul ketoprofenului, cresterea raportului duce la cresterea acestora. De remarcat
ca eficienta separarii in mediul organic apos (MeOH/H20/ACN) este foarte scazuta (Rs:
0.39-1.29), cel mai probabil datorita adsorbtiei analitului pe peretii capilarei.

pH-ul influenteaza atat fluxul electroosmotic prin cresterea EOF si poate modifica
sarcina sau structura solutului. in general, se afirmi ci un compusul este complet
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protonat/deprotonat, daca intre pH si pKa este cel putin o diferenta de doua unitati. La
valorile experimentale pH=5, putem considera ca moleculele de profeni, fiind acizi slabi
(pKai=4.6, pKaz=4.0) se gasesc sub forma partial disociatd, iar in intervalul 6.5<pH<6.95
am luat in calcul forma complet deprotonata. S-a constatat ca cresterea pH-ului duce la
cresterea timpului de migrare, insa rezultatele obtinute arata scaderea selectivitatii si a
rezolutiei.

Studiul 3. Discriminarea chirala a compusilor model folosind
derivati de ciclodextrine

S-au pastrat metodologia si aparatura descrise in studiul anterior, Insa design-ul
experimental a fost practic complet modificat. De aceasta data s-a lucrat in mediu apos,
intr-un tampon de acid fosforic 100mM / trietanolamina 20mM, la pH 2,5. Apa, ca si
mediu de lucru in CE oferd avantaje importante, cum ar fi vascozitatea redusa, lipsa
volatilitatii, siguranta si pretul redus, Insa utilizarea unui mediu apos poate creste
semnificativ fluxul electroforetic (EOF).

Ca selectori chirali s-au utilizat doi derivati de ciclodextrine ca unic selector
(single CD system), mai exact fie un derivat cationic: permetil-6-monoamino-6-
monodeoxi-f3-ciclodextrina (PMMA-3-CD), respectiv un derivat neutru: heptakis-(2,3,6-
tri-0-metil)-B-ciclodextrina (TM-3-CD) in diferite concentratii (0-40mM). Derivatizarea
gruparilor hidroxil de pe inelul ciclodextrinei, modifica nu doar hidrofobicitatea, ci si
sarcina ciclodextrinei, crescand capacitatea de complexare fata de cei doi profeni neutri.
Raportul de combinare este in egala masura determinat si de marimea analitului, care
trebuie si fie in concordanti cu dimensiunea cavititii ciclodextrinei. In cazul
moleculelor mici de profeni derivatii de 3-CD sunt ideali ca dimensiune pentru formarea
unui complex de incluziune aproape complet.

Utilizarea PMMA-(-CD ca selector chiral s-a dovedit de succes. Timpul de migrare
lung se datoreaza faptului ca PMMA-{3-CD fiind un derivat cationic de ciclodextrina si
utilizand capilare de silice neacoperite, exista interactiuni electrostatice si are loc
aderenta ciclodextrinei incarcate pozitiv de peretii capilarei. Acest lucru il indica si
tendinta de “peak tailing”, mai exact obtinerea unor picuri asimetrice cu coada.

In cazul utilizirii TM-B-CD, separarea enantiomerilor celor doi profeni a fost
posibila doar prin cresterea pH-ului solutiei de electrolit si realizarea unei disocieri
partiale a analitului. Datele furnizate de aceste analize ofera informatii importante
privind influenta diferitor factori asupra separarii enantiomerilor de profeni.

Pentru a determina ordinea de migrare si identificarea enantiomerilor, simultan
cu separarea amestecul racemic, s-a folosit o proba continand doar enantiomerul S. S-a
observat ca ordinea de migrare a enantiomerilor este dependenta de afinitate pentru
selectorul chiral, astfel In cazul utilizarii PMMA-B-CD ca selector chiral, migreaza mai
intdi enantiomerul R avand o afinitate mai puternicd, in timp ce enantiomerul S, cu
afinitate mai mic3, migreaza mai tarziu.
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Structurile complecsilor formati intre enantiomerii analitului si selectorul chiral
a fost confirmata prin spectroscopie RMN. Concordanta dintre dimensiunea cavitatii CD
si dimensiunea moleculei de ibuprofen permite formarea unui complex de incluziune
aproape complet, gruparea isobutil, grupare hidrofobd, jucand un rol important in
formarea complexului. In cazul ketoprofenului, gruparea benzoil, localizati adanc in
interiorul cavitatii ciclodextrinei este gruparea chimica implicatd In formarea
complexului de incluziune, chiar daca nu este adiacenta centrului de chiralitate.
Formarea complexului de incluziune este o reactie reversibila. Raportul molar de
complexare intre analit si ciclodextrina este 1:1.

Studiul 4. Utilizarea unui sistem dual de selectori chirali pentru
enantiosepararea AINS prin CE

Acest studiu a avut ca obiectiv nu doar o noua abordare, respectiv utilizarea celor
doi derivati de ciclodextrinad sub forma de sistem dual de selectori (dual selector system)
pentru imbunatatirea selectivitatii si a rezolutiei separarii enantiomerilor de profeni,
dar si Incercarea unui nou design experimental, pentru corectarea unor neajunsuri
constatate in studiile anterioare.

Aparatura si metoda de lucru, sunt similare cu cele din studiile precedente.
Pentru a evita interactiunea electrostatica si aderarea ciclodextrinei incarcate pozitiv de
peretii capilarei, s-au folosit capilare captusite cu polivinil alcool (PVA), ceea ce elimina
totodata si fluxul electroosmotic (EOF).

Utilizarea unui derivat cationic de ciclodextrina (PMMA-B-CD), alaturi de un
derivat neutru (TM-B-CD) in diferite concentratii (0-40mM), ne-a permis evaluarea
influentei unui astfel de sistem dual de selectori asupra enantiosepararii unor
amestecuri racemice de profeni neutri. Rezultatele obfinute arata ca valoarea
selectivitdtii si a rezolutiei scade cu cresterea concentratiilor celor doua ciclodextrine,
scadere ce poate fi atribuita faptului ca atat derivatul cationic de ciclodextrina (PMMA-
B-CD), cat si derivatul neutru (TM-B-CD) au acelasi mod de legare fata de enantiomeri
formand complecsi de incluziune, raport molar 1:1 si prezinta acelasi tip de afinitate fata
de enantiomeri, fiind mai mare fata de izomerul R, decat fata de izomerul S.

Prin determinarea constantelor de afinitate prin metode matematice sau
utilizdnd regresia liniarda printr-o abordare in doua etape, s-a aratat ca afinitatea
compusilor studiati este mai mare fata de TM-f-CD decit fatda de PMMA-B-CD (Kaci<
Kacz), astfel, In cazul unui sistem dual de selector, TM-B-CD produce un efect de
decelerare asupra mobilitatii enantiomerilor de profeni, avind ca rezultat cresterea
timpului de migrare si chiar obtinerea unei separari incomplete. Utilizarea unui sistem
cu selector unic, care contine numai PMMA-3-CD in concentratia optima este de preferat
pentru enantiosepararea celor doi profeni in conditiile experimentale date.
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CONCLUZII GENERALE SI ORIGINALITATEA TEZEI

Articolul publicat in Revista Farmacia, vol.64 din 2016, cuprinzand rezultatele
primului studiu este singurul articol review din literatura ce trateaza subiectul utilizarii
CD 1n electroforeza capilara si care prezinta exclusiv strategiile de enantioseparare ale
antiinflamatoarelor nesteroidiene.

Interesul crescut fatd de moleculele din clasa AINS se datoreaza in primul rand
importantei biofarmaceutice pe care acestea le prezintd, in prezent fiind medicamentele
cel mai frecvent utilizate in tratamentul durerii acute si cronice. Utilizarea lor ca
substante bioactive chirale a facut posibila dezvoltarea si validarea unor noi metode de
separare a enantiomerilor, ce pot reprezenta potentiale modele pentru separarea altor
compusi chirali in industria farmaceutica.

Rezultatele obtinute prin modificarea unor factori ai design-ului experimental ce
presupune utilizarea CD native ca selectori chirali, ne permit infelegerea mecanismelor
aflate la baza separarea enantiomerilor de ibuprofen si ketoprofen prin CE, precum si
influenta acestora asupra mobilitatii electroforetice si a selectivitatii.

Cresterea raportul MeOH:ACN (v/v) din solutia de electrolit influenteaza diferit
eficienta enantiosepararii celor doi profeni. Cresterea pH-ului duce la cresterea timpului
de migrare si la scaderea selectivitatii si a rezolutiei.

Natura CD-native influenteaza separarea enantiomerilor in primul rand prin
capacitatea diferita de formare a complecsilor de incluziune. Cresterea concentratiei de
CSs duce la cresterea timpului de retentie, datorita adsorbtiei CD pe peretii capilarei.

Modificarea solutiei de electrolit, alegerea unui mediu apos si utilizarea PMMA-3-
CD ca unic selector chiral, s-au dovedit de succes. Prin utilizarea PMMA-{-CD intr-un
interval larg de concetratie (0-40mM) s-a demonstrat ca la concentraii extreme
valoarea rezolutiei este zero. Concentratie optima de CDs este cea la care diferenta
dintre constantele de afinitate, respectiv mobilitatea efectiva a celor doi enantiomeri
este maxima.

Utilizarea unui sistem dual de selectori, format din PMMA-3-CD, aldturi de un
derivat neutru TM-§-CD, nu a dus la imbunatatirea scontata a selectivitatii si cresterea
rezolutiei, insa studiile ne-au ajutat sa infelegem mecanismele de recunoastere si rolul
structurii chimice in recunoasterea moleculard, influenta electrolitului asupra
mobilitatii electroforetice si evaluarea interactiunilor dintre compusii chirali model si
selectori.

Folosind modele matematice si cu ajutorul constantelor de afinitate si valoarea
mobilitatii complecsilor analit-CD determinate, este posibila prezicerea mobilitatii
efective a enantiomerilor, cat si a selectivitatii si a rezolutiei, Intr-un sistem dual de
ciclodextrine, la orice concentratie a celor doi selectori.
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INTRODUCTION

Through this doctoral thesis entitled "Enantioseparation of bioactiv chiral
compounds” [ focused on the issue of the drugs with a chirality center and the
importance of finding simple and effective methods for the separation of the
enantiomers.

Starting from the hypothesis that most of the molecules currently used in drug
therapy have a chirality center and are generally synthesized as a racemic mixture and
taking into account the pharmacodynamic differences: absorption, distribution, protein
binding, affinity to receptors, metabolic pathway, respectively, the pharmacological
properties and potential, in drug terapy it is desirable to use a single enantiomer in place
of the racemic mixture.

The main method for the separation of enantiomers of chiral bioactive substances
is capillary electrophoresis. In chiral separation techniques, the key step is the use of
chiral selectors capable of chiral recognition and the formation of diastereomeric
complexes with the two enantiomers. According to Dalgliesh's three-point interaction
rule, chiral recognition depends on at least three simultaneous interactions between the
selector and the selected and at least one of these interactions must be stereoselective
to permit discrimination of the enantiomers. Most CSs form inclusion complexes,
covalent bonds and electrostatic bonding. Chiral recognition is also the result of
secondary interactions such as hydrogen bonds, dipole-dipole bonds or m-interactions.
The purpose of CSs use is to reduce analytical time, increase selectivity and / or increase
detection sensitivity (decrease of detection limit). The widely used chiral selectors are
by far the CD derivatives, but finding new molecules is a continuous challenge for
research.

The thesis is structured in two parts, the first represents the current state of
knowledge, and the second represents the personal contribution. The purpose of the
experimental studies was to develop and validate new enantioseparation methods of
two chiral compounds by capillary electrophoresis and to find a proper experimental
design to improve selectivity and increase resolution.

CURRENT STATE OF KNOWLEDGE

This first part of the thesis aims to familiarize the reader with the term of chirality,
respectively racemic mixture, enantiomers. This part also includes theoretical notions
about capillary electrophoresis, description of the analytical instruments and supplies,
followed by the classification and description of chiral selectors used in the
enantioseparation of chiral compounds by capillary electrophoresis.
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PERSONAL CONTRIBUTION

The main objective of the thesis was to investigate the behavior of some model
chiral molecules in order to obtain a chiral discrimination by capillary electrophoresis.

One of the most commonly prescribed drugs in medical practice are the non-
steroidal anti-inflammatory drugs. NSAIDs represent a class of drugs with anti-
inflammatory, analgesic and antipyretic properties. NSAIDs work by inhibiting the
action of cyclooxygenase enzymes (COX-1 and COX-2) through a competitive mechanism
with the arachidonic acid, preventing the synthesis of prostaglandins (PG), prostacyclin
(PC) and thromboxanes (TX). According to chemical structure most NSAIDs are weak
organic acids and are classified into carboxylic acids and enolic acids. In my
enantioseparation studies I choose to work with two compounds from the 2-aryl-
propionic acid group: ibuprofen and ketoprofen, both having a chirality center in the
molecules.

Study 1. Separation strategies of NSAIDs by capillary

electrophoresis

Over the last decades a wide variety of enantioseparation methods have been
developed and applied through the CE. The aim of this first study was to carry out a vast
literature study by accessing a large number of research papers, journal articles and
scientific articles related to enantioseparation, capillary electrophoresis, chiral selectors
and NSAIDs topics.

Publication databases are a common way to access research information on
targeted topics. Searching in to SCOPUS database, using the key words “capillary
electrophoresis” and “enantioseparation” in the ‘Title-Abstract-keywords’ search field,
returned an impressive number of articles. Merging the two terms into the ‘Topic’ search
field of Web of Knowledge (WOK) database were found even higher values and similar
increasing trends, which provides extra confidence on the results.

The first part of this study presents an overview of the data published in the last
two decades related to the subject. The large number of articles shows the increased
interest on this topic and the general trends points to a promising future in
electrophoretic separations research.

The second part of this study highlights the most recent enantiomer separation
strategies applied in capillary electrophoresis, using nonsteroidal anti-inflammatory
drugs (NSAIDs) 2-arylpropionic acids as model compounds. It is mainly focused on
method development and validation, along with pharmaceutical and biomedical
application, where chiral selectors (CSs) are used. There is a large number of CSs that
have, over the years, been synthesized and used in electrophoretic enantioseparations.
[ have found that the use of NSAIDs as chiral compounds is the choise of a limited
number of research teams. Enantioseparation and increasing the resolution is not an
easy analytical problem to be solved. This review presents also the chiral recognition
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mechanisms and the role of the chemical structure in molecular recognition, the stability
of the model compounds in different buffer solutions and the influence of the nature of
the support electrolyte in molecular modeling.

Study 2. Profen enantiomers separation by CE using native-CD

The starting point of this study was a theoretical plan of chiral compounds
enantioseparation in non-aqueous medium (NACE) using as CSs the three native
cyclodextrins (a-, 3- si y-CD), considering the fact that the use of NACE medium may
reduce the interaction between the analyte and the capillary walls, increasing the
resolution. The experimental design involved the use of MeOH:ACN as background
electrolyte (BGE) and a formic acid/ammonium formate buffer to adjust the pH.

An Agilent 3D capillary electrophoresis system (Agilent Technologies, Walbronn,
Germany) equipped with a spectrophotometric detector was used. Separation were
performed with the 50pum ID fused silica capillaries (L=48.5cm, 1=40cm) thermostated
at 25°C. 3D-CE Chemsation Rev. A.08.03 (843) software was used for data processing
and storage. Samples of racemic mixture of ibuprofen and ketoprofen were provided by
Terapia-Rambaxy S.A., Cluj-Napoca, Romania, and cyclodextrins were purchased from
Cyclolab Hungary.

Because the high molecular weight and low solubility of native cyclodextrins in
non-aqueous solution ( e.g. a-CD solubility in MeOH < 0.3 g/1) to increase the solubility
of CD, it was necessary to add water to the electrolyte solution, resulting in a diluted
organic solution (MeOH/H20/ACN).

The results of the analyzes performed shows that the enantioseparation of
ibuprofen and ketoprofen it is influenced by the nature and the concentration of CSs.
The increased selectivity of native a-CD to profens is primarily due to the small size of
the cyclodextrin cavity capable of incorporating and forming strong bonds with the 2-
arylpropionic acid molecules. In the case of ibuprofen, the increase in the migration rate
is observed with the increase of the CD molecule, but under the same conditions in the
case of ketoprofen there is a deceleration effect, with the increase of the migration time,
but although the intensity of the signal increases, the selectivity and the resolution
decrease. Increasing the CD concentration influences electrophoretic mobility by
increasing the retention time and also increases the intensity of the electrophoretic
signal and decreases the surface of the peaks.

This study explored also the influence of the BGE-related parameters on the
enantioseparation. The MeOH:ACN ratio (v/v) influences the enantioseparation of the
two profens differently, so in the case of ibuprofen the increase in the ratio lowers the
selectivity and resolution, and in the case of ketoprofen, the increase in the ratio leads
to better results. To note that the separation efficiency in aqueous organic medium
(MeOH/H20/ACN) are in low range (Rs: 0.39-1.29), most likely due to the adsorption of
the analyte on the capillary walls.
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The pH-value influences the electroosmotic flow mobility (EOF) and also can
modify the electric charge or the structure of the analytes. Generally it is stated that a
compound is completely protonated / deprotonated if between pH and pKa is at least a
two units difference. At the experimental values (pH = 5) can be considered that the
profens molecules, being weak acids (pKai1=4.6, pKaz=4.0) are partially dissociated and
in the higher range (6.5 <pH <6.95) they are in completely deprotonated form. The
results shows that increasing pH extend migration time, but decreases selectivity and
resolution.

Study 3. Chiral discrimination of model compounds using

cyclodextrin derivatives

The methodology and apparatus described in the previous study were
maintained, but the experimental design was practically completely modified. This time
the experiments was performed in aqueous medium, at pH 2.5, adjusted with a
phosphate buffer (100mM phosphoric acid/20mM triethanolamine). Using water in the
CE, offers important advantages such as reduced viscosity, lack of volatility, safety and
reduced price, but the use of an aqueous solutions can significantly increase EOF.

This time two CD derivates were used as single CD system: one positively charged,
permethylated 6-monoamino-6-monodeoxy-B-cyclodextrin (PMMA-3-CD) and one
neutral derivative: heptakis(2,3,6-tri-O-methyl)-B-cyclodextrin (TM-B-CD) at a wide
concentration ranges (0-40 mM).

The substitution of the hydroxyl groups modifies not only the hydrophobicity but
also the cyclodextrin charge, having a great affect on the properties of cyclodextrin,
particularly on the inclusion of the solute. The combining ratio is determined by the size
of the analyte, which must be in accordance with the size of the cyclodextrin cavity. This
two [-cyclodextrin derivatives were chose as chiral selectors, based on ther
enantiodiscrimination ability of small molecules such as those from the 2-arylpropionic
acid group studied: ibuprofen and ketoprofen.

The use of PMMA-B-CD as a chiral selector has proven successful. The long
migration time is due to the fact that PMMA-(3-CD is a cationic cyclodextrin derivative
and using uncovered fused silica capillary, there have been electrostatic interactions and
adherence of the positively charged cyclodextrin to the capillary walls. This may be the
reason why peak tailing have been obtained.

The enantioseparation of the two profens using TM--CD was possible only by
increasing the pH of the electrolyte solution, ment to achieve a partial dissociation of the
analytes. The results obtained in this study provides important information on the
influence of different factors on the enantioseparation of the two profens.

In order to detect migration order of the enantiomers a sample containing only
the S-enantiomer was used simultaneously with the racemic mixture separation. It was
observed that the migration order is dependent on the affinity for the chiral selector. By



Enantiosepararea substantelor bioactive chirale 17

using PMMA-(-CD as chiral selector, first migrates the R-enantiomer having a stronger
affinity, while the lower affinity S-enantiomer migrates later.

Structures of the complexes formed between the analyte enantiomers and the
chiral selector were confirmed by NMR spectroscopy. The concordance between the size
of the CD cavity and the size of the ibuprofen molecule allows the obtaining of an almost
complete inclusion complex. The isobutyl group being a hydrophobic group it’s playing
an important role in the formation of the complex. In the case of ketoprofen the benzoyl
group, located deep within the cyclodextrin cavity, is the chemical group involved in the
formation of the inclusion complex, even if it is not right next to the chirality center.
Inclusion complex formation is a reversible reaction. The stoichiometry of the inclusion
complexes between the analyte and the cyclodextrin is 1:1.

Study 4. Enantioseparation of NSAIDs by CE using a dual

selector system

This study aimed not only a new approach of the enantioseparation of the
ibuprofen and ketoprofen, namely to use the two CD derivatives as a dual selector system,
but also it is attempt of a new experimental design to correct some deficiencies found in
previous studies.

The equipment and metodology are similar to those described in previous
studies. To avoid electrostatic interaction and adherence of positively charged
cyclodextrin to the capillary walls, capillaries coated with polyvinyl alcohol (PVA) have
been used, which also eliminates the electroosmotic flow (EOF).

The use of a cationic cyclodextrin derivative (PMMA-{-CD) along with a neutral
derivative (TM-f-CD) at a wide range concentrations (0-40 mM) allowed us to evaluate
the influence of such a dual selector system on enantioseparation racemic mixtures of
neutral NSAIDs. The results obtained shows that the value of selectivity and resolution
decreases with increasing concentrations of the two CDs, which can be attributed to the
fact that both positively charged cyclodextrin (PMMA-3-CD) and neutral CD-derivative
(TM-B-CD) have same binding pattern forming 1:1 molar ratio inclusion complexes and
both have the same type of affinity being higher toward the R-enantiomer.

The affinity constants of the enantiomers with the two cyclodextrins were
determined by mathematical methods or using linear regression in a two-step approach.
Results shows that the affinity of the studied compounds is higher toward TM-3-CD
compared to PMMA-B-CD (Kaci< Kacz). Therefore when it is used in a dual selector
system, TM-3-CD produces a deceleration effect on the mobility of the enantiomers,
increasing migration time, even resulting in incomplete separation. Under the given
experimental conditions the use of a single selector system containing only PMMA-3-CD
in the optimal concentration is preferred for the enantioseparation of the two profens.
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GENERAL CONCLUSIONS AND ORIGINALITY OF THE
THESIS

The article published in the Farmacia Journal, volume 64, year 2016, contain the
results of the first study is the only review article in the literature which presents
exclusively the enantioseparation strategies of non-steroidal anti-inflammatory drugs
in capillary electrophoresis using different CSs.

The high interest toward NSAID molecules is primarily due to their
biopharmaceutical importance, currently being the most commonly used drugs for the
treatment of acute and chronic pain. Their use as chiral bioactive substances have made
it possible to develop and validate new methods for the separation of enantiomers,
which can be potential models for the separation of other chiral compounds in the
pharmaceutical industry.

Multivariate analysis in aqueous-organic medium using native CDs as chiral
selectors, allow us to understand the mechanisms behind the enantioseparation of
ibuprofen and ketoprofen molecules, as well as the influence of some experimental
design factors on electrophoretic mobility and selectivity.

Increasing the MeOH:ACN ratio (v/v) influences the enantioseparation of the two
profens differently. Increasing pH extends migration time and decreases selectivity and
resolution.

The nature of native-CD affects the separation of the enantiomers primarily
through the different capacity to form inclusion complexes. Increasing the concentration
of CSs leads to increased retention time due to CD adsorption on the capillary walls.

Choosing an aqueous medium as background electrolyte and using PMMA-3-CD
as single chiral selector have been proven effective. By using PMMA-3-CD in a wide
concentration range (0-40mM) it was demonstrated that at extreme concentrations the
resolution value is zero. The optimal concentration of CDs is that where the difference
between the affinity constants (K) and the effective mobility (u) of the two enantiomers
itis maximum.

Using a dual selector system containing PMMA-3-CD and TM-$-CD, did not
improve the enantioseparation as expected, but the studies helped us understand the
mechanisms of chiral recognition, the role of chemical structure in molecular
recognition, the influence of BGE electrolyte on electrophoretic mobility and the
selector-selectand interactions.

Using mathematical models and having the affinity constants and the value of the
mobility of the analyte-CD complexes determined, it is possible to predict the effective
enantiomer mobility as well as selectivity and resolution in a dual cyclodextrin system
at any concentration of the two selectors.



