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Nine acyclic polyethers incorporating oxygen, nitrogen
and/or sulfur atoms were synthesized, which possess two
heterocyclic groups at both ends of an ether chain, and metal ion
extractabilities of these compounds were estimated using 1,2-
dichloroethane - HoO system. On the solvent extraction of some
transition metal ions as the nitrates, Agt, Cut and Hg?t were
more effectively extracted with most of the reagents than the
other metal jons. Addition of picrate ion into the aqueous phase
of AgNO:s increased Ag* extractability remarkably.

Some complexation studies of acyclic polyether, which
contains the same kind of hetero-atoms such as oxygen, sulfur
and nitrogen atoms, with metal ions have been investigated.
Acyclic polyethers incorporating only oxygen atom which is
known as a hard donor atom have complexability with alkali
metal and alkaline earth metal ions.>*>  On the other hand,
complexabilities with transition metal ions were presented for
acyclic polythiocthcrs3'5 and polyaminesﬁ’7 which contain softer
donor atoms. Complexes of acyclic polyethers containing mixed
heteroatoms with metal ions, however, have not been reported so
much812  Especially, mixed-donor acyclic polyethers
incorporating sulfur and nitrogen atoms have been rarely
presented while analogous cyclic polyethers have been vigorously
investigated by Lindoy and co-workers.!3-14

We previously reported Ag? selective extraction using novel
acyclic monoazapolythioether hydrazones.!>  In this paper,
extraction behaviors of nine acyclic polyethers incorporating
oxygen, nitrogen and/or sulfur atoms toward transition metal ions
are described. ,

The reactions of 3-phenyl-1,5-bis(p-toluenesulfonyloxy)-3-
azapentane with oxine or thiooxine in the presence of sodium
cthoxide in refluxing ethanol afforded 1a and 1b, respectively.
2a and 2b, and 3a and 3 b were synthesized by the reactions of
1,5-dichloro-3-oxapentane with oxine or thiooxine, and of 1,5-
dibromopentane with oxine or thiooxine, respectively, in a similar
manner as noted above. The reaction of 2-chloromethylpyridine
hydrochloride with the appropriate diol derivatives in the presence
of NaH in refluxing 1,4-dioxane yiclded 1¢, 2cand3¢c. These
compounds were purified with alumina or silica-gel column
chromatography, vacuum distillation and/or recrystallization
techniques and were identified by the elemental analysis, 1H-
NMR and mass spectroscopic methods.
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In a 50 ml stoppered centrifuge tube were placed 1,2-
dichloroethane solution of ligand and aqueous solution which
contained metal nitrate except for Cut and which was kept at pH
6.0 by MES-KOH buffer solution except for Agt of which
extraction was carried out at pH 9.0, being adjusted by CHES-
tetramethylammonium hydroxide (TMAOH) buffer solution. On
the extraction of Cut, hydroxylamine sulfate was further added
into the aqueous solution containing Cu(NO3)2 to reduce Cu?* to
Cut. In order to estimate the effect of picrate ion on a Ag*
extraction from an aqueous into an organic phase, picric acid was
added into the aqueous phase containing AgNO3. The mixture
of the organic and the aqueous solutions was shaken for 1 h at
25.0+0.2 °C. The concentration of metal ion extracted into the
organic phase was evaluated by that of metal ion remaining in the
aqueous phase determined with atomic absorption spectropho-
tometry or ICP-AES for Hg?+, TI* and PB?t. The distribution
of any ligand into the aqueous phase was rarely observed.

Percent extractions of transition metal ions as nitrates with the
ligands are summarized in Table 1. It is shown that Cut, Agt
and Hg?*, being classified into soft metal ion, were extracted by
all of the ligands from the aqueous into the organic phase. These
extraction behaviors of the ligands would be dependent on the
complexabilities of the ligands with metal ions. Nitrogen atom
of the terminal quinolyl and pyridyl groups are known to have
high affinitiy for some transition metal ions. For 3-phenyl-3-aza-
pentane derivatives, 1 b exhibited higher extractability toward
these metal ions than 1a and 1 ¢ which had similar extractabilities
each other. The ligands, 1b, 2b and 3 b, incorporating sulfur
atom which is classified into soft donor atom extracted these
metal ions more effectively than the other ligands. Such a high
extractability toward Cut is attributed to the high affinity of
sulfur atom for class b metal ion; being well-known for cyclic-
and acyclic-polythioethers as well.* 1b and 3 b exhibited extract-
abilities toward Pb?*, and only 1b showed a little extractability
toward Cu2*. Among the ligands incorporating sulfur atom,2b
extracted Cut most effectively and 1b and 3 b exhibited similar
extractabilities each other.

Determination of extraction constants (Kex) of AgNO; with
the ligands were carried out by keeping AgNO3 concentration
constant and changing the ligand concentration. The value of
the extraction constant was obtained graphically from the plots of
logD/[NO3"] vs. log[ligand], according to the following equation:
logD/[NO37] = logKex + mlog[ligand]o, where D, Kex, and m
mean distribution constant of Agt, extraction constant and the
number of ligand bonded to a Ag*, respectively. The subscript
"o" denotes an organic phase. For all of the ligands, straight
lines with a slope of unity, m = 1, were obtained, meaning
extractions of 1:1 complex of Ag* and ligand from the aqueous
into the organic phase. The extraction constants are summarized
in Table 2. Thioether derivatives exhibited higher Agt
extractability, which decreased in the order2b = 1b > 3b, than
the other kinds of ligands, as mentioned above.*!51¢ On the
comparison of Agt extractabilities among the ligands bearing the
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Table 1. Extraction (%) of metal nitrates with some ligands?
Ligand Extraction (%)

Mn?* Co?* Ni* Cu* Cu?* Zn>* Ag® Hg>* TI* Pb*

1a 1 0O 0 8 0 O 1 7 0 O

1b 0 0 1 43 7 0 34 21 0 12
1c 0 0 1 4 0 O 6 5 0 0
2a 1 0 1 5 0 0 4 0 0
2b 1 0 1 52 0 0 54 14 0 O
2¢ 0 0 1 6 0 0 5 5 0 0
3a 1 0 1 2 0 1 4 0 O
3b 0 0 2 42 1 0 6 12 0 7
3c 0 0 1 5 0 0 2 3 0 0

aExtraction conditions: organic phase: [ligand] = 7.0 x 105 M, 5
ml; aqueous phase [metal nitrate] = 7.0 x 10° M, pH 6.0, 5 ml.
The errors were less than +3%.  PExtraction conditions: organic
phase: [ligand] = 1.0 x 10* M, 5 ml; aqueous phase [Agt] =
1.0 x 10* M, [TMAOH] = 1.0x 103 M, pH 9.0, 5 ml. The
errors were less than +4%.

Table 2. Extraction constants (Kex) of ligands toward silver
__nitrate? and picrate?

Ligand Extraction constant Extraction constant

of AgNO3 (logKex) of AgPic® (1ogKex)
1a 5.5+0.2 8.4x0.2
1b 6.7+0.1 8.8+0.1
1c 5.7+0.1 8.1+0.1
2a 5.5+0.1 8.3+0.2
2b 7.10.1 9.2+0.1
2¢ 5.7+0.2 8.3+0.2
3a 5.10.1 7.8+0.2
3b 5.8+0.2 8.2+0.2
3c 5.2+0.1 7.6+0.1

2Extraction conditions: organic phase: [Ligand] = 1.0 x 10* —
3.0 x 103 M ; aqueous phase: [AgNO3] = 1.0 x 10 M,
[TMAOH] = 1.0 x 10-3 M, pH 9.0.  PExtraction conditions:
organic phase: [Ligand] = 1.0x 1075 - 1.8 x 10™* M ; aqueous
phase: [AgNO3] = 1.0 x 10-* M, [picric acid] = 2.0 x 10 M,
pH 9.0. ©AgPic is silver picrate.

same terminal units, the tendency of 1a, 2a > 3a, which carry 8-
quinolyloxy moiety, is similar to that of 1¢, 2¢ > 3 ¢ which have
2-pyridylmethoxy moiety instead of 8-quinolyloxy moiety as the
terminal unit. It is obvious from these results that nitrogen and
oxygen atoms on the bridge chains relate to the coordination to
the silver ion.

On the addition of picrate ion into the aqueous phase, the

Chemistry Letters 1995

extraction constants were also determined in a similar manner as
described above, and were furthermore determined by keeping
ligand concentration constant and changing picrate ion
concentration according to the following equation: logD/[ligand]o
= logK¢x + nlog[picrate ion], where n is the number of picrate
ion extracted with a complex ion of a ligand and Agt. The plots
of logD/[ligand] v s. log[picrate ion] also gave a straight line with
aslope of 1, that is n = 1, for all of the ligands. These results
demonstrate the extraction of 1:1:1 complexes of Agt, ligand and
picrate ion into the organic phase. The addition of picrate ion into
the aqueous phase increased extractability of Agt as shown in
Table 2. Such an enhancement of the Agt extraction is because
the distribution of an ion-pair of Ag*-ligand complex ion and
counter anion into the organic phase is increased due to much
higher lipophilicity of picrate ion than that of nitrate ion.!?
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