This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

@== | Supramolecular Chemistry
upramo lecular | Publication details, including instructions for authors and subscription information:
hemist ry http://www.informaworld.com/smpp/title~content=t713649759

ted by b b el Py

Thiacrowncalix[4]arene Derivatives: Synthesis and Complexing Properties
Mariana Duta?; Zouhair Asfari®; Natalia Kruchinina®; Pierre Thuéry*; Agnés Hagége®; Maurice Leroy®
 Laboratoire de Chimie Analytique et Minérale, UMR 7512 CNRS/ULP, Ecole Européenne de Chimie,
Polyméres et Matériaux, Strasbourg Cedex, France * Ecological Engineering Faculty, D.I. Mendeleev
University of Chemical Technology, Moscow, Russia ¢ CEA/Saclay, DSM/DRECAM/SCM (CNRS URA
331), Gif-sur-Yvette, France

To cite this Article Duta, Mariana , Asfari, Zouhair , Kruchinina, Natalia , Thuéry, Pierre , Hagege, Agnés and Leroy,
Maurice(2005) 'Thiacrowncalix[4]arene Derivatives: Synthesis and Complexing Properties’, Supramolecular Chemistry,
17: 3, 221 — 226

To link to this Article: DOI: 10.1080/10610270412331331660
URL: http://dx.doi.org/10.1080/10610270412331331660

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610270412331331660
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:13 29 January 2011

Downl oaded At:

Supramolecular Chemistry, April-May 2005 VoL. 17 (3), pp. 221-226

Taylor & Francis
Taylor & Francis Group

Thiacrowncalix[4]arene Derivatives: Synthesis

and Complexing Properties

MARIANA DUTA?, ZOUHAIR ASFARI**, NATALIA KRUCHININA®, PIERRE THUERY®,

AGNES HAGEGE? and MAURICE LEROY?

@Laboratoire de Chimie Analytique et Minérale, UMR 7512 CNRS/ULP, Ecole Européenne de Chimie, Polymeéres et Matériaux, 25 rue Becquerel 67087,
Strasbourg Cedex, France; ®Ecological Engineering Faculty, D.I. Mendeleev University of Chentical Technology, Moscow 125047, Russia; “CEA/Saclay,
DSM/DRECAM/SCM (CNRS URA 331), Bat. 125, 91191 Gif-sur-Yuvette, France

Received (in Southampton, UK) 8 September 2004; Accepted 12 October 2004

The synthesis of new thiacrowncalix[4]arenes containing
four sulfur atoms in the crown moiety is reported. The
complexation properties of these molecules towards
soft metal cations such as Cd>*, Hg>" and Pb*>" were
investigated by '"H NMR and solvent extraction experi-
ments that reveal their interest as extracting ligands.

Keywords: Thiacrowncalixarene; Complexation; Solvent extrac-
tion; Crystal structure

INTRODUCTION

The selective removal of highly toxic heavy metals
is a major environmental concern. One of the
strategies explored in this context consists of
incorporating complexing ligands into solid
materials, leading to an increasing interest in the
design of cation-complexing ligands. Calixarenes
represent an interesting class of compounds with a
three-dimensional cavity that can host a large
variety of molecules and ions [1]. Among them,
calixcrowns have been widely studied as they show
unique complexing properties towards alkali,
alkaline earth and ammonium cations [2]. The idea
of incorporating sulfur atoms in the crown of such
calixarenes was dictated by the need to form more
stable complexes with soft metal cations, such as
Cd**, Hg”" and Pb**. Indeed, thiacrownethers have
already proved their ability to complex such cations
[3-6]. A few studies have dealt with thiacrownca-
lixarene derivatives and focused on their complexa-
tion properties towards heavy metals such as Ag+,
Hg”", Pb** and Cu®" [7-10]. However, the size of

*Corresponding author. E-mail: asfariz@ecpm.u-strasbg.fr

the crown of these calixarenes was limited by the
commercial availability of the sulfur reagent. The
aim of that work was to provide a ligand complex-
ing heavy metals that could be incorporated into
various solid materials. The covalent linkages of
such calixarenes require modifications to dispose of
suitable anchoring functions, affecting their com-
plexing capacities as little as possible.

We report here the synthesis of two novel
thiacrowncalix[4]arene derivatives bearing larger
loops (four sulfur atoms). Their complexation
properties towards Cd**, Hg** and Pb*" ions were
also studied by either "H NMR or solvent extraction
experiments.

RESULTS AND DISCUSSION

Synthesis of the Thiacrowncalix[4]arenes

The synthesis of the thiacrowncalix[4]arenes L' and
L? is illustrated in Fig. 1.

The calixarene L' was obtained via a two-step
synthesis. The calixarene derivative 1 was prepared
in 65% yield by selective O-alkylation of calix[4]
arene with 2.1 equivalents of chloroethoxy-p-tolue-
nesulfonate in the presence of K,COj in refluxing
acetonitrile during 7 days. The cone conformation of
this compound was revealed by the presence in the
"H NMR spectrum of an AB system at 4.36 and
3.38ppm (] = 13Hz), attributed to the methylenic
protons ArCH,Ar.

Intramolecular bridging on the lower rim of
calixarene 1 was then achieved by condensation of
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FIGURE 1 Synthetic pathways for ligands L* and L

1.2 equivalents of 3,6-dithia-1,8-dithiooctane, previ-
ously treated by KOH in a refluxing benzene/DMF
mixture for 10 min, and reflux of the mixture for 4 h.
Finally, compound L' was obtained, after purifi-
cation, in 62% yield. The cone conformation was
confirmed by the presence in the "H NMR spectrum

of an AB system at 4.34 and 3.41 ppm (] = 13 Hz),
attributed to the methylenic protons ArCH,Ar.

The synthesis of L* was accomplished using a
three-step procedure. The calixarene derivative 2
was prepared in 42% yield by selective 1,3-O-
alkylation of calix[4]arene with 2 equivalents of
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4-bromobutylacetate in the presence of K,COj; in
refluxing acetone during 5 days. The cone confor-
mation of this compound was revealed by the
presence in the 'H NMR spectrum of an AB system at
428 and 3.38ppm (] =13Hz), attributed to the
methylenic protons ArCH,Ar.

Chloroethoxy-p-toluenesulfonate (2.5 equiv) was
then added in the presence of K,COj in refluxing
acetonitrile during 14 days for the O-alkylation of the
two free phenolic functions of calixarene 2. The
solvent was removed by evaporation under reduced
pressure and the crude product was purified by
chromatography (5iO,, CH,Cl,). 1,3-Dichloroethoxy-
2,4-dioxabutyl acetate calix[4]arene 3 was obtained
in both 1,3-alternate conformation, 3-alt (singlet at
3.81 ppm for the ArCH,Ar; 50% yield), and partial
cone conformation, 3-pc (AB system at 3.98 ppm and
3.12 ppm with | = 13.0Hz and a singlet at 3.71 ppm
for ArCH,Ar; 39% yield).

Cyclization of compound 3-alt was achieved by
addition of 1 equivalent of 3,6-dithia-1,8-dithio-
octane in the presence of KOH in a refluxing mixture
of benzene/DMF during 20 days to give calixarene
L? in 26% yield. The 1,3-alternate conformation of
the final compound was confirmed by 'H NMR,
where a singlet corresponding to the methylenic
protons ArCH,Ar was observed at 3.83 ppm.

Crystal Structure of 3-pc

The conformation of 3-pc was confirmed by the
determination of its crystal structure, shown in
Fig. 2. The two independent, but nearly identical,
molecules A and B are in the partial cone
conformation, one of the rings bearing a CH,CH,Cl
substituent being reversed with respect to the
others. The four methylene carbon atoms linkin
the aromatic rings define a plane within +0.048 A
in both molecules. The dihedral angles between
the aromatic rings and these reference planes are

84.3(2), 33.4(2), 83.5(2) and 88.3(2)° in molecule A
and 84.7(2), 32.6(1), 86.7(2) and 86.5(2)° in molecule
B. In each case, the ring closest to the reference
plane is the one diametrically opposed to the
reversed one and its substituent is directed towards
the inside of the calixarene, whereas the other
substituents are spread outside.

Complexation Studies

Preliminary complexation studies of L* and L* with
the ions Cd**, Hg>" and Pb*" were carried out by
either "H NMR or solvent extraction experiments.

For the 'H NMR studies, CDCl; solutions of L*
and L? were reacted at room temperature with solid
metal picrate salts. The formation of a complex with
ligand L' was evidenced upon addition of
Pb*"(Pic ™), and Cd*"(Pic™),.

Modifications of the chemical shifts (A8) of the
free ligand L in CDCl; in the presence of an excess
of Pb*"(Pic"), were observed. The two doublets of
the aromatic protons (meta position) shifted upfield
from 7.09 and 6.86 ppm to 6.94 and 6.74 ppm and
the triplet of the aromatic protons at 6.70 ppm (para
position) was split into two triplets at 6.59 and
6.54 ppm. The chemical shifts corresponding to the
methylenic protons also shifted upfield. The
doublets attributed to the AB system shifted from
434 and 341ppm to 4.19 and 3.28ppm. The
methylenic protons of the crown shifted from
3.05-2.97ppm to 2.98-2.87ppm. The hydroxyl
protons shifted from 7.53ppm to 5.20ppm. The
integral ratio between the aromatic protons of the
picrate anion (8.75 ppm) and the aromatic protons of
L' might indicate the formation of a binuclear
complex L*2Pb**.

Upon addition of Cd*"(Pic”),, the 'H NMR
spectrum of L' only exhibited a small signal
corresponding to the aromatic protons of the picrate
anion (8.73 ppm) indicating a slight complexation.

07A

0BA

FIGURE 2 View of molecule A in compound 3-pc. Hydrogen atoms are omitted for clarity. Displacement ellipsoids are drawn at the 20%

probability level.



15:13 29 January 2011

Downl oaded At:

224 M. DUTA et al.

No modification of the chemical shifts of the free
ligand L" was observed upon addition of an excess of
Hg2+(Pic7)2 to L.

The formation of a complex with ligand L? was
evidenced upon addition of Cd*"(Pic™), or
Hg”"(Pic"),. The overall spectra showed a coale-
scence effect at 20°C in the presence of the metal.
Moreover, a small singlet corresponding to the
aromatic protons of the picrate anion was noticed at
891 and 9.18ppm when adding Cd*"(Pic™), or
Hg”"(Pic),, respectively. Unlike ligand L', the
addition of an excess of Pb*"(Pic™), to ligand L*
did not lead to any modifications of the chemical
shifts of the free ligand L>.

Solvent extractions of Cd*" and Pb*' from
different sodium nitrate media were carried out at
26°C by magnetically stirring the aqueous phase
containing the metal with a chloroform phase
containing ligand L' or L* for 1h. Metal concen-
trations in both phases were then determined using
atomic emission spectrometry. The results are
presented on Figs. 3 and 4.

For all aqueous phases, ligand L' exhibits a better
extracting power than ligand L? for both cadmium
and lead. The results also indicate a more
pronounced extraction of lead for both ligands
compared with cadmium. L* allows the extraction
of 88% Pb®" initially present in pure water
compared to 66% Cd**. Extractions performed
using L? as ligand led to an extraction of 67%
Pb*" and 54% Cd*".

However, these extracting abilities are drastically
decreased in the presence of sodium nitrate.
Extractions performed from a 0.1 M sodium nitrate
aqueous medium allow the extraction of only 25 and
20% Pb*" and 10 and 4% Cd*" when using ligands
L' and L? respectively. This might be explained by
competitive sodium extraction as 2 X 10 *mol L ™"
Na™ was recovered in the stripping aqueous phase
for experiments performed from a 0.1M sodium
nitrate medium.

100
90 H;0

NaNO, 0.01M

NaNO, 0.1M

% extraction of lead

FIGURE 3 Extraction of Pb?*" (initial concentration: 1x
10~* mol L) using ligands L* (W) and L? (&), 2X 10> mol L™!
in chloroform.

H,0 NaNO, 0 01M NaNO, 0.1M

80 1
70
60 1
50 1

40 1

-

% extraction of cadmium

FIGURE 4 Extraction of Cd*' (initial concentration:
x107° mol L") using ligands L" (M) and L? (), 2X 10> mol L™
in chloroform.

CONCLUSIONS

The synthesis of two novel thiacrowncalix[4]arenes
with four sulfur atoms, one in the cone and the other
in the 1,3-alternate conformation, was achieved.
These compounds allowed a very good extraction of
Pb*" and Cd** from aqueous media, compared to
ligands bearing fewer sulfur atoms [7,8]. The
presence of anchoring arms as well as the confor-
mation change in ligand L* seems to decrease heavy
metal recognition. However, this ligand was still
found to complex Cd*" and Pb*" efficiently. It
should also be noted that the results observed for
lead complexation by either 'H NMR or solvent
extraction experiments evidenced some differences
for ligand L? which might reflect an important role
for water in the complexation.

EXPERIMENTAL

Synthesis

All reagents and solvents were commercial and used
without further purification. Calix[4]arene was
prepared according to the literature [11]. The melting
points were taken on a Biichi 500 apparatus in
capillaries sealed under nitrogen. Chromatography
was performed using SiO, columns with Kieselgel
Merck (art.11567). 'TH NMR measurements were
carried out in CDCl; using a Bruker SY200
instrument (8 in ppm, | in Hz). FAB(+) mass spectra
were recorded using a VG-Analytical ZAB HF
instrument. Elemental analyses were performed at
the Service de Microanalyse of the Institut de Chimie
de Strasbourg.

1,3-Di(chloroethoxy)calix[4]arene (1)

Calix[4]arene (4.25g, 10.0mmol) and potassium
carbonate (1.45g, 10.5mmol) were dissolved in
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acetonitrile (200 mL) at room temperature and stirred
under N, for 1h. Chloroethoxy-p-toluenesulfonate
(4.91g, 21.0mmol) was then added and the mixture
was refluxed for 7 days. After cooling to room
temperature, the solvents were removed under
reduced pressure. The residue was dissolved in
CH,Cl, and acidified with 1N HCL The organic
phase was dried over NaySOy, filtered and evapo-
rated to dryness. The residue was treated with
ethanol to obtain the calixarene derivative 1 as a
white solid.

Yield: 3.60g (65%); mp = 207-208°C; '"H NMR
(200 MHz, CDCly): 7.69 (s, 2H, ArOH), 7.08 (d, 4H,
J =7.5Hz, ArH), 6.92 (d, 4H, ] = 7.5Hz, ArH), 6.79-
6.64 (m,4H, ArH),4.36 (d,4H, ] = 13.0 Hz, ArCH,Ar),
430 (t, 4H, ] = 6.5Hz, OCH,CH,), 4.08 (t, 4H, | =
6.5Hz, OCH,CH,), 3.38 (d, 4H, | = 13.0Hz, ArCH,
Ar). Anal. ] = 6.5Hz, Calcd. for C3,H3004Cl>(%): C,
69.95; H, 5.52. Found: C, 70.01; H, 5.48. Mass spectrum
(FAB +, NAB): m/z = 550.41 [MH™"].

1,3-Dihydroxycalix[4]arene-monothiacrown-6 (LhH

3,6-Dithia-1,8-dithiooctane (0.26g, 1.2mmol) and
potassium hydroxide (0.14g, 2.4mmol) were
refluxed in a mixture of benzene (100mL) and
DMF (50mL) for 10min under a nitrogen atmos-
phere. Compound 1 (0.55g, 1.0mmol) was then
added and the reaction mixture was refluxed for 4 h.
Compound L' was recovered after purification by
chromatography (5iO,, CH,Cl,) as a white solid.
Yield: 0.43g (62%); mp = 167-168°C; 'H NMR
(200MHz, CDCly): 7.53 (s, 2H, ArOH), 7.09 (d, 4H,
] =7.5Hz, ArH), 6.86 (d, 4H, | = 7.5Hz, ArH), 6.70
(t, 4H, | = 7.0Hz, ArH), 434 (d, 4H, | = 13.0Hz,
ArCH,Ar), 417 (t, 4H, ] = 6.5Hz, OCH,CH,SCH,
CH,), 3.41 (d, 4H, ] = 13.0Hz, ArCH,Ar), 3.21 (t, 4H,
J = 6.5Hz, OCH,CH,SCH,CH,), 3.05-2.97 (m, 8H,
OCH,CH,SCH,CH,SCH,), 291 (s, 4H, OCH,CH,
SCHZCHQSCHz) Anal. Calcd. for C38H4204S4((70)5 C,
66.05, H, 6.13. Found: C, 66.10; H, 6.16. Mass
spectrum (FAB + , NAB): m/z = 691.1 [MH'].

1,3-Di(4-oxabutylacetate)calix[4]arene (2)

Calix[4]arene (8.49g, 20.0mmol) and potassium
carbonate (2.90g, 21.0mmol) were dissolved in
acetone (700mL) and stirred for 1h at room
temperature under a nitrogen atmosphere. 4-Bromo-
butylacetate (7.80 g, 40.0 mmol) was then added and
the reaction mixture was refluxed for 5 days. After
cooling to room temperature, the solvents were
removed under reduced pressure. The residue was
dissolved in CH,Cl, and acidified with 1N HCI. The
organic phase was dried over NaySOy, filtered and
evaporated to dryness. After purification by chro-
matography (SiO,, CH,Cl,), the calixarene derivative
2 was obtained as a white solid.

Yield: 5.50g (42%); mp = 121-122°C; 'H NMR
(200MHz, CDCl3, 8 in ppm): 8.02 (s, 2H, ArOH), 7.07
(d, 4H, ] =7.5Hz, ArH), 691 (d, 4H, ] = 7.5Hz,
ArH), 6.78-6.62 (m, 4H, ArH), 428 (d, 4H, | =
13.0Hz, ArCH,Ar), 4.25 (s br, 4H, CH,OCOCH3;),
4.04 (s br, 4H, OCH,CH,), 3.38 (d, 4H, ] = 13.0 Hz,
ArCH,Ar), 2.11-2.09 (m, 8H, OCH,CH,CH,), 2.09 (s,
6H, OCOCHS3;). Anal. Calcd. for CyoHz405(%): C,
73.60; H, 6.79. Found: C, 73.57; H, 6.86. Mass
spectrum (FAB + , NAB): m/z = 653.3 [MH™].

1,3-Di(4-oxabutylacetate)-2,
4-di(chloroethoxy)calix[4]arene (3)

Calixarene derivative 2 (2.60g, 4.0mmol) and
potassium carbonate (5.53g, 40.0mmol) were
dissolved in acetonitrile (400mL) and stirred at
room temperature for 1h. Chloroethoxy-p-toluene-
sulfonate (2.34g, 10.0mmol) was then added and
the reaction mixture was refluxed for 14 days.
After evaporation of acetonitrile to dryness, the
residue was dissolved in CH,Cl, and acidified
with TN HCI. The organic phase was dried over
NaSO,, filtered and concentrated. After purifi-
cation by chromatography (S5iO,, CH,Cl,), calixar-
ene derivatives 3-alt and 3-pc were recovered as
white solids.

ANALYTICAL DATA FOR COMPOUND 3-ALT

Yield: 1.55g (50%); mp = 123-124°C. 'H NMR
(200 MHz, CDCl3): 7.08-7.00 (m, 8H, ArH), 6.79-6.64
(m, 4H, ArH), 3.99 (t, 4H, | = 6.5 Hz, CH,OCOCH3;),
3.81 (s, 8H, ArCH,Ar), 3.59 (t, 4H, ] =6.5Hz,
ArOCH,), 348 (t, 4H, | =6.5Hz, ArOCH,), 291
(t,4H, ] = 6.5Hz, OCH,CH,), 2.08 (s, 6H, OCOCHs;),
1.42-1.27 (m, 8H, OCH,CH,CH,). Anal. Calcd. for
C44H5008C12(0/0)2 C, 6795, H, 6.48. Found: C, 6814, H,
6.43. Mass spectrum (FAB +, NAB): m/z =776.1
[MH"].

ANALYTICAL DATA FOR COMPOUND 3-PC

Yield: 1.20g (39%); mp =90-91°C. 'H NMR
(200 MHz, CDCly): 7.26-6.93 (m, 8H, ArH), 6.50 (t,
2H, ] = 7.0Hz, ArH), 6.36—6.31 (m, 2H, ArH), 4.18 (t,
4H, ] = 7.0Hz, CH,OCOCH3;), 4.07 (t,2H, ] = 7.0Hz,
CH,CH)CIl), 398 (d, 2H, | =13.0Hz, ArCH,Ar),
3.87-3.75 (m, 4H, ArOCH,), 3.71 (s, 4H, ArCH,Ar),
3.68-3.55 (m, 4H, CH,CH,Cl and CH,CH,Cl), 3.25-
3.19 (m, 2H, CH,CH,Cl), 3.12 (d, 2H, | =13.0Hz,
ArCH,Ar), 2.09 (s, 6H, OCOCH3), 1.99-1.86 (m, 8H,
OCHQCHz(:Hz) Anal. Calcd. for C44H5008C12(0/0)Z
C, 67.95; H, 6.48. Found: C, 68.14; H, 6.43. Mass
spectrum (FAB +, NAB): m/z = 776.1 [MH'].

1,3-Di(4-oxabutylacetate)calix[4]
arene-monothiacrown-6 (L?)

3,6-Dithia-1,8-dithiooctane (0.26g, 1.0mmol) and
potassium hydroxide (0.12g, 2.1mmol) were
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refluxed in a mixture of benzene (100 mL) and DMF
(50mL) for 10min under a nitrogen atmosphere.
Compound 3 (0.78 g, 1.0 mmol) was then added and
the reaction mixture was refluxed for 20 days. After
cooling to room temperature, the solvents were
removed under reduced pressure. The residue was
dissolved in CH,Cl, and acidified with 1 N HCI. The
organic phase was dried over Na,SO,, filtered and
evaporated to dryness. Compound L* was recovered
after purification by chromatography (SiO,, CH,Cl,)
as a white solid.

Yield: 0.23g (26%); mp =89-90°C. 'H NMR
(200MHz, CDCls): 7.21-7.02 (m, 8H, ArH), 6.99—
6.78 (m, 4H, ArH), 391 (t, 4H, J=6.5Hz, CH,
OCOCHg), 3.83 (s, 8H, ArCH,Ar), 3.53-3.39 (m, 8H,
ArOCH,CH, and ArOCH,CH,S), 2.87 (s, 4H, SCH,
CH,S), 2.86-2.70 (m, 12H, CH,SCH,CH,S), 2.07 (s,
6H, OCOCH3), 1.32-1.21 (m, 8H, CHchchz)
Anal. Caled. for Cs0HeOgS4(%): C, 65.33; H, 6.80.
Found: C, 65.27; H, 6.91. Mass spectrum (FAB +,
NAB): m/z =919.2 [MH™].

Crystal Structure of Compound 3-pc

CRysTAL DATA FOR 3-PC

CuaH46Cl,0g, M =773.71, triclinic, space group
Pi, a=15.661(2), b=17.087(2), c=17.4192)A,
a=107.673(8), B=97.630(8), y=111.601(8)°, V =
3969(1)A%, Z=4, D.=1295gcm™3, pu=0.217
mm ™!, F(000) = 1632. R; = 0.100, wR, = 0.228, S =
0.992 for 13 793 independent reflections (Rint =
0.099) and 993 parameters.

Data were collected at 1002) K on a Nonius
Kappa CCD area detector diffractometer using
graphite-monochromated Mo Ka radiation (A=
0.71073 A) and processed with DENZO-SMN [12].
The structure was solved by direct methods and
refined by full-matrix least-squares on F? with
SHELXTL [13]. One chlorine atom in each of the two
independent molecules was found to be disordered
over two positions that were refined with occupancy
factors constrained to sum to unity. All non-
hydrogen atoms were refined with anisotropic
displacement parameters. Hydrogen atoms were
introduced at calculated positions (except in the
disordered parts) and were treated as riding atoms,
with an isotropic displacement parameter equal to
1.2 (CH, CH,) or 1.5 (CHj;) times that of the parent
atom. Crystal data have been deposited with the
Cambridge Crystallographic Data Centre (CCDC
reference number 249648).

'H NMR EXPERIMENTS

Picrate salts were prepared according to the
procedure described in the literature [14, 15]. L' or
L? (0.016 g) in CDCl; solution (0.5 mL) was reacted
with an excess of Cd*", Hg** or Pb*" picrate salts for
24 h at room temperature. 'H NMR spectra were then
recorded.

Solvent Extraction Experiments

Five mL of either a 10-100 mM sodium nitrate or a
pure water aqueous phase containing Cd(NOj3),-4
H,O or Pb(NOs3), (1X10 5molL™") and 5mL of a
water-saturated chloroform phase containing L' or
L?(2% 107% mol L) were magnetically stirred for 1h
at 26.0 £ 0.2°C. Before and after extraction, the pH of
the aqueous phase was measured using a Jenco
Electronics Ltd pH meter and a combined Ag/AgCl
electrode. Both phases were separated and aliquots
were analyzed by atomic emission spectrometry
(ICP/AES JY38) at A = 228.8, 220.3 and 589.6 nm for
Cd**, Pb*" and Na™, respectively. Prior to the
analysis, the metal contained in the organic phase
was stripped with a 0.1 M HNOj solution.
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