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Tetrahydroxycalix[4]arene, tetraalkoxycalix[4]arenes and tetraalkylcalix[4]resorcinarenes are capable to reversible
adsorption on the surface of the hydrophobic support LiChrosorb RP 18 under conditions of the reversed-phase
high performance liquid chromatography. The main chromatographic characteristics of tetrahydroxycalix[4]arene,
a series of tetraalkoxycalix[4]arenes and tetraalkylcalix[4]resorcinarenes have been determined. It has been
found that in the conditions selected (the mobile phase is acetonitrile/water, 86/14, v/v) the retention times of the
compounds studied are in the wide range from 4.67 min to 88.0 min depending on the nature of the substituents
in the macrocyclic skeleton of the molecule. Thus, the retention times increase with increase of the length of
the alkyl substituents at the lower rim of the calixarene macrocycle. According to the molecular modelling data
the most effective sorption is explained by the inclusion of LiChrosorb RP 18 octadecy! groups into the lipophilic
cavity formed by the alkyl substituents at the lower rim of the macrocycle of calixarene/calixresorcinarene. Thus,
the molecular cavity formed by the benzene rings remains opened for the Host-Guest complexation with the
analyte molecules. This sorption of tetraalkoxycalix[4]Jarenes and tetraalkylcalix[4]Jarenes on the LiChrosorb RP
18 surface can significantly improve its resolution ability in RP HPLC analysis. The influence of replacement of
tetrahydroxycalix[4]arene hydroxyl protons with the alkyl groups on the conformation of the macrocycle has been
studied.

JOCJIOXKEHHST COPBLII TETPAAJIKITTIbHUX NMOXIQHUX KAJIIKC[4]JAPEHIB | KAJIIKC[4]PE30OPLINHAPE-
HIB 3 TOBEPXHEK LiChrosorb RP 18 METOQAMU O® BEPX TA MOJIEKYJISIPHOI O MOOEJTOBAHHA
O.l.Kanb4eHko, C.0.4YepeHok, J1.I.CaeoHik, A.B.Conoelios, B.B.lop6ayyk, B.l.Kanb4eHko

Knrodoei cnosa: mempaarnkokcukanikc[4JapeHu; mempaarnkinkanikc[4jpe3opyuHapeHu; obepHeHO-¢hazHa 8u-
cokoeghekmusHa piduHHa xpomamozepacgisi; MONeKynspHe MoOe8aHHsI; KOMIMIIEKCOYMBOPEHHSI
Tempaeziopokcukarikc[4]apeH, mempaarnkokcukarikc[4]apeHu ma mempaarskinkanikc[4]pesopyuHapeHu 30amHi
0o obepHeHoi copbuii Ha nosepxHi 2idpoghobHoi Hacadku LiChrosorb RP 18 8 ymogax 0bepHeHo-gha3HOI 8UCOKOeheK-
muegHoI piOUHHOI xpomamoezpadpil. BusHa4eHi 0CHOBHI xpomamozpadghidHi Xxapakmepucmuku mempaziOpoKcuKa-
Tikc[4]apeHy, HU3KU mempaalikoKkcuKarikc[4]apeHie ma mempaarkinkanikc[4]pe3opuyuHapeHis. BcmaHoerneHo,
wo y subpaHux ymosax (pyxoma ¢haza — auemoHimpurn/eoda y cniggiOHoweHHi 86/14 3a o6’emom) 4ac ympu-
MaHHs1 Q0CriOXy8aHUX CrOyK 3Haxo0umbCsl 8 WUpPOKoMy Oiana3oHi 4.67-88.0 xe 8 3anexHocmi 8id npupodu
3aMiCHUKI8 y MaKpOUUKITIYHHOMY KicmsiKy KanikcapeHy. [lpu uboMy 4ac ympumaHHs 3pocmae rio mipi 36inbWweHHs
008XXUHU arnKifbHUX 3aMiCHUKI8 Ha HUXHbOMY BiHUi KarnikcapeHo8020 Makpoyuky. 32i0HO 3 daHUMU MOIeKy-
JIipHO20 MoOertn8aHHs Halibinbw echekmusHa copbuis 8i0bysaembcs 3a paxyHOK 8KITIOYEHHS OKmadeyubHUX
epyn Hacadku LiChrosorb RP 18 e ninoghinibHy MOPOXHUHY, YmMEOPEHY arnkKinbHUMU 3aMiCHUKaMU HUXHbO20 8iH-
Ust MakpoUUKITy KasikcapeHy/karnikcpe3opyuHapeHy. [1pu uboMy MoneKynspHa nopoxHuHa, cchopmosaHa beH3e-
HOBUMU KinbUsiMU MaKpOUUKITy, 3annuuiaembscs 8i0KpUMOoto 051 KOMIIIEKCOYMBOPEHHS 3 MOMIEKyiaMmu aHarimis.
Taka copbuiss mempaasnkokcukarsikc[4]apeHie ma mempaarkinkanikc[4]pe3opuyuHapeHie Ha Mno8epxHi XpomMamo-
epacgpiyHoi Hacadku muny LiChrosorb RP 18 moxe cymmesgo noninwumu ii po3dinbHy 30amHicmpe o 8iOHO-
weHHK 0o aHanimis 8 ymosax obepHeHo-gha3HOI 8UCOKOegheKkmuHOI piOuUHHOI xpomamoezpadbil. [JocnidxeHo
8r1/1u8 3aMiHu 2iOPOKCUIIbHUX MPOMOHie mempazioOpoKcukarikc[4]apeHy ankinbHuUMu epyrnamu Ha KOHGhopmMauito
MaKpOUUKITIYHO20 Kicmsika MOeKyu.

UCCJIEQOBAHUE COPBLINN TETPAAJIKUIIbHbIX NMPOU3BOOHbIX KAJIMKC[4]JAPEHOB U KAJIUKC[4]
PE3OPLIMHAPEHOB C NNTOBEPXHOCTbHO LiChrosorb RP 18 METOQAMU O® B3XXX U MOJIEKYIISIPHO-
ro MOOEJINPOBAHUA

O.U.KanbyeHko, C.A.YepeHok, J1.U.CaeoHuk, A.B.Conoelios, B.B.lop6ayyk, B.U.Kanb4yeHkKo

Knroueenie cnosa: mempaarnkokcukanukc[4JapeHbl; mempaankurnkanukc[4jpesopyuHapeHbi; 0bpalwjeHHo-ghas-
Hasi 8bICOKO3(hheKkmuUBHas1 XXUOKocmHasi Xxpomamozpaghusi;, MONeKyIsspHoe MoOesuposaHue,; KoMrnekcoobpa-
308aHuUe

Tempazaudpokcukanukc[4]apeH, mempaaskoKcukanukc[4]apeHbl u mempaankunikanukc[4jpe3opyuHapeHbl 0b-
pamumo copbupyromcsi Ha nogepxHocmu audpoghobHoli Hacadku LiChrosorb RP 18 8 ycriosusix obpaweHHo-gha3s-
HoUl 8bICOKO3ghhekmusHOU XudkocmHol xpomamozpaghuu. OnpedesieHbl OCHO8HbIE XpOMamoepaguyecKkue
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Xapakmepucmuku mempaaudpOoKcuKanukc[4]apeHa, cepuu mempaarnkoKcukanukc[4]JapeHoe u mempaarnkusika-
nuKc[4]pe3opyuHapeHos8. YcmaHoe8/eHo, 4mo 8 8bib6paHHbIX ycrosusix (nodsuxHas ghaza — auemoHumpus/eoda
8 coomHoweHuu 86/14 no obbemy) epemeHa ydepxxusaHusi uccriedyemMbix COeOUHEHUU Haxo0smcs 8 WUPOKOM
Ouana3oHe 4.67-88.0 MuH 8 3agucumocmu om fpupoldbl 3amecmumenell 8 MakKpOUUK/IUYECKOM CcKesleme Morie-
Kyribl. [pu amom epemsi yOepkugaHus 8o3pacmaem o Mepe ysenuyeHus OnuHbl ankuibHbIX 3amecmumerel Ha
HWxHeM 0600e KanukcapeHo8020 Makpoyuka. CoanacHo daHHbIM MOEKYapHO20 ModenuposaHusi Hauboree
agbghpekmusHasi copbyusi npoucxodum 3a cHem BKITIOYEHUSI OKmadeyuibHUX 2pyrn HacadKu 8 1unoguribHy0
rornocme, 06pa3osaHHyr anKubHbIMU 3aMecmumensiMu HUXHe20 0600a Makpoyukna KanukcapeHa/kanukcpe-
3opyuHapeHa. lNpu amom MonekyrnspHasi nosocme, cqhopMmuposaHHasi 6eH30/1bHbIMU KOMbUaMu MakpouukKra,
ocmaemcsi omkpbimoU 05151 KOMriekcoobpa3o8aHUsi C MoreKynamu aHanumos. Takasi copbyusi mempaarnkok-
cukanukc[4]apeHos u mempaarnkusikanukc[4]pes3opyuHapeHos8 Ha NnogepxHocCmu xpomamozpaghudeckoli Hacao-
Ku LiChrosorb RP 18 moxem cywiecmg8eHHO yny4ywums ee CefleKmu8HOCMb 110 OMHOWEHUI0 K aHanumam 8
ycrosusix obpaweHHo-gha3HoU 8bICOK03hghekmugHOU xudKocmHolU xpomamozpaghuu. ViccnedosaHo enusiHue
3amMeHbl 2UOPOKCUIIbHbIX MPOMOHO8 mempaaudpoKcuKanukc[4JapeHa ankunbHbIMU 2pyrnnamu Ha KOH¢hopma-

UUKO MaKpoUUKIu4eCcKoeo cKesilema MOJ1eKyribl.

Calixarenes — macrocyclic compounds available
through cyclocondensation of para-substituted phe-
nols with formaldehyde - are widely used as molecu-
lar platforms for design of specific receptors that are
capable of highly selective recognition between fair-
ly similar substrates: different cations, anions and
neutral molecules [1, 2, 3,4, 5, 6, 7]. The ability to re-
cognize different substrates and form the Host-Guest
supramolecular complexes with them is the base for
wide application of calixarenes functionalized at the
upper/lower rim by different groups in chemistry,
physics, biology, nanotechnologies.

Calixarenes are widely used in chromatography
[8, 9]. Different substrate-receptor interactions of ca-
lixarenes with organic molecules and biomolecules
are studied by the HPLC method [9]. Such investiga-
tions are important in the design of mobile or sta-
tionary chromatographic phases based on calixarenes
with improved separating properties. The analysis
of polycyclic compounds, isomeric nitroanilines, sul-
fonamides, nucleic bases, nucleosides, active phar-
maceutical ingredients of Doxepin, Chloroprotixene,
Flupentixol, Promethazine, Chromazine, Perazine, Le-
vomepromazine, Chlorpromazin, Paracetamol on the
calixarene based stationary phases CALTREX® has
been reported [10, 11, 12, 13, 14, 15, 16, 17].

OR
OR

The aim of the work was to study sorption of tetra-
hydroxycalix[4]arene (CA-OH), tetraalkoxycalix[4]are-
nes (CA-OC) and tetraalkylcalix[4|resorcinarenes (RA-C)
(Scheme) on the LiChrosorb RP 18 surface in aceto-
nitrile-water by RP HPLC and molecular modelling
methods.

Experimental Part

Calix[4]arenes CA and calix[4]|resorcinarenes RA
were synthesized by the methods [18]. Acetonitrile
was obtained from the Acros Organics company.

RP HPLC analysis (a liquid chromatograph Hitachi,
Ltd., Tokyo, Japan) was performed in isocratic condi-
tions using the chromatographic support LiChrosorb
RP 18 and MeCN/H,0 (86/14, v/v) as a mobile phase.
The research was carried out at the temperature of
26°C. The UV detector was operated at1 254 nm and
the flow rate was 0.6 ml/min.

Lipophilicity of Log P of CA and RA was calcu-
lated by the RP HPLC method from the equation: Log
P =6.195 x (log k). The coefficient 6.195 is the ratio
of Log P value of p-dichlorobenzene (3.37) [19] to
its log k“ determined by the RP HPLC method in this
work.

The initial molecular modelling of CA, RA and their
complexes was carried out by the molecular mecha-

RA-C1 (Alk=CH,)
CA-OH (R=H) RA-C3 (Alk=C,H,)
CA-0C3 (R=C,H,)  RA-C5 (Alk=C,H,,)
CA-0C6 (R=C,H,;) RA-C7 (Alk=C,H,,)
CA-OC8 (R=C,H,;) RA-C13 (Alk=C,;H,,)
RA-C15 (Alk=C,;H,,)

Scheme
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Table

Retention times t,, capacity factors k’
and lipophilicity Log P calix[4]arenes CA
and calix[4]resorcinarenes RA

CA,RA t., Min k' Log P
CA-OH 6.26 1.09 0.08
CA-0C3 28.33 8.44 5.74
CA-OCé6 45.60 14.20 7.14
CA-0C8 61.00 19.33 7.97
RA-C1 4.67 0.56 -1.56
RA-C3 6.17 1.06 0.16
RA-C5 9.11 2.04 1.92
RA-C7 35.58 10.86 6.42
RA-C13 76.54 24.51 8.60
RA-C15 88.00 28.33 8.99

nics MM+ method, the force field was PM3. The struc-
tures obtained were optimized by the semi-empirical
method (software package HyperChem, version 8)
[http://www.hyper.com/Download/AllDownloads/
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Fig. 1. Chromatograms of calixarenes CA-OH (a) and CA-OC3 (b),
and calixresorcinarenes RA C1 (c) and RA C3 (d).

tabid/470/Default.aspx]. The RMS gradient was
0.01 kcal/mol.

Results and Discussion

Calixarenes CA and calixresorcinarenes RA un-
der conditions of the given analysis were registered
on the chromatograms as sharp peaks. CA and RA
retention times ¢, (in the range from 4.67 min to
88.0 min), capacity factors k’and lipophilicity Log P
are presented in Table.

The chromatograms of some calix[4]arenes and
calix[4]resorcinarenes are presented in Fig. 1.

A linear character of adsorption isotherms of
CA and RA reflects their reversible sorption on the
LiChrosorb-RP18 support (Fig. 2, 3).

Capacity factors k’ and retention times t, of CA,
RA are linearly depended on the number of carbon
atoms in the alkyl substituents at the lower rim of
the macrocycle (Fig. 4, 5). The increase of the num-
ber of carbon atoms improves sorption on the hy-
drophobic LiChrosorb RP 18 surface and increases
k’and t, values.

The values of k” and t, are correlated with the
CA, RA molecular masses and Log P values which, in
turn, are linearly depended on the number of carbon
atoms in the alkyl substituents.

Such correlations confirm the hydrophobic inter-
actions of CA, RA with octadecyl groups on the LiChro-
sorb RP 18 surface. Probably, intensification of hyd-
rophobicity of the CA, RA molecules, as well as po-
larity of the mobile phase can lead to its irreversible
sorption on the LiChrosorb RP 18 surface as it was
shown in [20]. This approach can be used for physical
modification of chromatographic stationary phases
by the calixarene-Hosts.

The process of the analyte (A) sorption in the Li-
Chrosorb RP18 (S) - calixarene (L) chromatograph-
ic system can be described as follow:

K1
[LS]+A =—= L+S +

[LSI[A]

K

+A [LA] + S [LA][S]

If the calixarene (L) binds with the support surface
(S) stronger than with the analyte (A), (K,>K,), the
analyte absorbs on the calixarene modified support
surface. When the analyte (A) binds stronger with the
calixarene (L), then with the support surface (K,>K,)
the supramolecular complex (LA) will absorb on the
surface.

To understand the nature of the interaction of ca-
lixarenes and calixresorcinarenes with the chromato-
graphic support the molecular modelling of the struc-
ture of their Host-Guest complexes with siloxyocta-
decane H,SiO(CH,),,CH, (SOD) as a model site of Li-
Chrosorb RP 18 has been performed.
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Fig. 2. Adsorption isotherm of calixarenes CA (R?=0.98-0.99).
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Fig. 4. Dependence of k’ on the number of carbon atoms in the CA aliphatic chain (R?= 0.99).
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Fig. 5. Dependence of k’on the number of carbon atoms in the RA aliphatic chain (R?= 0.96).
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In accordance with the modelling the tetrahyd-
roxycalixarene CA-OH forms with SOD the complex
A where the methyl group inserts in the molecular
cavity formed by benzene rings of the macrocycle.
The molecular cavity has the regular cone conforma-
tion stabilized by CH-mt interactions of the SOD me-
thyl group with the calixarene benzene rings, as well
as by the circular system of the intramolecular hy-
drogen bonds between hydroxyl groups at the lower
rim (Fig. 6A). In accordance with the calculations the
complex B of SOD with the CA-OH lower rim (Fig.
5B) is significantly weaker compared to complex A.
The relative energies AE of the complexes A, B are
-8.303 kcal/mol and -2.160 kcal/mol, respectively.

Replacement of the hydrogen atoms in the hyd-
roxyl groups of CA-OH to the alkyl groups changes
the macrocycle conformation from the regular cone
to the flattened cone. This flattening decreases the
CH-mt interactions in the complex C of SOD with CA-
C8 (Fig. 6C) compared to the analogous complex A.
The relative energies AE of the complexes A, C are
-8.303 kcal/mol and -6.073 kcal/mol, respectively.

The complex D of SOD with CA-C8 is more stable
(AE =-9.387 kcal/mol). In the complex SOD deeply

D E
Fig. 6. Energy minimized structures of the complexes SOD with CA-OH (A,B) CA-OC8 (C,D) and RA-C15 (E).

penetrates in the lipophilic cavity formed by the ca-
lixarene octyl groups and holds there by the van-der-
Waals forces (Fig. 6D). In the RP HPLC conditions the
complex D can be additionally stabilized by hydro-
phobic interactions.

The similar complex E is formed between SOD and the
RA. The most stable is the complex E (-11.891 kcal/mol)
with RA-C15 where SOD penetrates into the lipophilic
cavity formed by four pentadecyl groups (Fig. 6E).

Calculation of the complexes A-E with 6000 water
molecules shows only small changes in their struc-
tures compared to those calculated in vacuum.

Conclusions

Tetrahydroxycalix[4]arene, tetraalkoxycalix[4]are-
nes and tetraalkylcalix[4]resorcinarenes are capable
to the reversible sorption on the LiChrosorb RP 18 sup-
port surface in RP HPLC conditions (the mobile pha-
se is MeCN/H,0, 86/14, v/v). The retention times of
the compounds studied are in the wide range of 4.67-
88.0 min depending on the nature of the substitu-
ents in the calixarene macrocyclic skeleton. The re-
tention time increases with the lengthening of the
alkyl substituent at the lower rim of the macrocycle.
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As it has been shown by the molecular model-
ling, the most effective sorption is observed for the
complexes where the LiChrosorb’s octadecyl groups
are included into the lipophilic cavity formed by the
alkyl substituents at the calixarene/calix[4]resor-
cinarene lower rim. Therefore, the molecular cavi-
ty formed by the benzene rings of the macrocycle
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