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Abstract

A new 1,3-alternate 25,27-dibenzoiloxy-26,28-bis-[3-propyloxy]-calix[4]arene-bonded silica gel stationary phase (G&aliBn) has
been prepared and used for the separation of aromatic positional isomers by high-performance liquid chromatography (HPLC). The effec
of organic modifier content and pH of the mobile phase on retention and selectivity of these compounds were studied. Application example:
were provided for separation of purine and pyrimidine bases and non-steroidal anti-inflammatory drugs.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction matography. Calix[n]arene-bonded<#4, 5, 6, 8) silica gel
high-performance liquid chromatography stationary phases
The main goal of investigation of high-performance lig- were used for separation of many inorganic and organic
uid chromatography (HPLC) is searching more efficient sta- compounds, e.g. metal iord3,14]; aromatic positional
tionary phases and optimisation of the separation processisomers[15-21]; uracil derivatives and estradiol epimers
Reversed-phase chromatography (RPC) is the first choice for[17]; proline-containig peptidg®2]; water soluble vitamins
most regular samples. RPC is typically more convenient and [23]; PAHS[18,20,24,25]; amino acid estd&5]; quinolones
rugged than other types of liquid chromatography (LC) and is and sulphonamidd26]; nucleoside$16,27—29]; barbituric
more likely to result in a satisfactory final separation. Useful acids; benzoxepin and thioxanthene derivatiizs30,31].
changes in selectivity and sample retention can be achievedSeveral previous works have shown that calixarene-bonded
by selecting appropriate type of stationary phase. Therestationary phases in a cone conformation are excellent
are many contemporary commercially available reversed-in reversed-phase chromatography and exhibit promis-
phase columns, e.g. RP#,; RP-G, RP-Phenyl and others. ing application in HPLC. Recently, we have reported
Recently, calixarenes also have attracted attention of manysynthesis of new 25,27-dipropoxy-26,28-bis-[3-propyloxy]-
researchers because they are able to form reversible comealix[4]arene-bonded silica gel stationary phase /ig-
plexes with neutral as well as charged molec{des]. In last alternate conformation (/,3-AiCalixPr) and we have con-
years, the potential of this class of macrocyclic compounds firmed that this phase possess high selectivity toward selected
has been shown for several applications in gas chromatog-positional aromatic isomef82]. In this paper, we described
raphy [4-7], capillary electrophoresif8—11], solid-phase  the synthesis of new,3-alternate 25,27-dibenzoiloxy-26,28-
extraction[12] and overall high-performance liquid chro- bis-[3-propyloxy]-calix[4]arene-bonded silica gel stationary
phase (1,3-AlCalixBn) and its application to resolution of
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non-steroidal anti-inflammatory drugs. The efficiency of the
column and the influence of pH of the mobile phase and
organic modifier addition on retention and selectivity of cho-
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sen compounds were evaluated. The selectivity comparison

of the novel phase té,3-Air CalixPr and ODS one has been
investigated.

2. Experimental

2.1. Apparatus and chemicals

Chromatographic analyses were performed using lig-
uid chromatograph Series 1100 (Agilent Technology Inc.)

equipped with quaternary pump, autosampler, thermostated

column compartment and diode-array detector. Elemental
analyses were obtained on analyser Perkin-Elmer (PE 240)
IH NMR spectra were recorded on Gemini 500 MHz spec-
trometer (Varian). Reactions were monitored by TLC on
pre-coated silica gel plates (SiMerck, 60k54). Flash col-
umn chromatography was performed on silica gel 60 $SiO
Merck, 230-400 mesh).

Tert-butyl phenol, di-phenyl ether, allyl iodide,
dimethylchlorosilane, benzoyl chloride, caesium car-
bonate, sodium carbonate and silica gels: LiChrosorb ODS,
LiChrosorb Si 100 (particle size |an, pore size 108
and specific surface area 300-409gn!) were obtained
from Merck (Darmstadt, Germany). Positional isomers
(ortho, meta andpara) of: nitrobenzoic acid, chlorobenzoic
acid, 2-amino-chlorobenzoic acid, hydroxybenzoic acid,
aminobenzhydrazide, hydroxybenzyl alcohol (HBnol),
aminophenol, chlorophenol, dichlorophenol, cresol, hydrox-
ypyridine (HPyr), pyridine methanol, dinitrobenzene,
nitrophenol and nitroaniline; purine and pyrimidine
bases (adenine (Ade), caffeine, thymine, cytosine (Cyt),
5-bromouracil and 5-fluorouracil) were obtained form
Lancaster (Eastgate, UK). Non-steroidal anti-inflammatory
drugs (Tolmetin, Fenoprofen, Ibuprofen, Diflunisal and
Diclofenac) were purchased from Sigma-Aldrich (Stein-
heim, Germany). Reversed-phase test mixture (LA 87221)
was obtained from Supelco (Deisenhofen, Germany). All

solvents used as reaction media were of analytical grade and*S P@se

were obtained from POCh (Gliwice, Poland). Acetonitrile
and methanol used as mobile phases were of HPLC grad
and were purchased from Merck (Darmstadt, Germany).
HPLC water was obtained by passing boiled deionized water
through a Milli-Q system.

2.2. Synthesis of 1,3-alternate 25,27-dibenzoiloxy-
26,28-bis-[3-propyloxy]-calix[4 ]arene-bonded silica gel
stationary phase (1,3-Alt CalixBn)

The multistep synthesis of new3-alternate 25,27-di-
benzoiloxy-26,28-bis-[3-propyloxy]-calix[4]arene-bonded
silica gel stationary phase is shownScheme 1.

25,26,27,28-Tetrahydroxy-calix[4]arefevere prepared
according to the reported procedurg33,34]. 25,27-

Scheme 1. Synthesis of tig3-alternate 25,27-dibenzoiloxy-26,28-bis-[3-
propyloxy]-calix[4]arene-bonded silica gel stationary phig(i) benzoyl
chloride, ACN, KCO;s, reflux for 24 h; (ii) allyl iodide, CsCOs, ACN,
reflux for 72 h; (iii) (CHs)2SIHCI, HoPtCls, CHCB, reflux for 4 h; (iv) acti-
vated silica gel, pyridine, shaking for 4 days at room temperature.

Dibenzoiloxy-26,28-dihydroxy-calix[4]aren€ was pre-
pared by adding of 1 equivalent of 25,26,27,28-tetrahydroxy-
calix[4]arenel to the 2 equivalent of benzoyl chloride and
1 equivalent of potassium carbonate in dry acetonitrile.
The mixture was refluxed under an atmosphere of nitro-
gen for 24 h. Crude product was purified by recrystallization
(CHCI3/MeOQH). Yield 86%, mp 260-263C.

'H NMR (CDCk): § 8.39-6.68 (m, 22H); 5.47
(s, 2H, OH); 4.02-3.51 (ABq, 8H, ArCHAr). 25,27-
Dibenzoiloxy-26,28-diallyloxy-calix[4]arer@was obtained
by refluxing compoun@ with excessive amount of allyl
iodide (6 equivalent) in dry acetonitrile for 72 h under nitro-
gen, in the presence of caesium carbonate (4 equivalent)
and a catalyst. The residue, after evaporation of
the solvent, was dissolved in CHCAnd washed with 2N

1Cl and water. The organic phase was separated, dried over

MgSO, and evaporated. The flash chromatography $SiO
CHCIg) of crude product yields white powder. Yield 39%,
mp 240-242C.

TH NMR (CDCl): §7.92 (d,4H, Bn-o/ =8.3 Hz); 7.77 (t,
2H, Bn-p,/=7.6 Hz); 7.60 (t, 4H, Bn-m/=7.6 Hz); 7.13 (d,
4H, ArH-m,J=7.3 Hz); 6.89 (t, 2H, ArH-p/=7.6 Hz); 6.6
(d, 4H, ArH-m,J/=7.3Hz); 6.45 (t, 2H, ArH-pJ/=7.3 Hz);
5.99-5.92 (m, 2H-CH=, gem); 5.27 (dd, 2H=CH cis,
J=1.46HzJ=10.74Hz); 5.15 (dd, 2HsCH trans,J=1.87,
J=17.33); 4.29 (d, 4H, OCyCH, J=4.4Hz); 3.7 (d, 4H,
ArCHoAr, J=14.6 Hz); 3.46 (d, 4H, ArCBHAr, J=14.6 Hz).

13C NMR (CDCl3): 6 37.0 (S, ArChHAr); 71.3 (s, OCH);
116.3 (s, vinyl CH); 122.0; 124.0; 128.0; 129.0; 131.2;
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131.3; 131.5; 132.6; 133.2; 133.6; 134.1; 147.4; 156.4 (13s, Table 1

aromatic carbons and vinyl CH); 164.4 (s=Q). Retention (k) and separation factors («) for aromatic positional isomers on
Expected and observed seventeen signals. 1.3-Alt CalixBn stationary phase _ —
Anal. Calcd. for C4gH4006: C 80.88 %, H5.66 %. Found: ~ Compounds Retention factors (k) Selectivity
C 80.97 %, H 5.62%. _ _ (02n)  (o312)
Product3 was dissolved in dry CHClp, in the presence  pinitrobenzendla) 2.73;3.49;3.49 (xm<o) 128  1.00
of excess of dimethylchlorosilane, and catalytic amount of Nitroaniline (1b) 3.80;4.32;5.99 (xm<o) 114  1.38
H,PtCk inisopropanol was added. The mixture was refluxed Chlorotoluenglb) 3.26;3.28,3.31 (pm<o0) 100 1.01
under nitrogen atmosphere for 4 h. Then the excess of silané‘y'e”i(lll)’) i-gg? 2-33? igg ((Zm <"; 1-8‘2‘ 121
. resol(lc .00; 4.07; 4. m<o, . .
was evaporated_under_\_/aCL_lum and_ _dry rESId_ue (Comp_o_uncﬁydroxybenzyl alcohol 1.82;2.42;3.29 (gm<o0) 1.32 1.36
4) was used for immobilization on silica gel without purifi- ad)
cation. Thel,3-alternate 25,27-dibenzoiloxy-26,28-bis-[3-  Pyridylomethanol(le) 1.96;2.50;3.09 (xm<o) 1.28  1.23
propyloxy]-calix[4]arene stationary phasewas prepared  Hydroxypyridine(le) 0.57;1.29;2.75 (xo<m) 223 213

by shaking activated silica gel with produtiand catalytic é:‘lino?)enzm_’draz,gﬂ)e) (1’-‘7‘2? g-gg’? ;(7)1 EP""“’; 1-;‘8 i-gg

T . . oronenzoic acl@dza (o) 5.01] 5. &sm+tp . .
amount of pyridine in dry toluene for 4 days under nitrogen 5 Aminochlorobenzoic  0.37- 2.39: 3.23 (sm<p) 637 135
atmosphere at room temperature according to the reported ,cig(ab)
procedurg35,36]. The modified silica gel was filtered and  Nitrophenol(2c) 2.71;3.11;4.52 (xm<o) 115 1.45
washed with CHQ, MeOH and acetone. Elemental anal- Aminophenac) 0.51;0.76; 1.10 (xm<o) 149  1.44
ysis gave %C 19.86, %H 2.04 (coverage density of the gel E't;"be”tfo'c a?'dz‘,’)z 8-3 é%i égg (6"”:”) i-gg igi
0.344 mmol g'2). Finally, unreacted silanol groups were end- Ydroxybenzoic acidze) 0530.71;3.06 («m<p) 1. :
capped with 1,1,1,3,3,3-hexamethyldisilazane. Chromatographic conditions: flow rate 1 ml mi detection UV at 210 or

Stainless steel column (250 med.6 mm i.d.) was 254 or 280 nm, room temperature. Mobile phases: (1) A: ACN/MeOH (1:1,

. o . S . viv) in B: water;(1a) 75% A; (1b) 50% A; (1c) 30% A; (1d) 10% A; (le)
packed with modified calix[4]arene-silica gel accordingto a g, ». (2) A: ACN/MeOH (1:1, v/v) in B: 0.01 molt! KH,POy at pH 6.0:

slurry packing procedu@?]. The column efficiency deter- (2a) 50% A (2b) 40% A (2c) 30% A; (2d) 20% A; (2¢) 5% A.
mined with a commercially available test mixture was about

40,000 plates/m.

2.3. Chromatographic procedure of retention power of the prepared column was observed dur-
ing that time.

Analytes were dissolved in ACN/MeOH#d (1:1:1,

v/vlv) mixture at the concentration in range of 0.25— 3.2. Separation of aromatic positional isomers

0.5 mgmtt and 2Qul of the solution were injected onto the

chromatographic column. The retention time of the aque- A variety of di- and tri-substituted aromatic positional

ous solution of potassium nitrate was used as void time isomers, representing compound with acidic, basic and neu-

marker for the calculation of the capacity factor. A mixture of tral character, were separated Q8-Alr CalixBn. Retention

ACN/MeOH (1:1, v/v) in water or 0.01 motf water solu- capacity factors (k) and separation factors («) of these isomers

tion of phosphate buffer was typically used as a mobile phaseat the best, individually optimized, chromatographic condi-

at flow rate of 1.0 mimint. The pH value of this buffer was  tions are given inTable 1. Most of the positional isomers

adjusted with HPOq to 2.5 or with NaOH to 6.5. Diode-  were well resolved except for xylene and chlorotoluene iso-

array detector was operated in single wavelength mode. All mers which were eluted together. The novel stationary phase

analyses were carried out at Z5. exhibits strong retention power and selectivity toward ana-
lytes of very similar structure, which is comparable in many
cases to the calixarene stationary phases synthesized by the

3. Results and discussion other research groug45-20]. However, aromatic isomers
with polar groups £OH, —NH3, —NO,, —COOH) are bet-

3.1. Endurance of the bonded stationary phase (1,3-Alt ter resolved. The same observations were found for CABS

CalixBn) [18] and 1,3-Alr CalixPr[32] phases. Compounds possess-

ing nitro substituents in the phenyl ring have higher retention

1,3-Alt CalixBn column was obtained by immobiliza- timesin comparisonto the rest ofinvestigated analytes, which
tion of 1,3-alternate 25,27-dibenzoiloxy-26,28-diallyloxy-  can be explained by-electron transfer interaction resulting
calix[4]arene onto silica gel in hydrosilylation process. The from the electron-withdrawing effect of the nitro groups of
column stability was checked by periodic determination of analytes andr-electron system of the benzoiloxy groups of
ortho-biphenyl retention time whereas mixture of methanol calixarene. Resolution of a number of mono and disubstituted
and aqueous phosphate buffer of pH in range of 2.5-6.5 wasphenol derivatives in a single run obtainediofAlr CalixBn
used as a mobile phase. The column packing showed highand ODS columns are shownkig. 1a and b, respectively. As
chemical stability over a 6-month period of use and no loss it can be seen, much better separation of these solutes can be
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Fig. 1. The chromatograms of mono and disubstituted phenol derivativés-arir CalixBn (a) and ODS (b). Mobile phase: 30% ACN/MeOH (1:1, v/v) in
0.01 mol I KH,PO, water solution, pH 6.0; flow rate 1 mlmiid; UV 280 nm, room temperature. Analytes: fEaminophenol; (2)z-aminophenol; (3)-
aminophenol; (4p-nitrophenol; (5)n-nitrophenol; (6p-chlorophenol; (7p-chlorophenol; (8p-nitrophenol; (9) 2,6-dichlorophenol; (10) 2,5-dichlorophenol.

achieved on novel calixarene column than on the ODS one.3.3. Effect of pH of the mobile phase
Ten phenol derivatives were successfully resolved,8mr
CalixBn in isocratic mode. Moreover, the retention values of ~ Retention in reversed-phase chromatography increases for
the analytes were greater than on ODS. more hydrophobic compounds. An acid or base undergoes
The elution order of positional isomers of the investigated ionization and its retention is reduced when it becomes less
compounds ori,3-Alt CalixBn column strongly depends on  hydrophobic. The influence of variation in pH of the mobile
their chemical nature. Polar neutral, basic and weak acidic phase on retention and peak symmetry was investigated in
compounds (for example, dinitrobenzene, nitroaniline and the range of pH 2.5-6.5 for nitrobenzoic acid positional iso-
nitrophenol) were eluted in ordetara < meta < ortho, which mers (Fig. 2a) and for hydroxypyridine positional isomers
may be associated to guest-host interactions of the calixarengFig. 2b).
cavity and the analyte molecule. Retention order of hydrox-  The retention obrtho-, meta- andpara-nitrobenzoic acid
ypyridine isomers was the only exception in above describedisomers strongly depends on pH of the mobile phase. The
chromatographic behaviour. Pryridine-2-ol and pyridine-4- pKj, values of these acids are in range of 2.17-3.54 and its
ol can exist in tautomeric form of pyridin-2(1H)-one and retentionis reduced by almost 5-fold when they lose a proton
pyridin-4(1H)-one, respectively. This may influence acidic as pH increases. This is consistent with reversed-phase reten-
and steric properties of the isomers although the observedtion mechanism in which ionic species are merely retained.
elution order of hydroxypyridingiara < ortho <meta is dif- Retention ofpara-hydroxypyridine (pk 4.82) andortho-
ficult to rationalize on this phenomenon alone. The order of hydroxypyridine (pk 11.62) does not change much with
elution of substituted benzoic acid positional isomers was: changes in pH of the mobile phase (Fig. 2b). Both the isomers
ortho <meta <para, and roughly reflects the decreasing acid may exist in tautomeric form of pyridin-(1H)-one, which
strength. This will be discussed in the following section in ionize in the much lower degreeneta-Hydroxypyridine
correlation to influence of acidity of the mobile phase on the (pKa 4.92) does not undergo tautomerization and there-
analytes retention. fore it is sensible to changes in pH of mobile phase. The

Fig. 2. Influence of the pH of mobile phase on the capacity factors of nitrobenzoic acid NBA (a) and hydroxypyridine Hpyr (b) positional isomers. Chromato-

graphic conditions: (a) 40% ACN/MeOH (1:1, v/v); (b) 5% ACN/MeOH (1:1, v/v) in 0.01 mblKH,PQ, water solution; flow 1 mimint, UV at 254 nm,
room temperature.
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mental data may be well fitted to Schoenmaker’'s equation
[38]:

Ink' = A@?> + B® + C

The peak symmetry was improved on addition of organic
modifier, but the resolution of isomers was gradually lost as
the capacity factors were decreased. In general, increase in
organic modifier content in mobile phase leads to decrease
in the retention of the investigated compounds, which sug-
gests that,3-Alt CalixBn phase behaves as a reversed-phase
material, and hydrophobic interaction is one of the important
factors playing role in the retention of the analytes.

3.5. Application examples

Fig. 3. Influence of the acetonitrile/methanol (1:1, v/v) content of the mobile 3.5.1. Separation of purine and pyrimidine bases
phase on logarithmic capacity factors of hydroxybenzyl alcohol (HBnol) and Reversed-phase liquid chromatography is widely used for
hydroxypyridine (HPyr)_ positional iiomers. Chromatographic conditions: separation and quantitative analysis of purine and pyrim-
ACN/MeOH (1:1, V) in 0.01molt" KH2PQ, water solution, pH 6.0;jgine pases. The retention behaviour of these compounds
flow 1 mImin—*, UV at 254 nm, room temperature. . .

on the ODS stationary phase had been well established

dependence of retention factor of this isomer on pH of the [39-42]. Recently,p-tert-butyl-calix[n]arene-bonded sta-
mobile phase exhibit characteristic S-shape with inflection tionary phases (z 6, 8) were also used for separation of these
point at pH of about 4.5. In due course, this leads to alter compoundsg28,29]. Fig. 4a and b illustrate separation of
elution order of hydroxypyridine isomers in different pH Some purine and pyrimidine bases in the single run obtained
ranges. The retention order of hydroxypyridine isomers was ©n novel/,3-Alt CalixBn phase and on ODS under the same
meta <para<ortho in lower pH range (2.5-3.0) whereas chromatographic conditions. Solutes show sharp and sym-
meta isomer was eluted afterrtho isomer when pH of the ~ metrical peaks with reasonable retention times. The elution

mobile phase was increased from 4.0 to 6.5. order of the analytes on both3-Alr CalixBn and ODS was
analogous. Howevel,3-Alr CalixBn phase exhibited higher
3.4. Influence of organic modifier content retention power and selectivity toward purine and pyrimidine

bases than ODS. Adenine and uracil were eluted together on

The employed mobile phase was triple component mix- octadecyl-silica phase and separation of 5-fluorouracil (5-
ture of acetonitrile, methanol and water. Therefore, it is not F-Ura) was not complete. The retention of the bases with
a surprise that the influence of organic modifier on retention PKa well above or below the pH range of the mobile phase
of the investigated compounds does not follow linear sol- Was stable in range of pH 2.5-6.5. Retention of Adeapk
vent strength dependence. The plots of logarithmic capacity4-5) and cytosine (p&4.45) with p; values within the pH
factor of hydroxybenzyl alcohol and hydroxypyridine iso- range being studied changed with pH of the mobile phase
mers against the volume percentage of acetonitrile/methanolin the manner characteristic for transition of ionization state
(1:1, v/v) in mobile phase are given Fig. 3. The experi-  (Fig. 5).

Fig. 4. The chromatograms of purine and pyrimidine bases da!r CalixBn (a) and ODS (b). Mobile phases: A: ACN/MeOH (1:1, v/v) in B: 0.01 mél |
KH2PQ, at pH 2.5; gradient from 5 to 30% A within 8 min and then 35% A isocratic for 10 min; flow rate 1 mi'misV 254 nm, room temperature. Analytes:
(1) cytosine; (2) adenine; (3) uracil; (4) 5-fluorouracil; (5) thymine; (6) 5-bromouracil; (7) caffeine.
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Fig. 5. Influence of the pH of mobile phase on the capacity factors of
purine and pyrimidine bases. Mobile phases: A: ACN/MeOH (1:1, v/v) in B:
0.01 mol I KH,POy; gradient from 5 to 30% A within 8 min and then 35%
Alisocratic for 15 min; flow rate 1 mlmint; UV 254 nm, room temperature.
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3.5.2. Separation of non-steroidal anti-inflammatory
drugs

Gas chromatography43—-45] and high-performance
liquid chromatography46—51]techniques are widely used
for determination of non-steroidal anti-inflammatory drugs
(NSAIDs) in pharmaceutical formulations and biological
fluids. NSAIDs are acidic molecules possessing diverse
structural features. Therefore, they typically give rise to
problems in RP—HPLC analysis and demand low pH of
mobile phasel,3-Alr CalixBn column was used for sepa-
ration of five NSAIDs with structures represented-ig. 6.
The separation conditions were optimized by changing pH of
the aqueous buffer (2.5-6.5), the nature of organic modifier
(methanol, acetonitrile), column temperature (202@p
and the flow rate of the mobile phase (0.8—1.2 mImn
The peak resolution, peak symmetry and analysis times were
chosen as optimization criteria. The best resolution and the
shortest analysis time was obtained for 0.01 mblphos-
phate buffer at pH 6.5 in gradient elution (15-40%, (v/v) of
acetonitrile/methanol mixture (1:1, v/v) in 25 min). Resolu-

Fig. 6. Structures and pkralues of studied NSAIDs.

Fig. 7. The chromatograms of NSAIDs @r3-Alr CalixBn (a) and ODS (b). Mobile phases: A: ACN/MeOH (1:1, v/v) in B: 0.01 mblkH,PO, at pH 6.5;
gradient from 15 to 40% A within 25 min; flow rate 1 ml miky UV 275 nm,T=30°C. Analytes: (1) tolmetin; (2) fenoprofen; (3) ibuprofen; (4) diflunisal; (5)

diclofenac.
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tion factors of the analytes separatedigfhtAlr CalixBn and
ODS columns were comparable (Fig. 7a and b). However,
retention of NSAIDs on/,3-Altr CalixBn phase was higher
than on ODS under the same chromatographic condition.

4. Conclusions

Screening evaluation ofl,3-alrernate 25,27-dibenzo-
iloxy-26,28-bis-[3-propyloxy]-calix[4]arene-bonded silica
gel stationary phase (/,3-AGalixBn) revealed that a new

stationary phase is chemically stable and can be success-

fully used for separation of positional isomers of aromatic
compounds. The applicability of the novel chromatographic
column to analysis of selected biologically vital compounds
and drugs was also demonstrated.

Surface properties df3-Alr CalixBn stationary phase and
mechanism of retention are going to be investigated soon.

Acknowledgements

The authors thank Dr. MSlebioda for helpful discus-
sion. We wish to acknowledge financial support for this work
from the State Committee for Scientific Research (Project
No. KBN 3 T09 A 138 29).

References

[1] C.D. Gutsche, in: J.F. Stoddart (Ed.), Supramolecular Chemistry, vol.
1, The Royal Society of Chemistry, Cambridge, 1989.

[2] J. Vicens, V. Bbhmer (Eds.), Calixarenes—A Versatile Class of
Macrocyclic Compounds, Kluwer Academic Publishers, Dordrecht,
1991.

[3] Z. Asfari, V. Bohmer, J. Harrowfield, J. Vicens (Eds.), Calixarenes
2001, Kluwer Academic Publishers, Dordrecht, 2001.

[4] A. Mangia, A. Pochini, R. Ungaro, G.D. Andreetti, Anal. Lett. 16
(1983) 1027.

[5] P. Mnuk, L. Feltl, 3. Chromatogr. A 696 (1995) 101.

[6] P. Mnuk, L. Feltl, V. Schurig, J. Chromatogr. A 732 (1996) 63.

[7] L. Lin, C.Y. Wu, Z.Q. Yan, X.Q. Yan, X.L. Su, H.M. Han, Chro-
matographia 47 (1998) 689.

[8] D. Shohat, E. Grushka, Anal. Chem. 66 (1994) 747.

[9] K. Bachmann, A. Bazzanella, |. Haag, K.Y. Han, R. Arnecke, V.
Bohmer, W. Vogt, Anal. Chem. 67 (1995) 1722.

[10] S. Sun, M.J. Sepaniak, J.S. Wang, C.D. Gutsche, Anal. Chem. 69
(1997) 344.

[11] T. Zhao, X. Hu, J. Cheng, X. Lu, Anal. Chim. Acta 358 (1998) 263.
[12] S. Hutchinson, G.A. Kearney, E. Horne, B. Lynch, J.D. Glennon,
M.A. McKervey, S.J. Harris, Anal. Chim. Acta 291 (1994) 269.

[13] J.D. Glennon, E. Horne, K. O’'Connor, G. Kearney, S.J. Harris, M.A.

McKervey, J. Chromatogr. A 731 (1996) 47.
[14] R. Bridle, K. Albert, S.J. Harris, C. ®itzsch, E. Horne, J.D. Glen-
non, Anal. Proc. 31 (1994) 33.

M. gliwku-Kaszyn’ska et al. / Talanta 68 (2006) 1560-1566

[15] Y.K. Lee, Y.K. Ryu, JW. Ryu, B.E. Kim, J.H. Park, Chro-
matographia 46 (1997) 507.

[16] S. Friebe, S. Gebauer, G.-J. Krauss, G. Goermar, J. Krueger, J. Chro-
matogr. Sci. 33 (1995) 281.

[17] S. Gebauer, S. Friebe, G.UGitz, G.-J. Krauss, J. Chromatogr. Sci.
36 (1998) 383.

[18] L.S. Li, S.L. Da, Y.Q. Feng, M. Liu, Anal. Sci. 20 (2004) 561.

[19] L.S. Li, M. Liu, S.L. Da, Y.Q. Feng, Talanta 62 (2004) 643.

[20] L.S. Li, S.L. Da, Y.Q. Feng, M. Liu, J. Chromatogr. A 1040 (2004)
53.

[21] T. Sokoliep, D. Keler, U. Menyes, U. Roth, T. Jira, Laborpraxis
7-8 (2000) 70.

[22] S. Gebauer, S. Friebe, G.u@Bitz, G. Scherer, G.J. Krauss, J. Chro-

matogr. Sci. 36 (1998) 388.

[23] L.S. Li, S.L. Da, Y.Q. Feng, M. Liu, Talanta 64 (2004) 373.

[24] X.Z. Xiao, Y.Q. Feng, S.L. Da, Y. Zhang, Anal. Lett. 33 (15) (2000)
3355.

[25] T. SokolieB, U. Menyes, U. Roth, T. Jira, J. Chromatogr. A 898
(2000) 35.

[26] Y.X. Xiao, X.Z. Xiao, Y.Q. Feng, Z.H. Wang, S.L. Da, Talanta 56
(2002) 1141.

[27] X.Z. Xiao, Y.Q. Feng, S.L. Da, Y.Y. Chen, Y. Zhang, Chro-
matographia 49 (1999) 643.

[28] Y.X. Xiao, X.Z. Xiao0, Y.Q. Feng, Z.H. Wang, S.L. Da, J. Lig. Chro-
matogr. Related Technol. 24 (2001) 2925.

[29] L.S. Li, M. Liu, S.L. Da, Y.Q. Feng, Talanta 63 (2004) 433.

[30] T. SokolieB, U. Menyes, U. Roth, T. Jira, J. Chromatogr. A 948
(2002) 309.

[31] T. SokolieB, J. Schonherr, U. Menyes, U. Roth, T. Jira, J. Chro-
matogr. A 1021 (2003) 71.

[32] M. Sliwka-Kaszyiska, K. Jaszczokt, D. Witt, J. RadhoJ. Chro-
matogr. A 1055 (2004) 21.

[33] C.D. Gutsche, M. Igbal, D. Stewart, J. Org. Chem. 51 (1986) 742.

[34] C.D. Gutsche, L.G. Lin, Tetrahedron 42 (1986) 1633.

[35] B. Feibush, M.J. Cohen, B.L. Karger, J. Chromatogr. 282 (1983) 3.

[36] T. Ihara, Y. Sugimoto, M. Asada, T. Nakagama, T. Hobo, J. Chro-
matogr. A 694 (1995) 49.

[37] D. Gasparrini, D. Misiti, C. Vallani, F. La Torre, M. Sinibaldi, J.
Chromatogr. A 457 (1999) 235.

[38] P.J. Schoenmakers, H.A. Billiet, R. Tijssen, L. De Galan, J. Chro-
matogr. 149 (1978) 519.

[39] R.P. Brown, E. Grushka, Anal. Chem. 52 (1980) 1210.

[40] S.V. Galushko, I.P. Shishkina, J. Chromatogr. 445 (1988) 59.

[41] J. Wynants, B. Perov, J. Nijhof, H.V. Belle, J. Chromatogr. 386
(1987) 297.

[42] M. Zakaria, P.R. Brown, J. Chromatogr. 255 (1983) 151.

[43] K.R. Kim, H.R. Yoon, J. Chromatogr. B 682 (1996) 55.

[44] B.A. Way, T.R. Wilhite, C.H. Smith, M. Lande, J. Clin. Lab. Anal.
11 (1997) 336.

[45] H.H. Maurer, F.X. Tauvel, T. Kraemer, J. Anal. Toxicol. 25 (2001)
237.

[46] C. Arcelloni, R. Paroni, S. Pedercini, G. Molteni, |. Fermo, A. Pon-
tiroli, R. Paroni, J. Chromatogr. B 763 (2001) 195.

[47] E. Mikami, T. Goto, T. Ohno, H. Matsumoto, K. Inagaki, H. Ishihara,
M. Nishida, J. Chromatogr. B 744 (2000) 81.

[48] M.J. Martin, F. Pablos, A.G. Gonzales, Talanta 49 (1999) 453.

[49] S.G. Owen, M.S. Roberts, W.T. Froesen, J. Chromatogr. 416 (1987)
293.

[50] T. Hirai, S. Matsumoto, I. Kishi, J. Chromatogr. B 692 (1997) 375.

[51] Y. Sun, K. Takaba, H. Kido, M. Nakashima, K. Nakashima, J. Pharm.
Biomed. Anal. 30 (2003) 1611.



