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Abstract

The extraction abilities and the transport through chloroform liquid membrane of p-tertbutylcalix[n]arenes (n = 6, 8) upon
some amino acid methylesters have been investigated. The experimental results suggested that amino acid methylesters
are extracted into organic phase and transported by p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tropaeolin 00
([4-(4′-anilinophenylazo)benzenesulphonic acid]) as counterion. The extractability and the transport have been proved to
be essentially controlled by the structure of calixarene, the nature of amino acid and the nature of anion used as ion pair
for cation-receptor complexes. Also, the results suggested that there is no relationship between the extraction efficiency
and the hydrophobicity of amino acid esters. The results suggest further possibilities for optimal separation of amino acids
derivatives and other biological species.

Introduction

Calixarene derivatives as important receptors of supra-
molecular hosts have the ability to form complexes with
several charged or uncharged guest species. The calixarenes
formed by condensation of phenols with formaldehydes
have properties, which make them interesting receptors es-
pecially in enzyme mimics, catalysis, separation of organic
compounds, field effect transistors, chemical sensors and
binding biological substrates [1–12]. Much work has been
dedicated to the synthesis of calixarenes modified on the up-
per [1, 2] and lower rims [13]. These derivatives present the
ability to form complexes with different compounds. There
are studies dedicated to the molecular inclusion of biological
substrates, like biogenic amines, amino acids, and peptides
by these receptors [14–17]. Comparing with cyclodextrins,
the calixarene molecules exhibit large sterical flexibility.
Chiral recognition of α-amino acids by calixarenes has been
investigated [18, 19].

Of particular interest of some calixarene derivatives is
their ability to form inclusion complexes in water [7, 14].
Thus many complexation studies have been reported with
water-soluble calixarenes and neutral and charged guests by
means of 1H NMR, induced circular dichroism, spectro-
photometric or calorimetric measurements [16, 17, 20–22].
The water-soluble tetrasulfonated calix[4]arene and hexa-
sulfonated calix[6]arenes bind very strongly the quaternary
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ammonium cations, and also acetylcholine [23]. From X-
ray crystallographic studies of the choline tetrasulfonated
calix[4]arene complex established that the choline has its
N-terminal inside the aromatic cavity of the receptor.

The interesting studies have been realized by using calix-
arene compounds for separation of positional isomers in
capillary electrophoresis [24]. The mass spectrometry stud-
ies have evidenced that calix[6]arene derivatives present
stronger binding of amino acids in the gas phase than
calix[4]arenes [25]. This suggested that size is an important
factor for increasing the strength of the interaction between
the amino acid and the host. Also, similarly the underivat-
ized calix[6]arene and calix[4]arene did not form complexes
[25]. The complex of calix[4]arene with benzylammonium
cation has been studied by gas phase ion molecule reactions
[26, 27]. A series of calixarene carboxylic acid derivatives
were used as host molecules for the quantitative extraction
of amino acids in a liquid-liquid extraction system [28]. The
interaction between the ammonium cation of the amino acid
and the oxygen atoms of the host molecule was the main
driving force for the complexation and the extraction mech-
anism was established by slope analysis and the Job method.
Using calix[4]arene-based aminophosphonates as a carrier
through membrane, the transport of zwitterionic amino acids
have been realized [29]. The aminophosphonate groups were
responsible for the transport efficiency and the order of the
transport rate.
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Chart 1. The chemical structures of amino acid derivatives used in experiments.

The calix[4]arene with chiral pendant groups has been
used for chiral recognition of some L-amino acid derivatives
through liquid membrane [30].

In our previous study on the transport of the biogenic
amines and aromatic amino acid methylesters in protonated
form as ion pairs in the presence of picrate anion by using p-
tert-butylcalix[n]arenes (n = 6, 8) as carries, we have shown
that the above-mentioned calixarenes transport these amino
acids through liquid membrane [31]. The results showed
that the inclusion abilities of the investigated hosts were
correlated with their conformational properties.

In order to observe the possibility of calixarenes to act
as an extractant or carrier through membrane we have in-
vestigated some aspects of the liquid–liquid extraction and
the transport through chloroform liquid membrane of amino
acid methyl esters with p-tert-butylcalix[n]arenes (n = 6, 8)
in the presence of tropaeolin 00. The effects of physicochem-
ical parameters such as the structure of calixarene and the
nature of amino acid have been studied. Additionally, the
influence of the composition and the structure of the com-
pounds under study upon the partition processes occurring in
biphasic and triphasic systems have been reported. The main
goal of our experiments was performing the solubilization of
some biomolecules in an organic medium and their optimal
separation through liquid membrane.

Experimental

The following amino acid methylester hydrochlorides given
in Chart 1 were obtained from Fluka at the highest purity
commercially available: L-phenylalanine methylester hydro-
chloride (L-PheOMe), L-leucine methylester hydrochloride
(L-LeuOMe)3 L-isoleucine methylester hydrochloride (L-
IleOMe), L-valine methylester hydrochloride (L-ValOMe),

L-cysteine methylester hydrochloride (L-CysOMe), and L-
serine methylester hydrochloride (L-SerOMe).

Reagent grade-p-tert-butylcalix[6]arene and p-tert-
butylcalix[8]arene were obtained from Merck and they were
used throughout the experiments without further purifica-
tion. The structures of calixarenes are shown in Figure 1.
Chloroform (dielectric constant εr = 4.81 [32]), the organic
solvent employed, was distilled before use. Reagent grade
tropaeolin 00 ([4-(4′-anilinophenylazo)benzenesulphonic
acid]) from Fluka (Figure 1), distilled, and deionised water
were used throughout the experiments.

The transport experiments were carried out using a
device previously described [33] consisting of two con-
centric tubes: the inner one, which also acted as a stirrer,
contained the source phase (10 ml), whereas the receiving
phase (10 mL) together with the membrane phase (35 mL)
were introduced in the outer tube.

The phases were stirred at 200 rpm for 24 h. Each ex-
periment was repeated at least three times. Reproducibility
was ±10%. Similar transport experiments were performed
in the absence of the carrier, for reference. The pH was
measured by a digital MV-870 Pracitronic pH-meter with
glass electrode and saturated calomel electrode.

Equal volumes of 3.0 × 10−4–3.0 × 10−3 M of amino
acid methylester and 6.0×10−4 M of tropacolin 00 as coun-
terion at pH ∼ 5.0 in aqueous phases were extracted with
5.0 × 10−3–1.0 × 10−2 M calixarenes in the chloroform
phase. In order to prevent volume change during extrac-
tion, the chloroform and water were saturated with each
other. The phases were mixed and shaken for 30 minutes
at 25 ± 1◦ C. The pH of the aqueous solutions was adjusted
by the hydrochloric acid. The extractability was calculated
as the ratio E[%] = (A0−A)

A0
× 100, where A0 and A are the

absorbencies of the aqueous phases before and after the ex-
traction with calixarenes, respectively. The absorbency was
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Figure 1. Structures of calixarenes (a) used throughout the experiments and tropaeolin 00: (([4-(4′-anilinophenylazo)benzenesulfonic acid]) (b).

Figure 2. Experimental data of the extractability of some amino acid methylester hydrochlorides from the aqueous phase into chloroform phase by
p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tropaelon 00.
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Figure 3. Experimental data of the transport of some amino acid methylester hydrochlorides through chloroform liquid membrane by
p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tropaeolin 00 alter 24 hours of stirring 200 rpm. Source phase: [amino acid methylester hy-
drochloride] = 3 × 10−3 M; pH = 5.0; [tropaeolin 00] = 1 × 10−3 M; 10 mL. Membrane: Chloroform, [calixarene] = 5 × 10−3 M, 35 mL. Receiving
phase: LiOH 0.01 N (pH = 13.0), 10 mL.

determined by spectrophotometric measurements carried out
by means of an UV-Vis Spectrometer JASCO V530. Each
experiment was repeated five times.

Results and discussion

The values of extractability of amino acids methylesters
from aqueous phase at pH = 5.0 into chloroform phase by
p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tro-
paeolin 00 are presented in Figure 2. The extraction ability
of both calixarenes under study were studied under the same
experimental conditions.

As one can see from Figure 2, both calixarenes are ef-
ficient extractants for the amino acid methylesters. Except
of L-ValOMe (35% extractability) and L-SerOMe (37% ex-
tractability), the p-tert-butylcalix[6]arene provided better
extractability than the p-tert-butylcalix[8]arene. The se-
quence of extractability using the p-tert-butylcalix[6]arene
as extractant is the following: LPheOMe (−1.45) > L-
CysOMe (−2.55) > L-IleOMe (−1.80) > L-LeuOMe
(−1.72) > L-SerOMe (3.00) > L-ValOMe (−2.29) [34], and
by using the p-tert-butylcalix[8]arene it turns to: L-IleOMe
> L-PheOMe > L-ValOMe = L-SerOMe > L-LeuOMe >

L-CysOMe. The results show that the structure of calix-

arenes is one of the most important factors for the recog-
nition of amino acid. Extraction experiments in this case did
not show any relationship between the extraction efficiency
and the hydrophobicity of amino acid esters. It is known that
the values of log P (listed in parentheses) is a quantitative
indicator for the hydrophilic/lipophilic balance [34].

In contrast, in the triphasic system, the p-tert-
butylcalix[8]arene exhibits better transport ability than p-
tert-butylcalix[6]arene for the above amino acids methyl-
esters through chloroform liquid membrane (Figure 3). The
sequence of the transport yields of amino acids using p-tert-
butylcalix[6]arene as carrier is the following; L-PheOMe
> L-LeuOMe > L-IleOMe � ValOMe and with the p-
tert-butylcalix[8]arene as carrier the sequence of amino
acid yields is the following; L-LeuOMe > L-PheOMe >

L-ValOMe > L-IleOMe � L-SerOMe.
Even though the L-CysOMe was extracted by both calix-

arenes with relatively good yields, it was not transported by
all means. It was noted that the sulfhydryl group on the side
chain of L-cysteine confers to this amino acid an increase
in solubility. Similarly, the L-SerOMe has not been trans-
ported by p-tert-butylcalix[6]arene, whereas a 30% transport
yield was obtained using p-tert-butylcalix[8]arene as carrier.
One possible cause might be attributed to the structure of L-
serine, which has a hydroxyl group in its molecule, hence
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Figure 4. The relationship between the yields (%) of amino acid methylester hydrochlorides transport through liquid membrane by
p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tropaeolin 00 and their hydrophobicity (log P ). ∗ From Ref. [34].

the higher solubility of this amino acid in comparison with
the others. At the same line of reasoning, the nature of the
calixarene employed was evident in both the extraction and
the transport of the amino acid methyl esters under study.
It is known that the hydrophobicity of amino acids plays an
important role on the rate of transport through liquid mem-
brane. From the correlation between the yields of amino
acids transport and their hydrophobicity one can see that the
hydrophobic salts like L-phenylalanine and L-leucine have
been transported with higher yields than the other amino
acids under study (Figure 4). Except L-IleOMe there is a
good correlation between the yields of amino acid esters
transport and their hydrophobicity.

Further interpretations of the present results and deeper
insight into the occurring phenomena require more experi-
ments, which we are presently involved in.

Conclusions

Our experimental results have confirmed that the amino acid
methylesters are effectively extracted and transported by
p-tert-butylcalix[n]arenes (n = 6, 8) in the presence of tro-
paeolin 00. The p-tert-butylcalix[n]arene provided better ex-
tractability than the p-tert-butylcalix[8]arene to the most of
amino acids methylesters studied (L-LeuOMe, L-PheOMe,
L-IleOMe, L-CysOMe). In contrast, in the triphasic system,
the p-tert-butylcalix[8]arene exhibits better transport ability
than p-tert-butyicalix[6]arene for the amino acids through
chloroform liquid membrane.

We have proved that the extractability and the trans-
port are essentially controlled by the macrocyclic structure
of calixarene, and the nature of the amino acid. Also the
experimental results showed that there is no relationship
between the extraction efficiency and the hydrophobicity of
amino acid esters above mentioned; instead, in the transport
through chloroform liquid membrane the hydrophobic salts
like L-phenylalanine and L-leucine have been transported
with higher yields than the other amino acids under study.

The results suggest new means to experimental design of
optimal separation of some amino acid derivatives and other
biological species.

Acknowledgement

The authors are grateful to the NATO Scientific and Envir-
onmental Affairs Division for financial support in the frame-
work of the Collaborative Linkage Grant number LST.CLG
979790.

References

1. C.D. Gutsche: in J.F. Stoddart (ed.), Calixarenes Revisited, The Royal
Society of Chemistry, Cambridge, UK (1998).

2. J. Vicens and V. Böhmer: in J.E.D. Davies (ed.), Calixarenes:
A Versatile Class of Macrocyclic Compounds, Kluwer Academic
Publishers, Dordrecht (1991).

3. H.-J. Buschmann, E. Cleve, K. Jansen, A. Wego, and E. Schollmeyer:
Mat. Sci. & Eng. C 14, 35 (2001).



128

4. A.F. Danil de Namor, R.M. Cleverley, and M.L. Zapata-Ormachea:
Chem. Rev. 98, 2495 (1998).

5. A. Ikeda and S. Shinkai: Chem. Rev. 97, 1713 (1997).
6. S.R. Izatt, R.T. Hawkins, J.J. Christensen, and R.M. Izatt: J. Am.

Chem. Soc. 107, 63 (1985).
7. M. Stödeman and N. Dhar: Thermochim. Acta 320, 33 (198).
8. F. Arnaud-Neu and M.-J. Schwing-Weill: Synthetic Metals 90, 157

(1997).
9. L.A.J. Chrisstoffels, W. Struijk, F. de Jong, and D.N. Reinhoudt: J.

Chem. Soc. Perkin Trans. 2, 1617 (1996).
10. S.-K. Chang, H.-S. Hwang, H. Son, J. Youk, and Y.S. Kang: J. Chem.

Soc., Chem. Commun. 217 (1991).
11. L. Mandolini and R. Ungaro (eds.): Calixarenes in Action, Imperial

College, London (2000).
12. Z. Asfari, V. Böhmer, J. Harrowfileld, and J. Vicens (eds.): Calix-

arenes 2001, Kluwer Academic Publishers, Dordrecht (2001).
13. L. Baklouti, R. Abidi, Z. Asfari, J. Harrowfileld, R. Rokbani, and J.

Vicens: Tetrahedron Lett. 39, 5363 (1998).
14. G. Arena, A. Contino, F.G. Gulino, A. Magri, F. Sansone, D. Sciotto,

and R. Ungaro: Tetrahedron Lett. 40, 1597 (1999).
15. F. Fraternali and G. Wipff: An. Quim. Int. Ed. 93, 376 (1997).
16. H.-J. Schneider, D. Güttes, and U. Schneider: J. Am. Chem. Soc. 110,

6449 (1988).
17. H.-J. Buschmann, L. Mutihac, and K. Jansen: J. Incl. Phenom.

Macrocyclic Chem. 39, 1 (2001).
18. K. Araki, K. Inada, and S. Shinkai: Angew. Chem. Int. Ed. Engl. 382,

522 (1996).
19. Y. Kubo, S.Y. Maeda, S. Tokita, and M. Kubo;: Nature 382, 522

(1996).
20. E.K.H. Kazakova, A.U. Ziganshina, L.A. Muslinkina, J.E. Morozova,

N.A. Makarova, A.R. Mustafina, and W.D. Habicher: J. Incl. Phenom.
Macrocyclic Chem. 43, 65 (2002).

21. N. Douteau-Guevel, A.W. Coleman, J.-P. Morel, and N. Morel-
Desrosiers: J. Chem. Soc. Perkin Trans. 2, 629 (1999).

22. O.I. Kalchenko, F. Perret, N. Morel-Desrosiers, and A.W. Coleman:
J. Chem. Soc. Perkin Trans. 2, 2258 (2001).

23. J.-M. Lehn, R. Meric, J.-P. Vigneron, M. Cesario, J. Gujihem, C.
Pascard, Z. Asfari, and J. Vicens: Supramol. Chem. 5, 97 (1995).

24. T. Zhao, X.J. Hu, J. Chang, and X. Lu: Anal. Chim. Acta 358, 263
(1998).

25. M.M. Stone, A.H. Franz, and C.B. Lebrilla: J. Am. Soc. Mass
Spectrom. 13, 964 (2002).

26. P.S.H. Wong, X. Yu, and D.V. Dearden: Inorg. Chim. Acta 246, 259
(1996).

27. M. Vincenti, A. Irico, and E. Dalcanale: Adv. Mass Spectrom. 14, 129
(1998).

28. T. Oshima, M. Goto, and S. Furusaki: J. Incl. Phenom. Macrocyclic
Chem. 43, 77 (2002).

29. I.S. Antipin, I.I. Stoikov, E.M. Pinkhassik, N.A. Fitseva, I. Stibor, and
A. Lonovalov: Tetrahedron Lett. 38, 5065 (1998).

30. Y. Okada, Y. Kasai, and J. Nishimura: Tetrahedron Lett. 36, 555
(1995).

31. L. Mutihac, H.-J. Buschmann, and E. Diacu: Desalination 148, 253
(2002).

32. C. Hansch and A. Leo: Substituent Constants for Correlation Analysis
in Chemistry and Biology, Wiley, New York (1979), p. 13.

33. L. Mutihac, H.-J. Buschmann, K. Jansen, and A. Wego: Mat. Sci. &
Eng. C 18, 259 (2001).

34. N.El. Tayar, R.S. Tsai, P.A. Carrupt, and B. Testa: J. Chem. Soc.,
Perkin Trans 2, 79 (1992).


