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The Host-Guest complexation of octakis-(diphenoxyphosphoryloxy)tetramethylcalix[4]resorcinarene (CR) and
5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene (CA) with 6 diterpenoid (resin) acids has been studied
by the reversed phase high-performance liquid chromatography (RP HPLC). The chromatographic characteris-
tics (retention time t, and retention factor k’) of resin acids have been determined. The lipophilicity values log P
of the acids, binding constants K, (395-682 M- for CR and 844-1268 M for CA), as well as Gibbs free energies
AG (-14.79 — -16.14 kJ/mol for CR and -16.70 — -17.67 kJ/mol for CA) of the complexes with resin acids have
been calculated. Molecular modelling of CA complexes has revealed the presence of hydrogen bonds between
carboxylic groups of acids and nitrogen atoms of imino groups at the upper rim or oxygen atoms of the hydroxyl
groups at the lower rim of the CA macrocycle. Molecular modelling of CR complexes has shown the presence
of hydrogen bonds between carboxylic groups of acids and oxygen atoms of diphenoxyphosphoryloxy groups at
the upper rim of the CR macrocycle. The effect of log P values on K, values of the CR/CA 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. The relationship between supramolecular (K,) and physicochemi-
cal (log P, pKa) characteristics of acids has been determined.

HAOCNIAXEHHA KOMITIIEKCOYTBOPEHHS KAJIIKC[4]APEHY TA KAJTIKC[4]PE3OPLIMHAPEHY I3 CMO-
JIAHUMU KUCJIOTAMU METO4OM O® BEPX. BUBHAYEHHS KOHCTAHT 3B’5AI3YBAHHA

O.l.Kanb4eHko, C.0.YepeHok, A.B.Conoetlios, B.B.lopb6ayyk, C.FO.Cylikoe, B.l.Kanb4yeHko

Knrowoei cnoea: kanikc[4JapeHu; cmonsHi kucriomu; o6epHeHo-ghasHa 8ucokoeghekmueHa piduUHHa Xpomamo-
epaabisi; KOMIIIEKCU 8KITIOYEHHS; KOHCMaHMU 38 13y8aHHsI;, MOMeKynsipHe MoOento8aHHs

KomnnexkcoymeoperHsi muny icmb-locriodap okmakic-(OugeHokcugocghopunokcu)-mempamemurikanikc[4]pe-
3opuuHapeHy (CR) ma 5,17-6ic-(N-moninimiHomemuri)-25,27-0unpornokcukarikc[4japeHy (CA) 3 6 OumeprieHoiOHUMU
(ecmonsHumu) kucriomamu 6yno docnidxeHo memodom 0bepHeEHO-hasHOI UCOKOEEKMUBHOI piOUHHOI Xpoma-
moepacahii (O® BEPX). BusHa4eHi xpomamozpadbiyHi xapakmepucmuKu (Yac ympumaHHs t, ma ¢hakmop ympu-
MaHHS K’) cMonsiHUx Kucriom. Po3paxoeaHo 3Ha4eHHs JlinoghiribHocmi log P CMOMSIHUX KUC/IOM ma KOHCmaHm
38’s13ysaHHs1 K, komrinekcie (395-682 M 0nsi CR ma 844-1268 M- 0nsi CA), @ makox 3Ha4YeHHS 8inbHUX eHepeill
li66ca AG (-14.79 — -16.14 kx/monb 0nss CR ma -16.70 — -17.67 k/[x/mMonb dna CA) i3 cMonsiHUMU Kucriomamu.
MonekynspHe moderntosaHHs1 komrinekcie CA ekasaro Ha rpucymHicms 600HE8UX 38 513Ki8 MidK KapbOoKCUIbHUMU
epynamu Kucrom ma amomamu a3omy iMiHO-epyrn 8epxHboe2o 8iHusi CA makpouyurny abo amomamu KucHio OH
epyn Uo2o HUXHbo20 8iHUs. MonekynspHe modentosaHHs1 Komnnekcie CR ekasarno Ha npucymHicme 800HE8UX
38’A3Kie MiXkK KapOOKCUIbHUMU 2pyramMu KUC/I0m ma amomMamu KUCHIO OUGheHOKCUGOCOPUTOKCU-2PYT 8€PXHbO-
20 8iHUsa makpouyukiy CR. 3dilicHeHo ouiHKy ennusy log P Ha koHcmaHmu 38’si3ysaHHs1 K, komrinekcie CR/CA.
JliHitiHa 3anexHicmb K, 8i0 log P Kucriom eka3ye Ha porib corib80¢hObHUX 83aEMOQIll Ha KOMIT/IEKCOYMBOPEHHS.
BcmaHoeneHo 83aemo38’s30K Mix cynpamonekynsapHumu (K,) ma ¢pizuko-ximivHumu (log P, pKa) xapakmepuc-
mukamu Kucriom.

UCCIIEQOBAHUE KOMIMTIIEKCOOBPA30OBAHUS KAJIMKC[4]JAPEHA U KAJIMKC[4]PE3OPLIMHAPEHA
CO CMOJISIHbIMU KUCJIOTAMU METO4QOM O® B3)XXX. ONMPEOEJNIEHUE KOHCTAHT CB513bIBAHUS
O.U.KanbyeHko, C.A.YepeHok, A.B.Conostlios, B.B.lop6auyyk, C.FO.Cylikoe, B.U.KanbyeHko

Knrouesnble cnioea: kanukc[4]apeHbi; CMOJIsIHbIE KUCTOMbI; 0bpauieHHO-gha3Hasi 8bICOKO3IhghekmueHasi Xudkocm-
Hasi Xpomamoepacghusi; KOMI/IEKChI 8KITOYEHUS; KOHCMaHMbI C8513bI8aHUSI;, MOEKYISIPHOE ModesuposaHue
KomnnekcoobpasosaHue muna [ocmb-Xo35uH okmakuc-(0ugheHoKcughocgopusiokcu)-mempasmurikanukc[4]pe-
3opyuHapeHa (CR) u 5,17-buc-(N-monunumuHomemun)-25, 27-0unporokcukanukcf4]apeHa (CA) ¢ 6 dumeprneHo-
UOHbIMU ( cMOMIsIHbIMU) Kucriomamu 6b1r10 uccriedosaHo Memodom 0bpauieHHO-ha3HOU 8bICOKO3hheKkmuUsHoU
JKudkocmHoU xpomamoepachuu (O® BIXKX). OnpedeneHbl xpomamoepaghuyecKkue xapakmepucmuku (epemsi
yodepxxusaHus tx u ghakmop ydepxxueaHus k') cMonsiHbIX Kucriom. Paccyumanbi 3HaqyeHus: nunogunsHocmu log P
CMOJISIHBIX KUC/IOM U KOHCMaHm cesidbieaHusi K, ux komrnekcos (395-682 M dns CR u 844-1268 M 0nsa CA),
a maroke 3Ha4eHUs1 ce0b00HbIX aHepaull lubbca AG (-14.79 — -16.14 kx/morb ons CR u -16.70 — -17.67 k[Dk/morb Onsi
CAL) co cmonsiHeimu Kucriomamu. MonekynspHoe modenuposaHue kommnnekcoe CA nokasano Hanu4yue 800o-
POOHBIX cea3ell Mex0y KapOOKCUMbHLIMU 2pyrnnaMu KUC/Iom U amomamu asoma UMUHO-epyrn eepxHeeo 0b6oda
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makpouyukna CA unu amomamu Kucsiopoda auOpOKCUIIbHbIX 2Py e20 HUXHea20 oboda. MonekynsapHoe moode-
nuposaHue komrnekcoe CR riokasano Hanudue 8000PO0HbIX ces3ell Mexdy KapbOoKCUbHbIMU 2pyrnamu Kuc-
s0m u amomamu Kucropoda OugheHoKcughocghopuiokcu-2pynn eepxHeao oboda makpouyukna CR. OyeHeHo
enusiHue log P Ha koHcmaHmbI cesasbieaHusi K, komrnnekcoe CR/CA. JluHeliHas 3agucumocms K, om log P kuc-
nom ceudemernbcmayem O 8IUSHUU CObBOOOHbIX 83aumodelicmeuli Ha MPoUecc KoMinekcoobpal3oeaHusl.
YemaHoerneHa 83aumocssisb mexdy cyrpamornekynspHeimu (K,) u cousuko-xumudeckumu (log P, pKa) xapakme-

pucmukamu Kucriom.

Naturally occurring di- and triterpenoid acids are
isolated from different plant sources [1], have a wide
variety of biological activities [2-9], and generate con-
siderable interest in the pharmacological community.
These compounds play an important role in searching
new drugs for the treatment of different diseases. It
is well known that abietic acid and abietane diterpe-
noids have the anti-inflammatory [10], phytoalexin-
like [11], and anticonvulsant activities [12]. In the work
[13] the antiviral activity against HHV-1 and HHV-2
for abietic and dehydroabietic acid was evaluated in
vitro. Methyl abietate, abietinal, abietadienoic acid,
methyl abietadienoate, abietadienol and dehydroabi-
etinol acetate showed a significant anti-herpetic ac-
tivity. Maleopimaric acid and its imide revealed the bac-
terial, fungicidal and nematocidal properties [14]. In
the work [15] the antiulcer activity of quinopimaric
acid was described.

Pentacyclic triterpenes - betulin, betulinic, olea-
nolic and ursolic acids possess the anticancer, anti-in-
flammatory and antiviral activity. Unfortunately, the
biological activity of these compounds is reduced by
their poor solubility or bioavailability. To improve these
properties the supramolecular Host-Guest complexes
of betulinic acid, ursolic acid (K, 140 M™!) or oleanolic
acid (K, 145 M) with cyclodextrins were prepared
and studied [16-18].

Along with cyclodextrins, calixarenes [19] are one
of the most important categories of the supramole-

R = P(O)(OPh),

CR

‘cooH

1 2 3

cular Hosts for application in pharmacology [20-22].
Compared to cyclodextrins, calixarenes exhibit a high
degree of chemical functionalization, which leads to
obtaining compounds with interesting physicochemi-
cal and binding properties. There are many confor-
mational isomers of calixarenes, and a large number
of cavities of different sizes and shapes, which can be
involved in molecular recognition and binding processes.

Formerly it was shown that octakis(diphenoxy-
phosphoryloxy)calix[4]resorcinarene (CR) and bis-
iminocalix[4]arene (CA) appeared to be effective comp-
lexing agents for aromatic hydrocarbons [23], benze-
ne carboxylic acids [24, 25], pyridine carboxylic acids
[26] and 2,4-dichlorophenoxyacetic acid [27].

In this work for the first time the complexation CR and
CA with 6 diterpenoid resin acids — pimaric 1, maleo-
pimaric 2, palustric 3, dehydroabietic 4, abietic 5 and
neoabietic 6 (Guest molecules) (Fig. 1) in watercontai-
ning solutions was studied, and stability constants of
their supramolecular Host-Guest complexes were de-
termined by the RP HPLC method. To the best of our
knowledge, no complexation of any calixarenes with di-
and triterpenoid acids was described in literature.

We believe that the study of the complexation of
CA and CR with resin acids may be useful for under-
standing of the process of recognition and binding of
diterpenoids in the aqueous medium. The results ob-
tained can be used for developing drug delivery sys-
tems for these biologically active acids.
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Fig. 1. Structural formulas of calix[4]resorcinarene CR, calix[4]arene CA (Hosts) and pimaric 1, maleopimaric 2, palustric 3,

dehydroabietic 4, abietic 5, neoabietic 6 acids (Guest).
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Absorbance (mAU) . . e

---------------------------------------------------------------------------------------------------------------------

4.687 5.5623 6.360 7.197 4.018 4.902 5.785

a b

Fig. 2. Chromatograms of resin acids before (a) and after (b) CR addition to the mobile phase. Resin acids: 1 — pimaric;
2 — maleopimaric; 3 — palustric; 4 — dehydroabietic; 5 — abietic.

Results and Discussion A comparative estimation of the chromatograms
presented in Fig. 2, 3 shows that CR and CA addition

The CR/CA were registered on the chromatograms  to the mobile phase decreases the retention times and

by sharp peaks with retention factors k’ 8.65 (CR)  changes the elution order of acids. It should be noted
and 0.89 (CA). Chromatograms of the resin acids ob- ~ CA addition allows separating abietic 5 and neoabi-
tained before and after CR and CA addition in the mo-  etic 6 acids (Fig. 3). Formation of the Host-Guest in-

bile phase are presented in Fig. 2, 3. clusion complexes weakens the interaction of these
Absorbance (mAU) s
A

_____________________

8.253 12.598 16.943  21.288 7.242 10:805 14.368 17.932

a b

Fig. 3. Chromatograms of resin acids before (a) and after (b) CA addition to the mobile phase. Resin acids: 1 — pimaric;
3 — palustric; 4 — dehydroabietic; 5 — abietic; 6 — neoabietic.
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Table 1

Retention factors k' of resin acids 1-6 determined
before and after CR/CA addition

Table 2

The values of K, (M) and AG (kJ/mol) of the
calixarene complexes with resin acids 1-6

acids with the stationary phase in the RP HPLC con-
ditions. The linear character of 1/k’vs plots on the ca-
lixarene concentration (r = 0.99) indicates formation
of the Host-Guest supramolecular complexes with 1:1
stoichiometry. The retention factors k’ of acids 1-6
obtained before and after addition of CR and CA to
the mobile phase are presented in Tab. 1.

The binding constants K, and free Gibbs energies
AG (AG =-RTIn K,) of the Host-Guest calixarene comp-
lexes with the acid molecules were calculated by the
method described in and are presented in Tab. 2.

As shown in Tab. 2, the binding constants K, of
resin acids 1-6 are in the range of 395-682 M! for CR
complexes and 844-1268 M for CA complexes. The
complexes of resin acids can be stabilized by diffe-
rent supramolecular interactions (hydrogen bonds, van
der Waals, solvophobic interaction, etc.). Therefore, the

@59*@5*

Retention factor, k' (RSD = 3-5%) CR CA
Resinacid  |Before CA| After CA Beégre After CR Resin acid
addition | addition addition addition K,(Ats) | AG K, (A+s) AG
Pimaric 10.17 7.38 3.80 3.17 Pimaric 395171 | -14.79 | 1268+228 | -17.67
Maleopimaric 12.21 8.91 4.66 4.0 Maleopimaric 548+80 |-15.60 | 1102+176| -17.33
Palustric 12.29 8.67 4.71 3.76 Palustric 464+66 |-15.19 (1121x157 | -17.37
Dehydroabietic | 13.38 9.79 5.17 3.41 Dehydroabietic | 640+95 |-15.98 | 1158+174| -17.45
Abietic 17.22 12.67 6.83 5.26 Abietic 557+82 |-15.64 | 862+121 | -16.72
Neoabietic 19.18 14.40 7.66 5.63 Neoabietic 682+102 | -16.14 | 844135 | -16.70

role of hydrophobic interactions for the complexes is
confirmed by the binding constants correlation with
log P of resin acids (Fig. 4, 5).

Increase of the log P values of acids increases the
K, values of their complexes with CR (Fig. 4), but de-
creases K, values for the complexes with CA (Fig. 5).

To clarify the nature of supramolecular interac-
tions the molecular modelling of CA and CR comp-
lexes with resin acids were carried out. The Host-Guest
complexation with CA is presented in Fig. 6.

As shown in Fig. 6A-6F, all resin acids are included
into the macrocyclic cavity of CA. The inclusion of Host-
Guest complexes is stabilized by different supramo-
lecular interactions, first of all, hydrogen bonds. In the
complexes shown in Fig. 6A, 6C and 6D the hydroxyl
group of pimaric, abietic and neoabietic acids, respec-
tively, form hydrogen bonds with a basic nitrogen atom

et e
*~ COOH
S
2.8 " COOH A
<
o) ' " COOH
264 a
2.5 T T T T T
4.4 4.9 54 5.9 6.4 6.9

log P

Fig. 4. The plot of log K, vs log P for CR complexes with pimaric 1, maleopimaric 2, palustric 3, dehydroabietic 4, abietic 5,
neoabietic 6 acids (the relationship described this correlation is: y = 0.0835x + 2.2658; r = 0.83).
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Fig. 5. The plot of log K, vs log P for CA complexes with pimaric 1, maleopimaric 2, palustric 3, dehydroabietic 4, abietic 5,
neoabietic 6 acids (the relationship described this correlation is: y = -0.1307x + 3.7964; r = 0.96).

of the upper rim imino group. The carboxylic groups
of dehydroabietic, palustric and maleopimaric acids
form hydrogen bonds with oxygen atoms on the CA
lower rim (Fig. 6B, 6E, 6F).

Experimental Part

The methanol and acetonitrile were obtained from
Acros Organics (Thermo Fisher Scientific, New Jer-
sey - USA), and resin acids were obtained from Sig-

ma-Aldrich (Sigma-Aldrich Corporation, Sigma-Aldrich
Box 14508, St. Louis Missouri, 63178, USA). CR was
synthesized by the method [28] and CA - by the me-
thod [29].

RP HPLC analysis

The chromatographic experiment was performed
on a Hitachi liquid chromatographic system (Hitachi,
Ltd., Tokyo, Japan) with an UV detector (A = 254 nm).
The column (250x4.6 mm i.d.) was LiChrosorb RP 18

Fig. 6. Energy minimized structures of CA complexes with pimaric (A), dehydroabietic (B), abietic (C), neoabietic (D),

palustric (E) and maleopimaric (F) acids.
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(Merck, Germany). The mobile phases based on CR
and CA (C = 0.01 mM) were prepared by dissolving
calixarenes in MeOH/H,0/formic acid (75/25/0.01, v/v)
(phase A for CR) and MeCN/H,0/formic acid (86/14/
0.01, v/v) (phase B for CA), respectively. The sample
injected was 20 pL. All chromatograms were obtai-
ned at 22°C. All measurements were performed in trip-
licate. The phases A and B were used as blank ones
for CR and CA analysis, respectively.

The binding constants of CR and CA complexes
with acids 1-6 were calculated by the RP HPLC me-
thod described in [30] by changing of the retention
factor k’values for acids during complexation.

Determination of the log P values of resin acids
and molecular modelling

The values of log P of acids 1-6 were calculated
from the equation: log P=7.746 - (log k) where coef-
ficient 7.746 was the ratio of the experimental value
of log P of abietic acid 6.46 [31] to log k‘value of abi-
etic acid 0.834 determined by the RP HPLC method
in this work.
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arene functionalized at the upper rim with proton ac-
cepting imino groups or phosphoryl groups, respec-
tively, form strong Host-Guest inclusion complexes
(K,395-1268 M) with a series of diterpenoid (resin)
acids in water-containing solutions. The complexes are
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and hydrogen bonds of the Guest COOH groups with
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lecule. Calixarenes similar to cyclodextrins can be con-
sidered as promising Host molecules in design of drug
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