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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 tR and retention factor k’) of resin acids have been determined. The lipophilicity values log P 
of the acids, binding constants KA (395-682 М-1 for CR and 844-1268 М-1 for CA), as well as Gibbs free energies 
∆G (-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 KA 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 (KA) and physicochemi-
cal (log P, pKa) characteristics of acids has been determined. 

дослідження комплексоутворення калікс[4]aрену та калікс[4]резорцинарену із смо-
ляними кислотами методом оФ верХ. визначення констант зв’язування 
O.I.кальченко, с.O.черенок, a.в.сoлoвйов, в.в.Горбачук, с.Ю.суйков, в.I.кальченко
ключові слова: калікс[4]арени; смоляні кислоти; обернено-фазна високоефективна рідинна хромато-
графія; комплекси включення; константи зв’язування; молекулярне моделювання
Комплексоутворення типу Гість-Господар oктакіс-(дифеноксифосфорилокси)-тетраметилкалікс[4]ре-
зорцинарену (CR) та 5,17-біс-(N-толілімінометил)-25,27-дипропоксикалікс[4]aрену (CA) з 6 дитерпеноїдними 
(смоляними) кислотами було досліджено методом обернено-фазної високоефективної рідинної хрома-
тографії (ОФ ВЕРХ). Визначені хроматографічні характеристики (час утримання tR тa фактор утри-
мання k’) смоляних кислот. Розраховано значення ліпофільності log P смоляних кислот тa констант 
зв’язування KA комплексів (395-682 М-1 для CR тa 844-1268 М-1 для CA), а також значення вільних енергій 
Гіббса ∆G (-14.79 – -16.14 кДж/моль для CR тa -16.70 – -17.67 кДж/моль для CA) із смоляними кислотами. 
Молекулярне моделювання комплексів CA вказало на присутність водневих зв’язків між карбоксильними 
групами кислот тa атомами азоту іміно-груп верхнього вінця CA макроцилу або атомами кисню ОН 
груп його нижнього вінця. Молекулярне моделювання комплексів CR вказало на присутність водневих 
зв’язків між карбоксильними групами кислот тa атомами кисню дифеноксифосфорилокси-груп верхньо-
го вінця макроциклу CR. Здійснено оцінку впливу log P на константи зв’язування KA комплексів CR/CA. 
Лінійна залежність КА від log P кислот вказує на роль сольвофобних взаємодій на комплексоутворення. 
Встановлено взаємозв’язок між супрамолекулярними (KA) тa фізико-хімічними (log P, pKa) характерис-
тиками кислот. 

исследование комплексообразования каликс[4]aрена и каликс[4]резорцинарена
со смоляными кислотами методом оФ вЭжХ. определение констант связывания 
O.и.кальченко, с.а.черенок, a.в.сoлoвйов, в.в.Горбачук, с.Ю.суйков, в.и.кальченко
ключевые слова: каликс[4]арены; смоляные кислоты; обращенно-фазная высокоэффективная жидкост-
ная хроматография; комплексы включения; константы связывания; молекулярное моделирование
Комплексообразование типа Гость-Хозяин oктакис-(дифеноксифосфорилокси)-тетраэтилкаликс[4]ре-
зорцинарена (CR) и 5,17-бис-(N-толилиминометил)-25,27-дипропоксикаликс[4]aрена (CA) с 6 дитерпено-
идными ( смоляными) кислотами было исследовано методом обращенно-фазной высокоэффективной 
жидкостной хроматографии (ОФ ВЭЖХ). Определены хроматографические характеристики (время 
удерживания tR и фактор удерживания k’) смоляных кислот. Рассчитаны значения липофильности log P 
смоляных кислот и констант связывания KA их комплексов (395-682 М-1 для CR и 844-1268 М-1 для CA), 
а также значения свободных энергий Гиббса ∆G (-14.79 – -16.14 кДж/моль для CR и -16.70 – -17.67 кДж/моль для 
CAL) со смоляными кислотами. Молекулярное моделирование комплексов CA показало наличие водо-
родных связей между карбоксильными группами кислот и атомами азота имино-групп верхнего обода 
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макроцикла CA или атомами кислорода гидроксильных групп его нижнего обода. Молекулярное моде-
лирование комплексов CR показало наличие водородных связей между карбоксильными группами кис-
лот и атомами кислорода дифеноксифосфорилокси-групп верхнего обода макроцикла CR. Оценено 
влияние log P на константы связывания KA комплексов CR/CA. Линейная зависимость КА от log P кис-
лот свидетельствует о влиянии сольвофобных взаимодействий на процесс комплексообразования. 
Установлена взаимосвязь между супрамолекулярными (KA) и физико-химическими (log P, pKa) характе-
ристиками кислот. 

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 (KA 140 M-1) or oleanolic 
acid (KA 145 M-1) with cyclodextrins were prepared 
and studied [16-18]. 

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

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. 

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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Results and Discussion

The Cr/Ca were registered on the chromatograms 
by sharp peaks with retention factors k’ 8.65 (Cr) 
and 0.89 (CA). Chromatograms of the resin acids ob-
tained before and after Cr and CA addition in the mo- 
bile phase are presented in Fig. 2, 3. 

A comparative estimation of the chromatograms 
presented in Fig. 2, 3 shows that Cr and CA addition  
to the mobile phase decreases the retention times and 
changes the elution order of acids. It should be noted 
CA addition allows separating abietic 5 and neoabi- 
etic 6 acids (Fig. 3). Formation of the Host-Guest in-
clusion complexes weakens the interaction of these 

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.

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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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 KA and free Gibbs energies 
ΔG (ΔG = -RT ln KA) 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 KA of 
resin acids 1-6 are in the range of 395–682 M-1 for Cr  
complexes and 844–1268 M-1 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 

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 
KA values of their complexes with Cr (Fig. 4), but de-
creases KA 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 

Table 1

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

Resin acid

Retention factor, k’ (RSD = 3-5%)

Before CA 
addition

After CA 
addition

Before 
CR 

addition

After CR 
addition

Pimaric 10.17 7.38 3.80 3.17
Maleopimaric 12.21 8.91 4.66 4.0
Palustric 12.29 8.67 4.71 3.76
Dehydroabietic 13.38 9.79 5.17 3.41
Abietic 17.22 12.67 6.83 5.26
Neoabietic 19.18 14.40 7.66 5.63

Table 2

The values of КА (М-1) and ΔG (kJ/mоl) of the 
calixarene complexes with resin acids 1-6

Resin acid
CR CA

КА (Ā±s) ΔG КА (Ā±s) ΔG

Pimaric 395±71 -14.79 1268±228 -17.67
Maleopimaric 548±80 -15.60 1102±176 -17.33
Palustric 464±66 -15.19 1121±157 -17.37
Dehydroabietic 640±95 -15.98 1158±174 -17.45
Abietic 557±82 -15.64 862±121 -16.72
Neoabietic 682±102 -16.14 844±135 -16.70

Fig. 4. The plot of log KA vs log P for CR complexes with pimaric 1, maleopimaric 2, palustric 3, dehydroabietic 4, аbietic 5,  
neoabietic 6 acids (the relationship described this correlation is: y = 0.0835x + 2.2658; r = 0.83).
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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). 
Еxperimental Part

The methanol and acetonitrile were obtained from 
Acros Organics (Thermo Fisher Scientific, New Jer- 
sey – USА), 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 (λ = 254 nm). 
The column (250×4.6 mm i.d.) was LiChrosorb RP 18 

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

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 MeОН/H2O/formic acid (75/25/0.01, v/v) 
(phase A for Cr) and MeCN/H2O/formic acid (86/14/ 
0.01, v/v) (phase B for CA), respectively. The sample 
injected was 20 μL. 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.

Molecular modelling of calixarene complexes with 
acids 1-6 were carried out using Hyper Chem 8.0 (PM3) 
[32]. The structures were calculated by the semi-em-
pirical method PM3. The RMS (standard deviation of 
the word root mean square) gradient was equal to 
0.01 kcal/A mol.
Conclusions

Using the RP HPLC method it has been shown that 
the cone-shaped calix[4]arene and calix[4]resorcin- 
arene functionalized at the upper rim with proton ac-
cepting imino groups or phosphoryl groups, respec-
tively, form strong Host-Guest inclusion complexes  
(KA 395-1268 M-1) with a series of diterpenoid (resin) 
acids in water-containing solutions. The complexes are 
stabilized by the hydrophobic Host-Guest interactions 
and hydrogen bonds of the Guest COOH groups with 
basic nitrogen atoms or oxygen atoms of the Host mo- 
lecule. Calixarenes similar to cyclodextrins can be con-
sidered as promising Host molecules in design of drug 
delivery systems for biologically active resin acids. 
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