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Abstract The selective active transport through liquid

membrane assisted by the pH gradient of amino acid

methylesters by using a series of calix[4]arenes substituted

by acid and amido functions, glycolic chains, and hydroxyl

groups as carriers has been performed. All these receptors

have been found to act as carriers for transport of aromatic

amino acid methylesters from the aqueous source phase to

the aqueous receiving phase aiming at their separation. The

receptors bearing diacid and tetraamido functions have the

better ability to transport of amino acids than the other

receptors studied. The influence of calixarene and amino

acid structures upon transport through liquid membrane is

discussed. The obtained results are correlated with those

acquired by solvent extraction.

Keywords Calixarenes � Amino acid methylesters �
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Introduction

The synthesis of ion transporters means an important task

for chemistry and supramolecular chemistry with applica-

tions in clinical analysis, selective sensor, enzyme assays,

and biology.

The place of calix[n]arenes in the interesting and chal-

lenging field of ion transport through liquid membrane as

synthetic ionophores is a topic of current interest in

supramolecular chemistry as well as in the field of ana-

lytical chemistry [1–7]. Much of the analytical interest in

calix[n]arenes comes from their potential as selective

complexation agents and useful carriers through liquid

membrane. Smith et al. [8, 9] perform partition of trans-

porters onto three mechanistic classes: mobile carriers,

monomeric channels [3, 4] and self-assembled pores [10].

Along with crown ethers, steroids, cyclodextrins, and

cucurbit[n]urils, calix[n]arenes belong to the family of

synthetic transporter compounds. Thus, the contribution of

Cragg et al. [11] has pointed out the potential of

calix[n]arenes and their derivatives to be incorporated onto

ion transporting or channelling systems.

Calix[n]arenes as cyclic oligomers are important

receptors of supramolecular hosts involved in host–guest

molecular recognition of various compounds as well as in

analytical applications such as separation of chemical or

biochemical compounds [12–16]. Derivatisation of

calix[n]arenes at the upper and lower rim in order to

introduce various functional groups has led to new com-

pounds with desired properties [17–23]. Moreover,

calix[n]arenes modified with additional binding sites

enhance the binding ability of the parent calix[n]arenes. It

is well known that the calix[4]arene cavity is not large

enough to accommodate some molecules but its function-

alization allows the obtaining of external binding sites
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appropriate to form inclusion complexes with guest mole-

cules [24]. Li et al. [25] reported that a water-soluble

calix[4]arene is able to adjust its conformation to fit the

size of aromatic L-tryptophan with the penetration of the

benzene ring of amino acid into the hydrophobic cavity of

calix[4]arene. Recently, Sirit et al. [26] synthesized chiral

calix[4]azacrowns for enantiomeric recognition of amino

acid derivatives. It was shown by Sansone et al. [27] that a

water soluble peptidocalix[4]arene in a rigid cone structure

forms complexes with aromatic amino acids and the

complexation occurs through the interactions of the calix-

arene cavity with the apolar groups of the amino acids.

The ability of calix[6]arene carboxylic acid derivatives

to act as carriers through liquid membrane of aromatic

amino acids was reported by Oshima et al. [5]. Liquid–

liquid extraction and transport through liquid membrane of

some amino acids methylesters by p-tert-butylcalix[n]are-

nes (n = 4, 6, 8) as extractants or carriers in the presence

of picrate [28] or tropaeolin 00 ([4-(40-anilinopheny-

lazo)benzenesulphonic acid]) [29] as counterions were also

investigated. Okada et al. [6] obtained calix[4]arene with

chiral pendant groups and used them to selective extraction

and transport of some amino acid esters, and Z-amino acid

carboxylates into CH2Cl2.

In a previous study [30] we have presented the ability of

a series of functionalized calix[4]arenes variously substi-

tuted by acid or amido functions, glycolic chains and

hydroxyl groups as extractants towards amino acid native

and ester derivatives. The results have suggested that aro-

matic amino acid methylesters are extracted from aqueous

phase into organic phase and the extractability was essen-

tially controlled by the structure of the calix[4]arene

derivative and the nature of the amino acid. Continuing our

research in the recognition and separation of biologically

relevant molecules such as amino acids by synthetic

receptors we report herein the study of the transport

through liquid membrane of some amino acid methylesters

(Chart 1) by using as carriers the same functionalized

calix[4]arenes (Chart 2).

Experimental

Materials

All amino acid derivatives used throughout the experiments:

L-tryptophane methylester hydrochloride (L-TrpOMe),

L-phenylalanine methylester hydrochloride (L-PheOMe) and

L-tyrosine methylester hydrochloride (L-TyrOMe) were

purchased from Fluka (purity[99.5%) and were employed

without further purification (Chart 1). The organic solvent

chloroform (dielectric constant er = 4.81) [31] was distilled

before use. Distilled (Millipore) water was used throughout

the experiments.

Liquid membrane transport

The transport experiments were carried out by using a

U-shaped glass tube (Fig. 1). The source phase contains

10 mL of amino acid aqueous solution (the concentrations

ranged between 2.5 9 10-4–1.0 9 10-3 M, depending of

the amino acid) at pH = 5.5 present in one arm (left in

Fig. 1) whereas the aqueous receiving phase, 10 mL

(pH = 1.5) is present in the other arm (right in Fig. 1). The

Chart 1 Chemical structures of the methylester amino acids
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Chart 2 Chemical structures of calixarenes 1–5
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membrane phase, 25 mL of functionalized calix[4]arenes of

5.0 9 10-4 M in chloroform was introduced in the tube.

Transport experiments were carried out by stirring the

aqueous and organic phases at 180 rpm at room temperature

for 24 h. The concentration of amino acids in both the

aqueous phases (source and receiving phase) was determined

by UV–Vis measurements with an UV–Vis Spectrometer

JASCO V-530. Each experiment was repeated three times

and reproducibility was ±10%. Blank experiments were

performed for reference in the absence of carrier.

The pH was measured by a digital MV-870 Pracitronic

pH-meter with glass electrode and saturated calomel

electrode.

Results and discussion

Calixarenes 1–5 were prepared from the corresponding

methyl esters as described in a previous paper [30].

Transport of amino acids by 1–5

The values of the transport yields of L-TrpOMe, L-Phe-

OMe, and L-TyrOMe through chloroform liquid membrane

by means of calix[4]arene derivatives 1–5 as carriers are

given in Fig. 2. All calixarenes perform the transport of

amino acid methylesters.

As one can see from Fig. 2, the receptors 1 and 5 exhibit

high transport ability towards L-TrpOMe (98% with 1 and

87% with 5) and L-PheOMe (88% with 1 and 86% with 5).

We can notice the efficiency of receptors 1 and 5 for the

both amino acids transport while no selectivity is observed.

The whole series of calix[4]arene derivatives shows poor

transport behaviour towards L-TyrOMe, none of the

transport yields exceeds a value of 7% (case of L-TyrOMe

with 3) and a value of 2% with 1. As in extraction exper-

iments [30] the sequence of the decreasing transport yields

of amino acids using calixarene derivatives 1–5 as carriers

is the following: L-TrpOMe [ L-PheOMe � L-TyrOMe.

At a first glance the amino acids hydrophobicity enforces

this sequence, along with the structure of calix[4]arene

derivatives. For instance, the following sequence of the

carriers transport efficiency towards L-TrpOMe holds:

1 [ 5 [ 2 (72%) [ 3 (63%) [ 4 (18%) and the following

sequence of calix[4]arene derivatives as extractants: 5

(65%) [ 3 (61%) [ 1 (50%) [ 2 (41%) [ 4 (5%) [30].

The most efficient extractant in this case was tetraamido

calix[4]arene (5). The same sequence of carriers transport

efficiency towards L-TrpOMe is found in the case of

L-PheOMe, except the receptor 2 whose transport ability is

lower by an order of magnitude than the receptor 3:

1 [ 5 [ 3 (44%) [ 2 (36%) [ 4 (32%). The most effec-

tive extractant for L-PheOMe was proven to be diamido

calix[4]arene (3) followed by the receptor 5 [30].

One can observe that the values of the transport yield are

larger than those of the extraction yields. There are several

factors that influence the transport through membrane. As

such, the overall transport process consists of a mixture of

diffusion steps and complexation/decomplexation reactions

at the interfaces. Moreover, solvation and desolvation at

the interfaces of compounds involved in transport process

play an important role [32, 33]. The distribution equilib-

rium of the complex at the membrane interfaces rely on the

physicochemical characteristic of the solvent, the nature of

amino acids, pH of the aqueous phases, the structure of

carrier, and the complex stability.

The extraction and transport through liquid membrane

of aromatic amino acid methylesters by parent calix[4]ar-

ene, namely p-tert-butylcalix[4]arene as extractant and

carrier [29] led to the values of extractability and transport

yields much smaller than those obtained by using func-

tionalized calix[4]arenes 1-3 and 5 for extraction and

transport of tryptophan, phenylalanine, and tyrosine.

Obviously, the functional groups attached to calix[4]arene

enhance the recognition properties of calix[4]arene towards

amino acids.

Consequently, the calix[4]arene 1 bearing two acidic

functions acts much better as transporter through
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Fig. 1 Schematic device of the transport experiments
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membrane than the calix[4]arene 4 which bears four acidic

functional groups. We still need more experiments to elu-

cidate all the interaction types involved in host–guest

properties of calix[4]arene derivatives.

In all our experiments, the values of amino acid esters

transport through liquid membrane by using calix[4]arene

(4) as carrier are smaller than that of calix[4]arenes 1-3 and

5. Hence, the changes of the functional groups profoundly

influence the transport abilities of calix[4]arenes.

High transport of L-TrpOMe and L-PheOMe was also

observed by using tetraamido calix[4]arene (5) as carrier

through membrane. It turns out that a well-defined complex

between the amino acid and tetraamido calix[4]arene (5) has

been formed by specific types of interactions. The results

pointed out that the structure of calix[4]arenes is one of the

most important parameter for the recognition of L-TrpOMe

and L-PheOMe. As in the case of calix[4]arene (1), the tet-

raamido calix[4]arene (5) showed lower transport through

membrane towards L-TyrOMe (4%). The receptors diamido

calix[4]arene (3) and diamido calix[4]arene (2) also exhibit

an efficient transport of L-TrpOMe (63% with 3 and 73%

with 2) and L-PheOMe (44% with 3 and 36% with 2). Under

our experimental conditions, it was noticed that receptor 1

prefers L-TrpOMe and L-PheOMe over L-TyrOMe with

SL-TrpOMe/L-TyrOMe = 49 and SL-PheOMe/L-TyrOMe = 44. A

similar behaviour was observed for receptor 2 with

SL-TrpOMe/L-TyrOMe = 36 and SL-PheOMe/L-TyrOMe = 18.

Further experiments are in progress aiming to get optimal

separation of amino acids by functionalized calixarenes.

Conclusions

The transport abilities of calix[4]arene derivatives 1–5

were investigated. The results suggested that calix[4]arenic

receptors 1–5 are efficient carriers of aromatic amino acid

methylesters as well as exhibiting their separation. It was

observed from the experimental results that the functional

groups introduced on the calix[4]arene structure pro-

foundly influence the transport abilities of calix[4]arenes.

The nature of amino acids is also responsible for the

effective transport through liquid membrane. There has

been found no meaningful correlation between extract-

ability of the amino acids complexes with calix[4]arenic

receptors and their transport through liquid membrane.
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24. Asfari, Z., Böhmer, V., Harrowfield, J., Vicens, J. (eds.): Calix-

arenes 2001. Kluwer, Dordrecht (2001)

25. Li, W.Y., Li, H., Zhang, G.M., Chao, J.B., Ling, L.X., Shuang,

S.M., Dong, C.: Interaction of water-soluble calix[4]arene with

L-tryptophan studied by fluorescence spectroscopy. J. Photo-

chem. Photobiol. A. 197, 389–393 (2008). doi:#10.1016/

j.jphotochem.2008.02.002

26. Demirtas, H.N., Bozkurt, S., Durmaz, M., Yilmaz, M., Sirit, A.:

Chiral calix[4]azacrowns for enantiometric recognition of amino

acid derivatives. Tetrahedron. 65(15), 3014–3018 (2009). doi:

10.1016/j.tet.2009.01.087

27. Sansone, F., Barboso, S., Casnati, A., Sciotto, D., Ungaro, R.: A new

chiral rigid cone water soluble peptidocalix[4]arene and its inclusion

complexes with a-amino acids and aromatic ammonium cations.

Tetrahedron Lett.40, 4741–4744 (1999). doi:10.1016/S0040-

4039(99)00838-2

28. Mutihac, L., Buschmann, H.-J., Diacu, E.: Calixarene derivatives

as carriers in liquid membrane separation. Desalination. 148,

253–256 (2002). doi:10.1016/S0011-9164(02)00706-3

29. Mutihac, L., Mutihac, R.: Liquid-liquid extraction and transport

through membrane of amino acid methylesters by calix[n]arene

derivatives. J. Incl. Phenom. Macrocycl. Chem. 59, 177–181

(2007). doi:10.1007/s10847-007-9310-7

30. Hamdi, A., Souane, R., Kim, L., Abidi, R., Mutihac, L., Vicens,

J.: Extraction behaviour of amino acid esters by functionalized

calix[4]arenes. J. Incl. Phenom. Macrocycl. Chem. 64, 95–100

(2009). doi:10.1007/s10847-009-95-40-y

31. Marcus, Y.: Ion Solvation, p. 46. Wiley, Chichester (1985)

32. Lauterbach, M., Engler, E., Muzet, N., Troxler, L., Wipff, G.:

Migration of ionophores and salts through a water-chloroform

liquid-liquid interface. Molecular dynamics-potential of mean

force investigations. J. Phys. Chem. B. 102, 245–256 (1998). doi:

10.1021/jp972939l

33. Jost, P., Galand, N., Schurhammer, R., Wipff, G.: The 222

cryptand and its cryptate at the water/,, oil’’ interface: molecular

dynamic investigations of concentrated solutions. Phys. Chem.

Chem. Phys. 4, 335–344 (2002). doi:10.1039/b104662b

J Incl Phenom Macrocycl Chem (2010) 66:55–59 59

123

http://dx.doi.org/10.1002/chem.200701051
http://dx.doi.org/10.1002/chem.200701051
http://dx.doi.org/#10.1016/j.jphotochem.2008.02.002
http://dx.doi.org/#10.1016/j.jphotochem.2008.02.002
http://dx.doi.org/10.1016/j.tet.2009.01.087
http://dx.doi.org/10.1016/S0040-4039(99)00838-2
http://dx.doi.org/10.1016/S0040-4039(99)00838-2
http://dx.doi.org/10.1016/S0011-9164(02)00706-3
http://dx.doi.org/10.1007/s10847-007-9310-7
http://dx.doi.org/10.1007/s10847-009-95-40-y
http://dx.doi.org/10.1021/jp972939l
http://dx.doi.org/10.1039/b104662b

	Selective membrane transport of amino acids by functionalised calix[4]arenes
	Abstract
	Introduction
	Experimental
	Materials
	Liquid membrane transport

	Results and discussion
	Transport of amino acids by 1-5

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


