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Synthesis of p-tert-Butylcalix[4]arene Dinitrile
Bonded Aminopropyl Silica and Investigating Its

Usability as a Stationary Phase in HPLC

ORHAN GEZICI, MUSTAFA TABAKCI, HUSEYIN KARA,
AND MUSTAFA YILMAZ

Department of Chemistry, Selcuk University, Konya, Turkey

The chromatic separation of adenine, adenosine, cytosine, phenol, benzene, and toluene
were investigated by using 5,11,17,23-tert-butyl-25,27-bis(cyanomethoxy)-26-(chloro-
formyl)-28-hydroxy-calix[4]arene bonded aminopropyl silica (CDBAPS) as a station-
ary phase. The separation ability of the stationary phase was observed to be good for
target species. The effect of non-polar calix[n]arene network was observed in chroma-
tographic processes, and it was thought that, thanks to the relatively polar nitrile
groups, further selectivity would be obtained in various chromatographic separations.

Keywords calixarene, immobilization, aminopropyl silica, HPLC, nucleo bases,
nucleosides, aromatic compounds

Introduction

Separation and qualitative/quantitative determination of nucleo bases and nucleosides,

and aromatic compounds are of great importance in many research areas. Among the

analytical and instrumental methods, which can be used for this aim, HPLC is one of

the simple, useful, and effective ones. The efficiency of HPLC depends on the efficiency

of the stationary phase, on a large scale. There are many studies focused on the investi-

gation of novel stationary phases for reverse phase, normal phase, and ion-exchange

liquid chromatography, as obtaining more effective, and less time-consuming chromato-

graphic operations. These endeavors are generally hindered by inappropriate chemical

and physical properties of solids, which will be used as a stationary phase. Therefore,

the solids possessing good mechanic strength, controllable particle size, excellent chroma-

tographic characteristics, and are favorable in cost, are always desirable (1–12).

The calixarenes, third generation host molecules after crown ethers and cyclodextrins,

possess cavity-shaped cyclic molecules prepared by the ring-closing condensation of

p-tert-butyl phenol and formaldehyde under alkaline conditions, and exist in a “cup”

like shape with a defined upper and lower rim. By functionally modifying either the

upper and/or lower rims, it is possible to prepare various derivatives with differing
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selectivity for various guest ions and small molecules. Considering their unique cavity

architecture and high thermo stability, it was expected that the calixarenes and their

derivatives might play an important role in analytical chemistry (13–27).

Through the careful immobilization of calixarene derivatives onto an appropriate

solid support, such as silica derivatives, effective stationary phases, which exhibit low

back-pressure and good mechanic strength in the column arrangement, can be obtained

(1). Column packing material is always a key factor in the development of HPLC

methods. In 1993, Glennon et al. (1, 2) prepared silica-bonded calix[4]arene tetraester

and silica-bonded calix[4]arene tetradiethylamide stationary phases to separate metal

ions and amino esters for the first time. Lee et al. (3) reported the separation of some substi-

tuted phenol regio-isomers and some other aromatic positional isomers on a calix[6]arene-p-

sulfonato bonded silica stationary phase. The substituted aromatics, nucleosides, urasil

derivatives, estradiol epimers, and cis/trans isomers of proline-containing peptides on

calix[n]arene-bonded silica gel were successfully separated by Gebauer et al. (4–6).

Menyes et al. (7) reported that a hexapropylether of p-tert-butylcalix[6]arene covalently

linked to silica, was used for the separation of polycyclic aromatic hydrocarbons and full-

erenes, and showed higher selectivity and lower consumption of solvent than conventional

RP-C18. Healy et al. (8) prepared an L(2)-ephedrinyl-calix[4]arene-bonded phase and

used it for the separation of R(2) and S(þ)-phenyl-2,2,2-trifluorethanol. In the past

few years, Li et al., prepared p-tert-butyl-calix[6]arene-bonded silica gel stationary

phase and p-tert-butyl-calix[n]arene-bonded (n ¼ 4, 6, 8) silica gel stationary phases

with different coupling reagents in one-pot method (10, 11) and investigated the chromato-

graphic separation of some positional isomers, polycyclic aromatic hydrocarbons, nucleo-

sides, and sulfonamide drugs (12). The results show that calixarene-bonded stationary

phases are excellent reverse-phase packing with inclusion capability.

The present paper includes chromatographic separation of adenine, adenosine,

cytosine, phenol, toluene, and benzene by using p-tert-butylcalix[4]arene dinitrile

bonded aminopropyl silica (CDBAPS) as a stationary phase.

Experimental

Materials

High-purity aminopropyl silica (APS) was purchased from Aldrich (No: 364258) and was

used as support material for immobilization of CDBAPS. Analytical TLC was performed

on pre-coated silica gel plates (SiO2, Merck PF254), while silica gel 60 (Merck, particle

size 0.040–0.063mm, 230–240 mesh) was used for preparative column chromatography.

Generally, solvents were dried by storing them over molecular sieves (Aldrich; 4 Å, 8–

12Mesh). Acetone, CH2Cl2, and MeOH was distilled from CaSO4, CaCl2, and over

Mg, respectively. Tetrahydrofuran (BDH) and toluene was dried by refluxing over

sodium/benzophenone and CaH2, respectively, fractionally distilled, and then stored

over molecular sieves. All the chemicals were purchased from Merck or Aldrich. All

aqueous solutions were prepared with deionized water that had been passed through a

Millipore Milli-Q Plus water purification system.

Adenine, adenosine, and cytosine were purchased from Sigma or Merck and used as

received. Phenol, toluene, and benzene were obtained from Merck. Solutions of adenine,

adenosine, and cytosine, phenol, toluene, and benzene were prepared with HPLC grade

methanol (Lab-Scan), and filtered through 0.45mm Nylon filter. A phosphate buffer

(0.05mol L21, pH 5.00) was prepared from KH2PO4 (Merck) with ultra high quality
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pure water, and filtered through a 0.45mm Nylon filter before use. The acetonitrile was

HPLC grade and obtained from Riedel.

Instrumentation

IR spectra were recorded on a Perkin-Elmer 1605 FTIR spectrometer as KBr pellets.

Agilent 1100 series HPLC system was used in order to conduct chromatographic oper-

ations. HPLC system consisted of a G1311A model quaternary pump, a G1314A model

Variable Wavelength UV-VIS detector, a 7725i model Rheodyne manual injector

system with 20mL loop, a G1316A model thermostatted column compartment, a

G1379A model degasser, and a Chemstation 2001 data processor.

Scheme 1. The schematic representation of synthesis and immobilization of 5,11,17,23-tert-butyl-

25,27-bis(cyanomethoxy)-26-(chloroformyl)-28-hydroxy-calix[4]arene.
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Synthesis

The p-tert-butylcalix[4]arene dinitrile bonded aminopropyl silica (CDBAPS) was syn-

thesized according to Scheme 1 the first time. The other compounds abbreviated as 1–5

were prepared according to the reported procedures (28–30).

Immobilization of 5,11,17,23-tert-butyl-25,27-bis(cyanomethoxy)-26-
(chloroformyl)-28-hydroxy-calix[4]arene onto APS (CDBAPS)

Compound 5 (0.51 g; 0.63mmol), APS (1.5 g), and dry toluene (25mL) were added to a

50mL round-bottomed flask equipped with a magnetic stirrer, and stirred at room temp-

erature for 5 h under nitrogen atmosphere and then refluxed for 5 h. The cooled mixture

was filtered and washed in sequence three times with warm toluene, acetone, methanol,

and distilled water. The product was dried at 1208C to give 1.5 g of CDBAPS, under

vacuum, for 3 h and kept in a desiccator before use.

Chromatographic Procedure

CDBAPS was packed into a stainless-steel column (180 � 4.6mm I.D.) by using a slurry

technique, and the column was left with 100% methanol in order to avoid the stationary

phase drying. Methanol, acetonitrile, phosphate buffer (0.05mol L21, pH 5.00), and

ultra high quality pure water were used as mobile phases and separation of compounds

were realized by gradient elution. All samples were prepared with HPLC grade

methanol and filtered through a 0.45mmNylon filter before injection. The detection wave-

length was 254 nm. The concentration of samples was 1 . 1023mol L21, and generally

10mL of sample solutions were injected. All chromatographic operations were carried

out at a definite temperature (30+ 0.58C), and repeated at least twice. Between the

subsequent chromatographic operations, before all injections, the stationary phase was

conditioned by loading 100% methanol or acetonitrile for 20min.

Results and Discussion

Characterization of CDBAPS

CDBAPS was characterized by elemental analysis and FTIR. According to the carbon,

hydrogen, and nitrogen content shown in Table 1, it was concluded that the bonded calix-

arene amount onto APS was found to be approximately 0.748mmol g21. Also, from the

FTIR results shown in Fig. 1, it was observed that compound 5 immobilized onto APS,

Table 1

Elemental analysis results of CDBAPSa

C (%) H (%) N (%)

Bonded-amount

(mmol g21)

47.0 5.2 3.1 0.748

aCalculated according to the carbon, hydrogen, and
nitrogen content.
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due to 3426 cm21, 1647 cm21, and 799 cm21 bands in IR spectra corresponded to O–H,

NH–C55O and Si–O, respectively.

The Column Efficiency

The column efficiency of the novel stationary phase (CDBAPS) was determined as

follows: The cytosine was selected as a probe solute and some chromatographic operations

were performed, while the mobile phase consisted of 99% phosphate buffer (0.05mol L21,

pH 5.00) and 1% methanol and flow rate was 0.5mLmin21. The temperature of the

column compartment was fixed at 30+ 0.58C, and 5mL of cytosine solution was

injected in all repeated chromatographic processes (n . 10). The retention time of

cytosine on the stationary phase was 1.54+ 0.1min (n . 10). At these chromatographic

Figure 1. FTIR spectrums of APS (a), p-tert-butyl-calix[4]arene dinitrile derivative 4 (b), and

CDBAPS (c).
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conditions, the mean theoretical plate number was calculated as 1035 per meter. CDBAPS

was found to be effective in separation and repeatable in chromatographic operations.

Because of its hydrophobic character, the calix[4]arene network can collapse when it

interacts with water molecules, and this can cause the following:

Poor resolution

Increment in back pressure

Unrepeatable flow rates

Unrepeatable chromatographic analysis.

Therefore, it is recommended that the methanol (or acetonitrile) content of the mobile

phase should be at least 1%.

The Separation of Aromatic Compounds

The separation of phenol, toluene, and benzene was reached by gradient elution as follows:

Until the third minute, the mobile phase consisted of 1% methanol and 99% water, and

then the methanol content of the mobile phase was gradually increased to 50% until the

20th min. The chromatogram is given in Fig. 2.

It was found that there was a relationship between the elution order of the three

aromatic compounds and their polarity. This result indicates that the hydrophobic inter-

action was a significant factor in the separation of these compounds. Besides the hydro-

phobic interactions, p-p interactions between the aromatic moieties of calix[4]arene

and aromatic compounds, and interactions between the nitrile groups of calix[4]arene

and relatively polar compounds can be considered, and these interactions can support

additional selectivity. However, the hydrophobic interactions between the calix[4]arene

network and aromatic compounds were thought to be the main effective interactions.

Figure 2. Chromatogram of aromatic compounds on CDBAPS.
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The retention factors of phenol, toluene, and benzene are given in Table 2. It was

found that the elution times of the compounds decreased with increasing the methanol

content in the mobile phase.

Separation of Adenine, Adenosine, and Cytosine

The chemical structures and dissociation constants of cytosine, adenine, and adenosine are

given in Table 3. Separation of these compounds was attained by gradient elution as

follows: Until the third minute, the mobile phase consisted of 1% acetonitrile and 99%

phosphate buffer, and then until the 5th minute, the percentage of acetonitrile in the

mobile phase was gradually increased to 10%. The chromatogram is given in Fig. 3.

Table 2
Retention factors of phenol, toluene, and benzene

Compounds

Retention

capacities (k) Resolution (Rs)

Phenol 8.51 0.84 (Phenol-Toluene)

Toluene 12.05 0.87 (Toluene-Benzene)

Benzene 16.86

Table 3
The chemical structures and dissociation

constants of cytosine, adenine, and adenosine

Compounds pKa1 pKa2

Cytosine

4.15 (þ1)a 12.2

Adenine

4.15 (þ1)a 9.8

Adenosine

3.5 (þ1)a 12.5

a(þ1): i.e., –NHþ.
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From the results of various experiments, it was concluded that with increasing the

acetonitrile content of the mobile phase, the retention capacities of three compounds

were decreased. However, when the acetonitrile content of the mobile phase was relatively

high, the resolution was lost.

The retention factors of adenine, adenosine, and cytosine are given in Table 4. As can

be seen in the table, the retention factor of cytosine is the lowest, and this situation can be

attributed to weak hydrophobic interactions between this compound and CDBAPS.

In the chromatographic separation of purines, pyrimidines, and nucleosides, the pH of

the mobile phase is another important parameter, because of protonation and deprotona-

tion of these compounds. According to the reported results, nucleo bases and nucleosides

can be successfully separated on ODS at pH 3.5 and pH 4.8–5.2, respectively (31). In the

present study, the separation of adenine, adenosine, and cytosine was achieved, while the

mobile phase consisted of a phosphate buffer (0.05mol L21, pH 5.00) and acetonitrile.

Separation of Cytosine, Adenine, and Phenol

Separation of cytosine, adenine, and phenol was achieved by gradient elution as follows:

Elution was started while the mobile phase consisted of 1% methanol and 99% phosphate

buffer, and methanol content of the mobile phase was gradually increased to 10% until the

Figure 3. Chromatogram of cytosine, adenine, and adenosine on CDBAPS.

Table 4

The retention factors of cytosine, adenine, and adenosine

Compounds

Retention

capacities (k) Resolution (Rs)

Cytosine 0.20 2.20 (Cytosine-Adenine)

Adenine 2.63 0.88 (Adenine-Adenosine)

Adenosine 4.25
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third miute, and then the percentage of the methanol in the mobile phase was gradually

increased to 50% until the 10th minute. The chromatogram is given in Fig. 4.

The separation of cytosine, adenine, and phenol was achieved in a short analysis time

(�10min). Therefore, CDBAPS was thought to be effective for routine analyses of such

compounds. The retention factors for compounds are given in Table 5.

Conclusions

Chromatographic separation of cytosine, adenine, adenosine, phenol, toluene, and

benzene was investigated by using CDBAPS as a stationary phase. The novel stationary

phase was thought to be effective for routine analysis of targeted compounds. It was

observed that the hydrophobic interactions were the main effective interactions, which

caused the separation. Besides the hydrophobic interactions, the dipole-dipole,

hydrogen bonds and p-p interactions were thought to be effective in the separation.

These additional interactions can give further selectivity and efficiency to the novel

stationary phase in comparison to ODS.

Figure 4. The chromatogram of cytosine, adenine, and phenol on CDBAPS.

Table 5

The retention factors of cytosine, adenine, and phenol

Compounds

Retention

capacities (k) Resolution (Rs)

Cytosine 0.19 1.89 (Cytosine-Adenine)

Adenine 2.30 1.32 (Adenine-Phenol)

Phenol 5.36
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