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The Host-Guest complexation of 5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene with a number of
aromatic carboxylic acids has been studied by reversed-phase high-performance liquid chromatography. The mobile
phase was acetonitrile-water (80/20, v/v) with addition of 0.1% formic acid. The column was LiChrosorb RP 18,
the UV detector operated at A = 254 nm and at 26°C. The main chromatographic characteristics (retention time
t; and capacity factor k’) of the aromatic carboxylic acids have been determined. The lipophilicity values of log P
of carboxylic acids, as well as the binding constants K, (387-941 M) and Gibbs free energies AG (-14.74 —
-16.94 kJ/mol) of the calixarene complexes with aromatic carboxylic acids have been calculated. The molecular
modelling (Hyper Chem, version 8.0) of the calixarene complexes has revealed the presence of hydrogen bonds
between carboxylic groups of the acids and nitrogen atoms of imino groups at the upper rim or oxygen atoms of
hydroxyl groups at the lower rim of the calixarene macrocycle. The influence of log P lipophilicity of acids on K,
values of the calixarene complexes has been assessed. The linear dependence of the binding constants on the
acid lipophilicity indicates a significant role of solvophobic interactions on the complexation process. The relation-
ship between supramolecular (K,) and physicochemical (molecular weight, log P, pKa) characteristics of acids
has been found. The binding constants K, of the complexes increase with increase of their molecular weight and
log P values.

OBEPHEHO-®A3HE BEPX-4OCIOXXEHHS KOMIMJIEKCOYTBOPEHHA 5,17-BIC-(N-TOJ1ITIMIHOMETUI)-
25,27-AUTNPOINOKCUKATIIKC[4]APEHY 3 APOMATUYHUMU KAPBEOHOBUMW KUCITIOTAMU
O.l.Kanb4yeHko, A.B.Conostioe, B.l.Kanb4yeHko

Knroqoei cnoea: kanikc[4]apeH, obepHeHo-thazHa 8ucoKoeghekmueHa piduHHa Xxpomamoepadpis; apoMamuyHi
KapbOoHO8I Kuc/nomu; MoneKynsipHe MoOerneaHHs; KoMnekcoymeopeHHs mury [icmb-locrodap
KomnnekcoymeoperHs murny [icmb-Focrnodap 5,17-6ic-(N-moninimiHomemur)-25, 27-0unpornokcukarsikc[4]apeHy
3 HU3KOK apoMamuyHuUx KkapboHosux Kucrom 0ocnidxeHo memodoMm obepHeHO-gha3HOI 8UCOKOeheKmMu8HoI
piduHHOI xpomamoepadpii. Pyxoma ¢haza — auemoHimpur-eo0da, (80/20, 3a o6’emom) 3 dodasaHHsIM 0,1% my-
pawuHoi kuciiomu. KonoHka — LiChrosorb RP 18, Y® demexkmop npaytoeas rpu 00&xuHi xeuri A = 254 Hm 3a
memnepamypu 26°C. BusHa4yeHi OCHO8HI xpomMamozpaivyHi Xxapakmepucmuku (4ac ympumaHrHs t, ma koegiuyi-
eHm emkocmi k’) kapboHosux kucrnom. PospaxosaHi 3Ha4yeHHs ninoginbHocmi log P kucrnom, a makox 3Ha4eHHS
KoHcmaHm 38’s3ysaHHs K, (387-941 M) ma einbHux eHepeil bca AG (-14.74 — -16.94 kJ/mol) komnnekcie
KanikcapeHy 3 apomamuydHumu KapboHosumu kucriomamu. MonekynapHe modentosaHHs (Hyper Chem, eepcis
8.0) KkanikcapeHo8UX KOMIIIEKCI8 8Ka3ano Ha MpucymHicmb 800HE8UX 38’A3Ki8 MiX KapbOOKCUIbHUMU epyrnamu
Kuc/iom ma amomamu a3omy iMiHO-2pyrn Ha 8epXHbOMY 8iHUi abo amoMamu KUCHIO 2i0pOKCUMbHUX epyn Ha
HUXHBOMY 8IiHUI KarikcapeHo8o20 Makpouuksy. OuiHeHo ennus ninoginibHocmi log P kucriom Ha 3HadeHHs1 K,
KanikcapeHosux komnnekcie. JliHiliHa 3anexHicmb KoHcmaHm 38’s3yeaHHs1 K, 8i0 ninoghinsHocmi Kuciom ekasye
Ha cymmesy posib corb80hObOHUX 83aeMO0Ill y MPoUeci KOMIMIEKCOymeopeHHs1. BcmaHoerneHo 83aeM038 930K
Mix cynpamonekynsapHumu (K,) ma isuko-xiMiYHUMU Xapakmepucmukamu (MonekynspHa maca, log P) kuc-
nom. KoHcmaHmu 38’s13yesaHHs1 K, KoMriniekcie 3pocmatoms 3i 36inbUWeHHSIM MOMEKyIspHOI Macu Kucriom ma ix
ninogpinsHocmi log P.

OBPALYEHHO-®A3HOE B3>XXX UCCJIEQOBAHUE KOMITIIEKCOOBPA30OBAHMWA 5,17-6UC-(N-TOJTUITUMU-
HOMETWI)-25,27-AUTNMPOINOKCUKAJTIMKC[4]APEHA C APOMATUYECKUMW KAPBOHOBBLIMU KUCITOTAMU
O.U.Kanb4yeHko, A.B.Conostios, B.!.Kans4yeHko

Knroueenie cnoea: kanukc[4]apeH; obpaweHHO-gha3Hasi 8bICOKO3ghghekmueHasi XUOKOCMHasi Xpomamozapa-
usi;, apomamuyeckue kapboHO8bIe KUCIOMbI; MOMEKYIspHoe ModenupogaHue; KoMiekcoobpasosaHue murna
Focmb-Xo3s5uH

KomnnexkcoobpasoeaHue mura [ocmb-XossiuH 5, 17-6uc-(N-monunumuHomemuin)-25,27-0unpornokcukanukcl4]jape-
Ha ¢ HeKOmMopbIMU apoMamuyYyecKkuMu KapboHO8bIMU Kuciomamu uccriedogaHo Memooom 0bpaujeHHO-ghasHoU
8bICOKO3hhekmusHOU xudkocmHol xpomamozpaghuu. lNodsuxHas ¢hasa — auemoHumpuri-goda, (80/20, no
obbemy) ¢ dobaskoli 0,1% mypasbuHol kucriomsl. KoroHka — LiChrosorb RP 18, Y® demexkmop paboman npu
OrnuHe 8051HbI A = 254 HM u memnepamype 26°C. OnpedesieHbl OCHO8HbIE XpoMamozpaghuyecKue xapakmepucmu-
Ku (8pemsi yOepxusaHUus ty U KOaghgbuyueHm emkocmu k’) apomamuyeckux kapboHo8bIx Kucrom. Paccuumarsi
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3HavyeHus nunogunbHocmu log P kucnom, a makxe 3HadeHusi KoHcmaHm cesisbieaHusi K, (387-941 M) u ceo-
600HbIX aHepauli [ubbca AG (-14.74 — -16.94 kJ/mol) komrnekcos KanukcapeHa ¢ apoMamu4eckumu KkapboHo-
8biMu Kucriomamu. MonekynspHoe modenuposaHue (Hyper Chem, eepcusi 8.0) KanukcapeHOo8bIX KOMI/IeKCo8
rokasarno rpucymcmeue 8000POOHbIX cesi3ell Mex0y KapbOOKCUMbHbLIMU epyrnnamMu KUc/iom u amomamu asoma
UMUHO-2pyrn Ha eepxHeM 0b600e unnu amomamu Kucropoda 2udpOoKCUSTbHbIX Py Ha HUXHeM 0600e Kasu-
KcapeHo8020 Makpouyuknia. OueHeHo snusHue nunogunsHocmu log P kucriom Ha 3HadyeHus K, KanukcapeHo-
8bIX Komrinnekcos. JluHeliHasi 3a8UCUMOCMb KOHCMaHm cesisbisaHusi K, om nunogunsHocmu Kucrom ceude-
mernbcmeyem O CywecmeeHHOU posu corbe80ghObHbIX 83aumodelicmeull 8 Mpouecce KOMMIeKcoobpasoeaHusl.
YemaHoerneHa 83aumocesisb Mex0y cyrnpamonekynapHeiMu (K,) U ¢ousuKo-xumu4yeckumu xapakmepucmukamu
(monekynsapHas macca, log P) kucriom. KoHcmaHmbi cesidbieaHusi K, KOMIIIeKkcos pacmym C yeenudyeHuem mMo-
neKynsipHol mMacchl KUC/IOM U MOo8bILeHUeM 3Ha4YeHuUl ux unogunsHocmu log P.

An important problem in chemistry and biology
is molecular recognition, separation, membrane trans-
port and analytical sensing of biorelevant molecules
by artificial receptors [1-7]. Calixarenes - “macro-
cyclic vases”, which are easily available through the
cyclocondensation of para-substituted phenols with
formaldehyde, - are widely used as molecular plat-
forms for constructing specific receptors capable of
highly selective recognition between fairly similar
substrates [8-10]. Apparently, the outstanding recep-
tor properties of functionalized calixarenes toward
the biorelevant molecules make them highly prom-
ising materials for sensor technologies [11], as well
as Host molecules for drug delivery systems in phar-
maceutical science [5, 6, 8, 12-17].

Aromatic carboxylic acids, such as benzoic, p-couma-
ric, cinnamic, gallic, diphenylacetic acid and their
different derivatives are used in medical practice as
antibacterial and antifungal agents for skin diseases
and mycosis [18-23]. Many naturally occurring phe-
nolic acids and analogues, namely caffeic and gallic

ToIN=CH

acids, are known to exhibit a wide variety of biologi-
cal functions, in addition to their primary antioxi-
dant activity, which are mainly related to modula-
tion of carcinogenesis [24].

The information on the supramolecular Host-Guest
interaction of calix[4]arenes with the aromatic car-
boxylic acids will be useful in the design of artificial
receptors for such biorelevant compounds.

In this paper we reported the Host-Guests com-
plexation study of 5,17-bis-(N-tolyliminomethyl)-25,27-
dipropoxycalix[4]arene (DPCA) with benzoic 1, p-cou-
maric 2, cinnamic 3, caffeic 4, gallic 5, diphenylacetic
acid 6 (Scheme) by the reversed-phase high-perfor-
mance liquid chromatography (RP HPLC) method in
acetonitrile-water solution.

Experimental Part

The RP HPLC study was performed on a Hitachi
chromatograph (Hitachi, Ltd., Tokyo, Japan) consisting
of a high-pressure pump connected to a Rheodyne
sample 7120 injector with a 20 pL loop (Rheodyne,

CH=NTol

HO  COOH @
COOH
-
HO /@ 3

Scheme
4
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Table
Retention times t,, capacity factors k’
of carboxylic acids 1-6, K, and AG values
of their complexes with DPCA
Retention | Capacity p AG?,
Substrate time, t,, min | factor, k’ Ko M kJ/mol
10 4.50 0.50 650+72 -16.02
2 3.68 0.23 692+111 -16.18
3 3.80 0.27 941175 | -16.94
4 3.90 0.30 52070 -15.47
5 4.0 0.33 625+88 -15.92
6 448 0.49 387148 -14.74
2AG = RT InK,

®K, was determined in [28]

Berkeley, USA) and an ultraviolet-visible detector.
The column (250x4.6 mm i.d.) was packed with Li-
Chrosorb RP 18 (Merck, Darmstadt, Germany). Ace-
tonitrile was bought from the Acros Organics. Carboxylic
acids were purchased from Sigma-Aldrich (St. Louis,
MO, USA). DPCA was synthesized by the method [25].
The acetonitrile-water (80/20, v/v) mixture was used
as a blank mobile phase. The calixarene based mobile
phases were prepared by dissolving DPCA in aceto-
nitrile-water (80/20, v/v), 0.1% formic acid mixture
to obtain the DPCA concentration of 0.05-0.6 mM.
The analytes for injections were dissolved in the mix-
ture of acetonitrile-water (80/20, v/v) (C=0.01 mM).
The amount of the sample injected was 20 L. All chroma-
tograms were recorded at 26°C. The UV detector operated
at 254 nm. The dead time ¢, was measured with NaNO,.
Determination of lipophilicity of log P of acids 1-6
Lipophilicity of log P of acids 1-6 (Table) was calculat-
ed by the HPLC method from equation log P = Kx (log k).

6

The coefficient K being the relationship of log P value
of benzoic acid 1 (1.87) [26] to its log k‘ was deter-
mined by RP HPLC in this work.

Molecular modelling

Molecular modelling of DPCA complexes with acids
1-6 were carried out using a Hyper Chem, version
8.0 programme [27]. The structures were optimized
by the semi-empirical PM3 method.

Results and Discussion

Calixarene DPCA and carboxylic acids 1-6 in the
given conditions of analysis were registered on the
chromatograms as sharp peaks. The chromatogra-
phic characteristics of carboxylic acids 1-6 (reten-
tion time t,, capacity factor k’), their binding con-
stants K, and free Gibbs energies AG of their com-
plexes with DPCA are presented in Table.

Binding constants of the inclusion Host-Guest com-
plexes of DPCA with aromatic carboxylic acids 1-6
were determined by the RP HPLC method described
in [29] and based on determination of retention fac-
tor k’ of the Guest - carboxylic acids prior to and af-
ter the Host addition to the mobile phase. The DPCA
addition to the mobile phase decreases retention
factor k’ of carboxylic acids 1-6. The linear character
plots of 1/k’vs the DPCA concentration (Fig. 1) in-
dicate formation of the Host-Guest supramolecular
complexes with 1:1 stoichiometry.

In accordance with the data obtained (Table) the
highest K, was observed for cinnamic acid (941 M),
and the lowest K, was observed for the most bulky
diphenylacetic acid (387 M™!). The binding constants
K, strongly depended on the molecular weight (Fig. 2)
and lipophilicity of log P (Fig. 3) of the acids.

There is the linear dependence of the binding con-
stants K, on lipophilicity of log P of cinnamic, p-coumaric,
gallic, caffeic, benzoic and diphenylacetic acid (Fig. 3).
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Fig. 1. Plots of 1/k’'vs the DPCA concentration (r = 0.98-0.99).
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Fig. 2. The influence of the molecular weight of cinnamic, p-coumaric, gallic, caffeic and diphenylacetic acids

on K, of their complexes (r = 0.98).

The increase of log P values of the acids leads to
increase of K, values of their complexes with DPCA.

To clarify the nature of the supramolecular Host-
Guest interactions the molecular modelling of DPAA
complexes with cinnamic acid and diphenylacetic
acid was carried out (Fig. 4).

Carboxylic acids deeply penetrate in the calixarene
cavity (Fig. 4) with formation of the supramolecular
Host-Guest complexes. The complexes are stabilized by
the intermolecular hydrogen bonds C(0)O-H-OH formed
by carboxylic groups of the Guest molecule with the oxy-
gen atoms of the hydroxyl groups of the Host molecule.
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Fig. 3. Plots of K, vs log P for diphenylacetic, caffeic, gallic, cinnamic and p-coumaric acids (r = 0.83).
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A

B Cc

Fig. 4. The lowest energy structures of DPCA (A) and its complex with cinnamic (B) and diphenylacetic acid (C).
Intermolecular and intramolecular hydrogen bonds are presented by dotted lines.
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Fig. 5. Plots of K, values vs H-O distances of the intermolecular hydrogen bonds between the Guest carboxylic groups and the Host
hydroxyl groups at the lower rim of the macrocycle for cinnamic, caffeic, benzoic, p-coumaric, gallic and diphenylacetic acids (r = 0.86).

The proportional dependence of the binding constants
of the complexes on the long hydrogen bonds H~O is
observed (Fig. 5). Additionally, the complexes can be
stabilized by the van der Waals stacking and interac-
tions between the Host and Guest molecules (Fig. 4). In
the case of diphenylacetic and benzoic acids the other
hydrogen bonding is observed. Carboxylic groups form
intermolecular bonds with the basic nitrogen atoms of
imino groups (Fig. 4C). Phenyl groups of these acids are
included into the molecular cavity as a result of m--
stacking interactions. Plots of K, values vs H-O distanc-
es of the intermolecular hydrogen bonds between the
Guest carboxylic groups and the Host hydroxyl groups
at the lower rim of the macrocycle is presented in Fig. 5.
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