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Calixarenes substituted at the narrow rim with one or four N�methoxycarbonylmonoaza�
12�crown�4 moieties were used in liquid membranes to transport transition metal chlorides.
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Together with crown ethers,1,2 cryptands,2,3 and cyclo�
dextrines,4,5 calixarenes6—8 are a large class of supra�
molecular hosts, which can recognize cations,9—11 an�
ions,12—14 and neutral molecules,15 as well as are used for
the energetic transport.16

The transport of molecules or ions which uses liquid
membranes is very promising as an approach to the selec�
tive separation, since in liquid membranes, in contrast to
the solid, one can use carrier molecules, that considerably
increases selectivity of the membranes. In particular, liquid
membranes were used to extract heavy metals from indus�
trial waste water.17—19

The selectivity can be significantly increased by the
introduction in the liquid membrane of carrier mole�
cules having an affinity to any component in the source
phase. The carrier accelerates the transport of this specif�
ic component.20 Usually, crown ether derivatives are used
as carrier molecules. Calixarenes are also promising

substrates for the use in liquid membranes.21 We be�
lieve that the introduction of several aza�12�crown�4
moieties into a preorganized structure of calix[4]arene
in the cone conformation will make it possible to design
a selective receptor for transition metal ions. Since the
calixarene core is a relatively rigid framework, and crown
ethers are attached to it by a short linker, one should ex�
pect that the sandwich or pseudosandwich type of com�
plexes will be formed with the metal cations with large
ionic radius.

The purpose of the present work is to study the trans�
port of transition metal cations through a liquid mem�
brane, using calixarene derivatives 1—3 modified at the
narrow rim with one, two, or four carbonylazacrown ether
moieties as carrier molecules. Calixarene crown ethers 1
and 3 were obtained similarly to calixarene 2 (see Ref. 22
and 23) by the alkaline hydrolysis from tetra and mono
esters of calix[4]arene derivatives 4 and 5 with subsequent
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Scheme 1

Reagents: i. 1) NaOH, 2) HCl; ii. 1�aza�12�crown�4, DCC.

0.5

0.4

0.3

0.2

0.1

C/mol L–1

5000 10000 15000 20000 t/s

Table 1. The values of initial flow (mol s–1 m–2) of salts through the liquid membrane impregnated
with calix[4]arenes 1—5 at 20 C

Salt 1 2 3 4 5 Control

CoCl2 5.38•10–4 5.17•10–4 1.69•10–5 2.62•10–5 8.32•10–6 7.50•10–6

NiCl2 6.87•10–5 6.45•10–5 1.29•10–5 2.15•10–5 5.30•10–6 4.14•10–6

CuCl2 1.40•10–5 1.57•10–5 6.50•10–6 1.34•10–5 7.34•10–6 6.38•10–6

MgCl2 1.58•10–5 1.55•10–5 2.24•10–5 1.50•10–5 1.36•10–5 7.20•10–6

* The experimental error is less than 5% at a 95% confidence interval.

amidation of the corresponding carboxylic acids 6 and 7
by carbodiimide method (Scheme 1).

We studied the transport of salts CoCl2, NiCl2, CuCl2,
and MgCl2 through the liquid membrane impregnated with
calixarenes 1—5. A typical pattern of the increase in the
concentration of the salt in the receiving phase is shown in
Fig. 1. In control experiments, the substrates under study
were transported through the membrane containing no
carrier. Based on the data obtained, an increase in the flow
through the membrane containing a carrier molecule in
comparison with the control experiment was determined
for each salt. The data are given in Table 1.

As compared to the control experiment, calixarene 3
increases the transport rate of nickel and magnesium chlo�
rides  three�fold, of cobalt chloride two�fold, but does not
affect the transport of copper chloride. Compound 1 in�
creases two�fold the flow rate of copper and magnesium

Fig. 1. Increases in the concentration of CoCl2 (C) in the receiv�
ing phase with time (t).

chlorides through the membrane and considerably increas�
es the flow of cobalt (72�fold) and nickel (17�fold) chlo�
rides. It should be noted that the introduction of azacrown
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ether moieties into the structure of ligands 1—3 instead of
tetra ester derivatives 4 also increases the flow of cobalt
and nickel chlorides, however, only an insignificant in�
crease in the flow is observed for copper and magnesium
chlorides. The use of the disubstituted calix[4]arene 2 as
a carrier gave the results similar to those obtained for tetra�
substituted calixarene 1, hence, a possible formation of
the sandwich complex can be suggested.

In conclusion, we showed that calixarenes substituted
at the lower rim with the N�methoxycarbonylmonoaza�
12�crown�4 ether fragments can be used for the mem�
brane transport, with di� and tetrasubstituted calix[4]�
arenes being the most efficient for the transport of cobalt
and nickel chlorides.

Experimental

Reaction progress and individuality of synthesized com�
pounds were monitored by thin�layer chromatography on Silufol
UV�254 plates in the systems chloroform, chloroform—ethanol
(9 : 1), ethyl acetate—hexane (1 : 1), (1 : 2), (1 : 5). 1H NMR
spectra were recorded on a spectrophotometer Bruker DRX�400
(400 MHz) with Me4Si as an internal standard. Elemental anal�
ysis was performed on a PE 2400 Series II CHNS�analyzer.
Mass spectra were recorded on a Varian MAT 311A spectro�
meter (electron impact) at 70 eV of ionizing voltage with direct
injection of samples into the source of ions. Conductivity of
solutions was measured on a Radelkis OK�102 conductometer.
Solvents were purified according to the standard procedures.
Melting points were not corrected.

Compounds 2,22,23 4,24,25 5,26 6,24 and 727 were synthesized
according to the described procedures.

5,11,17,23�Tetra�tert�butyl�25,26,2728�tetra((1,4,7�tri�
oxa�10�azacyclodec�10�yl)carbonylmethoxy)calix[4]arene (1)
was obtained similarly to calixarene 2. The yield was 95%. B.p.
278—280 C. 1H NMR (CDCl3), : 6.97 (s, 8 H, 8 ArH); 5.02,
3.39 (both d, 8 H, 4 ArCH2Ar, J = 13.8 Hz); 4.81 (s, 8 H,
4 OCH2C=O); 4.00 (br.t, 8 H, OCH2, J = 4.8 Hz); 3.80 (br.t,
8 H, OCH2, J = 4.5 Hz); 3.66 (br.t, 8 H, OCH2, J = 4.8 Hz);
3.55—3.64 (m, 40 H, OCH2, NCH2); 1.21 (s, 36 H, 4 (CH3)3C).
MS (EI, 70 eV), m/z (Irel (%)): 1511 (12), 1510 (27), 1509 (30)
[M]+. Found (%): C, 66.47; H, 8.32; N, 3.65. C84H124N4O20.
Calculated (%): C, 66.82; H, 8.28; N, 3.71.

5,11,17,23�Tetra�tert�butyl�25�(1,4,7�trioxa�10�azacyclo�
dec�10�yl)carbonylmethoxy�26,27,28�trihydroxycalix[4]arene
(3) was obtained similarly to calixarene 2. The yield was 92%.
B.p. 295—297 C. 1H NMR (CDCl3), : 10.25 (s, 1 H, OH); 9.33
(s, 2 H, OH); 7.11 (s, 2 H, ArH); 7.08 (s, 4 H, ArH); 7.00 (s, 2 H,
ArH); 4.90 (s, 2 H, OCH2C=O); 4.50 (d, 2 H, ArCH2Ar,
J = 13.8 Hz); 4.31 (d, 2 H, ArCH2Ar, J = 13.8 Hz); 4.02 (br.t, 2 H,
OCH2, J = 4.8 Hz); 3.80 (br.t, 2 H, OCH2, J = 4.8 Hz); 3.67
(br.t, 2 H, OCH2, J = 4.7 Hz); 3.55—3.64 (m, 10 H, OCH2,
NCH2); 1.25 (s, 9 H, (CH3)3C); 1.22 (s, 18 H, (CH3)3C); 1.05
(s, 9 H, (CH3)3C). MS (EI, 70 eV), m/z (Irel (%)): 865 (50), 864
(85) [M]+. Found (%): C, 74.77; H, 8.75; N, 1.65. C54H73NO8.
Calculated (%): C, 75.05; H, 8.51; N, 1.62.

Studies of transport through a liquid membrane. The flow
through the liquid impregnated membranes was measured in
a glass vessel, using a platinum electrode. The liquid membrane

was a solution of the carrier (0.02 mmol) in o�nitrophenyl octyl
ether (0.02 mL) impregnated into the pores of polytetrafluoro�
ethylene membranes (Sigma�Aldrich, diameter 25 mm, pore sizes
0.2 m). The appliance was similar to that described in the
work.28 The source phase was a 1 M solution of the salt. The
concentration of the substrate in the receiving phase (distilled
water, V = 400 mL) was determined measuring the conductivity
of the solution.

This work was financially supported by the Ministry of
Education and Science of the Russian Federation (State
Assignment No. 4.560.2014�K).
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