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Abstract Herein the synthesis and extraction abilities of
new D-/L-phenylalaninol substituted p-fert-butylcalix[4]
arene triamide derivatives (3 and 4) towards amino acids are
reported. These compounds (3 and 4) have been easily
synthesized via aminolysis of p-tert-butylcalix[4]arene
trimethylester (2) with p-/L-phenylalaninol in methanol-
toluen solvent system at one step. The extraction properties
of the prepared chiral calix[4]arene triamide derivatives
(3 and 4) towards some selected amino acid methylesters are
studied by liquid-liquid extraction. Results show that these
chiral calix[4]arene triamide derivatives (3 and 4) exhibited a
good affinity towards all amino acid species without any
remarkably discrimination.

Keywords Calix[4]arene - Triamide - Amino acids -
Liquid-liquid extraction

Introduction

Calixarenes, cyclic oligomers of phenolic units linked
through the ortho positions, are a fascinating class of
macrocycles. They are synthetic macrocycles readily
available by condensation of p-tert-butylphenol with
formaldehyde under alkaline conditions. From these start-
ing materials, a large number of sophisticated compounds
have been prepared. To date, various calixarenes that
possess ketone, amine, ester, amide, carboxylic acid or
other functional groups have been synthesized for separa-
tion, recognition, discrimination and catalysis. A number
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of books were published concerning synthesis, structural
features and host-guest interactions [1]. More specifically,
the subject of chemical recognition and separation of ions
was addressed in several publications [2]. On the other
hand, only few reviews concerning calixarenes for bio-
chemical recognition are available, e.g. on peptido- and
glycoconjugates and the role of hydrogen-bonding inter-
actions [3], on neoglyco conjugates with large rigidified
cavities [4] and on synthetic receptors [5]. Among them,
chiral recognition, the process in which an enantiomeri-
cally pure host molecule, such as a chiral calixarene,
selectively binds one of the enantiomers, is one of the most
essential reaction processes occurring in living systems [6].
Therefore chiral calixarenes [7] have attracted increasing
research interest because of their potential in enantio dis-
crimination processes. They can be obtained either by
attaching chiral moieties at one of the calix rims (upper or
lower) [1] or by synthesizing inherently chiral derivatives
[8] in which an asymmetric substitution of the macrocycle
is associated to its intrinsic three-dimensional nature. From
a practical point of view, the first approach appears to be
preferable because inherent chirality always requires a
difficult resolution on an appropriate scale [9]. Therefore, a
large number of chiral calixarenes have been prepared by
using chiral units, such as single amino acids [10], peptides
[11], amino alcohols [12], sugars [13], tartaric acid esters
[14], binaphthyl [15], glycidyl [16], menthone [17], and
guanidinium groups [18].

Very recently, we have reported the synthesis of two
chiral calix[4]arenes bearing R-/S-phenyl ethylamine moi-
eties and two chiral calix[6]arenes bearing D-/L-phenyla-
laninol groups, and the evaluation of their extraction ability
towards some amino acid methylesters [19a, b]. In addi-
tion, generally, it has been used the diamide derivatives of
calixarene for amino acid extraction studies, whereas the
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triamide derivatives of calixarene have not been studied
until now, according to our knowledge. We think that it
could be interesting for the goal of amino acid recognition
and discrimination. Therefore we report the synthesis of the
chiral calix[4]arene amide derivatives bearing D-/L-phe-
nylalaninol group and their use as ligands in amino acid
extraction studies.

Results and discussion
Synthesis

In this study, we report the synthesis of chiral calix[4]arene
triamide derivatives using commercially available,
inexpensive chiral amino alcohols. We also explore the
extraction abilities of chiral calix[4]arene amide deriva-
tives 3 and 4 towards some selected «-amino acid methy-
lesters via the two phase solvent extraction system. To
achieve this, the trimethylester derivative (2) of
p-tert-butylcalix[4]arene (1) has been chosen as a precur-
sor. The synthesis of compound land its trimethylester
derivative (2) has been performed according to previously
described methods [20, 21]. Therefore the compounds 3
and 4 are reported for the first time in this study. The
synthetic route has been conducted as shown in Fig. 3.

In the synthesis of p-fert-butylcalix[4]arene triamides,
the aminolysis reaction of p-tert-butylcalix[4]arene
trimethylester (2) is a simple method [22a, b, 23]. Thus,
according to the strategy outlined in Fig. 3, 5,11,17,23-
tert-butyl-25,26,27-methoxycarbonylmethoxy-28-hydroxy
calix[4]arene 2 has been refluxed with p-/L-phenylalaninol
in toluene/methanol (1:1) solvent mixture to give the
corresponding triamide derivatives of p-tert-butylca-
lix[4]arene 3 and 4 in 45% and 48% yields, respectively.
It is important that the chiral triamides have been directly
synthesized at only one step from trimethylester 2. Gen-
erally in the literature [24, 25, 26] the calixarene amide
derivatives can be synthesized at three steps via conver-
sion of the ester to acid, acid chloride and amide,
respectively.

The new compounds 3 and 4 have been characterized by
a combination of 'H NMR, FTIR, FAB MS, and elemental
analysis. The formation of the chiral triamide derivatives of
p-tert-butylcalix[4]arene 3 and 4 have been confirmed by
the appearance of the characteristic amide bands at
1664 cm™ and 1660 cm™, respectively, by the disappear-
ance of the ester carbonyl band at about 1765 cm™" in their
IR spectra. The conformational characteristics of calix[4]-
arenes have been conveniently estimated by the splitting
pattern of the ArCH,Ar methylene protons in the "H NMR
spectroscopy [1]. '"H NMR data showed that compounds 3
and 4 have a cone conformation. A typical AB pattern has
been observed for the methylene bridge ArCH,Ar protons
at 3.02 (/= 13 Hz), 441 (/= 13 Hz), 451 (/= 13 Hz)
for 3 and at 3.09 (J =13 Hz), 438 (J/ = 13 Hz), 4.55
(J = 13 Hz) for 4 in 'H NMR.

Two-phase solvent extraction studies

The present work is focused to elaborate the strategic
requirements for the two-phase extraction measurements,
therefore, the binding abilities of parent p-tert-butylca-
lix[4]arene 1, its trimethylester derivative 2 and its chiral
triamide derivatives 3 and 4 toward some selected amino
acids have been evaluated by means of solvent extraction of
their ammonium picrates and the results have been sum-
marized in Table 1. These data have been obtained by using
ligands in dichloromethane solution to extract ammonium
picrates from its aqueous solutions. The equilibrium con-
centration of ammonium picrate in aqueous phase has been
then determined spectrophotometrically. From the extrac-
tion data given Table 1, it has been observed that parent
p-tert-butylcalix[4]arene 1 and trimethylester derivative 2
transfer all amino acid species from aqueous phase into
organic phase in trace amounts, and chiral calix[4]arene
triamides 3 and4 recognize all amino acid species in high
yields. According to our experience and knowledge from
our previous study and the other studies [19a, b, 27],
increased extraction properties of chiral calix[4]arene
amides (3 and 4) can be explained by multiple hydrogen
bonding between chiral calix[4]arene triamides and amino

Table 1 Extraction percentage of selected amino acid methylesters with 1, 2,3 and 4°

Ligand D-AlaOMe L-AlaOMe p-PheOMe L-PheOMe p-TrpOMe L-TrpOMe
1° <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
3 54.1 56.5 71.3 68.5 68.4 69.7
4 59.5 574 65.8 67.5 62.6 68.3

% Aqueous phase, [ammonium picrate] = 2.0 X 107 M; organic phase, dichloromethane, [ligand] = 1.0 x 10‘3; at 25 °C, for 1 h

 Chloroform was used as organic phase
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acids moieties. In addition, the guests are stabilized by
CH-r interactions with the aromatic walls of the hydro-
phobic cavity of the chiral calix[4]arenes (3 and 4). Also in
order to eliminate Pic-driven extraction, blank tests for the
extraction of a tetrabutylammonium picrate and picric acid
by using ligands were performed. From the results it was
appeared that ligands complexed with tetrabutylammonium
picrate but not with picric acid. This confirms that there is
no effect of picrate in the extraction process.

Furthermore, an expectation of this study is also to ob-
serve a chiral discrimination between amino acid mole-
cules by using these new chiral calix[4]arene triamides as
ligand. However they do not show remarkable chiral dis-
crimination between these amino acids.

The extraction data for 4 has been analyzed by a clas-
sical slope analysis method. Assuming the extraction of an
ammonium cation (R-NH3) by the receptor 4 according to
the following equilibrium:

[R-NH3 ], + [Pic™],, + x[L]

org

Kex .
= [R-NH3P1C(L)X]org ( 1 )

The extraction constant K., is then defined by:

[R-NH3PIC(L)X] org
Koy = ic™],q[LI5 2
[R-NH; ] aq [PIC ] aq [L] org ( )

The distribution ratio D, is defined as ratio of the
concentrations of the ammonium cation (R-NH3) in the
two phases:

Dj = [R'NH3PiC(L)x]0rg/[R'NHBJF]aq [Pici]aq (3)

Thus Eq. 2 can be rewritten as:
log Dx = log Kex + xlog [L] (4)

Consequently a plot of log D4 versus log [L] leads to a
straight line whose slope allows the stoichiometry of the
extracted species to be determined.

Figure 1 represents the extraction into dichloromethane
at different concentrations of 4 for the ammonium ion. A
linear relationship between log D, versus log [L] is ob-
served with a slope for ammonium ion by 4 which equals
1.96, suggesting that 4 forms a 2:1 complex with an
ammonium cation. The analytical data of 4 shows that the
complexation reaction takes place according to the fol-
lowing equilibrium:

K&X .
2(L) gy + (R-NH3Pic™),, = (L2, R-NH; Pic™),, (5)

org

According to experimental data, if the Eq. 2 rearrangement
for 6, log K., has the value 6.11 + 0.2.
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Fig. 1 Log D versus log [L] for the extraction of p-PheOMe by 4
from an aqueous phase into dichloromethane phase at 25 °C

Conclusion

A trimethylester derivative of p-tert-butylcalix[4]arene (2)
was converted to its triamide derivative with chiral amino
alcohol groups to observe the chiral extraction abilities
towards some selected amino acids. Although the chiral
calix[4]arene triamide derivatives (3 and 4) were excellent
extractants for all used amino acid species, the chiral dis-
crimination between amino acid molecules could not be
obtained. It had been noted that the hydrophobic cavity of
chiral calix[4]arenes and hydrogen bonding lead to recog-
nize these amino acid species and also the chiral
calix[4]arene triamide derivatives (3 and 4) have been
easily synthesized at only three steps. This work would be
contribute to the synthesis of chiral and enantioselective
receptors.

Experimental
Materials and general methods

Melting points were determined on a Gallenkamp appara-
tus in a sealed capillary and are uncorrected. '"H NMR
spectra were recorded on a Bruker 250 MHz spectrometer
in CDCl; with TMS as internal standard. FTIR spectra
were recorded on a Perkin Elmer 1605 FTIR spectrometer
as KBr pellets. UV-vis. spectra were obtained on a Shi-
madzu 160A UV-visible recording spectrophotometer.
FAB-MS spectra were taken on a Varian MAT 312 spec-
trometer. Elemental analyses were performed on a Leco
CHNS-932 analyzer. Specific rotations were measured on
A Kiriiss Optronic polarimeter.
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Thin layer chromatography was performed on precoated
silica gel plates (SiO,, Merck PF,s4), while silica gel 60
(Merck, particle size 0.040-0.063 mm, 230—240 mesh)
was used for preparative column chromatography. Gener-
ally, solvents were dried by storing them over molecular
sieves (Aldrich; 4 A, 8—12 mesh). Acetone was distilled
from CaSO,. All aqueous solutions were prepared with
deionized water passed through a Millipore Milli-Q Plus
water purification system.

Amino acid methylester hydrochlorides given in Fig. 2
were obtained from Aldrich or Merck at the highest purity
commercially available and were used in this study:
L-phenylalanine methylester hydrochloride (L-PheOMe),
D-phenylalanine methylester hydrochloride (p-PheOMe),
L-alanine methylester hydrochloride (L-AlaOMe), p-alanine
methylester hydrochloride (p-AlaOMe), L-tryptophan
methylester hydrochloride (p-TrpOMe) and p-tryptophan
methylester hydrochloride (p-TrpOMe) (Fig. 2).

Synthesis

Figure 3 illustrates the successive synthetic steps of the
extractants (1-4) used. Compounds 1 and2 were prepared
according to literature methods [20, 21]. Other compounds
(3 and4) were synthesized by adapting from known ami-
nolysis procedure [22a, b, 23].

Fig. 3 Schematic
representation of synthesis of
chiral calix[4]arene triamide
derivatives (3 and 4)
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Fig. 2 The chemical structures of some selected amino acid
methylesters used in experiments

General procedure for the synthesis of compounds
3 and 4

An appropriate amino alcohol (20.0 mmol) was dissolved
in 1:1 toluene/MeOH mixture (60 mL) and added dropwise
to a solution of 5,11,17,23-tert-butyl-25,26,27-methoxycar-
bonylmethoxy-28-hydroxycalix[4]arene 2 and (4.0 mmol)
in 20 mL toluene with continuous stirring at room
temperature for about 30 min. The reaction mixture was

OH OH onHO
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refluxed and the reaction was monitored by TLC. After the
substrate had been consumed, the solvent was evaporated
under reduced pressure and the residue triturated with MeOH
to give a crude product. The crude products were purified by
flash chromatography and recrystallized.

For compound 3, yield: 45%, mp: 139 °C. [«]& =
-19.7° (¢ 3.3, CHCl3); IR (KBr): 1664 cm™ (NH=CO),
3380 cm™! (OH); 'H-NMR (CDClL5): 6 0.83 (s, 18H, tert-
butyl), 1.19 (s, 18H, tert-butyl), 2.87 (d, J = 7.0 Hz, 6H,
CH CH,Ar), 3.02 (d, J = 13.0 Hz, 4H, ArCH,Ar), 3.19 (d,
J =15.0 Hz, 6H, CH,0OH), 3.65 (m, 3H, CH, CHCH,),
4.08 (d, J = 11.0 Hz, 2H, ArOCH,), 4.19 (s, 4H, ArOCH,),
441 (d,J= 13.0 Hz, 2H, ArCH,Ar), 4.51 (d, J = 13.0 Hz,
2H, ArCH,Ar), 6.58 (s, 3H, CH, OH), 7.06 (s, 8H,
ArHpera), 7.13 (m, 15H, ArHpheny), 7.48 (s, 1H, ArOH),
8.22 (d, J=8.0 Hz, 3H, NH). FAB-MS m/z: (1245.6)
[M+Na]® (caled 1245.6). Calculated for C;7HosN30;q
(1222.59): C, 75.64; H, 7.83; N, 3.44. Found: C, 75.82; H,
7.94; N, 3.41.

For compound 4, yield: 48%, mp: 137 °C.
[]5 = +19.9° (¢ 3.3, CHCl;); IR (KBr): 1660 cm™'
(NH=CO), 3402 cm™' (OH); "H-NMR (CDCI5): 6 0.85 (s,
18H, tert-butyl), 1.16 (s, 18H, tert-butyl), 2.85 (d,
J =70 Hz, 6H, CHCH,Ar), 3.09 (d, J=13.0 Hz, 4H,
ArCH,Ar), 3.23 (brs, 6H, CH,OH), 3.62 (m, 3H,
CH,CHCH,), 4.11 (d, J = 11.0 Hz, 2H, ArOCH,), 4.23 (s,
4H, ArOCH,), 4.38 (d, J = 13.0 Hz, 2H, ArCH,Ar), 4.55
(d, J = 13.0 Hz, 2H, ArCH,Ar), 6.54 (s, 3H, CH,OH),
7.01 (s, 8H, ArH ), 7.15 (m, 15H, ArH), 7.44 (s, 1H,
ArHppeny), 8.24 (d, J = 8.0 Hz, 3H, NH). FAB-MS m/z:
(1245.6) [M+Na]* (caled 1245.6). Calculated for
C77H95N3010 (122259) C, 7564, H, 783, N, 3.44. Found:
C, 75.84; H, 7.90; N, 3.40.

Analytical Procedure

Picrate extraction experiments were performed following
Pedersen’s procedure [28]. A 10 mL of a 2.0 X 10° M
aqueous picrate (the picrate solutions were prepared as our
previous study [19a]) and 10 mL of 1.0 x 10~ M solution
of calixarene (2, 3 and 4) in CH,Cl, were vigorously agi-
tated in a stoppered glass tube with a mechanical shaker for
2 min, then magnetically stirred in a thermostated water-
bath at 25 °C for 1 h, and finally left standing for an
additional 30 min. The concentration of picrate ion
remaining in the aqueous phase was then determined
spectrophotometrically. Blank experiments showed that no
picrate extraction occurred in the absence of calixarene.
The percent extraction (E%) has been calculated as:

E% = (A, — A/A,) x 100 (6)

where A, and A are the initial and final concentrations of
the ammonium picrate before and after the extraction,
respectively.

Acknowledgement We thank the Research Foundation of The
Selcuk University (BAP) for the financial support of this work.

References

1. For general references on calixarenes, see: (a) Gutsche, C.D.: In:
Stoddart, J.F. (ed.) Calixarenes Revisited, Monographs in
Supramolecular Chemistry, The Royal Society of Chemistry,
Cambridge, UK (1998) (b) Mandolini, L., Ungaro, R. (eds.) Ca-
lixarenes in Action, Imperial College Press, London (2000) (c)
Asfari, Z., Bohmer, V., Harrowfield, J., Vicens, J. (eds.)
Calixarenes 2001, Kluwer, Dordrecht (2001)

2. (a) Bohmer, V.: Calixarenes, Macrocycles with (almost) unlim-
ited possibilities. Angew. Chem. 34, 713-745 (1995) (b) Arnaud-
Neu, F., Schwing-Weill, M.-J.: Calixarenes, new selective
molecular receptors. Synthetic Metals 90, 157-164 (1997). (c)
Ludwig, R.: Calixarenes in analytical and separation chemistry.
Fresenius J. Anal. Chem. 367, 103—-128 (2000) (d) Rebek, J. Jr.:
Host-guest chemistry of calixarene capsules. J. Chem. Soc.
Chem. Commun. 637-643 (2000) (e) Moyer, B.A.: In: Gokel,
G.W. (ed.) Molecular Recognition: Receptors for Cationic
Guests. Comprehensive Supramolecular Chemistry, vol. 1,
p- 377, Pergamon Press, New York, Oxford (1996)

3. Casnati, A., Sansone, F., Ungaro, R.: Peptido- and Glycocalixa-
renes: Playing with Hydrogen Bonds around Hydrophobic Cav-
ities. Acc. Chem. Res. 36, 246-254 (2003)

4. Fulton, D.A., Stoddart, F.: Neoglycoconjugates Based on
Cyclodextrins and Calixarenes. Bioconjugate Chem. 12, 655-672
(2001)

5. Hartley, J.H., James, T.D., Ward, C.J.: Synthetic receptors.
J. Chem. Soc. Perkin Trans. 1 19, 3155-3184 (2000)

6. (a) Crossley, R.: Chirality and the Biological Activity of Drugs.
CRC, New York (1995) (b) Blaschke, G., Kraft, H.P., Fickent-
scher, K., Kohler, F.: Arzeneim-Forsch. 29, 1640 (1979)

7. For a general review on chiral calixarenes, see: Vysotsky, M.O.,
Schmidt, C., Bohmer, V.: In: Gokel, G. (ed.) Advances in
Supramolecular Chemistry, vol. 7, pp. 139, Jai Press, Stanford
(2000)

8. (a) Iwamoto, K., Shimizu, M., Araki, K., Shinkai, S.: Correc-
tion.Synthesis and Optical Resolution of Calix[4]arenes with
Molecular Asymmetry. Systematic Classificaton of All Possible
Chiral Isomers Derivable from Calix[4]arene. J. Am. Chem. Soc.
115, 12228 (1993) (b) Ferguson, G., Gallagher, J.F., Giunta, L.,
Neri, P., Pappalardo, S., Parisi, M.J.: Synthetic strategies to
inherently chiral calix[4]arenes with mixed ligating functional-
ities at the lower rim. Org. Chem. 59, 42-53 (1994) (c) Bohmer,
V., Kraft, D., Tabatabai, M.: Inherently chiral calixarenes. J. Incl.
Phenom. 19, 17-39 (1994), and references cited therein.

9. For recent examples of preparative-scale optical resolution of
inherently chiral calixarenes, see: (a) Cao, Y.D., Luo, J., Zheng,
Q.Y., Chen, C.F., Wang, M.X., Huang, Z.T.: Preparation of Both
Antipodes of Enantiopure Inherently Chiral Calix[4]crowns.
J. Org. Chem. 69, 206-208 (2004) (b) Narumi, F., Hattori, T.,
Yamabuki, W., Kabuto, C., Kameyama, H.: Resolution of
inherently chiral anti-O,0’-dialkylated calix[4]arenes and deter-
mination of their absolute stereochemistries by CD and X-ray
methods. Tetrahedron: Asymmetry 16, 793-800 (2005) (c) Li,
S.Y., Zheng, Q.Y., Chen, C.F., Huang, Z.T.: Preparation of

@ Springer



202

J Incl Phenom Macrocycl Chem (2007) 59:197-202

10.

12.

13.

14.

15.

16.

17.

18.

enantiopure inherently chiral Tetrahedron:
Asymmetry 16, 641-645 (2005)

(a) Okada, Y., Kasai, Y., Nishimura, J.: The selective extraction
and transport of amino acids by calix[4]arene-derived esters.
Tetrahedron Lett. 36, 555-558 (1995) (b) Sansone, F., Barboso,
S., Casnati, A., Fabbi, M., Pochini, A., Ugozzoli, F., Ungaro R.:
Synthesis and Structure of Chiral Cone Calix[4]arenes Func-
tionalized at the Upper Rim with L-Alanine Units. Eur. J. Org.
Chem. 897-905 (1998) (¢) Xu, X., He, J., Chan, A.S.C., Han, X.,
Cheng, J.-P.: New chiral macrocyclic ligands. Design and syn-
thesis of (R)-cysteine-containing calix[4]arenes. Tetrahedron:
Asymmetry 10, 2685-2689 (1999)

calix[S]arenes.

. (a) Sansone, F., Baldini, L., Casnati, A., Chierici, E., Faimani, G.,

Ugozzoli, F., Ungaro, R.: Chiral Dimeric Capsules from N,
C-Linked Peptidocalix[4]arenes Self-Assembled through an
Antiparallel f-Sheetlike Motif. J. Am. Chem. Soc. 126, 6204—
6205 (2004) (b) Francese, S., Cozzolino, A., Caputo, 1., Esposito,
C., Martino, M., Gaeta, C., Troisi, F., Neri, P.: Transglutaminase
surface recognition by peptidocalix[4]arene diversomers. Tetra-
hedron Lett. 46, 1611-1615 (2005)

Zheng, Y.S., Zhang, C.: Exceptional Chiral Recognition of
Racemic Carboxylic Acids by Calix[4]arenes Bearing Optically
Purea,i-Amino Alcohol Groups. Org. Lett. 6, 1189-1192 (2004)
(a) Meunier, S.J., Roy, R.: Polysialosides scaffolded on p-Tert-
butylcalix[4]arene. Tetrahedron Lett. 37, 5469-5472 (1996) (b)
Dondoni, A., Marra, A., Scherrmann, M.-C., Casnati, A., San-
sone, F., Ungaro, R.: Synthesis and Properties of O-Glycosyl
Calix[4]Arenes (Calixsugars). Chem. Eur. J. 3, 1774-1782 (1997)
Yuan, H.-S., Huang, Z.-T.: Synthesis of chiral calix[4]arenes
bearing tartaric ester moieties. Tetrahedron: Asymmetry 10,
429-437 (1999)

(a) Kubo, Y., Maeda, S., Tokite, S., Kubo, M.: Colorimetric
chiral recognition by a molecular sensor. Nature 382, 522-524
(1996) (b) Pinkhassik, E., Stibor, 1., Casnati, A., Ungaro, R.:
Synthesis of Upper and Lower Rim Binaphthyl Bridged
Calix[4]arenes: New Potential Chiral Hosts for Molecular Rec-
ognition and Catalysis. J. Org. Chem. 62, 8654 (1997)

Neri, P., Bottino, A., Geraci, C., Piattelli, M.: Synthesis of
glycidyl calixarenes, versatile substrates for the preparation
of chiral calixarene-based ligands. Tetrahedron: Asymmetry 7,
17-20 (1996)

Soi, A., Pfeiffer, J., Jauch, J., Schurig, V.: Synthesis of chiral
calix[n]arenes. Part 2: Synthesis of new chiral calix[n]arenes
based on (p-hydroxy-phenyl)-menthone. Tetrahedron: Asymme-
try 12, 177-182 (1999)

Liu, F., Lu, G.-Y., He, W.-J., Liu, M.-H., Zhu, L.-G.: Enantio-
selective Recognition Of Calix[4]Arene Derivatives Bearing

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Chiral Bicyclic Guanidinium For D/L-Phenylalanine Zwitterions
At The Air-Water Interface. Thin Solid Films 468, 244-249
(2004)

(a) Tabakci, M., Tabakci, B., Yilmaz, M.: Design and Synthesis
of New Chiral Calix[4]arenes as Liquid Phase Extraction Agents
for a-Amino Acid Methylesters and Chiral a-Amines. J. Incl.
Phenom. Macrocycl. Chem. 53, 51-56 (2005) (b) Erdemir, S.,
Tabakci, M., Yilmaz, M.: Synthesis and chiral recognition abil-
ities of new calix[6]arenes bearing amino alcohol moieties. Tet-
rahedron: Asymmetry 17, 1258-1263 (2006)

Gutsche, C.D., Igbal, M.: p-tert-butylcalix[4]arene. Org. Synth.
68, 234-237 (1990)

Abidi, R., Oueslati, I., Amri, H., Thuery, P., Nierlich, M., Asfari,
Z., Vicens, J.: Synthesis, structure and complexing properties of
new calix[4](aza)crowns. Tetrahedron Lett. 42, 1685-1689
(2001)

(a) Wu, Y., Shen, X., Duan, C., Liu, Y., Xu, Z.: New double-1,2-
amide-bridged calix[4]arenes by aminolysis of calix[4]arene es-
ters. Tetrahedron Lett. 40, 5749-5752 (1999) (b) Wu, Y., Liu, H.,
Liu, Y., Duan, C., Hu, J., Xu, Z.: A Facile Method of Synthesis of
a Calix[4]arene Amide and the Crystal Structure of a Self-
assembled Calix[4]arene Amide via van Der Waals Interaction.
J. Incl. Phenom. Macrocycl. Chem. 36, 473-478 (2000)
Bozkurt, S., Karakucuk, A., Sirit, A., Yilmaz, M.: Synthesis of
two calix[4]arene diamide derivatives for extraction of chro-
mium(VI). Tetrahedron 61, 10443—-10448 (2005)

Tabakci, M., Memon, S., Yilmaz, M., Roundhill, D.M.: Synthesis
and Extraction Studies of a Versatile Calix[4]arene-Based
“‘Proton-Switchable Extractant’’ for Toxic Metals and Dichro-
mate Anions. J. Incl. Phenom. Macrocycl. Chem. 45, 267-270
(2003)

Memon, S., Akceylan, E., Sap, B., Tabakci, M., Roundhill, D.M.,
Yilmaz, M.: Polyme Supported Calix[4]Arene Derivatives for the
Extraction of Metals and Dichromate Anions. J. Polym. Environ.
11, 67-74 (2003)

Tabakci, M., Ersoz, M., Yilmaz, M.: A Calix[4]arene-Containing
Polysiloxane Resin for Removal of Heavy Metals and Dichro-
mate Anion. J. Macromol. Sci. Pure Appl. Chem. 43, 57-69
(2006)

Garrier, E., le Gac, S., Jabin, I.: First enantiopure calix[6]aza-
cryptand: synthesis and chiral recognition properties towards
neutral molecules. Tetrahedron: Asymmetry 16, 3767-3771
(2005)

Pedersen, C.J.: Ionic complexes of macrocyclic polyethers.
J. Fed. Proc. Fed. Am. Soc. Exp. Biol. 27, 1305-1309 (1968)



	Synthesis and amino acid extraction abilities of chiral calix[4]arene triamides containing amino alcohol units
	Abstract
	Introduction
	Results and discussion
	Synthesis
	Two-phase solvent extraction studies

	Conclusion
	Experimental
	Materials and general methods
	Synthesis
	General procedure for the synthesis of compounds �3 and 4
	Analytical Procedure

	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 false
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


