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Uvod

Derivity akridinu patfi do skupiny farmaceuticky vyznam-
nych chemoterapeutik, u nichz byl prokdzan antibakteridlni,
antimykoticky, a ptedev&im antimalaricky d¢inek'. Radu let
se pouZivaji k 16¢bé protozodlniho onemocnéni, vyvolaného
riiznymi druhy mikroorganisma rodu Plasmodium®. V posled-
nich letech nabyvaji na vyznamu i derivdty s antineoplas-
tickymi cinky®. Narlstajici rezistence patogenti viiti dnes
pouzivanym chemoterapeutikim vede ke snaze produkovat
nové derivity se specifi¢té¢jSimi tcinky. Soucasné roste i po-
ptdavka po citlivych a selektivnich metoddch uréenych k ové-
feni Cistoty 1é¢iv a pro jejich detekci a stanoveni v biologic-
kych matricich.

Z chemického hlediska jsou akridiny litky odvozené od
struktury dibenzopyridinu, nesouci ve své molekule minimdl-
né jeden dusikovy atom jako soucdst aromatického cyklu.
Vlastn{ akridin se chovd ve vodném roztoku jako slabd bdze
(pK,, 8,4). Zachovdni bazickych vlastnosti lze pfedpoklddat
i u syntetickych derivétui a jejich degradaénich produktd, s pou-
ze malou zménou disocia¢ni konstanty, danou povahou a po-
lohou substituentd®.

Pii analyze akridinovych deriviti se nej¢astéji vyuZivd
technika vysokoucinné kapalinové chromatografie, zejména
pro zkousky totoZnosti a kontrolu ¢istoty akridinovych sub-
stanci®a pro farmakologické a farmakokinetické studie®. Diky
zminéné bazicité téchto ldtek byla dspésné provedena jejich
separace i metodou kapildrni elektroforézy’. Elektrochemicky
byl oxidovdn pouze nesubstituovany akridin®. Metodou ka-
pildrni kapalinové chromatografie (CLC) nebyly derivéty ak-
ridinu dosud analyzoviny.

Vyhodou CLC oproti klasické HPLC je mensi spotieba or-
ganickych rozpoustédel (velmi maly pritok mobilni féze ~ jed-
notky pl.min~') a mnohem mensi ndroky na mnoZstvi poZa-
dovaného vzorkug"“(desftky nl). To je dilezité napt. pfi sle-
dovidni metabolickych produktd v télnich tekutindch nebo pti
ur¢ovdni obsahu hlavni komponenty a doprovodnych neéistot
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ze syntézy. M4-li se navic zabezpetit vérohodnost analy-
tickych vysledki a dostdt pravidliim spravné laboratorni praxe
(GLP), je tfeba analyzu né€kolikrdt opakovat. Nezanedbatel-
nou vyhodou CLC je i snazdi spojenf s detekci hmotovou
spektrometrif .

Z vy$e uvedenych divodd byla v této prici vé€novina
pozornost vypracovéni analytické metody pro separaci a kvan-
tifikaci nové syntetizovanych thioderivét akridinu pomoci
metody kapildrni kapalinové chromatografie. Soucasné byla
posouzena i moZnost uplatnéni této techniky pro kontrolu
Cistoty pripravenych substanci.

Experimentalni ¢ast
Pouzité pitistroje a chemikdlie

Meéfeni byla provedena na piistroji sestdvajicim z ISCO
pumpy 100 DM (Lincoln, NE, USA), LINEAR UV/VIS 205
fotometrického detektoru (San Jose, CA, USA) s CE detek¢ni
celou a ddvkovaciho ventilu Valco se 60 nl smyckou (Schen-
kon, Svycarsko). Ziskand experimentélni data byla zpraco-
védna na poé¢ita¢i Pentium III s CSW 1.7 programem se Ctyf-
kandlovou kartou pro sbér dat od fy DataApex (Praha, Ceska
republika).

Latky byly separovdny na kiemenné kapildrni koloné (vniti-
ni primér 320 um) naplnéné v délce 360 pm staciondrni fazi
Nucleosil 100-5 C18 o priméru zrna 5 pum. Kolona byla na
vystupnim konci opatiena fritou ze skelné vaty, kterou uvnitf
kolony drzela kiemennd kapildra o vnitinim priméru 75 pm
a vnéjsim primeéru 280 um a délce 55 um, kterd byla vlepena
epoxidovym lepidlem do kapildrni kolony se staciondrni fazi.
Druhy konec této kfemenné kapildry byl napojen pomoci
pievle¢né teflonové trubi¢ky na kfemennou kapildru o vniti-
nim priméru 220 um a vné&j§im priméru 340 um, na niZ bylo
vypéleno detekéni okénko ve vzdélenosti 70 mm od spoje
obou kapildr.

K méfeni pH vodné slozky mobilnf{ fdze byl pouzit pH-metr
PHM 64 Radiometer (Copenhagen, Dédnsko) s kombinovanou
sklenénou elektrodou. Detekce probihala sou¢asné pfi dvou
vinovych délkdch 214 nm a 230 nm, vybranych na zdkladé¢
proméfenych UV spekter jednotlivych derivétd. Pracovalo se
za laboratorni teploty 22 °C. Mrtvy &as byl uréen ?omoci
vodného roztoku uracilu o koncentraci 1.10™" mol.dm™ a ¢inil
5,1 min.

Pro pfipravu mobilni fdze byly pouZity tyto chemikalie:
acetonitril LiChrosolyv, ¢istota pro gradientovou eluci, Merck
(Darmstadt, SRN), kyselina octovd a hydroxid sodny, Cistota
p.a. Lachema (Brno, Ceskd republika), deionizovand voda
(Milli-Q). SloZeni bindrni mobilni faze bylo: acetonitril/de-
ionizovand voda s proménlivym obsahem acetonitrilu nebo
acetonitril/0,2 mol.dm™ octanovy pufr o pH 3,5 (90:10 v/v).
Mobilni fize byly odplynény pomoci ultrazvuku.

Strukturni vzorce a kédova oznaceni{ péti analyzovanych
derivatd akridinu, syntetizovanych v miligramovych mnoz-
stvich na Farmaceutické fakult¢ v Marseille (Francie), jsou
uvedeny na obr. 1. Zdsobni roztoky vSech studovanych latek
o koncentraci 1.10™> mol.dm™, byly pfipraveny rozpusténim
ptislusného mnozstvi ldtky v acetonitrilu.

Vsechny studované thioderivaty byly pfipraveny analo-
gickym zpisobem na Farmaceutické fakulté v Marseille v od-
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déleni prof. J. Barbeho!'™" Prvnim krokem je piiprava dife-
nylaminokarboxylové kyseliny z aromatické halogenkarbo-
xylové kyseliny a anilinu metodou podle Ullmanna'’. Ta se
pomoci oxychloridu fostfore¢ného zeyklizuje a ziskd se akri-
don. Ten se pomuu sulfidu tosimuncho v pyridinu prevede
na thioakridon'. Alkylaci (arylaci)! ' thioakridonu se ziskd
akridinovy lhiodul\ at (obr. 2).

Vysledky a diskuse

Vzhledem k tomu, Ze¢ studované thioderivity akridinu

S—C_H,

S—CH CH ,OH
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nemély deklarovanou ¢istotu, hledaly se nejprve vhodné sepa-
ra¢ni podminky pro ziskdn{ dostate¢ného rozliSeni mezi hlavni
komponentou a doprovodnymi necistotami ze syntézy. Byl
proméfen vliv obsahu acetonitrilu na reten¢ni chovini jednot-
livych deriviti v mobilni fizi acetonitril/voda s proménlivym
obsahem acetonitrilu v rozmezi 100 % az 60 % (v/v). Naobr. 3
je patrné, Ze uz v mobilni fazi s 90 % acetonitrilem doslo téméf
u viech derivitd k separaci hlavni slozky od doprovodnych
necistot. Dal$i snizovidni obsahu acetonitrilu mélo za nasledek
FAY yéovz’mn’ hodnot releném’ho (k) a asymelrického (Ax) fdktoru

k oddéleni dalsu.h necdistot od mdjorltmho piku. Uunno%t se-

S—CH,CH,CH CH_CI

MeO ! ! OMe MeO ! ! OMe MeO ! ! OMe

BG 757
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BG 979

BG 832

Obr. |, Strukturni vzoree a kodova oznaceni analyzovanych derivita akridinu
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Obr. 2. Postup pripravy thioderiviti akridinu
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Reteneni fuktory (&), asymetrické faktory (As) a pocet teoretickych pater (N) studovanych derivittt v bindrni mobilni fizi
acetonitril/voda s ruznym obsahem acetonitrilu, pritokovi rychlost 4 pl.min™, detekee pfi 230 nm

Deriviit

BG 757
BG §32
BG 906
BG 924
BG 979

“ Neeluoval do 100 min

90 % 80 % 70 % 60 %
k As N k As N k As N k As N
14 2,22 18800 2.8 7.9 4400 4,4 5,15 17100 8.8 8,23 8500
0.3 1.63 12100 0.5 2,65 5600 0,7 1,88 10200 1,2 2,93 7700
1.3 1,46 20400 2.8 372 14700 5.2 2,51 24200 10,9 5,56 21200
2.5 1,36 29800 5.2 1.60 29200 11.6 1.51 26900 =4 =4 =
8 1,74 22800 3.5 377 17100 6.6 2,67 26900 13,0 3,75 26400
BG 924 BG 979
= *3 -
E, mV
F -
- -5t
i e S—
i e A 1 __7 1 1 1 1 1 1
0 10 20 0 10 20 30
I, min t,, min
BG 757 BG 832
I Db
E. mV
e all
1 1 _6 1 1 1 1
0 10 20 0 10 20
I Min f.. min
BG 906 Obr. 3. Chromatogramy studovanych derivitt akridinu v mobilni
fiazi acetonitril/voda (90:10, v/v); pritok mobilni fdze 4 p].min_l.
r detekee pii 214 nm pro BG 924 a BG 979 a pfi 230 nm pro BG 757,
BG 832aBG 906 (E = odezva detektoru v mV, 1. =retencni ¢as v min)
parace, vyjiadrend jako pocet teoretickych pater na metr délky
H kolony (N), byla s vyjimkou deriviti BG 906 a BG 979
nejvyssi pii 90% obsahu acetonitrilu (tab. I). V mobilni fdzi
R a— s 80% obsahem acetonitrilu doslo u vsech derivitl k vyraz-
nému zhorSeni symetrie pikt a ke snizeni i¢innosti separace;
nejvice u derivdtu BG 757 (obr. 4), nejméné u derivitd BG 924
* : . : : a BG 979 (obr. 4), jeZ obsahuji v postrannim fetézci fenylovy
0 10 20 30 substituent. Toto anomdlni chovini bylo pozoroviano i pfi 80%
I min obsahu acetonitrilu v pufrované mobilni fazi (viz kap. 3.1.).
571
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Obr. 4. Vliv obsahu organického modifikdtoru v bindrni mobilni f4zi acetonitril/voda na retenéni chovani vybranych derivita BG 757

a BG 979; pritok mobilni faze 4 ul.min",
60 % (E at_viz obr. 3)

Tabulka II

Reten¢ni faktory (k), asymetrické faktory (As) a pocet teore-
tickych pater (N) studovanych derivétl v bindrni mobiln{ fa21
(90:10 v/v) acetomml/voda pratokovd rychlost 4 pl.min”
a acetonitril/0,2 mol.dm™ octanovy pufr o pH 3,5, priitokova
rychlost 3 ul.min”, detekce 230 nm

Derivit Mobilni fize
nepufrovand” pufrovana®

k As  Nm™ k As  Nm™
BG757 14 2,22 18800 1,5 1,86 25138
BG832 0,3 1,63 12100 0,4 1,33 16422
BG906 1,3 1,46 20400 1,5 1,30 26162
BG924 25 1,36 29800 2,5 1,19 36683
BG979 1,8 1,74 22800 2,3 1,37 33041

Priitok * 4 ul.min™', ® 3 pl.min™'

Z tabulky 1 je zfejmé, Ze zména obsahu acetonitrilu méla
podstatné mensi vliv na reten¢ni chovdni derivitu BG 832
nez na ostatni derivdty, coZ je disledek pfitomnosti poldr-
ni hydroxyskupiny v postrannim alkylovém fetézci derivdtu
BG 832.

Nizké hodnoty retenénich faktori doprovodnych neéistot
(s vyjimkou necistot u derivitu BG 906) ukazuji na jejich
znaéné poldrn{ charakter, patrné odpovidajici vychozim sloz-
kdm syntézy derivdtu 9-(alkylthio)akridinu (obr. 1). Ze ziska-
nych experimentdlnich dat je patrné, Ze separace v mobilni fazi
acetonitril/voda (90:10 v/v) z hlediska kontroly ¢istoty jednot-
livych derivéth byla dostacujici. Vzhledem k absenci standar-
di (pro majoritni sloZzky i pro doprovodné necistoty) byla
Cistota jednotlivych derivdtd (prekurzort 1é¢iv) uréena meto-
dou vnitfni normalizace. Za danych experimentdlnich pod-
minek (detekce pfi 230 nm, pritokova rychlost 4 pl.min")
byla stanovena cistota 100,0 % pro derivat BG 757, 90,2 %
pro derivdt BG 832, 92,9 % pro derivat BG 906, 92,3 % pro
derivdt 924 a 100,0 % pro derivat 979.

572

detekce pFi 230 nm, obsah acetonitrilu v mobilni fazi / — 100 %, 2 -90 %, 3 -80 %,4-70% a 5 -

Optimalizace separaénich podminek
za ucelem kvantitativni analyzy

Z divodu zvyseni citlivosti (zlep$eni symetrie piki) pfi
stanoveni thioakridinovych derivéti byl proméfen vliv ace-
tatového pufru o pH 3,5 na separaéni chovdni Jednotllvych
derivétd. V mobilnich fazich — acetonitril/0,2 mol.dm™ oc-
tanovy pufr o pH 3,5 s proménlivym obsahem acetonitrilu
doslo oproti vodné-acetonitrilovym mobilnim fdzim pouze k
velmi malym zméndm retence. Srovndvaci méfeni byla
provddéna pfi stejném pritoku mobiln{ faze —tj. 4 ul. mm

Proméfenim van Deemterovy kfivky (2-5 pl.min™") v pu-
frované mobilni fazi s 90% obsahem acetonitrilu pro v§echny
derivity bylo zjisténo, Ze uinnost kolony roste s klesajicim
prutokem mobilni fize. Pro méfeni kahbraémch ktivek byla
tedy zvolena priitokovd rychlost 3 pl.min™ ! jako vysledek
kompromisu mezi vy$$i d¢innosti a tinosnosti doby analyzy,
kterd neptesdhla u Zddného derivdtu dobu 22 min (tab. II)

V mobilni fazi (90:10 v/v) acetonitril/0,2 mol. dm oc-
tanovy pufr o pH 3,5 a priitokové rychlosti 3 ul.min™' byly
pro viechny derivity proméfeny kalibraéni kiivky pfi dvou
vinov _6ych dé]kach 214 a 230 nm) v koncentraénim rozsahu
1.10° mol.dm™ az 1.107> mol.dm™. Metodou line4rni regrese
byla vyhodnocovédna zdvislost jak plochy piku vs. moldrni
koncentrace, tak vysky piku vs. moldrni koncentrace. Kazdd
koncentrace piislu§ného derivatu byla proméfena 4x. Do kali-
bra¢nich graft byla vynd$ena priimérnd hodnota plochy a vys-
ky ze ¢tyf méfeni. V tabulce III a IV jsou uvedeny ziskané
useky, smérnice, korelaén{ koeficienty (r) a linedrni rozsahy
kalibra¢nich pfimek (plocha vs. koncentrace) pro obé vinové
délky. Na obr. 5 je pro ndzornost uveden priibéh zévislosti log
plochy piku na log moldrni koncentrace pro derivit BG 924
pro detekci pfi 214 nm.

Ze ziskanych parametri kalibra¢nich pfimek je patrné, Ze
detekce pro derivity BG 757, BG 832 a BG 906 je citlivéjsi
pfi 230 nm, zatimco pro derivaty BG 924 a BG 979 je citlivé&jsi
pii 214 nm, coz je v souladu s jejich strukturou. Nejvy3si hod-
nota smérnice, a tedy nejveétsi citlivost byla pozorovéna pro
derivat BG 979 pii 214 nm (viz tab. III). Useky vsech kali-
bra¢nich piimek se neli$f statisticky vyznamné od nuly, a tudiz
viechny tyto kalibra¢ni piimky prochdzi nulou. U viech ziska-
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Tabulka I11

Parametry kalibra¢nich piimek a linedrni rozsahy studovanych derivitl detegovanych pii vinové délce 214 nm

Laboratorni pfistroje a postupy

Derivat Usek® (SD?) Smérnice® (SD?) r Lin. rozsah®

BG 757 0,034 (0,512) 280167 (1465) 0,9998 1.107°-8.10™

BG 832 -0,001 (0,661) 182613 (2072) 0,9993 6.107%-8.107

BG 906 0,466 (1,738) 231656 (4973) 0,9981 1.107°-8.10™

BG 924 1,306 (1,515) 447871 (3520) 0,9996 8.107°-1.1073

BG 979 -1,351 (2,141) 600936 (5374) 0,9995 4.107°-1.1073
“mV.s," SD - odhad smérodatné odchylky, ¢ mV.s.dm>mol™", ¢ mol.dm™

Tabulka IV

Parametry kalibra¢nich piimek a linedrni rozsahy studovanych derivati detegovanych pfi vinové délce 230 nm

Derivat Usek® (SD") Smérnice® (SD?) r Lin. rozsah?
BG 757 0,096 (0,725) 491191 (2074) 0,9999 1.107°-8.10™
BG 832 —0,044 (0,838) 322043 (2626) 0,9996 6.10°-8.107
BG 906 0,658 (1,375) 405172 (4124) 0,9995 8.107°-8.10™
BG 924 0,683 (1,198) 322749 (2784) 0,9996 8.10°%-1.107
BG 979 -0,920 (1,629) 540494 (4089) 0,9996 4.10%-1.1073
“mV.s,° SD - odhad smérodatné odchylky, ¢ mV.s.dm*mol™', ¢ mol.dm™
Tabulka V 3
chfinofy dete!«f’m"ch limitd (LOD) a limitd stanoveni (LOS) log A,mVs |
méfenych derivatl
Derivit 214 nm 230 nm 2r
LOD (M)* LOS (M)* LOD(M)* LOS (M)
BG 757 7,8.10°%  26.10°  59.10° 2,0.107°
BG 832 9,5.10°  3,2.10°  7,1.10°° 2,4.107 Ir
BG 906 7,6.10°% 25107  54.10° 1,8.107°
BG 924 6,3.10°  2,1.10°  86.107° 2,9.107° -
BG 979 5,3.107° 1,8.107°  6,0.10 2,0.107°
0 1 1 1 1 1
-5,5 4,5 -35 -2,5

“M - mol.dm™

nych kalibra¢nich piimek byl pozorovén korela¢ni koeficient
velmi blizky 1,0000.

Detekéni limit a limit stanoveni byl vyhodnocovién z re-
gresnich parametri kalibra¢nich ptimek zdvislosti vy$ky piku
na koncentraci. Pro detekci pfi 214 nm i ptfi 230 nm se
korelaéni koeficienty, ziskané pro jednotlivé derivaty, pohy-
bovaly v rozsahu 0,9997 az 0,9998. Detekéni limity (LOD)
byly vypocitiny jako trojndsobek absolutni hodnoty Sumu,
limity stanoveni (LOS) byly vypoéitiny jako desetindsobek
absolutni hodnoty Sumu a jejich hodnoty jsou uvedeny v ta-
bulce V.

Zavér

Byla vyvinuta metoda pro separaci a kvantifikaci pé-
ti novych, farmaceuticky vyznamnych thioderivatt akridinu

573

log c, mol.dm™

Obr. 5. Zavislost logaritmu plochy piku na logaritmu molarni
koncentrace derivdtu BG 924 v koncentratnim rozsahu 8.107%-
1.10~ mol.dm™ pfi 214 nm

pomoci kapildmi kapalinové chromatografie. Byly nalezeny
experimentdlni podminky, zaji$tujici dobrou separaci vlast-
nich ldtek a doprovodnych necistot. Pro viechny derivity byly
proméfeny kalibraéni kiivky pfi dvou vlnovych délkéch (214
a 230 nm). Linedrn{ rozsah kalibra¢nich ptimek se pohybo-
val v oblasti 107 az 107> mol.dm™ a detekéni limity se pro
jednotlivé derivdty pohybovaly v jednotkdch az desitkdch
pmol.dm™,

Prdce na tomto projektu byla financné podporovdna gran-
tem GA CR 203/00/1569 a byla soucdsti projektu COST Action
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B 16. AutoFi dékuji pani Marcele Aussenbergové za pomoc pFi
experimentdlni prdci na tomto projektu.
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Z. Bosikova®, E. Tesafova®, P. Coufal®, B. Kafkova®,
and J. Barbe® (“Department of Analytical Chemistry, ®De-
partment of Physical and Macromolecular Chemistry, Faculty
of Science, Charles University, Prague,“Faculty of Pharmacy,
Mediterranée Université, Marseilles, France): Separation
and Quantification of Acridine Thio Derivatives by Capil-
lary Liquid Chromatography

An analytical method for separation and quantification
of five acridine thio derivatives by capillary liquid chroma-
tography has been developed. A capillary column, 320 um
I.D., filled with the Nucleosil 100-5 C 18 stationary phase,
particle size 5 um, was used. The mobile-phase composition
was optimized in order to obtain a reasonable separation of
the main component of each reaction mixture from impurities
from the synthesis and a good quantification. It was shown
that all the derivatives studied were well separated in binary
mobile phases, acetonitrile/water or acetonitrile/0.2 mol.dm™
acetate buffer of pH 3.5, with high acetonitrile contents
(90 %). Calibration curves for all the derivatives were mea-
sured at wavelengths of 214 and 230 nm in the mobile phase
composed of acetonitrile/0.2 mol.dm™ acetate buffer of pH 3.5
(90:10, v/v). The linear dynamic ranges of the calibration
curves were between 1.0x107® and 1.0x107* mol.dm™ and
the detection limits for the compounds were in the pmol.dm'3
range.
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Abstract

Capillary liquid chromatography (CLC) was applied for quantification and impurity profile determination of ten newly
synthesized acridine thioderivatives. A reversed-phase CLC system employing two different stationary phases, Nucleosil C,
and LiChrosorb RP-select B, was used. The mobile phase composition was optimized to get a satisfactory separation of
impurities from the main acridine component in a reasonable analysis time. Significant differences in the chromatographic
behavior between acridine derivatives containing and lacking amino groups were observed. Optimized separation conditions
were used in CLC to measure the calibration curves of the acridine derivatives in a concentration range from 1.0-10™° to
1.0-10" " M at two different detector wavelengths (214 and 230 nm). Limits of detection and quantification of all the
substances were determined. The detection limits went down to units of wM for most of the derivatives. CLC was also

demonstrated to be a suitable method for the purity determination of test batches of the acridine thioderivatives. © 2002

Elsevier Science BV. All rights reserved.

Keywords: Quantification; Thioacridines

1. Introduction

Some acridine derivatives are considered to be
important chemotherapeutics because they show
bactericidal, fungicidal, and especially, anti-malarial
effects [1]. Derivatives of acridine have been applied
for the treatment of protozoal infections caused by
Plasmodium microorganisms for many years [2].
Additionally, there is the growing importance of
acridine derivatives with antineoplasmatic properties,
which have been identified recently [3]. An increas-

*Corresponding author.
E-mail address: pcoufal@natur.cuni.cz (P. Coufal).

ing number of unhealthy factors in our environment,
a decreasing immunity of all human beings to
diseases and an increasing resistance of pathogens to
chemotherapeutics used at present are the reasons
why the pharmaceutical companies continue to de-
velop and produce new derivatives with more effi-
cient, effective and specific actions against patho-
gens. At the same time, analytical methods exhib-
iting higher selectivity and sensitivity are needed for
purity determination of chemotherapeutics and their
detection and quantification in biological materials.

Acridines are chemically derived from dibenzo-
pyridine and contain at least one nitrogen atom in the
aromatic cycle. Aqueous solutions of acridine show

1570-0232/02/$ - see front matter © 2002 Elsevier Science BV. All rights reserved.
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weak basic properties (pK,=8.4). Derivatives and
degradation products of acridine also behave as weak
bases having altered dissociation constants deter-
mined through the character of substituents and their
location in the acridine molecule [4].

High-performance liquid chromatography (HPLC)
has most often been utilized to analyze acridine
derivatives with respect to their identity, purity [5]
and pharmacological and pharmacokinetic properties
[6]. Capillary zone electrophoresis has been applied
for the successful separation of acridines [7] as they
can exhibit a positive charge in acidic solutions
owing to their basic properties. Electrochemical
oxidation of acridine without any substituents has
also been studied [8]. However, capillary liquid
chromatography (CLC) has not been employed for
analysis of acridine and its derivatives to date.

CLC has some advantages, such as a low con-
sumption of organic modifiers and a reduced sample
amount (tens of nanoliters) compared to conventional
HPLC [9,10]. These benefits of CLC can be especially
advantageous for monitoring metabolites in body
fluids and for determination of the main component
and the impurities profile, since each analysis must
be repeated several times to ensure reliability of the
results in the frame work of good laboratory practice.
Moreover, CLC seems to be more compatible with
mass spectrometric detection than conventional
HPLC.

Based on these facts, CLC was investigated in this
work as a possible analytical technique for the
quantification and the purity determination of ten
newly synthesized acridine derivatives.

2. Experimental
2.1. Chemicals

Acetonitrile (gradient grade purity) for preparation
of eluents was purchased from Merck (Darmstadt,
Germany). Acetic acid (p.a.) and sodium hydroxide
(p.a.) were supplied by Lachema (Brno, Czech
Republic). Uracil (99%) for determination of the
dead retention time was provided by Sigma (St.
Louis, MO, USA). The water used for preparation of

all mobile phases and solutions was purified with a
Milli-Q water purification system (Millipore, USA).

Acetonitrile—water and acetonitrile—0.2 M acetate
buffer (pH 3.5) eluents containing various percent-
ages of acetonitrile were used as mobile phases. The
eluents were sonicated just before use for at least 10
min.

All the studied thioacridine derivatives, the struc-
tures and labels of which are given in Fig. 1, were
synthesized at the Faculty of Pharmacy in Marseilles
using the synthetic procedure depicted in Fig. 2. A
substituted diphenylaminecarboxylic acid is formed
by the reaction of a substituted o-chlorobenzoic acid
and an aniline derivative in accordance to the
Ullmann reaction [11]. The diphenylaminecarboxylic
acid is cyclized to acridone using phosphoryl chlo-
ride and a substituted thioacridone is obtained by
treating the acridone with phosphorus sulfide in
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Fig. 1. Structures and labels of the acridine derivatives.
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Fig. 2. Reaction scheme of the synthesis of acridine derivatives.

pyridine [12]. An alkylation or arylation of the
thioacridone leads to a thioacridine derivative [13].

2.2. Equipment

An [SCO syringe pump model 100 DM (Lincoln,
NE, USA), a Valco injection valve with a 60-nl
internal loop (Schenkon, Switzerland) and a Linear
UV-VIS 205 dual absorbance detector equipped with
a CE on-column flow cell (San Jose, CA, USA) were
applied for the CLC experiments. A fused-silica
capillary column of 36 cmX320 wm I.D. packed
with 5 wm Nucleosil 100-5 C,; was prepared at the
Laboratory of Instrumental Analysis in Eindhoven
Technical University, The Netherlands [14]. A stain-
less steel capillary column of 25 ecmX300 pm L.D.
packed with 5 pum LiChrosorb RP-select B was
purchased from Grom (Herrenberg, Germany). The
column inlet was installed in the injection valve
using a 5-cm polyether ether ketone (PEEK) sleeve
(500 um [.D.) and a PEEK finger-tight fitting and the
column outlet was connected by PTFE tubing to a
220 pm [D. fused-silica capillary with detection
window located 7 cm from the column outlet. This
capillary was placed into the absorbance detector
operated at wavelengths of 214 and 230 nm. Chro-
matograms were recorded and evaluated employing
CSW 1.7 computer software provided by DataApex
(Prague, Czech Republic).

3. Results and discussion
3.1. Investigation of the separation conditions

The influence of the acetonitrile (ACN) content in
the ACN—water eluent on retention of the studied
acridine derivatives was investigated within the
range 60-100% of ACN on the Nucleosil C,
column. Thioacridines without any amino group (i.e.
BG 460, BG 461, BG 757, BG 832, BG 906, BG
924 and BG 979, see Fig. 1) were eluted using all
the mobile phases, however, long analysis times
(over 50 min) were observed if eluents with a low
ACN content were applied. When the ACN-water
mobile phases were replaced with ACN-0.2 M
acetate buffer (pH 3.5) eluents, only a negligible
change in retention behavior and a small improve-
ment considering the separation efficiency and peak
symmetry were observed for acridine derivatives
without amino groups [15,16].

On the other hand, thioacridines containing amino
groups (i.e. BG 204, BG 238 and BG 314, see Fig.
1) were not eluted in a reasonable analysis time of
60 min on the Nucleosil C,; column, not even with
the ACN-0.2 M acetate buffer eluents. The high
silanol activity of this stationary phase induces its
affinity to basic compounds which can be retained
strongly or even irreversibly in the Nucleosil C,,
column. Based on these results and experience, the
LiChrosorb RP-select B column was chosen for the
analysis of the acridine derivatives with amino
groups. The latter type of stationary phase is generally
recommended for separation of basic compounds
since the silanol activity of the silica gel support is
considerably diminished. Indeed, the basic thioac-
ridines eluted from the LiChrosorb RP-select B
column in acceptable analysis times using the ACN-
0.2 M acetate buffer mobile phases.

To find separation conditions under which im-
purities from synthesis can effectively be separated
from the main acridine derivative, the ACN content
in the mobile phases was tuned within the range
60-100% (v/v). The ACN-0.2 M acetate buffer, pH
3.5 (90:10, v/v) eluent was able to resolve, in a
reasonable time, the impurities from the main com-
ponent on the Nucleosil C,; column and on the
LiChrosorb RP-select B column in the case of
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Table 1

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines containing amino
groups. Stationary phase, LiChrosorb RP-select B; mobile phase, ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3 pl/min;

detection wavelength, 214 nm

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mV s) (mV s 1/mol) M)

BG 204 6.973 (3.567) 152 000 (4400) 0.9995 4.0-107°-1.0-107*

BG 238 —5.114 (4.737) 120 000 (13 500) 0.9877 8.0-107°-1.0-107"

BG 314 —4.047 (4.403) 253 000 (14 300) 0.9952 2.0-107°-1.0-107°

thioacridines without and with amino groups, respec-
tively. The decrease of ACN content in the mobile
phases did not lead to a separation of further
impurities from the main component, but a longer
analysis time and a greater peak asymmetry of the
acridine derivatives were observed under these con-
ditions. Van Deemter curves for some of the acridine
derivatives were measured in an interval from 2 to 5
pl/min for optimization of the eluent flow-rate [16];
e.g. with the derivative BG 461, HETP values of 26,
31, 35 and 41 pum were reached for the flow-rates of
2, 3, 4 and 5 pl/min, respectively. The linear
dependences of the height equivalent to a theoretical
plate on the flow-rate obtained within this interval
indicated that the resistance to mass transfer was the
major mechanism of band broadening of the analyte
zones. A mobile phase flow-rate of 3 wl/min was
selected as a compromise between the separation
efficiency and the analysis time.

The results showed that the ACN-0.2 M acetate
buffer, pH 3.5 (90:10, v/v) eluent at a flow-rate of 3
pl/min can be applied for separation and quantifica-
tion of impurities from the main acridine component
in an analysis time not exceeding 30 min.

3.2. Quantification of the thioacridine derivatives

Calibration curves for all the studied thioacridine
derivatives were measured in the concentration inter-

Table 2

val from 1.0-10™ to 1.0-10™> M at two different
wavelengths, 214 and 230 nm. The optimized sepa-
ration systems composed of the Nucleosil C,; col-
umn (for the seven derivatives lacking amino groups)
and on the LiChrosorb RP-select B column (for the
three thioacridines containing amino groups) and the
ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v)
mobile phase at the flow-rate of 3 wl/min were
applied. Measurements at each concentration level
were repeated four times and average values of the
peak area were subjected to linear regressions.
Intercepts, slopes and correlation coefficients of the
calibration curves (peak area versus molar concen-
tration) and linear dynamic ranges for acridines
containing amino groups determined at the wave-
lengths of 214 and 230 nm are summarized in Tables
1 and 2, respectively. Parameters of the calibration
curves and linear dynamic ranges for acridines
lacking amino groups obtained at the same two
wavelengths are listed in Tables 3 and 4.

As an example, calibration curves in logarithmic
coordinates for the acridine derivative BG 832 within
the linear concentration range 6.0-10 °~8.0-10 % M
are depicted in Fig. 3. An excellent linearity was
observed for the calibration curves of thioacridine
BG 832 at both wavelengths over the three con-
centration orders. A very good agreement between
the experimental points and the linear calibration
curves was indicated through the correlation co-

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines with amino

groups. Detection wavelength, 230 nm; for other conditions see Table |

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mV s) (mV s 1/mol) M)

BG 204 —4.043 (7.915) 275 000 (9700) 0.9993 4.0:107°-1.0-107"

BG 238 —4.898 (9.065) 170 000 (13 400) 0.9938 8.0-107°-1.0-107"

BG 314 —4.428 (5.241) 309 000 (17 000) 0.9954 2.0-107°-1.0-107*
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Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines without amino
groups. Stationary phase, Nucleosil C,,; mobile phase, ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3 pl/min; detection

wavelength, 214 nm

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mV s) (mV s 1/mol) M)
BG 460 0.003 (0.689) 353 000 (13 100) 0.9959 6.0-10"°-1.0-107*
BG 461 —0.551 (0.232) 633 000 (4700) 0.9998 40-107°-1.0-107*
BG 757 0.034 (0.512) 280 000 (1500) 0.9998 1.0-107°-8.0-107*
BG 832 —0.001 (0.661) 183 000 (2100) 0.9993 6.0-10°°-8.0-107*
BG 906 0.466 (1.738) 232 000 (5000) 0.9981 1.0-107°-8.0-107¢
BG 924 1.306 (1.515) 448 000 (3500) 0.9996 8.0-107°-1.0-10°
BG 979 —1.351 (2.141) 601 000 (5400) 0.9995 4.0-107°-1.0-107°

efficients for all the calibrations. The worst value of
the correlation coefficient (i.e. »=0.9877) was ob-
tained for acridine BG 238 at 214 nm, the variation
of experimental points was explained from 97.6%
(i.e. 100r2) by the calibration curve variation.

Based on the results summarized in Tables 1-4, a
more sensitive detection for all the acridine deriva-
tives with amino groups was obtained at 230 nm
compared to 214 nm. The most sensitive detection
was observed for the thioacridines BG 461 and BG
979 at 214 nm. The lowest slope values were
obtained for the calibration curves measured with
derivatives BG 204 and BG 238 at the same de-
tection wavelength. None of the intercepts of the
calibration curves in Tables 1-4 were found to be
significantly different from zero at a significance
level of @« =0.01 applying the t-test for intercepts,
t = a/SD.

The dependences of the peak height on the molar
concentration of the studied acridines were plotted
for determination of the limits of detection (LOD)

Table 4

and the limits of quantification (LOQ) under the
experimental conditions described previously. The
LOD and LOQ values were obtained from these
dependences as concentrations corresponding to the
three-multiple and ten-multiple of root mean squared
baseline noise, respectively [17]. The obtained values
are summarized in Table 5. The detection limits for
most of the acridine derivatives were as low as units
of uM.

3.3. Impurity profile of test batches of the acridine
derivatives

The optimized separation conditions were used to
analyze the impurity profiles of test batches of the
thioacridine derivatives containing various impurities
from the synthetic procedure. The profiles of test
batches of derivatives BG 314 and BG 832 are
presented in Fig. 4. Since the chemical structures of
the impurities were not known and therefore any
standards for the impurities were not available, an

Parameters of the calibration curves (including standard deviations in parentheses) and linear dynamic ranges of acridines lacking amino

groups. Detection wavelength, 230 nm; for other conditions see the caption to Table 3

Derivative Intercept (SD) Slope (SD) r Linear dynamic range
(mV s) (mV s 1/mol) M)
BG 460 0.065 (0.578) 321 000 (11 000) 0.9965 6.0-10"°-1.0-107*
BG 461 ~0.098 (0.206) 510 000 (4100) 0.9997 4.0-10"°-1.0-107*
BG 757 0.096 (0.725) 491 000 (2100) 0.9999 1.0-107°-8.0-107*
BG 832 —0.044 (0.838) 322 000 (2600) 0.9996 6.0-107°-8.0-107*
BG 906 0.658 (1.375) 405 000 (4100) 0.9995 8.0-107°-8.0-107*
BG 924 0.683 (1.198) 323 000 (2800) 0.9996 8.0-107°-1.0-107°
BG 979 -0.920 (1.629) 540 000 (4100) 0.9996 4.0-107°-1.0-10"
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Fig. 3. Dependencics of the decadic logarithm of the peak area on
the decadic logarithm of the molar concentration of the acridine
derivative BG 832 in the concentration range 6.0-107°~8.0-107*
M measured at detection wavelengths of 214 (A) and 230 nm (B).

internal normalization evaluation method was ap-
plied to quantify the percentage of impurities in the
test batches. Based on this evaluation method the
following contents of the main components were
determined in the corresponding test batches of
thioacridines: 95.9% for BG 204, 96.7% for BG 238,
96.5% for BG 314, 100.0% for BG 460, 100.0% for
BG 461, 100.0% for BG 757, 90.2% for BG 832,
92.9% for BG 906, 92.3% for BG 924 and 100.0%
for BG 979 of the main component was determined
in the corresponding test batch of thioacridine.

Table 5

Limits of detection (LOD) and limits of quantification (LOQ) of
the thioacridines expressed in M. Stationary phase, Nucleosil C,,
or LiChrosorb RP-select B; mobile phase, ACN-0.2 M acetate
buffer, pH 3.5 (90:10, v/v); flow-rate, 3 wl/min; detection
wavelengths, 214 and 230 nm

230 nm
LOD

Derivative 214 nm

LOQ

BG 204" 49-107° 1.6-107* 2.8-107° 94-10°°
BG 238" 3.6-107° 21107 27-107° 1.1-107*
BG 314" 8.0-10°° 2.7-107° 65-10°° 22-107°

BG 460 9.1-107° 3.1-10°° 1.0-10°° 3.5-10°
BG 461 6.2:10°° 2.1-107¢ 7.3-107° 2.5-107°
BG 757 78107 26-107°  59-100°  20-107°
BG 832 9.5:-107° 3.2-107° 7.1-107*  24-107°
BG 906 7.6-107° 25-107° 54-10°° 1.8-107°
BG 924 63-107°  21-107°  86-10°° 29-107°
BG 979 5.3-107¢ 1.8-107° 6.0-10°°  2.0-10°°

* Determined on LiChrosorb RP-select B.

4. Conclusion

An analytical method for quantification and im-
purity profile determination of ten acridine
thioderivatives by CLC has been developed. An
ACN-0.2 M acetate buffer, pH 3.5 (90:10, v/v)
eluent was found to sufficiently separate acridine
impurities from the main component on the Nucleo-
sil C,53 column in the case of thioacridines without
amino groups or on the LiChrosorb RP-select B
column in the case of all ten acridine derivatives.
These separation conditions were applied to measure
the calibration curves for the thioacridines at two
different wavelengths (214 and 230 nm) with linear
dynamic ranges from 1.0-107° to 1.0-10™> M and
with detection and quantification limits reaching
units and tens of wM, respectively. Additionally, the
content of impurities in the test batches of the
thioacridine derivatives was determined by CLC
under the same separation conditions. CLC was
demonstrated to be a powerful separation technique
for pharmaceutical applications, moreover, it guaran-
tees a considerable saving in analysis time, organic
modifiers and the use of mobile phases.

5. Nomenclature

A absorbance
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Fig. 4. Chromatograms of the impurity profile of the test batches
of the derivatives BG 314 (A) and BG 832 (B). Stationary phases,
LiChrosorb RP-select B (A) or Nucleosil C,, (B); mobile phase,
acetonitrile—0.2 M acetate buffer, pH 3.5 (90:10, v/v); flow-rate, 3
wl/min; concentration, 1.0- 107" M; injection volume, 60 nl;
detection wavelength, 230 nm; m, main component; i, impurity.

a intercept of calibration curve

ACN acetonitrile

CLC capillary liquid chromatography
HETP height equivalent to a theoretical plate

HPLC high-performance liquid chromatog-
raphy

i impurity

I.D. inner diameter

LOD limit of detection

LOQ limit of quantification

m main component
PEEK polyether ether ketone
RP reversed-phase

r correlation coefficient
SD standard deviation

t Student distribution
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Summary

Tiethylamine is often added to mobile phases in reversed-phase liquid chromatography for
dynamic deactivation of free silanol groups of the stationary phase. It has been observed that
eluents composed of methanol and triethylamine generate two system peaks in chromato-
grams obtained with LiChrosorb RP-select B stationary phase, whose retention times corre-
soond to the dead time and to the retention time of triethylamine. It has been demonstrated
at the system peaks can be positive or negative depending on the experimental conditions
and may be incorrectly interpreted as peaks corresponding to sample components. An ap-
proach is outlined to unambiguous identify these system peaks in chromatograms of practical

samples.

Introduction

When basic analytes are separated in re-
versed-phase  liquid  chromatography
(RPLC), triethylamine (TEA) is often
added to the mobile phase because TEA
strongly interacts with the acidic free sila-
nol groups of the stationary phase and
thus deactivates them [1]. TEA is strongly
adsorbed on any acidic RP stationary
phase. substantially suppressing the inter-
action of basic analytes with the station-
ary phase surface, significantly reducing
retention times and improving the peak

Original
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symmetry. TEA is, therefore, distributed
between the stationary and the mobile
phase during the RPLC separation and,
because it strongly absorbs UV radiation,
may give rise to pronounced system peaks
also called vacancy peaks, ghost peaks,
split peaks, pseudo peaks, induced peaks
or eigenpeaks [2-4]. The system peaks of
various mobile phase additives have been
thoroughly studied, both theoretically [5,
6] and experimentally [7-9]. These peaks
have also been utilized for indirect detec-
tion [10, 11] and for determination of ad-
sorption isotherms and interaction con-
stants of various analytes [12-16].
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Levin and Grushka [3] have pointed
out that system peaks are frequently mis-
interpreted and, therefore, the present
work studies the character of the TEA-in-
duced system peaks, explains their origin
and draws conclusions on their interpreta-
tion.

Experimental

Methanol, acetonitrile (both of gradient
grade purity) and triethylamine (99%)
were supplied by Merck (Darmstadt, Ger-
many). Thiourea (p.a.) and uracil (99%)
were purchased from Lachema (Brno,
Czech Republic) and Sigma (St. Louis,
USA), respectively. The analyte, 3-amino-
9-ethylthioacridine (BG 203), was synthe-
sized at Gerctop Upres A CNRS 6009,
Faculty of Pharmacy, Marseilles, France
[17, 18]. Water was purified with a Milli-Q
Water Purification System (Millipore
Corp., USA).

An ISCO syringe pump 100 DM (Lin-
coln, NE, USA), a Valco injection valve
with a 60 nL internal loop (Schenkon,
Switzerland) and a Linear UV-vis-205 ab-
sorbance detector equipped with an on-
column flow cell (San Jose, CA, USA)
were used for the capillary liquid chroma-
tography experiments. A stainless steel ca-
pillary column of 250 x 0.30 mm L.D.
packed with 5 um LiChrosorb RP-select B
was purchased from Grom (Herrenberg,
Germany). The column inlet was installed
in the injection valve using a polyether-
etherketone (PEEK) finger-tight fitting
and the column outlet was directly con-
nected by a piece of polytetrafluoroethy-
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Figure 1. Chromatograms obtained with the
methanol-tricthylamine 99.9:0.1 (v/v) mobile
phase on the LiChrosorb RP-select B capillary
column injecting 60 nL. of (A) water. (B) accto-
nitrile and (C) methanol. The system peaks are
characterized by their retention times  ex-
pressed in minutes. For the other conditions
see Experimental.

lene (PTEFE) tubing to a 0.22 mm L.D.
fused-silica capillary with a detection win-
dow located 70 mm from the column out-
let. This capillary was placed in the absor-

bance detector operated at wavelengths of

214 or 230 nm. A mobile phase flow-rate
of I pL-min ! was maintained in all the
experiments. The chromatograms were re-
corded and evaluated employing the CSW
1.7 computer software provided by Da-
taApex (Prague, Czech Republic). All the
measurements were carried out in tripli-

cate.
Results and Discussion
In the first set of experiments, the metha-

nol-tricthylamine 99.9:0.1 (v/v) mobile
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Figure 2. Chromatograms obtained with the
methanol-triethylamine 99.9:0.1 (v/v) mobile
phase on the LiChrosorb RP-select B capillary
column injecting 60 nL of (A) uracil, (B)
thiourca and (C) triethylamine, all dissolved in
methanol. The system pcaks are characterized
by their retention times expressed in minutes.
For the other conditions see Experimental.

phase was pumped through the LiChro-
sorb RP-sclect B column at a flow-rate of
1 uL-min—! and 60 nL samples of deio-
nized water, acetonitrile and methanol
were injected onto the column. For water
(A)and acctonitrile (B) samples, the chro-
matograms contained a negative peak at
11.5 and 11.3 min and a positive peak at
15.7 and 15.6 min, respectively. The re-
sulting chromatograms containing system
peaks are depicted in Figure 1. The chro-
matogram with the methanol sample (C)
contained only one negative peak at 15.5
min.

Considering the literature [2-4, 12], we
assumed that the first, negative system
peak could be attributed to a local defi-
ciency of triecthylamine in the mobile
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phase caused by injection of the sample
lacking TEA. This system peak might also
be induced by a methanol misbalance be-
tween the stationary and mobile phases.
Therefore, the first system peak would
correspond to the injection peak [4] indi-
cating the dead time. The second system
peak, positive for water and acetonitrile
samples and negative for the methanol
sample was considered to be a local excess
and deficiency, respectively, of TEA on
the stationary phase [2]. The second peak
would thus represent the retention time of
TEA in the given chromatographic sys-
tem.

To confirm these assumptions, a sec-
ond set of experiments was performed.
Three samples containing uracil, thiourea
and TEA dissolved in methanol were in-
jected into the same chromatographic sys-
tem (Figure 2). The chromatograms with
the uracil (A) and thiourea (B) samples
contained two peaks with the retention
times of 10.8 and 15.7 min (A), and 10.7
and 15.6 min (B), while that with the TEA
sample (C) exhibited only one peak at
15.4 min. Uracil and thiourea, as dead
time markers, proved that the negative
system peaks observed in Figure 1 were
real injection peaks generated by a local
decrease in the TEA concentration in the
injection zone that moved down the col-
umn with the eluent velocity. The reten-
tion time of the TEA peak in Figure 2 con-
firmed that the second system peak, posi-
tive or negative, was caused by a local in-
crease or decrease, respectively, of the
TEA concentration at the stationary
phase surface. The zone corresponding to
the second system peak moved with the
velocity of TEA as the analyte along the
column.

When summarizing the results de-
scribed above, the following general ex-
planation can be formulated. The first sys-
tem peak with the retention time ¢, =
(11.1 £0.6) min (o = 0.05) is caused by a
local deficiency of TEA in the mobile
phase because the injected zones of water
and acetonitrile contain no TEA and pro-
ceed down the column with the eluent ve-
locity, indicating the system dead time.
The second system peak with the retention
time £, = (15.6 £ 0.1) min (o = 0.05) has a
more complex origin and its character is
determined by the actual distribution of
TEA between the stationary and mobile
phases which is primarily affected by the
differences in the polarities of water,
acctonitrile and methanol. TEA is very
poorly miscible with highly polar water,
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its miscibility with substantially less polar
acetonitrile is much higher and that with
the least polar methanol virtually unlim-
ited under the present conditions. There-
fore. the zone of water shifts the distribu-
tion of TEA between the mobile and sta-
tionary phases strongly in favour of the
stationary phase (the high positive peak in
Fig. TA), this effect is much less pro-
nounced with acetonitrile (the small posi-
tive peak in Fig. 1B) and reversed with
methanol (the negative (vacancy) peak in
Fig. 1C). This desorption of TEA from
the stationary phase in the presence of a
pure methanol sone compensates  the
TEA deficiency in the mobile phase and
thus the first peak observed with water
and acetonitrile does not appear in Fig.

1C. In all these cases, the retention time of

the system peak is determined by the TEA
affinity to the stationary phase as with

any other analyte. This interpretation of

the experimental observations is in agree-
ment with the conclusions published car-
lier [2.3.12].

To test these conclusions, a practical
analvsis has been carried out. Figure 3
gives chromatograms of a BG 203 sample
at two different concentration levels de-
tected at two wavelengths. The positive

system peak. generated by the injection of

water as a component of the sample solu-
tion into the eluent containing TEA, may
be misinterpreted. Chromatograms A and
B represent analyses of | mM BG 203 dis-
solved in water with detection at 214 and
230 nm, respectively, and chromatograms
Cand D correspond to the same analysis
at a BG 203 concentration one order of
magnitude lower. The first positive peak
corresponds to BG 203 and the second one
1s the system peak. It can be seen that the
identification of the peaks can be quite dif-
ficult in more complex samples: ¢.g., the
system peak observed in chromatogram C
iy even higher than the analyte peak as the
absorption coefficient of TEA at 214 nm is
much higher than that at 230 nm.

Conclusion

The results deseribed and discussed above
stress the necessity of careful testing of se-
paration systems sclected for particular
analyses for the presence and character of
system peaks. It seems that the best ap-
proach is injection of several compounds
of different polarities whose behaviour in
the given separation system is well known,
which can affect the equilibria between
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Figure 3. Chromatograms obtained with the methanol-triethylamine 99.9:0.1 (v/v) mobile phase on
the LiChrosorb RP-sclect B capillary column injecting 60 nL of (A, B) 1 mM and (C, D) 0.1 mM so-
lution of BG 203 in water. Detector wavelengths were 214 (A, C) and 230 nm (B, D). The first posi-
tive peak represents BG 203 and the second one is the system peak. The peak areas are expressed in
percentage. For the other conditions see Experimental.

the stationary and mobile phases in a
well-defined way and which are likely to
be present in the practical samples, e.g., as
their solvents.
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1 Introduction

Reversed phase capillary liquid chromatography (RP
CLC) represents a modern variant of RP HPLC. Its advan-
tages are low consumption of mobile phase and small
sample volume without loss of separation efficiency.
Reversed phase liquid chromatography almost complete-
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Capillary liquid chromatography as a tool for
separation of hydrophobic basic drugs.

Relation between tests for column characterization
and real analysis

Two capillary columns for reversed phase (RP) capillary liquid chromatography
(CLC), viz. Nucleosil 100-5 C18 and LiChrosorb RP-select B, were characterized by
the Walters test, i.e. the chromatographic test proposed for RP stationary phases.
Hydrophobicity indices were determined not only in acetonitrile/water mobile phase,
as proposed in the test, but they were also measured in buffered systems. This
approach was used to quantify the influence of mobile phase composition on the
modification of the surface of the stationary phases. In the next step, small basic com-
pounds differing in their hydrophobicity and basicity were selected and their retention
on the stationary phases in mobile phases of the same composition as used for
column testing was examined. Furthermore, the retention of newly synthesized drugs,
chemotherapeutics derived from thioacridine and pyridoquinoline, differing in their
structures, basicity, and hydrophobicity, was also studied. The composition of the
mobile phases had to be shifted to higher contents of organic modifiers — acetonitrile
or methanol — in order to elute these hydrophobic compounds from the columns. The
question we wanted to answer was: How is the method for testing of reversed phases
related to retention, separation efficiency, and peak symmetry of various analytes?

Key Words: Capillary liquid chromatography; Reversed phase separation; Column
testing; Thioacridines; Pyridoquinolines
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DOI 10.1002/jssc.200301383

days available. Various tests or methods of characteriza-
tion providing preliminary information about the properties
of a given RP and about their potential suitability for
separation of hydrophobic and basic compounds of sta-
tionary phases have been described [1-8)]. Nevertheless,
the final result of separation of a mixture of interest does
not always match the requirements.

ly covers the demand for separation in routine analysis.

Complex mixtures of hydrophobic compounds can be
separated with high efficiency in a short analysis time.
Separation of basic compounds, on the other hand, can
still cause serious problems. The right choice of reversed
stationary phase is essential for successful analysis of
basic analytes. A wide variety of reversed phases is nowa-
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Abbreviations: As, asymmetry factor; CLC, capillary liquid
chromatography; HI, hydrophobicity index; log P, common
logarithm of the octanol/water partition coefficient; N,N-DMA,
N,N-dimethylaniline; Si, silanol index; TEA, triethylamine;

TEAA, triethylamine acetate.
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Selection and testing of columns is a complex process
and is often carried out on the basis of subjective criteria
and personal experience. Information on the physico-
chemical properties and separation mechanisms of com-
merically available columns is limited, as manufacturers
usually do not disclose fundamental information. Further-
more, materials that are nominally identical often exhibit
manufacturer-to-manufacturer and even batch-to-batch
differences in their behaviour. Many chromatographic pro-
cedures have been proposed for column testing but none
of them has gained general acceptance [9]. Most of the
tests have been designed for reversed stationary phases.
It has been shown [10] that the column parameters such
as hydrophobicity and hydrophilicity strongly depend on
the nature of the test substances. It is thus of fundamental
importance to choose test substances that are as similar

1615-9306/2003/0806—-0686%$17.50+.50/0
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the compounds to be separated as possible. This
quirement is often difficult to fulfil. Recently, Lopez et
. [11] have shown different approaches to identify small
Ibsets of solutes that can be used to predict retention
ctors of a broad range of compounds on different octa-
:cyl silica columns.

1 increasing number of unhealthy factors in our environ-
ent, a decreasing immunity of all human beings to dis-
1ses, and an increasing resistance of pathogens to che-
otherapeutics in present use drive the efforts of pharma-
:utical companies to continue developing and producing
w derivatives with a more efficient, effective, and speci-
. action against pathogens. Some acridine and pyrido-
linoline derivatives can be considered as important che-
otherapeutics because they show bactericidal, fungici-
i, and especially anti-malarial effects [12—15]. Recent-

thioacridine and pyridoquinoline derivatives with pro-
ising antineoplasmic properties have been identified
6,17].

>ridines and pyridoquinolines are chemically derived
»m dibenzopyridine and benzopyridine, respectively,
'd contain at least one nitrogen atom in the aromatic
‘cle. Aqueous solutions of acridine (pK, = 8.4) and pyri-
quinoline (pK, = 9.2) show weak basic properties. Their
rrivatives and degradation products also behave as
2ak bases having modified dissociation constants deter-
ined by the nature and location of substituents in their
olecules [18].

>paration methods exhibiting a high selectivity and sen-
ivity are needed for purity control of chemotherapeutics
\d their quantification in biological materials. Since a
litable separation system is a prerequisite for successful
walysis, our work had the goal of establishing whether
Wy relations exist between the results of the Walters test,
1aracterization of the stationary phase with small basic
alytes differing in their hydrophobicity, and analysis of
y)mplex mixtures of hydrophobic precursors of drug with
d without basic substituents in their molecules.

Experimental

1 Chemicals

setonitrile (ACN) and methanol (MeOH) (both in gradient
ade purity) for preparation of eluents were purchased
»m Merck (Darmstadt, Germany). Acetic acid (p.a.) and
dium hydroxide (p.a.) were supplied by Lachema
rrmo, Czech Republic). Triethylamine (TEA) (99.6%)
1s obtained from Merck (Darmstadt, Germany). Uracil
9%, for determination of the dead retention time was
ovided by Sigma (St. Louis, MO, USA). Water used for
eparation of all mobile phases and solutions was puri-
:d with a Milli-Q Water Purification System (Millipore
orp., MA, USA).

CLC for separation of hydrophobic basic drugs 687

Acetonitrile/water, acetonitrile/0.2 mol/L acetate buffer
(pH = 3.5) and acetonitrile/1% triethylamine acetate buf-
fer (pH = 3.5) (TEAA) eluents containing 60 or 65% of
acetonitrile were used as mobile phases. Also methanol,
its mixture with triethylamine (99.5/0.5 v/v) or MeOH with
0.5% TEA in water (80/20 v/v) were used as mobile
phases. The eluents were sonicated for at least 10 min
just before use.

Small basic analytes, i.e., arginine, imidazole, creatinine,
aniline, and N,N-dimethylaniline, were purchased from
Sigma (St. Louis, MO, USA).

All the studied thioacridine and pyridoquinoline deriva-
tives, structures and designations of which are given in
Figure 1, were synthesized at the Faculty of Pharmacy in
Marseilles by a synthetic procedure described in ref. [19].
The thioacridines and pyridoquinolines had already been
studied in our previous work, in which the separation of
the compounds of interest from impurities and quantifica-
tion of the main products were performed [19, 20].

2.2 Instrumentation

An ISCO model 100 DM syringe pump (Lincoln, NE,
USA), a Valco International injection valve with a 60 nL
internal loop (Schenkon, Switzerland), and a LINEAR
UVIS-205 dual absorbance detector equipped with a CE
on-column flow cell (San Jose, CA, USA) were applied for
the CLC experiments. A fused silica capillary column of
320 um ID and 36 cm length packed with 5 um Nucleosil
100-5 C18 was prepared at the Laboratory of Instrumental
Analysis of Eindhoven Technical University, the Nether-
lands [21]. A stainless steel capillary column of 300 um ID
and 25 cm length packed with 5 pm LiChrosorb RP-select
B was purchased from Grom (Herrenberg, Germany). A
home-made thermostat was used to control the column
temperature. The absorbance detector was operated at
wavelengths of 200, 214, 230, and 254 nm. Chromato-
grams were recorded and evaluated employing a CSW
1.7 computer software package provided by DataApex
(Prague, Czech Republic).

Before measurements, the columns were equilibrated
overnight with each new mobile phase. All the measure-
ments were repeated three times.

3 Results and discussion
3.1 Column testing — The Walters test

Two capillary columns for RP CLC, viz. Nucleosil 100-5
C18 and LiChrosorb RP-select B, were characterized by
the Walters test [2]. This relatively simple test procedure
classifies reverse stationary phases based on the evalua-
tion of two predominating retention mechanisms in RPLC,
the hydrophobicity and silanophilicity of a stationary
phase. Hydrophobic interactions, depending on the

51

| Paper

igina

Or



688 Kafkova, Tesarova, Suchankova, Bosakova, Coufal
Thioacridine derivatives
BG 757 BG 832
G CHCH - CILCHOH
HCO- T T _OCH, H,CO- OCH,
OO0 00
N\
~7 SN N
BG 979 BG 924

BG 460 BG 461
_NO — NO,
NG e
@) O
S N
00© OI0I0)
N 3 a a
BG 204 BG 238
L CH,CHy
CH,CH,N CH,CH N
s7 "N\ch,CH, /e \ CH,

Figure 1. Structures and designations of the thioacridine and
pyridoquinoline derivatives.

hydrocarbon content, are represented by the ratio of the
retention factors of anthracene and benzene in an acetoni-
trile-water mobile phase and are expressed in terms of the
hydrophobicity index. The silanophilic interactions of a col-
umn (i.e., the silanol index), depending on accessible
active silanols, are determined by the ratio of the retention
factor of N,N-diethyltoluamide (N,N-DETA) to that of
anthracene in pure acetonitrile, as reversed-phase alkyl
chains (i.e., C18, C8) are solvated well using pure aceto-
nitrile. The retention of N,N-DETA is sensitive to the sta-
tionary phase silanol activity, while the anthracene reten-
tion behaviour is assumed to be exclusively determined
by the hydrophobic interactions. Values of hydrophobicity
and silanol indices of the studied columns are shown in
Table 1. Hydrophobicity indices were determined not only
in acetonitrile/water mobile phase, as proposed in the test,
but they were also measured in buffered systems. This
approach was used to quantify the influence of mobile
phase composition on modification of the surface of sta-
tionary phases. The problems with relations between the
test data in unbuffered systems and those of real analyses
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Table 1. Characterization of the studied RP CLC stationary
phases according to the Walters test.

Si HI HI*acer  HI*rean
Nucleosil100-5 C18 0.46 460 4.94 2.61
LiChrosorb RP-select B 1.01 2.91 2.78 1.67

S| = silanol index. HI = hydrophobicity index.

Mobile phase compositions: Sl, pure acetonitrile; HI, 65/35
(v/v) acetonitrile/water; HI*scer, 65/35 (v/v) acetonitrile/0.2
mol/L acetate buffer, pH 3.5; Hi*1eaa, 65/35 (v/v) acetonitrile/
1% triethylamine acetate buffer, pH 3.5.

usually performed in buffered systems were also men-
tioned by McCalley [22].

Nucleosil 100-5 C18 exhibited much higher hydrophobi-
city and lower silanol activity than the base deactivated
stationary phase LiChrosorb RP-select B. The HI values
were almost unaffected if water in the mobile phase was
replaced with acetate buffer. On the other hand, the use of
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able 2. Retention factors, plate numbers per meter, and peak asymmetries of small basic analytes on the stationary phases

-udied.
nalyte log P pKa Nucleosil 100-5 C18
water acet TEAA
k N/m As k N/m As k N/m As
I N-DMA 2.31 8.85 1.85 1240 7.80 5.21 3900 4.70 0.50 19800 1.18
niline 1.06 4.63 0.41 7440 2.35 0.57 6080 2.50 0.18 14800 1.56
nidazole -0.08 6.95 > n.a. n.a. > n.a. n.a. 0.54 290 7.20
reatinine -1.76 4.60 0.12 1200 4.67 0.80 1950 3.60 0.17 2730 2.60
rginine -420 1.82/8.99 3.49 1100 1.68 0.45 4680 1.00 0.10 6640 1.23
nalyte log P pK, LiChrosorb RP-select B
water acet TEAA
k N/m As k N/m As k N/m As
N-DMA 2.31 8.85 1.31 40900 1.28 1.13 36970 1.70 0.40 23400 1.60
niline 1.06 4.63 0.47 23800 1.24 0.77 27560 1.32 0.23 21380 1.35
nidazole -0.08 6.95 0.85 1610 3.25 2.04 18900 1.55 0.73 3470 5.48
reatinine -1.76 4.60 - n.a. n.a. - n.a. n.a. 0.39 3980 3.17
rginine -420 1.82/8.99 1.25 1780 1.85 0.02 2670 4.91 - n.a. n.a.

lobile phases: water, 65/35 (v/V) acetonitrile/water; acet, 65/35 (v/v) acetonitrile/0.2 mol/L acetate buffer, pH 3.5; TEAA 65/35 (v/v) ace-

initrile/1% triethylamine acetate buffer, pH 3.5.

otes: >, analyte does not elute within 100 min; —, analyte elutes with the dead volume marker; n.a., not applicable.

ormulae: N/m = 5.54(tg/wy2)%/L.

/m = number of theoretical plates per meter; ts = retention time; w,, = peak width at half height; L = column length [m]; As=a/b as
valuated at 10% of the peak height; a = rear side of peak; b = front side of peak (w1 = a + b).

iethylamine acetate buffer in the mobile phases substan-
ally reduced the indices of hydrophobicity on both col-
mns. This result may be explained by the fact that TEA
ot only masks active silanols on the silica gel surface but
can also interact with certain analytes or test compounds
1 the mobile phase. Under specific circumstances, repul-
ve forces can be generated. Moreover, the Walters test
- not designed for systems with TEA. The high silanol
idex of LiChrosorb RP-select B was a surprising result as
s RP was designed for separation of basic compounds
‘hose strong interaction with the silica gel surface cause
iferior separation and quantification.

lodification of the surface of the unshielded Nucleosil
-ationary phase was also observed after long-term use of
ie column for separation of basic hydrophobic com-
ounds. A corresponding increase of HI (HI = 5.46) and
ecrease of Sl (Sl =0.31), indicating irreversible sorption
fthese analytes, was obtained.

.2 Retention of small basic compounds

nother possible method of checking the suitability of a
versed phase for separation of a mixture of compounds
f interest uses a selected group of compounds differing
1 their hydrophobicity (expressed by log P) and basicity

(pKa) [23]. As already mentioned above, the interaction
mechanism on reversed phases is a combination of
hydrophobic interactions of solutes with hydrophobic C18
(or some other) chains and ion exchange (or exclusion)
with residual, more or less deprotonated, silanols [24].
Therefore the retention of a set of basic analytes on the
stationary phases in mobile phases of the same composi-
tion as used for column testing according to Walters was
examined. Table 2 summarizes the results. The basicity
of these analytes is the dominating factor that determines
retention in a non-buffered mobile phase on both station-
ary phases. This is demonstrated by the highest retention
factors of the most basic analytes of this series — N,N-
dimethylaniline (N,N-DMA) and arginine (Arg). These two
analytes represent the extreme log P values of the stu-
died set of compounds (see Table 2). The retention factor
of N,N-DMA with the highest hydrophobicity was
enhanced in the mobile phase composed of acetonitrile/
acetate buffer while the hydrophilic molecule of arginine
was much less retained in this mobile phase on Nucleosil
100-5 C18. The steep increase of retention of N,N-DMA
is also due to its increased cationic ionization. The
decreased retention of Arg can be explained by partial
repulsion of the negatively charged part of the molecule
(pKa1 = 1.82) and a portion of dissociated silanol groups
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on the stationary phase surface. The results correspond
to a small change of hydrophobicity indices if acetate buf-
fer was used instead of water in the mobile phase. On the
Nucleosil column, the hydrophobicity increased slightly in
the buffered mobile phase but was somewhat reduced on
the LiChrosorb stationary phase. Obviously, the acidic
buffer suppresses the dissociation of the accessible sila-
nol groups on the silica carrier in the case of Nucleosil.
Therefore the ion exchange interactions are reduced while
the hydrophobic ones are enhanced. The different modifi-
cation of the silanols on the used RPs by acetate can be
explained by various properties of the silica support. Sila-
nol groups are known to dissociate over a wide range of
pH depending on the structural arrangement (isolated,
geminal, or vicinal forms) [25]; in addition, the bonding
chemistry can influence the accessibility of the silica sur-
face to analytes. The purity of silica gel and the manner of
its purification or synthesis also play a role here [24].
Triethylamine in the mobile phase reduced the retention
independently of the column used and the compound
measured because TEA modifies separation mechanisms
by masking silanol groups and can also interact with
solutes. This is again in accordance with the results
obtained by the Walters test (see Table 1).

As peak tailing is an indicator of ionic interactions, the
interaction mechanism can also be deduced from asym-
metry values (As). In addition, comparison of number of
theoretical plates per meter (N/m) can reveal the effect of
hydrophobic interactions. The values are summarized in
Table 2. Although no clear trends were observed, some
general conclusions can be formulated. In general, higher
efficiency and better peak symmetry were observed for all
the test compounds on LiChrosorb RP-select B. The plate
number per meter increased and peak asymmetry
decreased along the following sequence of aqueous com-
ponents of mobile phases: water < acetate < TEA on the
Nucleosil 100-5 C18 column. On LiChrosorb RP-select B
neither separation efficiency nor peak shape were
improved if water was replaced by acetate buffer or TEA.
Due to the surface deactivation of the latter column ACN/
water mobile phase already gave satisfactory results.

In the next step, the retention behaviour of two groups of
larger basic compounds — potential drugs, differing in size
of their molecules, hydrophobicity, and basicity — was
evaluated using both the stationary phases studied.
These two groups of analytes comprised selected deri-
vates of thioacridine, and some analogues of pyridoquino-
line.

3.3 Retention of newly synthesized
chemotherapeutics — thioacridines

Thioacridines exhibited much higher hydrophobicity than
the small analytes. Therefore the composition of the
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mobile phases had to be changed in order to elute these
compounds from the columns. High contents of organic
modifiers — acetonitrile or methanol — were needed for
this purpose. Thioacridine derivatives without an amino
group in their molecule showed very similar retention
behaviour on both the stationary phases. The effect of dif-
ferent alkyl chain lengths (C8 vs. C18) was negligible.
Separation efficiency and peak symmetry were slightly
higher on LiChrosorb RP-select B, as demonstrated by
the values of retention factors (k) and asymmetry factors
(As) for the derivative BG 832 (k=0.3, N/m =6 800,
As=1.3, and k=0.3, N/m =7 700, As = 1.2 on Nucleosil
100-5 C18 and on LiChrosorb RP-select B, respectively).
A similar effect was also noticed if the non-buffered mobile
phase was replaced by the buffered one on the Nucleosil
column. Again plate number and symmetry of peaks were
improved while almost no change of retention was
observed. Although the molecule size and hydrophobicity
of these thioacridine derivatives were higher, their reten-
tion behaviour was similar to that of the small analytes. An
illustrative chromatogram of a separation of a mixture of
thioacridines without an amino group in their molecule on
LiChrosorb RP-select B column is shown in Figure 2.

More basic thioacridines possessing an amino substituent
exhibited unacceptable retention times (over 60 min) on
Nucleosil 100-5 C18 using both organic modifiers —
methanol or acetonitrile — in the mobile phase. The
change of Nucleosil 100-5 C18 for LiChrosorb RP-select
B caused a substantial decrease of retention time, as can
be seen in Figure 3.A,B. On LiChrosorb RP-select B the
use of mobile phase with acetate buffer led to a decrease
of peak asymmetry and an increase of efficiency com-
pared with ACN/water mobile phase while the retention
was almost unaffected. As an example, the retention and
asymmetry factors of the BG 204 derivative on LiChrosorb
RP-select B stationary phase are given: k=1.4, As=4.4,

254

1 BG 832
204

BG 979
BG 460, BC 924

1 BG 461

15 BG 757

Absorbance [mAU]

54

T T T T T T T T 1

o s 10 15 20 25 30 35
time [min)
Figure 2. Separation of thioacridine derivatives on the

LiChrosorb RP-select B column using the mobile phase 60/
40 (w/v) acetonitrile/0.2 mol/L acetate buffer, pH 3.5.
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gure 3. The influence of stationary phase nature on the
paration of thioacridine derivate BG 204 possessing an
nino group using the mobile phase 60/40 (v/v) acetonitrile/

2 mol/L acetate buffer, pH 3.5. A) column Nucleosil 100-5
18; B) LiChrosorb RP-select B.

‘'m =10 300 in the mobile phase composed of 90/10
/v) ACN/water, and k= 1.5, As=3.5, N/m =12 500 in
)/10 (v/v) ACN/Q0.2 mol/L acetate buffer.

4 Retention of newly synthesized
chemotherapeutics — pyridoquinolines

yridoquinolines represented the most hydrophobic set of
1alytes. They could not be eluted from the studied sta-
nary phases using any of the mobile phases mentioned
yove. Considering the lower solubility of pyridoquinolines
ACN we decided to use methanol as the mobile phase
ganic modifier instead of acetonitrile. Pyridoquinoline
:rivatives could be analysed on LiChrosorb RP select B
lumn in pure methanol only and even then excessively
ng retention times, accompanied by bad peak shape
d low efficiency, were obtained (Figure 4.A). In con-
1st to the retention behaviour of thioacridines, the length
the alkyl chain bonded to the silica surface plays a role
the retention of these hydrophobic compounds. To
\prove the peak shape and efficiency it was necessary
add small quantities of TEA (0.05-0.5%) to the mobile
1ase, as demonstrated in Figure 4.B.The concentration
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Figure 4. The influence of addition of TEA to the mobile
phase on the retention behaviour of pyridoquinoline derivate
BG 641 using the column LiChrosorb RP-select B. Mobile
phase composition: A) 100% methanol; B) 99.5/0.5 (v/V)
methanol/TEA.

of TEA in the mobile phase affected retention, peak sym-
metry and efficiency of pyridoquinolines in a similar way
on both columns but the required amount of TEA was dif-
ferent. (While 0.05% of TEA was sufficient in the case of
the LiChrosorb RP-select B, about ten times higher con-
centration was necessary with the Nucleosil C-18 col-
umn.) The first addition of TEA yielded significant reduc-
tion of retention and peak asymmetry while further
increase of the concentration of TEA had a negligible
effect on any of the retention characteristics.

These results are in accordance with the substantial
decrease of the surface hydrophobicity (HI values) related
to the addition of TEA (see Table 1). Separation of a mix-
ture of pyridoquinoline derivatives under optimized condi-
tions is illustrated in Figure 5. In order to achieve separa-
tion of a mixture of pyridoquinolines, 20% (v/v) of water
had to be added to the mobile phase.

4 Concluding remarks

Compared to LiChrosorb RP-select B, the Nucleosil 100-5
C18 column showed a higher hydrophobicity but a lower

55



692

30

N
o
L

-
o
!

Absorbance [mAU]

o
1

-10 4

time [min]

Figure 5. Separation of pyridoquinoline derivatives on the
LiChrosorb RP-select B column using the mobile phase 80/
20 (v/v) methanol/water with addition of 0.5% TEA.

silanol activity based on the Walters test. The same differ-
ences between these columns were found when low-
molecular-weight compounds of various polarities were
analysed. Strongly hydrophobic compounds of a large
molecule size with or without amino group (thioacridines)
were more successfully analysed on the LiChrosorb RP-
select B column with the buffered mobile phases. The
most hydrophobic compounds (pyridoquinolines) gave
good separation results on the LiChrosorb RP-select B
using TEA in the mobile phase.

Correlation between the results of column testing and real
analysis of a mixture of hydrophobic basic compounds —
newly synthesized potential drugs, derivatives of thioacri-
dine and pyridoquinoline — could be found. For basic,
rather hydrophobic compounds stationary phases with
lower hydrophobicity and less deactivated surface with
respect to residual silanol groups could be recommended.
Variation of mobile phase composition has a substantial
influence i) on the solvating/interaction of analytes in the
environment of the mobile phase, but also, ii) on the mod-
ification of the surface of stationary phases. Both these
factors subsequently affect the result of separation.
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Abstract

Three groups of structurally diverse chiral compounds were used to study the interaction mechanism responsible for stereoselective
recognition with teicoplanin as chiral selector in capillary liquid chromatography. Teicoplanin-based chiral stationary phase (CSP) was
used. The effect of the variation of mobile phase composition on retention and enantioselective separation was studied. The mobile phase
composition suitable for enantioresolution of the various chiral compounds differed according to the interaction forces needed for chiral
recognition. Mobile phases with high buffer portion (70-90 vol.%) were preferred for separation of enantiomers of profen non-steroidal
anti-inflammatory drugs and chlorophenoxypropionic acid herbicides that require hydrophobic interactions, inclusion and 7w—r interactions
for stereoselective recognition with teicoplanin. Higher concentration triethylamine in the buffer (0.5-1.0%) increased resolution of these
acids. On the other hand, H-bonding and electrostatic interactions are important in stereoselective interaction mechanism of B-adrenergic
antagonists with teicoplanin. These interaction types predominate in the reversed phase separation mode with high organic modifier content
(95% methanol) and in polar organic mobile phases. For this reason 3-adrenergic antagonists were best enantioresolved in the polar organic
mode. The mobile phase composed of methanol/acetic acid/triethylamine, 100/0.01/0.01 (v/v/v), provided enantioresolution values of all the
studied B-adrenergic antagonists in the range 1.1-1.9. Addition of teicoplanin to the mobile phase, which was suitable for enantioseparation
of certain compounds on the CSP, was also investigated. This system was used to dispose of nonstereoselective interactions of analytes with
silica gel support that often participate in the interaction with CSPs. Very low concentration of teicoplanin in the mobile phase (0.1 mM)
resulted in enantioselective separation of 2,2- and 2,4-chlorophenoxypropionic acids.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Chiral stationary phases; LC; Enantiomer separation; Teicoplanin; B-Adrenergic antagonists; Profen NSAIDs; Chlorophenoxypropionic acids

1. Introduction

Capillary liquid chromatography (cLC) can be consid-
ered a variant of high-performance liquid chromatography
(HPLC). Miniaturization of separation columns in LC has
some advantages such as small volumes of sample (tens of
nanoliters), mobile and stationary phases. The benefits of
cLC for enantioselective separations is related with the fact
that it allows also using expensive mobile phase additives,

* Corresponding author. Fax: +420 2 24 913 538.
E-mail address: bosakova@natur.cuni.cz (Z. Bosakova).

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.02.027

such as chiral selectors. The situation is more difficult
with availability of CSPs for cLC. While a wide variety of
ready-to-use chiral columns are produced for HPLC, chiral
capillary columns must be prepared by packing a capillary
with chiral stationary phase.

Macrocyclic antibiotics (MA) are a relatively new class
of chiral selectors for chromatography and capillary elec-
trophoresis (CE). The macrocyclic antibiotics have been used
in HPLC [1,2], CE [3-5], capillary electrochromatography
(CEC) [6], as reported in the review papers [1—6]. The most
important selectors of this type are teicoplanin, vancomycin,
ristocetin A and avoparcin. Teicoplanin (Fig. 1) is probably
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Fig. 1. Structure of teicoplanin used as the chiral selector in this study.

the most etfective for enantioseparation of many structurally
different compounds as amino acids, proteins and various
drugs [1,2].

Three groups of chiral compounds with difterent chemical
structures, namely B-adrenergic antagonists, profen NSAIDs
and chlorophenoxypropionic acid (CPPA) herbicides, have
been used to study their enantiomeric behavior in cLC with
teicoplanin as the chiral selector. B-Adrenergic antagonists,
compounds containing hydroxyl and amine groups and pos-
sessing at least one aromatic moicety in their molecules, are
used in the treatment of some neurological, neuropsychiatric
and cardiovascular disorders [7]. It is known that enantiomers
of B-adrenergic antagonists have different therapeutic poten-
cies and effects. For example, the S-enantiomer of propra-
nolol is 100 times more potent as 3-blocking agent than the
R-cnantiomer [8].

Various HPLC methods were proposed for the chiral sepa-
ration of one or even a set of B-adrenergic antagonists [9-21].
Their enantiomers were separated using «-acid glycopro-
tein CSP (AGP) [9], polysaccharide [9-15] and cyclodextrin
based [9,16] CSPs. Macrocyclic glycopeptides also contain
in their structures peptides and carbohydrates. This indicates
that all the typical interactions characteristic for cellulose
(carbohydrates) and protein types of CSPs can be employed in
the separation mechanism on the glycopeptide phases. There-
fore, CSPs bascd on glycopeptides, namely on teicoplanin
[17-21], teicoplanin aglycon [20] and vancomycin [17,21]
were also tested for enantioseparation of several 3-adrenergic
antagonists. From the tested analytes atenolol and pindolol
could not be bascline resolved on teicoplanin aglycone CSP
[20].

Profen NSAIDs (2-arylpropionic acids) represent an
important group of non-steroidal anti-inflammatory drugs,
characterized by a chiral carbon atom near the carboxylic
acid group. Several direct or indirect liquid chromatographic

methods involving a variety of CSPs were reported for
their enantiomeric analysis [22-26]. Ibuprofen, fenoprofen,
carprofen and flurbiprofen have been enantioseparated on
cellulose tris-(4-methylbenzoate) CSP [22] and flurbiprofen
on tris-(3,5-dimethylphenylcarbamate) of amylose CSP
[23]. Native and derivatized B-cyclodextrins were used as
chiral mobile phase additives to investigate the enantiomeric
separation of ketoprofen, fenoprofen and ibuprofen [24].
Enantiomers of flurbiprofen and ketoprofen were resolved
by using vancomycin CS [25]. Flurbiprofen could not be
separated in the separation system when vancomycin is
covalently bonded to silica gel support (column Chirobiotic
V), but successful enantioresolution was obtained by
addition of vancomycin to the mobile phase [26].

Phenoxypropionic acid (PPA) derivatives are widely
used in agriculture as selective herbicides. Due to their
solubility in water, they can easily move in agriculture
ecosystems, causing surface and ground water pollution
[27]. R-enantiomer of PPAs is known for its herbicidal activ-
ity while S-isomer is inactive as herbicidal agent [28]. Chiral
separations of these herbicides are required in order to assess
the enantiopurity and to optimize enantioselective produc-
tion processes. The HPLC CSPs, which have been used to
separate enantiomers of phenoxypropionic acid derivatives,
included teicoplanin [20.29], cellulose derivatives [30,31],
derivatized cyclodextrin [32] and some brush-type CSPs
[33-35].

The aim of this work was to study the interaction of
three structurally different groups of chiral compounds, i.e.
B-adrenergic antagonists (Fig. 2), profen NSAIDs (Fig. 3)
and chlorophenoxypropionic acids (Fig. 4), with teicoplanin-
based CSP in capillary liquid chromatography. The influence
of two separation modes, organic modifier content, concen-
tration and pH of triethylamine acetate buffer on the chiral
separation was investigated. Moreover, enantioseparation
system with the chiral selector added to mobile phases
was tested. Chromatographic systems with teicoplanin
bonded to the silica gel support and free in solution were
compared.

2. Experimental
2.1. Chemicals

The mobile phases were prepared from the following com-
pounds and solvents: methanol, LiChrosolv, purity >99.8%
(Merck, Darmstadt, Germany); triethylamine, purity >99.5%
(Fluka, Buchs, Switzerland) and acetic acid (p.a. 99%)
(Lachema, Brno, Czech Republic). The water used for prepa-
ration of all the mobile phases was purified with a Milli-Q
water purification system (Millipore, USA).

Tricthylamine acetate (TEAA) buffers, 0.1-1.0%, pH
from 4.0 to 6.6, containing various percentages of methanol
were used as mobile phases with a teicoplanin-based chi-
ral stationary phase. Methanol/0.1% TEAA, pH 5.0 eluents
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Fig. 2. Chemical structures of studied B-adrenergic antagonists.

containing various concentration of teicoplanin were used
as mobile phases if an achiral stationary phase was em-
ployed. The eluents were sonicated just before use for at least
10 min.

Racemic profen NSAIDs, i.e. fenoprofen, carprofen,
flurbiprofen, indoprofen, ibuprofen, flobufen, ketoprofen
and suprofen; [-adrenergic antagonists, oxprenolol, al-
prenolol, propranolol, atenolol, acebutolol and pindolol;
phenoxypropionic acid herbicides, 2-(2-chlorophenoxy)
propionic acid (2,2-CPPA), 2-(3-chlorophenoxy) propionic
acid (2,3-CPPA) and 2-(4-chlorophenoxy) propionic acid
(2,4-CPPA), all p.a. purity, were obtained from (Sigma
Aldrich, St. Louis, MO, USA). All the studied derivatives
were injected as 0.2 mgml~! methanolic solutions.

2.2. Equipment

An ISCO syringe pump model 100 DM (Lincoln, NE,
USA), a Valco injection valve with a 60nl internal loop
(Schenkon, Switzerland) and a Linear UV-VIS 205 detector
equipped with a CE on-column flow cell (San Jose, CA,
USA) were applied for the cLC experiments. A fused-silica
capillary column of 25cm x 300 wm I.D. packed with
5 pm Nucleosil 100 C13 HD was purchased from GROM
(Herrenberg-Kayh, Germany). Flow-rate of mobile phases
was 5 wl min~!. Free teicoplanin chiral selector was provided
by Astec (Whippany, NY, USA).

A capillary column 0f22.5 cm x 320 wm I.D. packed with
teicoplanin bonded to silica gel, particle size, S wm (CHIRO-
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Fig. 3. Chemical structures of studied profen NSAIDs.

BIOTIC T, Astec, Whippany, NY, USA) was prepared by Ing. illary with detection window located 7 cm from the column

J. Planeta, Ph.D., from the Institute of Analytical Chemistry outlet.

of the Czech Academy of Sciences, Brno, Czech Republic. Individual samples were detected at various wavelengths

Flow-rate of mobile phases was 4 wlmin~!. according to the absorption maxima elicited from their
The column inlet was installed in the injection valve using absorption spectra. The detection wavelengths for profen

a 5-cm polyether ether ketone (PEEK) sleeve (500 pm 1.D.) NSAIDs were 230 or 270 nm; B-adrenergic antagonists were

and a PEEK finger-tight fitting and the column outlet was detected at 230 or 254 nm and chlorophenoxypropionic acid

connected by PTFE tubing to a 100 wm L.D. fused-silica cap- derivatives also at 230 nm. Chromatograms were recorded
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Fig. 4. Chemical structures of studied CPPA herbicides.

2,3- CPPA

2,4-CPPA

and evaluated employing CSW computer software provided
by DataApex (Prague, Czech Republic).

3. Results and discussion

Separation systems composed of a teicoplanin-based chi-
ral stationary phase and various mobile phases were stud-
ied for enantioseparation of (-adrenergic antagonists, pro-
fen NSAIDs and chlorophenoxypropionic acid herbicides in
cLC. Reversed phase (RP) separation mode, as well as, polar
organic (PO) mode were tested. Also teicoplanin was added
to the mobile phase if an achiral capillary column Nucleosil
100 C g HD was used.

3.1. Enantioseparation of B-adrenergic antagonists

3.1.1. Reversed separation mode
With respect to the chemical structure of B-adrenergic an-
tagonists (Fig. 2) we studied the influence of mobile phase

Table 1

B. Kafkova et al. / J. Chromatogr. A 1088 (2005) 82-93

composition on their enantioseparation in two separation
modes, i.e. reversed phase and polar organic ones. The effect
of methanol (MeOH) contents in mobile phases on retention
factors (k), selectivity factors () and enantioresolutions (R)
in the reversed separation mode can be seen from Table 1.
The retention of all B-adrenergic antagonists first decreased
and at higher concentration of methanol (close to 95%) again
substantially increased with increasing content of methanol.
(At even lower percentages of the organic modifier in the
mobile phase, the retention times were too long and no par-
tial separation was observed, so we did not investigate the
chromatographic behavior of B-adrenergic antagonists fur-
ther to this region.) Such dependency is a typical indication
for suitability to apply polar organic separation mode. The
best enantioresolution and the highest values of selectivity
of all the derivatives were obtained in the mobile phase con-
taining 95% methanol. If the MeOH-buffer (v/v) ratio was
shifted just to 90/10, the resolution markedly decreased or
was even lost.

Effect of the buffer concentration on the chromatographic
data of B-adrenergic antagonists is summarized in Table 2.
Increasing concentration of TEAA decreased retention of all
the derivatives, which was accompanied at 0.5% TEAA by
higher resolution values (except of alprenolol). At the high-
est TEAA concentration tested (1.0%), all interaction types
(stereoselective and nonstereoselective) were reduced and as
the result enantioresolutions decreased again to almost the
same values as at 0.1% buffer concentration. Too low concen-
tration of TEAA (0.1%) cannot eliminate nonstereoselective
interactions with the carrier of the CSP while at high concen-
tration of the buffer (1.0%), there is no sufficient difference
in the interaction of both enantiomers with the CSP to yield
higher resolution values.

Assuming the structure of B-adrenergic antagonists sig-
nificant influence of buffer pH on change of their dissocia-
tion/protonation in the “allowed” pH range could not be ex-
pected. On the other hand, pH can affect the polar groups of
teicoplanin and in this way the stereoselective (but also non-
stereoselective) interactions with the analytes. Enantiosepa-
rations of atenolol at three different pH values are compared
in Fig. 5. It is obvious that higher pH value of the buffer
elongates elution of analytes, which is accompanied by only

Eftect of methanol content in the mobile phase (0.1% aqueous TEAA, pH 5.0) on chromatographic data of B-adrenergic antagonists using the teicoplanin-based

CSp

3-Adrencrgic antagonists Mecthanol (%)

40 50 90 95

ky o R k) a R ki o R ky o R
Oxprenolol 6.78 1.00 0.00 5.45 1.00 0.00 2.98 1.00 0.00 8.64 1.04 0.75
Alprenolol 8.95 1.00 0.00 543 1.00 0.00 297 1.05 0.37 9.05 1.08 1.69
Propranolol 10.32 1.00 0.00 9.15 1.00 0.00 3.47 1.05 0.38 9.87 1.07 1.25
Atenolol 7.70 1.00 0.00 6.65 1.00 0.00 5.39 1.03 0.30 15.67 1.06 1.03
Acebutolol 8.95 1.00 0.00 6.88 1.00 0.00 3.98 1.00 0.00 13.22 1.04 0.59
Pindolol 6.15 1.00 0.00 6.72 1.00 0.00 3.24 1.03 0.21 9.07 1.06 0.79

Note: ki, retention factor of the first eluting enantiomer; a, selectivity factor; R, resolution.
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Table 2

87

Effect of the TEAA concentration in the mobile phase on chromatographic data of B-adrenergic antagonists using the teicoplanin-based CSP

B-Adrenergic antagonists TEAA (%)

0.1

k[ o R

0.5 1.0

kl o R k] o R

Oxprenolol 8.64 1.04 0.75
Alprenolol 9.05 1.08 1.69
Propranolol 9.87 1.07 1.25
Atenolol 15.67 1.06 1.03
Acebutolol 13.22 1.04 0.59
Pindolol 9.07 1.06 0.79

5.69 1.08 1.04 3.21 1.05 0.74
4.66 1.12 1.42 2.89 1.08 1.09
6.27 1.10 1.30 3.52 1.08 1.00
10.12 1.09 1.13 5.79 1.07 1.00
7.93 1.06 0.98 4.07 1.05 0.56
5.97 1.09 1.12 3.17 1.07 0.88

The mobile phase composition: 95/5 (v/v) methanol/TEAA, pH 5.0.

small change of enantioresolution. The higher retention can

be attributed to stronger interaction of analytes with the disso-
ciated carboxylic group of teicoplanin. The best chiral sepa-
ration of B-adrenergic antagonists enantiomers was obtained
in the mobile phase composed of methanol and 0.5% TEAA,
pH 5.0 in the ratio 95/5. In the reversed phase separation
mode, hydrophobic interactions and inclusion are favored but
the importance of H-bonding in the interaction mechanism
increases with increasing contents of methanol.

Due to solubility problems it was not possible to
add teicoplanin to the mobile phase (with high content
of methanol), which yielded the enantioseparation of (-
adrenergic antagonists, and so to investigate a separation sys-
tem with an achiral stationary phase.

3.1.2. Polar organic separation mode

Polar organic separation mode was developed for sepa-
ration of enantiomer pairs possessing two functional groups
capable of electrostatic interactions. These groups shall be lo-
cated near the stereogenic center. Polar organic mobile phase
is typically based on methanol (or acetonitrile/methanol)
with very small amounts of acetic acid (HAc) and triethyl-
amine (TEA). As enantioseparations of -adrenergic antag-
onists were succeeded at high methanol contents in the RP

= 80
E
8
c 60}
3
5 | pH=5.0
3
< b pH=6.0
L
20+
r
0 —
1 " 1 " 1 1 1 L 1 1 1

0 5 10 15 20 25 30 35 40 45
time [min]

Fig. 5. Effect of TEAA bufter pH on cLC cnantioscparation of atenolol
using the teicoplanin-based CSP. Mobile phase composition: 95/5 (v/v)
methanol/1.0% TEAA, pH 4.0-6.0.

10 1,8

k1

0 1 1 1 1 1 1 1 0.6
0,00 0,05 0,10 0,15 020 025 0,30

% TEA
% HAc

Fig. 6. Effect of the concentration of TEA and HAc in the mobile phase
on the retention factors of the first (k1) and second (k) enantiomer and
the enantioresolution (R) of B-adrenergic antagonist (alprenolol) on the
teicoplanin-based CSP. Mobile phase composition: methanol/HAc/TEA
from 100/0.01/0.01 to 100/0.3/0.3 (v/v/v).

mode, the PO mode was applied in the following experi-
ments. Fig. 6 shows that with increasing concentration of
HAc and TEA, the retention and the enantioresolution of
alprenolol significantly decreased. The same trend was ob-
served for all B-adrenergic antagonists. From the tested con-
centrations of acetic acid and triethylamine (their volumes
[ml] added to 100 m! MeOH) and their ratios, the maximum
resolution was obtained at HAc/TEA=0.01/0.01. Results
summarized in Table 3 depicts that almost all the derivatives
were baseline separated. If we compare this optimized mo-

Table 3
Enantioresolution of B-adrenergic antagonists in the polar organic separation
mode on the teicoplanin-based CSP

B-Adrenergic antagonists ki o R

Oxprenolol 4.30 1.07 1.08
Alprenolol 4.11 1.10 1.63
Propranolol 5.34 1.10 1.85
Atenolol 10.02 1.09 1.58
Acebutolol 6.12 1.07 1.10
Pindolol 4.60 1.09 1.50

The mobile phase composition: methanol/HAc/TEA, 100/0.01/0.01 (v/v/v).
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Fig. 7. Chromatograms  showing the cnantioseparation  of alprenolol
tercoplanin-based  CSP. Mobile  phases
methanolFHACTEA,  100/0.0170.01  (v/iviv)y  and  (B)
methanol 0.5%6 TEAA pll 5.0.

on  the composition:  (A)

95/5  (v/v)

bile phase composition for cnantioseparation of B-adrenergic
antagonists with that published previously [36], i.e. acctoni-
trile/methanol/HAC/TEA = 55/45/0.3/0.2, it is obvious that
the addition of acctonitrile, as a proton acceptor, requires an
increase of the HAC/TEA ratio and concentration. This shows
on the importance of a proton-donating agent in the mobile
phase to ensure protonation of the amino groups of the an-
alytes. Protonated B-adrenergic antagonists provide interac-
tion possibilities for H-bonding with tcicoplanin-based CSP.

3.1.3. Compuarison of enantioseparation of -adrenergic
antagonists in PO and RP modes

Fig. 7 allows comparison of the enantioscparations of al-
prenolol on teicoplanin-based capillary column in PO and
RP separation modes. The respective separation parameters
of alprenolol in the polar organic and the reversed phasc sep-
aration modes are: resolution 1.63 and 1.42, selectivity factor
1.12 and 1.10, efficiency of the first cluted peak 36530 and
23660 theoretical plates per meter of column, and asymmetry

Table 4

of the second peak 1.00 and 0.70. Some B-adrenergic antag-
onists show much better enantioseparation parameters in the
PO mode (the example of alprenolol, but also pindolol, pro-
pranolol and atenolol) while some others give similar results
in both separation modes (for example acebutolol, and also
oxprenolol). Generally said, selectivity is similar in both sep-
aration modes. The main contributors to the improved enan-
tioresolution of B-adrenergic antagonists in the polar organic
mobile phase are higher efficiency and better peak symmetry.
These parameters also make the PO mode advantageous for
practical purposes. The polar organic separation mode prefers
electrostatic interactions and hydrogen bonding. The better
cnantioseparation in the polar organic mode shows the im-
portance of the H-bonding and/or electrostatic interactions in
the chiral recognition mechanism of B-adrenergic antagonists
with teicoplanin. This is also the reason why no chiral resolu-
tion appears if mobile phases with lower amount of methanol
are applied in the RP mode (see Table 1). In such separation
systems, these electrostatic/H-bonding types of interactions
are suppressed while hydrophobic and m— interaction pre-
dominate. Due to the fact that the aromatic moiety is far away
from the chiral center the latter interaction have no stereose-
lective significance.

3.2. Enantioseparation of profen NSAIDs

3.2.1. Reversed separation mode

Teicoplanin stationary phase shows affinity to compounds
with a carboxylic group. It is important for enantioselec-
tive separations of amino acids and proteins [37.38]. The
primary interaction of acids with teicoplanin is realized be-
tween their carboxyl group and amino group of the chiral
selector [20]. Profen NSAIDs, as compounds with signifi-
cant hydrophobic moiety close to the chiral carbon (Fig. 3),
require for the enantioselective recognition also hydrophobic
interaction or inclusion. These interaction types are favored
if mobile phases with great aqueous portion are used. For
this reason we examined the influence of methanol content
in the mobile phase down to much lower values (in the range
10-30% of methanol) than in the case of f3-adrenergic an-

Ettect of the TEAA in the mobile phase on chromatographic data of profen NSAIDs using the teicoplanin-based CSP; the mobile phase (aqucous TEAA, pH

5.0y and methanol

Profen NSAIDs  10% Mecthanol

20% Methanol

30% Mcthanol

0.1 0.5 1O 0.1 0.5 1.0°¢ 0.1 0.5 1O

/\'| R /\'1 R /\] R /\'| R /\'l R /\’[ R /\'| R ]\'] R k] R
I'enoprofen 1,29 0.00 257 0.00 287 0.00 059 000 19 000 196 000 000 000 094 0.00 1.19 0.00
Carprofen 556 0.00 937 0.00 945 0.00 322 000 675 0.00 689 0.00 041 046 234 026 322 0.26
Flurbiproten 198 005 384 060 386 060 1.03 000 290 067 305 070 000 000 130 055 165 0.69
Flobufen S48 0.00 644 000 739 0.00 248 0.00 506 0.00 508 0.00 029 0.00 192 000 275 0.00
Ketoprofen 206 082 347 098 373 1.0OS 091 0.00 254 080 271 084 000 000 121 0.18 1.83 0.64
Suprofen 245 037 386 058 S160 059 1.8  0.00 3.03 058 338 070 026 0.00 141 031 234 0.68
Indoproten 420 050 646 070 739 072 210 0.65 495 064 498 064 051 000 218 051 282 0.59
Ibuproten 117 0.00  1.82 000 206 000 053 000 161 000 166 000 010 000 084 0.00 098 0.00

CTEAA (Y.
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[able 5

Ettect of the bufter pli on ¢L.C enantioseparation of profen NSAIDs using the teicoplanin-based CSP

Profen NSAIDs k) o R
4.0 5.0° 6.0" 6.6" 4.0* 5.0¢ 6.0" 6.6 4.0 5.0* 6.0" 6.6

Fenoprofen 2005 1.96 1.89 1.22 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
Carprofen 0.19 0.89 5.46 3.20 1.00 1.00 1.04 1.05 0.00 0.00 0.15 0.18
Flurbiproten 3.03 3.08 2.70 1.89 1.00 1.11 1.12 1.15 0.00 0.70 0.66 0.79
Flobuten 4.77 S.08 3.89 3.28 1.00 1.00 1.08 1.16 0.00 0.00 041 m
Ketoprofen 2.47 2.71 2.41 1.66 1.03 1.13 1.15 1.17 0.10 0.84 0.84 0.85
suprofen 3.05 3.3% 290 2.00 1.07 1.09 1.10 111 0.36 0.70 0.71 0.73
Indoprofen 4.90 4.98 5.02 298 1.06 1.08 1.08 1.08 0.47 0.04 0.52 0.64
Ibuprofen 1.08 1.66 1.35 0.80 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
The mobile phase composition: 20/80 (v:v) methanol’1.0% TEAA. pH 4.0-6.0.

* pH values.
tagonists. The effect of the methanol content on retention
factors and enantioresolution of profen NSAIDs was studied
in the mobile phases composed of methanol and (0.1-1.0%) 8 A_PH=66 /\/\
TEAA buttfer, pl 5.0. Results obtained in the range 10-30% §
of methanol and different concentrations of TEAA are shown 5 pH=6.0 K
in Table 4. (In the range 30--90% of methanol, almost all pro- LN
fen NSAIDs were cluted at the death time.) Lower methanol
contents resulted in higher retention and partial enantioreso-
lution. In general, increasing concentration of TEAA in the pH=5.0
mobile phase resulted in increased retention and improved
enantioresolution of the profen NSAIDs. However, the dif-
ference between resolution values obtained using 0.5% and
1.0% TEAA buffer was not significant. Also the retention fac- oH=4.0
tors were almost not affected with this change of the buffer S S /N e
concentration. On contrary, increase of retention of profen 0 5 10 15 20 25 30 35
NSAIDs was observed if TEAA concentration was raised time [min)

from 0.1% to 0.5%. These results indicate that TEA forms
ion-pairs with the analytes and in this way increase their hy-
drophobicity. Stronger hydrophobic interactions, which can
be both enantioselective and nonenantioselective, between
the analytes and CSP in higher polarity mobile phases are then
responsible for higher retention and improved enantiosepa-
ration at 0.5% (or 1.0%) TEAA.

Based on the fact that 1.0% TEAA yielded the best
results, the effect of the bufter pH was studied at this TEAA
concentration. The results are shown in Table 5. The reten-
ton remained almost unchanged at pll 4.0 and 5.0, while it
decreased more significantly towards pH 6.6. Selectivity and
enantioresolution was markedly improved with increasing
butter pH only for flobufen. Considering the pK,, values of
profen NSAIDs (3.9-5.0), chiral recognition interactions are
favored if their carboxyl group is dissociated. The highest
enantiomeric resolution was achicved for flurbiprofen,
flobufen, ketoprofen, suprofen and indoprofen in the mobile
phase composcd of methanol/1.0% TEAA, pH 6.6, in the ratio
2080, Fig. 8 shows cnantioseparation of flobufen at ditferent
pll values of the TEAA bufter. The structure of flobufen
ditfers from the other profen NSAIDs derivatives because the
aromatic part is not attached directly to the asymmetric cen-
ter. This is the reason why separation of flobufen enantiomers
is more difficult to achieve. It is obvious from Fig. 8 that
the best enantioresolution of flobufen can be reached in the

Fig. 8. Effect of the buffer pH on cLC enantioscparation of flobufen us-
ing the teicoplanin-based CSP. Mobile phase composition: 20/80 (v/v)
methanol/1.0% TEAA, pH 4.0-6.6.

mobile phase composed of methanol/1.0% TEAA, pH 6.6,
in the ratio 20/80 on the teicoplanin-based column in cLC.

Results obtained in the reversed phase mode in the mobile
phases with higher methanol contents indicated that there is
no need to investigate profen NSAIDs in the polar organic
separation mode because they are not retained on the column
under these conditions.

An attempt was made to use an achiral capillary col-
umn Nucleosil 100 C;g HD and mobile phase composed of
methanol and 0.1% TEAA, pH 5.0, in the range 10-30% of
methanol. However, retention of profen NSAIDs in these mo-
bile phases was too long (without the addition of teicoplanin).
Higher concentration of methanol in the mobile phase did not
allow the addition of teicoplanin for the solubility reasons.
As a result, enantioseparation of profen NSAIDs with te-
icoplanin chiral additive to the mobile phase was not realized.

3.3. Enantioseparation of chlorophenoxypropionic acid
derivatives

In the final part of this work, we wanted to compare
the effects of separation conditions on the chromatographic
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Table 6
Eftect of the TEAA n the mobile phase on chromatographic data of CPPAs using the teicoplanin-based CSP; the mobile phase (aqueous TEAA, pH 5.0) and
nmicthanol
CPPA 10% Methanol 20% Mecthanol 30% Methanol

0.1 0.5¢ 1.0¢ 0.1 0.5* 1.0° 0.1* 0.5* 1.0°

ky R ky R Ky R ky R ky R ky R ky R ky R ky R
2.2-CPPA 0.00 0.00 043 1.10 0.66 1.30  0.00 0.00 036 080 052 1.10  0.00 0.00 0.14 0.60 0.35 1.08
23-CPPA 0.00 000 0.60 000 078 0.2 000 000 048 015 062 056 000 0.00 029 000 044 0.54
24-CPPA - 0.00 0.00  0.54 .10 0.75 1.35 0.00  0.00 043 .18 0.60 1.56  0.18 027 0.25 1.20 041 1.70

CTEAA (%)
behavior Qt I.ln'cc_raccmz'll?s, pofm()n isomers of chlorophe- 2,2 L Ty
noxypropionic acid herbicides (Fig. 4) in capillary separation 20k —e—2,3-CPPA
systems with teicoplanin as a chiral selector. Table 6 sum- 18l —4—24-CPPA
marizes the data measured in mobile phases composed of »
different concentrations of TEAA (0.1%, 0.5% and 1.0%), 16 A
pH 5.0, and various contents of methanol in the range 141 A/ \A
10--30% (v/v). (At higher methanol contents the analytes 12+
eluted at the dead time.) Retention of all CPPAs decreased T 4ol .//. '\.
with increasing contents of methanol in the mobile phases at 08l
any concentration of TEAA. The data displayed in Table 6 % »
show that the retention and enantioresolutjon values of CPPA é/"}/ 08 i o— o
derivatives had the same trend as had been observed with pro- "f,e 04 r ./ \.
fen NSAIDs. i.c. A- and R-values increased with increasing 02}
concentration of TEAA. These stronger interactions between 00l I . ! 1
4 5 6 7

the analytes and CSP are clearly enantioselective. For 2,3-
CPPA and 2.4-CPPA, similar retention factors were obtained
in the mobile phase methanol/1.0% TEAA, pH 5.0 (in the
range 10-30% of mecthanol). Lower retention of 2,2-CPPA
in these mobile phases can be attributed to intramolecular
interaction between chlorine and oxypropionic acid moicty
in ortho position. Nevertheless, cven this low retention
was sufficient for the chiral separation of 2,2-CPPA. Enan-
tioresolution values of 2,.2-CPPA and 2.3-CPPA decreased
with increasing content of methanol in the mobile phases
composed of 1.0% or 0.5% aqueous TEAA, pH 5.0, while
the resolution of 2,4-CPPA had the opposite trend. These
results show on the impact of steric factors on stereoselective
interaction.

The influence of the buffer pH in mobile phases com-
posed of methanol and 1.0% TEAA in the ratio 20/80 on
enantioresolution of CPPAs is shown in Fig. 9. The ob-
served trends are rather similar for all the derivatives. The
least cftect of buffer pH on the R-values of 2,2-CPPA
can be again attributed to the intramolecular interaction of

Table 7

pH

Fig. 9. Effect of the buffer pH on ¢LC enantioscparation of CPPAs us-
ing the teicoplanin-based CSP. Mobile phasc composition: 20/80 (v/v)
methanol/1.0% TEAA, pH 4.0-6.6.

both substituents on the aromatic ring. This is in accord
with the lowest interaction (retention) of 2,2-CPPA in any
mobile phase composition. Considering the pK, value of
CPPAs (pK,(2,4-CPPA)=4.32 in DMSO/H;0 [39]) chiral
recognition interactions are favored if the carboxyl group
is dissociated. The same trend was observed for profen
NSAIDs.

Through a series of TEAA concentration and buffer pH
variations an optimized buffer composition of 1.0% TEAA,
pH 5.0 was found for enantiomeric separation of CPPAs on
the teicoplanin-based capillary column. This buffer should
offer the basis for addition of teicoplanin if a separation
system with an achiral capillary column, Nucleosil 100 C g

Lzttect of the concentration of teicoplanin in mobile phase on chromatographic data of CPPA herbicides using Nucleosil 100 Cjg HD

CPPA Concentration of teicoplanin (mM)

0.00 0.05 0.10

ky « R ky « R k) «a R
2.2-CPPA 4.06 1.00 0.00 4.85 1.19 1.38 7.85 1.36 1.58
2.3-CPPA 5.09 1.00 0.00 6.97 1.00 0.00 10.51 1.00 0.00
2.4-CPPA 5.2 1.00 0.00 6.03 1.00 0.00 11.89 1.32 1.40

The mobile phase composition: 30:70, methanol:0.1% TEAA; pH 5.0.
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HD, is used for enantioseparation of CPPAs. The idea was
to add the chiral selector to the mobile phase of the same
composition, which yielded good enantioresolution with the
teicoplanin-based CSP, it means 10/90 (v/v) methanol/1.0%
TEAA, pH 5.0, for derivatives 2,2-CPPA and 2,3-CPPA and
30/70 (v/v) methanol/1.0% TEAA, pH 5.0, for 2,4-CPPA
(Table 6). Using the achiral column retention of all deriva-
tives of CPPA dramatically increased (to 150 min) even
without addition of teicoplanin to the mobile phase composed
of 10/90 (v/v), methanol/1.0% TEAA; pH 5.0. Moreover,
solubility of teicoplanin in solutions with higher buffer con-
centration substantially decreased. For this reason, the mobile
phase composed of methanol and 0.1% TEAA, pH 5.0, in the
ratio 30/70, yielding retention of CPPAs about 30 min, was
chosen as the basis. Table 7 shows the effect of concentration
of teicoplanin in the mobile phase on the chromatographic
data of CPPAs. The concentration of teicoplanin could not be
increased above 0.1 mM because CPPAs did not then elute
from the column. The teicoplanin concentration in the mobile
phase is a very important factor to control the chiral recogni-
tion. The retention factors of all derivatives increased with in-
creasing teicoplanin concentration. Enantiomeric separations
of2,2-CPPA and 2,4-CPPA were achieved already at 0.05 and
0.1 mM concentrations of teicoplanin, respectively. Enan-
tiomers of 2,3-CPPA could not be separated under the studied
conditions.

The results obtained in the comparable mobile phase
(MeOH/0.1% TEAA, pH 5.0; 30/70, v/v) with teicoplanin
bonded on CSP and free in the solution (Table 6 versus
Table 7) show that better enantioseparation of 2,4-CPPA
than of 2,2-CPPA was observed on the teicoplanin bonded
CSP while the opposite result was obtained with teicoplanin
added to the mobile phase. Significantly lower affinity
of 2,3-CPPA to teicoplanin in both systems is obvious.
Steric effects (both intra- and intermolecular) should be
responsible for the different interaction possibilities of these
position isomers with the chiral selector. Stabilization of the
w-electron system (2,2- and 2,4-derivatives) may also play a
role if w—m interactions are involved in the enantioresolution
mechanism. Increased rigidity of these derivatives favors
chiral recognition ability. Fig. 10 shows the separation of
2,4-CPPA enantiomers on teicoplanin-based CSP with two
mobile phases differing in the TEAA concentration (Fig. [0A
and B) and in the separation system composed of the achiral
column and the mobile phase containing 0.1 mM teicoplanin
(Fig. 10C). The best enantioresolution in a short analysis time
was obtained with the teicoplanin CSP and the mobile phase
containing 1.0% buffer (Fig. 10B), as was already discussed
above. Comparison of the two separation systems, with the
chiral and achiral column, both using the 0.1% buffer in the
mobile phase, shows that baseline separation can be achieved
only in the system composed of C-18 column and the chiral
selector-contained mobile phase. However, such separation
conditions have no practical use because the elution time is
too long and bad peak shape makes the separation not suitable
for quantitative analysis. The chromatogram evidenced that
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Fig. 10. Comparison of enantioseparation of 2,4-CPPA in mobile phase
composition: (A) 30/70 (v/v) methanol/0.1% TEAA, pH 5.0; (B) 30/70 (v/v)
methanol/1.0% TEAA, pH 5.0 on teicoplanin-based CSP; (C) 30/70 (v/v)
methanol/0.1% TEAA, pH 5.0 with addition 0.1 mM teicoplanin on Nucle-
osil 100 Cjg HD.
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a competiting interaction of the analyte(s) with teicoplanin
sorbed on the achiral stationary phase surface and that
present in the mobile phase takes place in the separation sys-
tem. This competition is responsible for the observed peak
tailing.

4. Conclusion

Teicoplanin-based capillary column proved to be suitable
for enantioseparation of some (3-adrenergic antagonists, pro-
fen NSAIDs and chlorophenoxypropionic acid derivatives.
Higher methanol content in the mobile phase was essen-
tial for enantioselective interactions of 3-adrenergic antag-
onists with the CSP while profen NSAIDs and CPPAs were
preferently enantioresolved in mobile phases with low or-
ganic modifier content. In the reversed phase mode an in-
crease of the TEAA buffer concentration (as the aqueous
part of the mobile phase) resulted in a decrease of the reten-
tion of B-adrenergic antagonists but did not influence their
chiral resolution so far. On the contrary, retention of profen
NSAIDs and CPPAs was increased and their enantioresolu-
tion improved at higher buffer concentrations. Chiral sepa-
rations of the various classes of enantiomers were found to
be pH dependent. Regarding the structure of (-adrenergic
antagonists significant influence of pH on their dissociation
or protonization could not be expected. However, the ef-
fect of buffer pH on the CSP (the chiral selector, as well
as, the silica gel support) resulted in better enantioresolution
of B-adrenergic antagonists at higher pH value (5.0). De-
spite the different structures of profen NSAIDs and CPPAs
(both possessing a carboxyl group next to the chiral carbon
atom) compared to -adrenergic antagonists similar effect
of pH on their enantioresolution was found. It can be pos-
tulated that the effect of pH on ionization of the functional
groups of teicoplanin plays an important role in the stere-
oselective interaction mechanism. Polar organic separation
mode was advantageous for chiral separation of B-adrenergic
antagonists. Teicoplanin added to the mobile phase in the
separation system with an achiral capillary column yielded
chiral separation of 2,2-CPPA and 2,4-CPPA. A very low
teicoplanin concentration (0.1 mM) was sufficient for their
baseline enantioresolution. Due to the combined interaction
of the analytes with teicoplanin partly sorbed on the sta-
tionary phase and partly remained in the mobile phase the
last separation system did not have sufficient separation effi-
ciency.
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ABSTRACT

The chiral sclector vancomycin was used either as mobile phase

additive or bound as a chiral stationary phase (CSP) for the stereoselective separa-
tion of seven racemic nonsteroidal anti-inflammatory drugs (NSAIDs), fenoprofen,
carprofen, flurbiprofen, indoprofen, flobufen, ketoprofen, and suprofen, by capillary
liquid chromatography. The effect of the type of stationary phase, the chiral column
Chirobiotic V or the achiral stationary phases Nucleosil 100 C8 HD and Nucleosil
100 C18 HD, and the concentration of vancomycin in the mobile phase on separation
of the drug enantiomers were evaluated. All the drugs, except flobufen, were suc-
cessfully enantioseparated on Nucleosil 100 C8 HD with 4 mM vancomycin present
in the mobile phase (composed of methanol and buffer) in the reversed phase mode.
On the vancomycin-bonded chiral stationary phase, it was difficult to get enantiosepa-
rations of the profen NSAIDs. However, flobufen gave betlter enantioseparation on
the vancomycin CSP. The better enantioresolution of the majority of profen deriva-
tives on the achiral columns with vancomycin added to the mobile phase can be
attributed in particular to the higher separation efficiency of this capillary chromato-
graphic system. In addition, vancomycin dimers, formed in the mobile phase, seem
to offer a better steric arrangement for stereoselective interaction to these analytes
than the vancomycin bonded on the CSP. These substantial differences in the CS
structure significantly influence the chiral discrimination mechanism. Chirality 18:

531-538, 2006.  © 2005 Wiley-Liss, Inc.

KEY WORDS: ¢l.C; chiral separation; macrocyclic antibiotic; vancomycin-based chiral
stationary phase; vancomycin chiral mobile phase additive

Chromatographic analysis of enantiomers is an impor-
tant rescarch ficld, now extended to include capillary
liquid chromatography (cLC) studies.!™ The ¢LC tech-
nique has certain advantages for enantiomeric separa-
tions, since it is casy to examine new types of chiral sta-
tionary phases (CSPs) that are normally rather expensive
and usually available only in very small amounts. Further-
more, consumption of expensive chiral mobile-phase addi-
tives (CMPA) and other mobile-phase modifiers is lower,
and the chromatographic efficiency and selectivity are
often enhanced in contrast to classical high-performance
liquid chromatography (HPLC).!

Direct chiral separation can be achieved by the use of
chiral stationary phases or chiral mobile-phase additives.
Joth arrangements have some advantages, but nowadays
the system with chiral stationary phases is applied more
frequently. The reason for this is the availability of a wide
range of stable CSPs, which enable us to achieve highly

@ 2006 Wiley-Liss, Inc.

reproducible results.>™ On the other hand, the use of
achiral stationary phases with chiral mobile phase addi-
tives provides higher flexibility for selection of a suitable
chiral selector (CS).®" Regarding the easier accessibility
of the CS present in free solution for interaction with ana-
lytes, the chiral-discrimination mechanism can differ from
that with the same chiral selector bonded on the station-
ary phase support. Moreover, the stoichiometry of the
CS-analyte diastereoisomeric complex need not necessa-
rily be 1:1.* This possibility can bring an additional
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improvement of chiral resolution. Therefore, the concen-
tration of chiral selector in the mobile phase is, along
with pH and organic-modifier content, the crucial factor
influencing the enantioresolution.” A combination of two
different chiral additives can also substantially improve
chiral recognition. Such an experimental setup is mostly
employed in capillary electrophoresis.!>!? The choice of
the separation arrangement, that is, chiral selector
bonded or free, can make a substantial difference in the
selectivity of enantioseparation. For example, the reten-
tion order of hexobarbital enantiomers was reversed
when cyclodextrin CS was added to the mobile phase
instead of using the cyclodextrin-bonded CSP.!® In some
cases, an improvement of chiral separation can be
achieved by combining a chiral stationary phase with a
chiral mobile phase. Synergistic effects have been
observed with the use of a structurally different chiral
mobile-phase additive and bonded chiral selector, for
example, D-(+)-camphorsulphonic acid as CMPA with B-
cyclodextrin CSP in HPLC.' Structurally related chiral
selectors, for example, vancomycin as CMPA with immo-
bilized ristocetin A as CSP, also provided for improved
enantioresolution.'"” Good results have been obtained
with CSP and CMPA based on homologous chiral selec-
tors in opposite configurations.'® In addition, the simulta-
neous use of vancomycin!’ or norvancomycin'® both as
stationary-phase and mobile-phase additives has been
investigated. The explanation of the retention and enan-
tiodiscrimination mechanism in these combined chroma-
tographic separation systems is often rather curious.

Macrocyclic antibiotics (MAs), among them glycopepti-
des (namely, vancomycin, teicoplanin and ristocetin A), have
been frequently employed in HPLC, capillary electrophore-
sis, and capillary electrochromatography.'®?! These com-
pounds have a great variety of functional groups, cavities,
and numerous stereogenic centers, which offer many inter-
action possibilities, including hydrogen bonding, electro-
static, and n-n interactions, inclusion, steric interactions,
dipole stacking, or combinations thereof.

Profen nonsteroidal anti-inflammatory drugs (NSAIDs)
represent an important group of pharmaceutical com-
pounds that exhibit optical activity. It is known that indi-
vidual enantiomers of some profen NSAIDs have different
therapeutic activities.?? Therefore, various enantioresolu-
tion methods have been proposed for their separation. In
HPLC the most frequently used CSPs for enantiosepara-
tion of individual profen NSAIDs are based on pro-
tein,?*** polysaccharide,?>* cyclodextrin,””*® and macro-
cyclic antibiotic®™! chiral selectors. A set of profens
(fenoprofen, flurbiprofen, ibuprofen, indoprofen, ketopro-
fen, and suprofen) was baseline enantioresolved on avo-
parcin-based CSP in normal separation mode®” and on tei-
coplanin-based CSP in reversed separation mode.*° Van-
comycin-based CSP (Chirobiotic V) was shown to be
suitable for chiral separation of flurbiprofen and ketopro-
fen in buffer-organic mobile phase with a low amount of
the organic modifier.*! Four stereoisomers of loxoprofen
were baseline resolved on a cellulose derivative CSP
Chiralcel 0J.*2 Only a few studies employed chiral mobile-
phase additives (mostly cyclodextrin chiral selectors) for
Chirality DOI 10.1002/chir
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enantioseparation of profen NSAIDs in HPLC.**** Success-
ful enantioseparations of ketoprofen and fenoprofen were
obtained only with hydroxypropyl B-cyclodextrin.®® Im-
proved chiral selectivity was reported for flurbiprofen on
the Chirobiotic V column after addition of vancomycin to
the mobile phase.!”

The capillary liquid chromatography technique has not
yet been employed for chiral separation of profens. Our
previous work utilizing teicoplanin as chiral selector in
cLC for the enantioseparation of profens did not give sat-
isfactory results for these compounds.®®

The aim of this study was to evaluate the chromato-
graphic behavior of two direct cLC approaches for the
enantioseparation of chiral drugs, fenoprofen, carprofen,
flurbiprofen, indoprofen, flobufen, ketoprofen, and supro-
fen. As the role of the achiral stationary phase in the
enantioselective separation systems is not always clearly
interpreted,®-3® two capillary columns, Nucleosil 100 C8
HD and Nucleosil 100 C18 HD, were investigated with
vancomycin added to the mobile phase. The second way
of direct separation was vancomycin CSP Chirobiotic V
and achiral mobile phase. Both the separation options
were compared in order to elucidate the differences in
the separation mechanism in the systems with free and
bonded vancomycin CS.

MATERIALS AND METHODS
Materials

Mobile phases were prepared from the following com-
pounds and solvents: methanol (MeOH), LiChrosolv,
purity >99.8% (Merck, Darmstadt, Germany); triethyl-
amine (TEA), purity >99.5 % (Fluka, Buchs, Switzerland),
and acetic acid, p.a. 99% (Lachema, Brno, Czech Repub-
lic). Free vancomycin chiral selector, as the mobile phase
additive, was provided by Astec (Whippany, NJ, USA).
Water used for preparation of all the mobile phases was
purified with a Milli-Q water purification system (Milli-
pore, USA).

Triethylamine acetate (TEAA) buffers, 0.1%, pH 5.0,
containing various percentages of MeOH were used as
mobile phases with vancomycin-based CSP.

The mobile phases 50/50 (v/v) methanol/0.1% TEAA,
pH 5.0, with various concentrations (1.0-4.0 mM) of van-
comycin were used if achiral stationary phases were
employed. Vancomycin was dissolved in pure buffer and
then appropriate amount of MeOH was added. The elu-
ents were sonicated for at least 10 min just before use.

Racemic profen NSAIDs, fenoprofen, carprofen, flurbi-
profen, indoprofen, flobufen, ketoprofen, and suprofen; all
p.a. purity, were obtained from Sigma-Aldrich (St. Louis,
MO, USA). All the compounds studied were injected as
1.0 mg mL™! methanolic solutions. The chemical struc-
tures of the analytes are shown in Figure 1.

Capillary Liquid-Chromatography Method

An ISCO syringe pump model 100 DM (Lincoln, NE,
USA), a Valco injection valve with a 60 nl internal loop
(Schenkon, Switzerland), and a Linear UV-VIS 205 detec-
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Fig. 1. Chemical structures of the studied profen NSAIDs.

tor equipped with a CE on-column flow cell (San Jose,
CA, USA) were applied for the cLC experiments.

Fused-silica capillary columns of 25 cm X 300 um LD.
packed with 5 um Nucleosil 100 C8 HD or 5 pm Nucleo-
sil 100 C18 HD were purchased from GROM (Herren-
berg-Kayh, Germany).

A fused-silica capillary column of 25 cm X 320 um LD.
packed with vancomycin bonded to silica gel (Chirobiotic

V), particle size 5 pm (Astec, Whippany, NJ, USA) was
prepared at the Institute of Analytical Chemistry, Czech
Academy of Sciences, Brno, Czech Republic. The frits
were prepared as described by Cortes et al.*® and slurry
proc%iure packing was performed according to Planeta

et al.
The column inlet was installed in the injection valve
using a 5 cm polyether ether ketone (PEEK) sleeve (500 pm
Chirality DOI 10.1002/chir
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Fig. 2. Effect of the vancomycin concentration in the mobile phase on retention of profen NSAIDs on (a) Nucleosil 100 C8 HD and (b) Nucleosil
100 C18 HD. Mobile-phase composition: 50:50 (v/v) MeOH-0.1% TEAA, pH 5.0 with addition of vancomycin (&, is the retention factor of the first elut-

ing enantiomer).

I.D.) and a PEEK finger-tight fitting, and the column outlet
was connected by PTFE tubing to a 100 um L.D. fused-silica
capillary with the detection window 7 ¢m from the column
outlet.

The flow rate of all the mobile phases used was 3 uL

in"'. The detection wavelength for the profen NSAIDs
was 270 nm. Chromatograms were recorded and eval-
uated employing CSW computer software provided by
DataApex (Prague, Czech Republic).

RESULTS AND DISCUSSION
Enantioselective Separations of Profen NSAIDs
Using Vancomycin as the Mobile-Phase
Additive and Achiral Columns

Two achiral capillary columns with different lengths of
chemically bonded hydrocarbon chains, Nucleosil 100 C8
HD and Nucleosil 100 C18 HD, were examined for enan-
tioseparation of selected profen NSAIDs with vancomycin
as the mobile-phase additive. The role of the achiral sta-
tionary phases has been investigated with cyclodextrins
as chiral mobile-phase additives, but some contradictory
results have been described in the literature.3*8 There-
fore, we wanted to examine also the effect of the station-
ary-phase structure on retention and enantioseparation of
the profen NSAIDs in this work. Based on the prelimi-
nary results, MeOH-0.1% TEAA buffer, pH 5.0 in the vol-
ume ratio of 50:50 was selected as suitable mobile phase,
to which vancomycin was added.

The effect of vancomycin concentration in the mobile
phase on retention of the profen NSAIDs on the both col-
umns is compared in Figure 2. Generally, greater reten-
tion of all the derivatives was found on Nucleosil 100 C8
HD. These results indicate that, although in the reversed-
phase to separation mode hydrophobic interactions pre-
dominate, polar/ionic interactions are also involved in the
retention mechanism. In general, the latter interaction
forces have more pronounced effect on the stationary
phase with shorter hydrocarbon chains (owing to the
Chirality DOI 10.1002/chir

more easily accessible silica-gel surface there).*!*?
Increasing the vancomycin concentration resulted in
increased retention. This trend could be observed more
clearly on the C-18 stationary phase at higher chiral-selec-
tor concentration. Similar retention behavior, with almost
no change of retention parameters with vancomycin con-
centration, was observed for structu related deriva-
tives, Guprofen, indoprofen and ketoprofen) Two pairs of
derivatives, flurbiprofen with fenoprofen and flobufen with
carprofen, also exhibited similar trends of retention fac-
tors, on both columns. A higher retention noticed at the
higher vancomycin concentration can be attributed to a
‘stronger interaction of the analyte-vancomycm complex
with the stationary surface. The complex can be created
in the mobile phase first and then the vancomycin-analyte
complex can interact with the stationary phase. Vancomy-
cin from the mobile phase can be also adsorbed on the
achiral stationary phase before the vancomycin-analyte
interaction is formed. Most probably a combination of
both possibilities is involved in the retention mechanism.
The latter possibility seems to take place predominantly
on the C-8 column (compare Figs. 2a and 2b) The por-
tion of vancomycin chiral selector adsorbed on the surface
is affected by both the stationary-phase structure and
mobile-phase composition, so it need not be necessarily
the same on the both columns.” An interesting feature
influencing the interaction mechanism of analytes with
vancomycin as CMPA is the formation of vancomycin
dimers in solution,”®* as described by many authors.***
Experimental approaches as well as computer simulation
have been used to characterize the dimer formation. Ace-
tate, which is present also in our mobile phase, has been
reported to enhance dimerization.*®*” The dimerization of
vancomycin seems to promote its affinity to carboxyl-con-
taining analytes.*® Higher stability of dimers probably cre-
ates more suitable conformation for chiral recognition of
these analytes and can be also responsible for the increased
retention observed in our experiments at higher vancomycin
concentration.
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Fig. 3. Effect of vancomycin concentrations in the mobile phase on resolution of profen NSAIDs on (a) Nucleosil 100 C8 HD and (b) Nucleosil
100 C18 HD. Mobhile-phase composition: 50:50 (v/v) MeOH-0.1% TEAA, pH 5.0 with addition of vancomycin (R is the resolution).

Resolution values on both columns were plotted versus
vancomycin concentration, as shown in Figure 3. It is
obvious that with increasing concentration of vancomycin,
resolution of enantiomers of profen NSAIDs increased
(with the exception of flobufen). The analytes mostly
gave better enantioresolution on the Nucleosil 100 C8
HD capillary column than on the Nucleosil C18 HD with
the mobile phase 50:50 (v/v) MeOH-0.1% TEAA, pH 5.0
with 4 mM vancomycin added (see also the chromato-
grams in Fig. 4). Table 1 summarizes the efficiency val-
ues obtained on both achiral columns at various concen-
trations of vancomycin in the mobile phase. It is obvious
that the efficiencies are slightly higher on the Nucleosil
100 C8 HD stationary phase at any compared vancomycin
concentration. Also, with increasing concentration of van-
comycin in the mobile phase starting from the 2 mM con-
centration, the efficiency on the both columns slightly
increases. For example, for flurbiprofen the respective
values are 15,700 and 22,500 theoretical plates per meter
(tp/m) in the mobile phase without and with 4 mM
vancomycin on Nucleosil C18 stationary phase, and the
corresponding values on Nucleosil C8 are 18,900 and
25,800 tp/m. The increased resolution values on Nucleo-
sil 100 C8 HD (in comparison with Nucleosil 100 C18
HD) or generally, at higher vancomycin concentrations
can be influenced by the corresponding higher efficien-
cies. The initial decrease of efficiencies with the mobile
phase containing 1 mM vancomycin is difficult to explain.
It is also difficult to judge if there is any relationship
between the efficiency values and adsorption of vancomy-
cin on the stationary surface. In general, better peak sym-
metry was observed on the stationary phase with shorter
hydrocarbon chains (the asymmetry values’ range was
1.1-2.3, versus 1.4-3.6 on the column with octadecyl
chains). Selectivities were similar, ranging from 1.05 to
1.18, on both stationary phases and increased slightly
with vancomycin concentration. The highest enantioreso-
lution values for all the studied derivatives were obtained
at the highest vancomycin concentration used (Fig. 3),

while the initial vancomycin amount necessary for at least
partial enantioseparation was rather different for the indi-
vidual pairs of enantiomers. Any general trend for the
whole set of profen NSAIDs is rather difficult to discern
for any of the columns. The baseline separation of flurbi-
profen enantiomers was achieved with 2 mM vancomycin
in the mobile phase on the both columns. On the con-
trary, the first indication of the enantioseparation of indo-
profen was observed at 3 mM vancomycin on Nucleosil
C8, while on Nucleosil C18 it was with 4 mM vancomycin
(see Fig. 3). Flobufen was the only derivative that was
not enantioresolved either on Nucleosil C8 or on Nucleosil
C18 stationary phases at any chiral selector concentration.
The retention behavior of the profen NSAIDs studied
was similar on both columns but higher retention and

Nucleosil C 18

Nucleosil C 8

Absorbance

Al Il n 1 L 1 n 1 1 1 It 1 I 1 A
0 10 20 30 40 50 60 70 80
time [min]

Fig. 4. Chromatograms of flurbiprofen on two different achiral station-
ary phases with vancomycin as the mobile-phase additive. Stationary
phases: Nucleosil 100 C18 HD, Nucleosil 100 C8 HD; mobile-phase com-
position: 50:50 (v/v) MeOH-0.1% TEAA, pH 5.0, with 4mM vancomycin.
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TABLE 1. Comparison of the efficiences (in tp/m) of the separation systems composed of achiral stationary phases
Nucleosil C8 or Nucleosil C18 and mobile phases (MeOH-0.1% TEAA, pH 5.0) with various vancomycin concentrations

Mobile phase

50:50 (v/v) MeOH-0.1% TEAA pH 5.0

Column C8 C18

Vancomycin 0 mM 1 mM 2 mM 3 mM 4 mM 0 mM 1 mM 2 mM 3 mM 4 mM
Fenoprofen 28,930 17,350 31,330 35,300 39,340 15,600 9,140 14,000 24,400 30,420
Carprofen 24,090 13,260 28,390 32,850 34,150 16,260 10,650 22,400 31,500 32,880
Flurbiprofen 18,900 12,350 22,610 24,970 25,800 15,700 14,400 19,200 20,030 22,500
Flobufen 21,310 17,350 23,400 30,600 32,640 9,100 8,400 13,100 21,600 29,900
Ketoprofen 14,000 8,200 16,120 19,200 25,850 5,050 3,500 5,900 23,220 24,510
Suprofen 6,650 6,600 9,820 11,420 14,510 4,030 3,000 4,850 12,100 13,600
Indoprofen 11,600 8,700 12,510 14,720 17,550 2,950 2,600 4,140 10,750 12,940

better enantioresolution were observed using the station-
ary phase with shorter hydrocarbon chains. These results
are in accord with those obtained with similar columns
using cyclodextrin as chiral selector.*® As to the enantio-
resolution, the steric fit of the majority of profen deriva-
tives into the structure of the dimerized vancomycin
seems (o be stereoselective and helps substantially in chi-
ral discrimination. This explanation corresponds with the
literature "

Enantioseparations of Profen NSAIDs Using
Vancomycin-Bonded CSP

In the next part of our work, vancomycin CSP was
used with an achiral mobile phase employed earlier that
is, 50:50 (v/v) MeOH-0.1% TEAA, pH 5.0, but without
vancomycin. This resulted in very short retention times
and no enantioseparation. For this reason, the MeOH
content of the mobile phase was reduced to lower values
(in the range of 20-30%). The retention factors and enan-
tioresolution values are summarized in Table 2. In gen-
eral, the retention of profen NSAIDs increased with
decreasing content of methanol in the mobile phase. The
resolution, being affected by retention, selectivity, and
efficiency, was not so straightforward. The separation
selectivities were around 1.1, but undesirable peak broad-
ening in some cases resulted in lowering of the resolu-
tion values at reduced methanol contents in the mobile
phase. These results are in accord with our previous

experience with a commercial Chirobiotic V column in
HPLC.*

Five derivatives of the profen NSAIDs were partially
enantioresolved on the vancomycin-based CSP, but with
lower resolution values than on Nucleosil 100 C8 HD and
4 mM vancomycin in the mobile phase. The best enantio-
separation was obtained again for flurbiprofen and also
for suprofen. Fenoprofen and indoprofen enantiomers
remained unresolved. It is obvious from the literature that
substantial variation of separation conditions is necessary
to give chiral separation of diverse profen derivatives, as
has also been reported on macrocyclic antibiotic-based
CSPs.2*-%1 Spatial arrangement of the bonded vancomycin
is probably less suited for the chiral interactions with
these analytes. Moreover, dimer formation, which was
reported to improve stereoselective interaction, cannot be
expected here.*>*® Surprisingly, relatively good results
were obtained for flobufen, as shown in Figure 5. The
best enantioseparation of flobufen was achieved with 25%
MeOH in the mobile phase for the vancomycin CSP. The
efficiency of the first eluted peak of flobufen was 17,000
theoretical plates per meter. Retention of flobufen at the
lowest content of MeOH (20%) was higher, but severe
broadening of both peaks decreased the enantioresolu-
tion. Successful enantioselective separation of flobufen
(compared to enantioseparation on the achiral columns
with addition of vancomycin to the mobile phase) can
be explained by its structure. The aromatic ring is not

TABLE 2. Effect of methanol contents in the mobile phase (MeOH-0.1% TEAA, pH 5.0) on chromatograpic data of profen
NSAIDs using the vancomycin-based CSP

MeOH
30% 25% 20%

Profen NSAIDs k R ky R ky R

[Fenoprofen 1.24 0.00 1.79 0.00 2.03 0.00
Carprofen 291 0.00 4.93 0.00 6.07 0.26
Flurbiprofen 1.53 0.70 2.13 0.60 2.43 0.63
Flobufen 142 0.38 3.13 0.76 3.87 0.70
Ketoprofen 0.37 0.00 1.89 0.44 2.25 0.44
Suprofen 1.43 0.71 2.10 042 242 0.40
Indoprofen 2.14 0.00 3.14 0.00 4.02 0.00

k, is the retention factor of the first eluting enantiomer; R is the resolution.
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attached directly to the asymmetric center, but the link-
ing keto group contributes to chiral discrimination. This
result corresponds with our observations from the com-
parison of vancomycin bonded CSPs with various den-
sities of the chiral selector coverage. The enantiomers
of flobufen were baseline resolved on the CSP with lower
coverage ol vancomycin, while only partial separation was
achicved on the higher-density stationary phase. These
results obtained with flobufen were opposite from those
ol all the other profens studied. IFlobufen seems to favor
greater distance of the CS molecules from ecach other.
From this point of view, the dimerized vancomycin in the
mobile phase scems 1o be less suitable for the stereose-
lective interaction. A change of conformation of vancomy-
cin caused by its binding to the carrier is another possi-
ble explanation of this result.

CONCLUDING REMARKS

The chiral sclector vancomycin yields better enantiose-
parations of the profen derivatives when used as a mobile
phase additive than as a stationary phase. The free vanco-
mycin molecules (in solution), at which none of the inter-
action sites are blocked by binding of the chiral selector
to the support, offer additional possibilitics for enantio-
selective interactions compared to vancomycin molecules
honded on silica gel. The spatial arrangement of the dis-
solved CS seems (o be better suited for interaction with
the analytes. Morcover, vancomycin in the mobile phase
can dimerize and the interactions of the acidic analytes
with the dimerized CS were reported to be advantageous
for chiral discrimination.”™ In accordance with the results
of a study! in which HPLC system of vancomycin
bonded CSP and vancomycin CMPA were used simulta-
neously, we have found it difficult to achieve enantiosepa-
rations of profen NSAIDs using vancomycin CSP. On the
other hand, we have shown that the use of the vanco-
mycin CSP is not, in principle, important if the stationary

037

phase shows sufficiently high efficiency and is compatible
with the mobile phase and the chiral selector.

The behavior of flobufen, which was enantioresolved
on vancomycin CSP with better result than on achiral col-
umns with addition of vancomycin to the mobile phase,
differed from the other NSAIDs studied.
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Acid-base properties and aggregations of 9-(alkylsulfanyl)- and 9-(arylsulfanyl)acridine deriv-
atives were studied as a part of systematic study of physicochemical properties of these com-
pounds synthesized as potential drugs. The effect of the (2-hydroxypropyl)cyclodextrins on
these properties and their association with the acridines was also followed.

Keywords: Cyclodextrins; Sulfanylacridines; Dissociation constants; Aggregation; Inclusion
complexes; Association constants; Dissolution; NMR spectroscopy.

In the frame of the study of basic properties of newly synthesized
9-(alkylsulfanyl)- and 9-(arylsulfanyl)acridines, we have published the effect
of substituents on the electron-donor properties! of these compounds. We
also reported electrochemical oxidation of these compounds as the model
of their possible biotransformation?. Chromatographic methods for deter-
mination of these compounds were also proposed3*.

Sulfanylacridine derivatives® are pharmacologically active mainly against
microbial®? and protozoal infections®®. Recently, these compounds were
also tested in treatment of Alzheimer!? and Creutzfeld-Jacob!! diseases.
Based on the analogy to other polycyclic aromatic compounds with hetero-
cyclic nitrogen, they could also be active in the reversal of multidrug resis-
tance'? (by inhibition of transmembrane transport!3).

Cyclodextrins' are cyclic oligosacharides consisting of six (o-cyclodextrin),
seven (B-cyclodextrin) or eight (y-cyclodextrin) glucose units connected by
o-1,4-glycoside bonds. The cavity of cyclodextrins is weakly hydrophobic

Collect. Czech. Chem. Commun. 2006, Vol. 71, No. 2, pp. 179-189
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relative to the hydrophilic exterior with primary and secondary hydroxy
groups. Cyclodextrins form inclusion complexes based on interactions of
noncovalent nature (electrostatic interactions, van der Waals forces, n-n
interactions) and steric effects!®. These complexes are often used in analyti-
cal chemistry!. In pharmaceutical preparations they improve the solubil-
ity and stability of pharmaceuticals'?, and are used as carriers of active sub-
stances in biological systems and to retard the release of active substances
from the pharmaceutical matrix!8.

We have studied acid-base properties, aggregation, and solubility of
newly synthesized 9-sulfanylacridine derivatives (Table I) and the effect of
cyclodextrins on these properties. The association constants of the formed
inclusion complexes were also determined. The (2-hydroxypropyl)cyclo-
dextrins were used as they are recommended as more soluble and less toxic
than the unsubstituted ones!'® and they are widely used in pharmaceutical
research?0-2!,

TaBLE I

Structures of studied 9-sulfanylacridines

S'R1

CLCL
Nig R®
R4

Compound R! R? RS R
BG 51 CH, H H H
BG 138 CH, OCH,4 H H
BG 55 C,Hy H H H
BG 180 C,Hy H H OCH,4
BG 980 n-C4H, OCH,4 H H
BG 375 n-C5H, H H OCHj;4
BG 376 n-CgH, 4 H H OCHj,4
BG 238 CH,CH,N(CH,), H NH, H
BG 186 CH,CH,N(CH,CH,), H H OCH,4

BG 979

O
BG 463 —~ Yo, H NH, H
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EXPERIMENTAL

Instruments and Operating Conditions

Determination of dissociation constants was performed by potentiometric titration using an
automatic microburette ABU 80 (Radiometer) and pH-meter pHM 64 (Jenway). The com-
pounds (c=1 x 107 mol 17! in 9% ethanol) were titrated with 0.1 M HCI; the constant ionic
strength of 0.1 was maintained with KCl. The pK, values were evaluated from the titration
curves obtained. Aggregation and determination of the association constants were studied
by UV spectrophotometry using a HP-8455 diode-array spectrophotometer (Hewlett-Packard)
with quartz cuvettes with 1-cm absorption layer. As it is known that presence of inorganic
salts supports the aggregation, it was not possible to adjust the pH of solution by buffers.
Therefore, the pH was maintained by addition of appropriate volume of 0.1 M HCl or 0.1 M
NaOH. The ionic strength of solutions was not set. 'H NMR spectra were measured by
Varian"N'TY Inova 400 at 399.95 MHz in deuterium oxide at 25 and 50 °C. 2-Methylpropan-
2-ol (8 1.25 ppm) was used as a standard. The COSY spectra were measured using standard
double pulsed sequence in the absolute mode. The NOESY and ROESY spectra were mea-
sured in the standard double pulsed sequence as phase-sensitive experiments (mixing time
0.3 s for NOESY and 0.1 s for ROESY). All 2D experiments were made in the spectral window
5000 Hz for proton signals. The solubility measurements were performed using an Erweka
Dissolution Tester DT 6R and a Shimadzu UV-160 HIM 226 spectrophotometer. The inclu-
sion complexes were prepared®? by precipitation and by mixing (which was found to be
more effective) with the ratio of compound:cyclodextrin 1:3.

Chemicals and Solutions

The studied compounds were synthesized by the previously described method?3, their iden-
tity was checked by elemental analysis and NMR and their purity by HPLC and GC-MS. Stock
solutions of the studied derivatives were prepared with a concentration of 1 x 107 mol 17!
in 90% ethanol. The (2-hydroxypropyl)cyclodextrins (Sigma Aldrich) were used as supplied.
Their stock solutions with a concentration of 0.25 mol 1! were prepared in distilled water.
All other used chemicals were of analytical grade.

RESULTS AND DISCUSSION

Acid-Base Properties of 9-Sulfanylacridines

Acid-base properties of biological active compounds are very important
characteristics both from the theoretical and practical viewpoints. The ef-
fect of molecular structure on acid-base equilibria is an important topic in
modern organic chemistry. Moreover, the knowledge of dissociation con-
stants is necessary in the prediction of biological activity using the QSAR
method. From the pharmaceutical viewpoint, acid-base properties are very
important for drug interactions with biological systems.
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The determined pK, values of studied 9-sulfanylacridines are summarized
in Table II. We have also calculated the pK, values using the Pallas 3.0 pro-
gram (CompuDrug Chemistry); their values are also given in Table II. In the
case of compounds with more nitrogen atoms, the calculated lower pK, val-
ues refer to heterocyclic nitrogens. Only one pK, value is obtained (both ex-
perimentally and by calculation) in the acid range for compounds with
NH, group near to heterocyclic nitrogen atom because of the strong N-N
interaction. It was impossible to obtain the pK, value for the strongly basic
group -CH,CH,N(CH,CH;),. The determined and calculated pK, values
correlate satisfactorily (Fig. 1); therefore, the program Pallas can be used
for the prediction of pK, values of compounds in this structure group. In
the presence of (2-hydroxypropyl)cyclodextrins (up to concentrations of
0.01 mol 1°!) the values of dissociation constants decrease slightly (in
tenths of unit). The potential presence of (2-hydroxypropyl)cyclodextrins
as drug carriers would not thus affect the acid-base equilibria of studied
compounds.

Aggregation of 9-Sulfanylacridines

As it follows from the previous part that the pK, values of all the studied
compounds are in the range of 5-7, all the following studies were per-
formed at pH 3 (protonized forms of the compounds) and pH 8 (free bases),

TaBLE 11
Experimental and calculated dissociation constants of studied 9-sulfanylacridines

Pk,

Compound

experimental? calculated
BG 51 5.34 5.61
BG 138 6.40 6.51
BG 55 5.68 5.45
BG 980 6.23 6.56
BG 238 7.10 7.20; 8.45
BG 186 6.13 6.88; 9.15
BG 979 6.13 6.73
BG 463 5.51 6.23

@ Relative standard deviations are lower than 2.5%.
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which is near the physiological pH. We have found that the free bases of
some 9-sulfanylacridines aggregate at very low concentrations in aqueous
solution, in analogy to the aggregation of other acridine derivatives?!. New
absorption bands with absorption maxima at longer wavelengths are
formed in the absorption spectra of the studied compounds. Generally?,
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N
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pK, calculated
[}
(8]

50 L 1 " 1 A 1 n 1 A
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pKa, experimental

Fic. 1
The plot of calculated vs measured values of dissociation constant for studied 9-sulfanyl-
acridines (r = 0.8307)

1.75 . . . . . T
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Fic. 2
The absorption spectra of compounds BG 138 (7), BG 980 (2), and BG 979 (3) (c =2 x 107° mol 17},
pH 8)
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the absorption maxima of “head-to-tail” aggregates are shifted bathochro-
mically relative to the monomer (J-bands are formed); the absorption max-
ima of “head-to-head” aggregates are shifted hypsochromically (H-bands).
According to our results, the degree of aggregation of the studied com-
pounds depends on the type of substituent on the sulfur atom. As an exam-
ple, the absorption spectra of compounds with increasing alkyl length
(BG 138 and BG 980) and with the phenyl group in the side chain (BG 979)
are given in Fig. 2. The absorbance of the absorption maxima of monomers
(A = 260 nm) decrease and the new absorption maxima of aggregates (A =
280 nm) are formed. We have found that the presence of ethanol affects
the aggregation, too. However, we have determined that this effect begins
at the concentration of ethanol higher than 10%; the concentration of eth-
anol in the measured solutions was lover than 1%. The protonized forms of
derivatives do not aggregate because of the repulsion of their positive
charges.

In the presence of (2-hydroxypropyl)cyclodextrins (Fig. 3), the absorbance
of absorption maximum of aggregate (A = 280 nm for all aggregates) de-
creases and the absorbance of absorption maximum of monomer of base
(A = 260 nm) increases. Thus, (2-hydroxypropyl)cyclodextrins suppress the
aggregation, as only monomers can be included in the cavity and can form
the inclusion complexes. Mainly monomeric forms are pharmaceutically

0.35
A

0.28

0.14

000 " 1 i 1 i 1 n
200 250 300 350 400

A [nm]

Fic. 3
The absorption spectra of compound BG 375 (c= 1 x 1073 mol 17!, pH 8) in presence of grow-
ing concentration of (2-hydroxypropyl)-a-cyclodextrin (in mol I'™H:0(1),2x 103 (2), 4 x 103
(3).6 x 1073 (4), 8 x 1073 (5)
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active and, therefore, (2-hydroxypropyl)cyclodextrins could have a positive
effect in medical formulations.

Association Constants of Inclusion Complexes

The formation of the inclusion complexes in the presence of increasing
concentrations of (2-hydroxypropyl)cyclodextrins results in increase in the
absorbance of the main absorption band of the base (A, = 260 nm for all
the compounds). The protonized forms of the compounds do not interact
with (2-hydroxypropyl)cyclodextrins. The stoichiometry and association
constants K, of inclusion complexes of the selected compounds were evalu-
ated from their absorption spectra using the Benesi-Hildebrand method?®,
i.e. the linear dependence of 1/AA vs 1/c for the complexes with the stoi-
chiometry 1:1. As an example, the absorption spectra of the negligibly ag-
gregating compound BG 138 in the presence of increasing concentration of
(2-hydroxypropyl)-a-cyclodextrin are given in Fig. 4.

The binding isotherms of BG 138 and of the aggregating compounds
BG 980 are given in Fig. 5. It follows from this figure that the degree of
interaction depends on the compound structure and on the cavity size of
(2-hydroxypropyl)cyclodextrins. The constant absorbance value is attained
for the interaction with (2-hydroxypropyl)-p-cyclodextrin in both cases, in-

20
A ~5

0.0 " 1
300 400 500

2. [nm]

Fic. 4
The absorption spectra of compound BG 138 (c = 1 x 10~ mol 17}, pH 8) in presence of grow-
ing concentration of (2-hydroxypropyl)-a-cyclodextrin (in mol 1-!): 0 (1), 6 x 1073 (2), 8 x 1073
(3). 1 x 1072 (4), 2.5 x 1072 (8)
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dicating that the complexes are formed at the used (2-hydroxypropyl)-
B-cyclodextrin concentrations. The continually increasing absorbance in
the interaction with (2-hydroxypropyl)-a-cyclodextrin and (2-hydroxy-
propyl)-y-cyclodextrin indicates that the complexes are weaker and a higher
excess of cyclodextrins is necessary for their formation. However, this could
not be realized because of the insufficient solubility of (2-hydroxypropyl)-
cyclodextrins.

The stoichiometry sulfanylacridine:cyclodextrin 1:1 was found in all
cases. The obtained values of K, are given in Table III. Thus, the K, values
decrease with increasing alkyl length in the interaction with (2-hydroxy-
propyl)-a-cyclodextrin. The highest values of K, of the inclusion com-
plexes of the compound with alkylsulfanyl group were obtained for the
interaction with (2-hydroxypropyl)-B-cyclodextrin, the derivative with
phenylsulfanyl group forms the most stable complex with (2-hydroxy-
propyl)-y-cyclodextrin.

NMR Study of Aggregation and Association with
(2-Hydroxypropyl)cyclodextrins

The aggregation of 9-sulfanylacridines and their association with (2-hydro-
xypropyl)cyclodextrins were studied by 'H NMR, 2D-NOESY, and ROESY
in detail?’. The concentration and temperature dependences of 'H NMR
spectra confirmed aggregation of the studied compounds; the aggregation
is suppressed in the presence of (2-hydroxypropyl)cyclodextrins. In the

0.0 A . . . 00 A . A )
0 1 2 3 4 5 0 1 2 3 4 5
(2-hp-CD) x 102, mol 1" ¢(2-hp-CD) x 102, mol I”'

Fic. 5
The binding isoterms of compounds BG 138 (a) and BG 980 (b) in the presence of
(2-hydroxypropyl)-a-cyclodextrin (7), (2-hydroxypropyl)-B-cyclodextrin (2), and (2-hydroxy-
propyl)-y-cyclodextrin (3). Measurements were performed against blank solutions with the
same concentrations of the cyclodextrins; (c(compound) = 2.5 x 10 mol 1!, pH 8)
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"H NMR spectra of BG 180, the considerable proton shifts in the position of
3 and 5 of glucose units of cyclodextrins give evidence on the occupation
of cyclodextrin cavity. The protons in the position 6 and 6” of glucose units
are affected, too. The space contacts of cyclodextrin protons in the position
6 with the acridine protons in the positions 1, 2, 7, and 8 are significant in
2D NOESY. The ethyl group on the sulfur is in contacts with cyclodextrin
protons in the position 3 and 5 in such a way that the -CHj is nearer to
H-3, and -CH,- is nearer to H-5. It can be concluded that this ethyl group
is inserted into narrow rim of cyclodextrin cavity. Similarly, compound
BG 979 interacts with (2-hydroxypropyl)-B-cyclodextrin and (2-hydroxy-
propyl)-y-cyclodextrin by insertion its phenyl ring into cyclodextrin cavity.
No signs of the insertion of acridine rings were found in any of the cases.
The interaction with the protonized forms is very weak; the compounds are
near to the narrow rim of cyclodextrin cavity.

The Solubility of 9-Sulfanylacridines

The effect of cyclodextrins on the solubility of drugs is one of the often
studied effects?®. Generally, the inclusion complexes with cyclodextrins are
more water soluble than the original drugs®®. We have studied the effect of
(2-hydroxypropyl)cyclodextrins on the solubility of compounds BG 375

TasLe 111
The association constants of studied 9-sulfanylacridines with (2-hydroxypropyl)cyclodextrins

K, mol~!12

Compound

o-CD B-CD y-CD
BG 138 946 1720 587
BG 180 462 149 42
BG 980 52 459 373
BG 375 73 666 145
BG 376 36 220 74
BG 979 b 288 496
BG 463 b 312 262

4 Relative standard deviations are lower than 15%. ? Negligible interaction.
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and BG 980. Their solubility increases about six times (Fig. 6). Thus, the use
of cyclodextrins as carriers of 9-sulfanylacridines would increase their bio-
logical availability.

100 T T T T 100 T T T T
% a % b
75+ 4 75 s
/‘__——_‘ 3
02
sk //‘/o oy sl ]
‘_4/0 / /3
) * //‘/‘__0/02
. 0/ & o—"°
25 / - 25 / .
] . -1
0 . - 1 1 1 0 1 " 1 1 1
0 1 2 3 4 0 1 2 3 4
time, h time, h

FIG. 6
The solubility of compounds BG 375 (a) and BG 980 (b) in the presence of (2-hydroxy -
propyl)-a-cyclodextrin (7), (2-hydroxypropyl)-p-cyclodextrin (2), and (2-hydroxypropyl)-
y-cyclodextrin (3). The solubility is related to the batch amount of compound

CONCLUSION

The dissociation constants of the studied 9-sulfanylacridines, differing in
the length of alkylsulfanyl groups and with phenylsulfanyl groups, substi-
tuted in the acridine ring by methoxy or amino groups, range between
5 and 7. The effect of (2-hydroxypropyl)cyclodextrins on these values is very
small (decrease in pK, values of tenths of units). The free bases of 9-sulfanyl-
acridines aggregate in aqueous solutions. (2-Hydroxypropyl)cyclodextrins
suppress the aggregation by the formation of inclusion complexes with
monomeric form of 9-sulfanylacridines. The association constants of these
complexes were determined; their values depend on both the structure of
the compound and on the cyclodextrin cavity size. The formation of inclu-
sion complexes improves the solubility of studied compounds.

This work was supported by COST B 16 Action. The authors are grateful to Prof. J. Barbe, Faculty
of Pharmacy, Université de la Méditerranée for the supply of studied compounds.
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