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Abstract

A new (E, E)-dioxime cobalt(III) complex [Co(HL)2pyCl] containing four 23-membered macrocyclic ionophores has been
prepared. The cobalt(III) complex [Co(LBF2)2pyCl] bridged with BF+

2 was prepared using the precursor cobalt(III) com-
plex and boron trifluoride ethyl ether complex. The solvent extraction of heavy metal cations such as Ni2+, Cu2+, Zn2+,
Hg2+ and Pb2+ by the BF+

2 -capped cobalt(III) complex has been investigated. The structure of the complexes is proposed
according to elemental analyses, 1H and 13C-NMR, IR and mass spectral data.

Introduction

Macrocyclic compounds have been of considerable interest
in recent years because of their ability to form remarkable
stable and selective complexes with a number of metal ions
and their extraordinary solubility in some solvents such as
chloroform and dichloromethane [1]. In designing synthetic
ionophores, the presence of amide groups in their peri-
phery is advantageous due to their dual ligating character.
Metal complexes of ionophores can be considered to be in
host–guest interactions in which the guest entity is shape
entrapped in a cavity-like structure. In these complexes,
interaction between host and guest is mainly achieved by
hydrogen bonding and dipole-induced forces. Different mac-
rocyclic compounds have been employed as ionophores in
sensors for the determination of different metal ions such as
alkali, alkaline earth and transition metal cations [2].

Metal complexes of vicinal dioxime ligands containing
a number of synthetic mono and polymacrocycles of vary-
ing sizes with nitrogen, sulphur and oxygen as donor atom
have been extensively investigated [3]. Recently, we have
been exploring a group of macrocyclic dioximato complexes
in which the original hydrogen-bridging protons of the
bis(oximato) complexes have been replaced by BF+

2 groups
[4]. This substitution has markedly enhanced the solubility
in common organic solvents such as acetonitrile chloroform
and dichloromethane by removing the labile acidic protons
from the H-bonded complexes. The vic-dioxime Co(III)
complex containing synthetic ionophore is expected to have
significant properties due to the ionophore which can be
characterized as receptors that form stable, lipophilic com-
plexes with charged hydrophilic species for metal cations
and transporting them into lipophilic phases [5].
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In this study, the extraction of some heavy metal cations
from aqueous solution into organic media using the BF+

2
bridged bis(dioximato) cobalt(III) complex containing tet-
rakis (benzo diaza-23-crown-7) moieties has been investig-
ated.

Experimental

1H and 13C NMR spectra were recorded at ambient tem-
perature on a Varian Mercury-200 spectrometer using
DMSO-d6 as solvent with TMS as the internal stand-
ard. IR spectra were obtained on a Perkin-Elmer 1600
FT-IR spectrometer with the samples in compressed
KBr discs. The metal contents of the complexes and
elemental analyses were determined on a Unicam 929
AA spectrometer and on a Hewlett-Packard 185CHN
analyzer, respectively. Mass spectra of the complexes
were measured on a Varian MAT 711 spectrometer.
N,N′-Bis[2,3-(4′-aminobenzo)-1,4,11,14,17-pentaoxa-6,22-
dioxo-7,21-diazacyclotricosane-2-ene]diaminoglyoxime
(H2L) was synthesized according to the reported method
[5]. All the reagents used were of reagent grade and purified
by conventional procedures [6].

Preparation of the cobalt(III) complex [Co(HL)2pyCl] (1)

A solution of CoCl2·6H20 (0.24 g, 1 mmol) in absolute eth-
anol (40 mL) was added to a hot solution of H2L (1.87 g,
2 mmol) in absolute ethanol (100 mL). Pyridine (0.079 g,
1 mmol) in absolute ethanol (2 mL) was added to the above
solution while heating. The reaction mixture was heated and
stirred for 45 minutes at 60 ◦C then cooled to room temper-
ature and a stream of air was bubbled through the solution
for 4 h. The brown solution was evaporated to 30 mL under
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reduced pressure and then cooled in a refrigerator overnight
whereupon the product crystallized from the solution. The
brown solid was collected, washed with cold ethanol and
diethyl ether and then dried in vacuo. Yield: 1.5 g (74.5%),
m.p. 265–267 ◦C (dec.). 1H-NMR (DMSO-d6): (6) 16.82
(s, 2H, O—H· · ·O), 8.84 (s, 4H, NH), 8.28 (s, 8H, NH),
7.88 (d, J = 5.4 Hz, 2H, py-H), 7.52 (t, J = 7.6 Hz, 1H,
py-H), 7.06 (m, 4H, Ar—H), 6.87–6.69 (m, 9H, Ar—H, py-
H), 4.43 (m, 16H, Ar—OCH2), 3.76–3.54 (m, 48H, CH2O),
3.28 (m, 16H, HNCH2), 1.75 (m, 16H, CH2). 13C-NMR
(DMSO-d6): (δ) 164.02, 149.16, 148.44, 146.93, 144.88,
140.41, 134.78, 124.03, 121.17, 108.32, 103.19, 70.47–
69.09, 68.25, 37.83, 31.27. IR (KBr pellets, cm−1): 3376
(N—H), 3067 (Ar—H), 2922–2834 (C—H), 1705 (O—
H· · ·O), 1670 (HNC=O), 1618 (C=N), 1603 (N—H), 1254
(Ar—OCH2), 1158 (CH2OCH2), 974 (N—O), MS(FAB):
m/z = 2038.2 [M]+, 1959 [M-py]+.

Anal. Calcd. for C89H127N17O32ClCo: C, 52.36; H,
6.22; N, 11.67; Co, 2.88. Found: C, 52.54; H, 6.40; N, 11.43;
Co, 2.58.

Preparation of BF+
2 -capped cobalt(III) complex

[Co(LBF2)2pyCl] (2)

A suspension of complex (1) (1.43 g, 0.70 mmol) in 80 mL
of freshly distilled acetonitrile was refluxed in an oxygen-
free nitrogen atmosphere. The boron-trifluoride ethyl ether-
ate (0.35 mL, 2.8 mmol) was added with stirring of the above
suspension which immediately converted the colour of the
reaction mixture to a red solution. The reaction was allowed
to stand at reflux temperature for 20 mm. Then the solvent
was removed under vacuum and the residue was dissolved
in 40 mL of dry acetonitrile and then evaporated to dryness.
The last step was repeated and the residue was dissolved
in 25 mL of dry acetonitrile and then allowed to cool in
a refrigerator at −18 ◦C overnight whereupon the product
was crystallized from the solution. The product was filtered
off, washed with cold acetonitrile and diethyl ether and then
dried in vacuo. Yield: 0.63 g (42.3%), m.p. 198–200 ◦C. 1H-
NMR (DMSO-d6): (δ) 8.75 (s, 4H, NH), 8.17 (s, 8H, NH),
7.96 (d, J = 5.4 Hz, 2H, py-H), 7.59 (t, J = 7.4 Hz, 1H, py-H),
7.15 (m, 4H, Ar, H), 6.82– 6.70 (m, 9H, Ar—H, py-H), 4.53
(m, 16H, Ar—OCH2), 3.71–3.54 (m, 48H, CH2O), 3.33 (m,
16H, HNCH2), 1.86 (m, 16H, CH2). 13C-NMR (DMSO-d6):
(δ) 164.29, 149.33, 148.40, 147.14, 145.71, 140.27, 135.20,
124.54, 121.35, 108.68, 103.58, 70.52–69.13, 68.45, 38.07,
31.40. IR (KBr pellets, cm−1): 3362 (N—H), 3048 (Ar—
H), 2917–2848 (C—H), 1678 (HNC=O), 1634 (C=N), 1601
(N—H), 1265 (Ar—OCH2), 1158 (CH2OCH2), 1145 (B—
O), 965 (N—O), 889 (B—F). MS (FAB): m/z = 2132 [M]+,
2018 [M-py-Cl]+.

Anal. Calcd. for C89H125N17O32B2F4ClCo: C, 50.02; H,
5.85; N, 11.14; Co, 2.75. Found: C, 49.81; H, 6.01; N, 11.32;
Co, 2.57.

Extraction measurements

The chemicals were of analytical grade and water was ion-
exchanged and bidistilled. The solvents were washed and

Scheme 1.

equilibrated with bidistilled water before use. The extrac-
tion experiments were carried out at 25 ◦C (±0.01 ◦C) with
equal phase volumes in an overhead shaker. The aqueous
phase contained 5 × 10−5 M of metal nitrate in single ion
extraction (Hg2+, Pb2+, Zn2+) or 5 × 10−5 M each of Ni2+
and Cu2+ nitrate, as well as various amounts of HNO3. The
organic phase contained 5 × 10−5 M BF+

2 -capped Co(III)
complex (2) in chloroform. The extraction values (%) were
determined for Hg(II), Pb(II), Zn(II), Ni(II) and Cu(II) ni-
trates with ionophore (2) by using chloroform as an apolar
membrane. The equilibrium pH of the aqueous phase was
measured by using a combination glass electrode (Orion).
Metal analysis was done with an AA Spectrophotometer,
using commercially available standard solutions.

Results and discussion

The starting compound N,N′-bis[2,3-(4′-aminobenzo)-
1,4,11,14,17-pentaoxa-6,22-dioxo-7,21-diazacyclotricosane-
2-ene]diaminoglyoxime (H2L) was obtained by a multistep
reaction sequence [5]. The novel hydrogen-bridged Co(III)
complex of H2L (1) was also prepared using the standard
procedure [7] in high yield (74.5%). Elemental analysis,
NMR, IR and MS spectral data confirmed the Co(III) com-
plex structure. As an axial ligand and being related with
Co(III) complex it was necessary for pyridine to be used Li
in the exact stoichiometry amount because the presence
of excessive base in the reaction mixture was reported
to yield a complex in which one of the linking protons
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had been removed and which contained two axially bound
nitrogen bases [8]. In the 1H-NMR spectrum of 1, the singlet
which indicates the hydroxyimino groups disappeared and
a new resonance appeared at δ = 16.82 ppm, as expec-
ted, belonging to the hydrogen-bridge, which indicated
complexation. This resonance could easily be identified
by deuterium exchange. Upon complexation, additional
signals at δ = 7.88 and 7.52 were caused by the coordin-
ated pyridine molecule. The 13C-NMR spectrum of this
compound is very similar to that of the corresponding free
ligand. Due to the coordination to Co(III) cation, the ligand
resonances were slightly shifted but their numbers were
unchanged. Additional resonances at δ = 149.16, 134.78
and 124.03 ppm due to the presence of the coordinated
pyridine molecule were also present. The usual hydrogen
bridges of the pseudo- macrocyclic octahedral vic-dioxime
complex were characterized by the weak deformation bands
at 1705 cm−1 which indicates O—H· · ·O bending vibra-
tions, in the case of 1. In addition, the C=N stretching
vibrations were at lower wave numbers as expected for
N,N-chelated vic-dioxime complexes [9]. The fast atom
bombardment mass spectrum of this complex showed a
peak at m/z = 2038.2 which confirms the proposed structure,
and another at m/z = 1959 which is attributed to the loss of
axial ligation [M-py]+.

The synthesis of the extraction agent [Co(LBF2)2pyCl]
(2) was accomplished by adding the borontrifluoride ethyl
etherate to a refluxing acetonitrile suspension containing the
H-bonded precursor Co(III) complex and gave a moderate
yield (42.3%). The bridging protons were replaced by BF+

2
groups and pyridine, and chlorine and both of the axial
ligands were retained. In the 1H-NMR spectrum of this com-
plex, the bridging boron groups caused the resonances of the
other groups to shift down field relative to those of complex
(1) [10]. Similar trends were observed in the 13C-NMR spec-
trum as observed in the 1H-NMR spectrum of this complex.
In the IR spectrum of 2, the broad band at 1705 cm−1 due
to O—H· · ·O bending vibrations, disappeared upon encap-
sulation of the hydrogen-bridged complex with BF2 with the
concomitant appearance of peaks at 1158 and 825 cm−1 for
the B—O and B—F vibrations, respectively. The fast atom
bombardment mass spectrum of this compound showed a
peak at m/z = 2132 which is caused by [M]+ and another
peak at m/z = 2018 which is attributed to the loss of pyridine
and chloride [M-py]+ which is in accord with the proposed
formulation.

The extraction of the above-mentioned transition metal
cations could be achieved using only one ionophore which
contains ionophore attached with BF+

2 -capped Co(III) com-
plex due to the extraordinary solubility of this compound in
chloroform medium. The role of the amide group in direct-
ing the binding selectivity of macrocycles towards alkali or
earth alkaline metal cations has stressed the importance of
ionophore studies on azooxa group containing macrocycles
[11]. However, the relations with ionophore and cations
through a nonpolar membrane contain complexation and de-
complexation steps, and extraction is related to these step
properties. In view of the available evidence, most of the
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extractions for d and f elements should be regarded as valid
only for a certain pH range [12]. A description of this was
possible only for a narrow pH range. Experimentally, pH
curves observed by extraction are normally dome-shaped
(Figure 1). The results of the extraction of divalent Pb, Ni,
Hg, Cu and Zn from weakly acidic media, in the pH range
of 2.75 to 4.05, into chloroform were obtained as shown
in Table 1, by using the BF+

2 -capped Co(III) complex as
ionophore. The effect of pH on the determination of metal
cations in aqueous media was investigated spectrophotomet-
rically. For this purpose, the absorbances of the complex
solution containing 5 × 10−5 M cations and ionophore (2)
were measured in a pH range of 0–14 [13]. The pH at
which the highest extractability occurred was determined.
The behaviour of these measured pH degrees showed nonlin-
earity, which is probably due to the extraction mechanism.
The highest extractability among the divalent cations is ob-
served for Pb(II). This can be related to the macrocycle size,
because on increasing the macrocycle size (23 membered
macrocycle), the extraction of metals from aqueous media
to organic phase is significantly higher than for smaller ones
(17-membered one) [14]. In fact, the extraction by com-
pound 2 has a considerable percentage above pH = 3.15
for Pb(II) and above pH = 4.0 for Hg(II). It is seen that
ionophore (2) preferentially extracts the larger cations with
larger ion radii, with a preference for Pb(II) over Hg(II)
[15]. The value related to Hg(II) is lower than expected
for divalent ions and can be explained by the extraction of
hydrolyzed Hg(II) species above pH = 4.05 and the extrac-
tion of nitrate anions at lower pH [16]. This appears to be
a consequence of the greater affinity of Hg(II) for nitro-
gen donors and Pb(II) for oxygen donors as demonstrated
in the literature concerning [2.2.2] cryptands [16]. On the
other hand, Hg(II) (0.11 nm radius), is a “soft” Lewis acid,
Pb(II) (0.12 nm), Ni(II) (0.069 nm), Cu(II) (0.074 nm) and
Zn(II) (0.074 nm) are of intermediate nature according to the
hard and soft acids [17]. It is obvious that, the “hard” poly-
ether moiety prefers “hard” cations and the “softer” amide
group increases the selectivity towards “soft” or intermedi-
ate nature between “soft” and “hard” cations expect Hg(II)
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Table 1. Solvent extraction of divalent metal ions by
compound 2 from aqueous into chloroform media

Cation pH Extraction (%)∗ Radius (nm)

Pb(II) 3.15 72.7 ± 0.9 0.12

Hg(II) 4.05 69.2 ± 1.1 0.11

Ni(II) 2.82 68.1 ± 0.8 0.069

Cu(II) 2.75 70.8 ± 1.2 0.074

Zn(II) 2.80 71.4 ± 0.7 0.074

∗ The extraction values are the means of four independ-
ent extraction experiments.

in this investigated system. Although the ionophore used in
this study contains 0-donor atoms and amide groups, there
is no clear discrimination between the hard or soft nature.
However, the amide nitrogen participates more effectively
in complexation with soft cations [14]. The complex stabil-
ities depend on the nature of the substituents at the nitrogen
donors. If the carbonyl group is a neighbor of the nitrogen
donors, the complex stabilities are lower. Due to the car-
bonyl groups, the electron density at the nitrogen donors is
reduced [18]. Similar extraction values among the cations
can be explained by the cavity size of the macrocycle be-
ing the nondominant factor for extraction in this investigated
system.

However, not only alkali or alkaline earth metal cations
but also some of the other metal ions such as Ag(I), Pb(II),
Cu(II), Tl(I) can form stable complexes with some iono-
phores and dioxocyclam [l9]. The mentioned ionophores
generally show the highest selectivity towards Ag(I) cation
among other cations [20]. As stated above, the extraction
studies done with ligands of complete ionophore charac-
teristic were generally made with alkali and alkaline earth
cations and few transition metal ions. There is no study
in the literature with the ligand and metal cations with the
characteristics in this study. Therefore, the comparison of
the finding will not be significant.

References

1. M.K. Beklemishev, S.G. Dmitrienko and N.V. Isakova: in Y.A. Zo-
lotov (ed.), Macrocyclic Compounds in Analytical Chemistry, Wiley-
Interscience, New York, pp. 63–188 (1997); H.K. Frensdorff: J. Am.
Chem. Soc. 93, 600 (1971); E. Blasius and K.-P. Janzen: Top. Curr.
Chem. 98, 163 (1981); T. Iwachido, A. Sadakane and K. Toei: Bull.
Chem. Soc. Jpn. 51, 629 (1978).

2. L.G. Amstrong and L.F. Lindoy: Inorg. Chem. 14, 1328 (1975); N.A.

Bailey, D.E. Fenton, S.J. Kitchen, T.H. Lilley, M.G. Williams, P.A.
Tasker, A.J. Leong and L.F. Lindoy: J. Chem. Soc., Dalton Trans. 627
(1991); M.K. Beklemishev, A.A. Formanovski, N.M. Kuz’min and
Y.A. Zolotov: Zh. Neorg. Khim. 31, 2617 (1986), C.A. 107, 88660b
(1987); Y.A. Zolotov, V.P. Ionov, V.A. Bodnya, G.A. Larikova, G.E.
Vlasova, E.V. Rybakova, N.V. Niz’eva and D. Bariramova: Zh. Anal.
Khim. 37, 1543 (1982), C.A. 98, 78972m (1983); R.K. Mahajan and
O. Parkash: Talanta 52, 691 (2000); S.R. Shean and L.S. Shih: Analyst
117, 1691 (1992).

3. Y. Gök, S.Z. Yıldız and M. Tüfekçi: J. Coord. Chem. 28, 237 (1992);
Y. Gök, H. Kantekin, H. Alp and M. Özdemir: Z. Anorg. Allg. Chem.
621, 1237 (1995); Y. Gök and S. Karaböcek: Ibid. 621, 654 (1995);
Y. Gök and H. Kantekin: New J. Chem. 19, 461 (1995).

4. A. Bakac and J.H. Espenson: Inorg. Chem. 29, 4537 (1990); A.S.
Abusamleh, P.J. Chmielewski, P.R. Warburton, L. Morales, N.A.
Stephenson and D.H. Busch: J. Coord. Chem. 21, 91 (1991).

5. Y. Gök and Y. Atalay: J. Incl. Phenom. 28, 287 (1997).
6. D.D. Perrin and W.L.R. Armarego: Purification of Laboratory Chem-

icals, Pergamon Press (1989).
7. Y. Gök: Polyhedron 15, 3955 (1996); Y. Gök: New J. Chem. 20, 971

(1996); Y. Gök and H. Kantekin: Acta Chem. Scand. 51, 664 (1997).
8. G.N. Schrauzer: Inorg. Synth. 11, 61 (1968); A.S. Abusamleh, P.J.

Chmielewski, P.R. Warburton, L. Morales, N.A. Stephenson and D.H.
Busch: J. Coord. Chem. 23, 91 (1991); H. Nerron and D.H. Busch: J.
Am. Chem. Soc. 103, 1236 (1981).

9. Y. Gök and H. Kantekin: Chem. Ber. 123, 1470 (1990); Y. Gök and H.
Kantekin: Synth. React. Inorg. Met.-Org. Chem. 20, 1085 (1990); Y.
Gök and Ö. Bekaroglu: Ibid. 11, 621 (1981); C. Lopez, S. Alvarez, X.
Solons and M. Font-Altaba: Inorg. Chem. 25, 2962 (1986).

10. M.L. Bowers and C.L. Hill: Inorg. Chim. Acta. 72, 149 (1983).
11. Y. Nakatsuji, M. Okahara and H. Kobayashi: Chem. Lett. 1571 (1982);

L. Cazaux, C. Picard, T. Pigot and P. Tisnes: Tetrahedron Lett. 32, 919
(1991).

12. C.K. Möller: Acta Chem. Scand, Ser A 33, 11 (1979); M.K. Beklem-
ishev, S.G. Dmitrienko and N.V. Isakova: in Y.A. Zolotov (ed.), Mac-
rocyclic Compounds in Analytical Chemistry, Wiley-Interscience,
New York (1997), pp. 86–88; L.G.A. van de Water, F. ten Hoonte,
W.L. Driessen: J. Reedijk and D.C. Sherrington: Inorg. Chim. Acta
303, 77 (2000).

13. N.V. Deorkar and S.M. Khopkar: Bull. Chem. Soc. Jpn. 64, 1962
(1991); V.M. Loyola, R. Pizer and R.G. Wilkins: J. Am. Chem. Soc.
99, 7185 (1977).

14. S. Kumar, R. Singh and H. Singh: J. Chem. Soc., Perkin Trans. 1,
3049 (1992); J.S. Kim, M.H. Cho, S.C. Lee, J.H. Pong, J.H. Lee and
A. Ohri: Talanta 49, 69 (1999).

15. A. Mason, A. Sheridan, I.O. Sutherland and A. Vincent: J. Chem.
Soc., Chem. Commun. 2627 (1994).

16. J.-M. Lehn and F. Mountavon: Helv. Chim. Acta. 61, 67 (1978).
17. N.T.K. Dung and R. Ludwing: New J. Chem. 23, 603 (1999); J.H.

Huheey: Inorganic Chemistry, Harper International Edition, New
York (1978), pp. 71–74.

18. H.-J. Buschmann and E. Schollmeyer: J. Electroanal. Chem. 484, 83
(2000).

19. E. Kimura: Tetrahedron 48, 6175 (1992); E. Kimura: J. Coord. Chem.,
Sect B. 15, 1 (1986); R. Machida, E. Kimura and M. Kodama: Inorg.
Chem. 22, 2055 (1983).

20. K.E. Koenig, G.M. Lehn, P. Struckler, T. Kaeda and D.J. Cram: J. Am.
Chem. Soc. 101, 3535 (1979); S. Kumar, M.S. Hundal, G. Hundal, N.
Kaur and H. Singh: Tetrahedron 53, 10841 (1997).


