J. CHEM. SOC., CHEM. COMMUN., 1983

995

Novel Carrier Molecules for ‘Up-hill’ Transport of Metal Picrates
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N—N Ylides have been synthesised for novel use as carrier molecules to transport metal picrates and organic
anions through a liquid membrane; potassium picrate was successfully transported against its concentration

gradient.

Metal ion transport across membranes is important in bio-
logy and is of great current interest.! Several functional
carriers such as cyclic multidentate ligands or ionophores have
been synthesised so as to mimic artificially the biological
carriers.2—%

We report on an ‘up-hill’ transport system consisting of a
liquid membrane containing an ylide as a novel carrier mole-
cule. The ylides used here are carbonyl-stabilized aminim-
ides, the electronic structures of which have been studied by
X-ray photoelectron spectroscopy.®? The oxygen atom of
the carbonyl group is conjugated to the anionic nitrogen in the
aminimide and can bind to metal ions. The anionic nitrogen
in the aminimides can also form a salt with HCI and so their
electronic structures are affected by the concentration of pro-
tons in solution. We have been interested, then, in the
aminimides as novel pH dependent carriers of metal ions and
to compare the efficiency of such transport with that by the
electrostatic ficld of the oxygen atoms of, for instance, crown
ethers.

The aminimides could also be used as carriers for organic
anions in that they possess a quaternary nitrogen atom,

The aminimides (1) and (2) were synthesized from the
corresponding hydrazonium salts. It is very important for
the aminimide to have a long hydrocarbon chain as the con-
comitant insolubility in the aqueous phase protects the liquid
membrane system from degradation. The structures of (1)
and (2) were assigned from their i.r., n.m.r., and mass spectra
and elemental analyses. For example, the v(C=0) of (1) and
(2) are 100 cm™! lower than those of the corresponding
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hydrazonium salts and downfield shifts were observed for the
methyl hydrogen atoms of the aminimides from those of the
hydrazine derivatives in their respective *H n.m.r. spectra.
The pKs values of the aminimides are 4.0—5.0, though the
exact values can not be ascertained owing to the insolubility
of (1) and (2) in water.

Participation of the carbonyl oxygens of the aminimides in
the complexation of KCIO, was shown by 'H n.m.r. and
Fourier transform (F.t.) i.r. spectroscopy. The addition of
KClO, to [2H,lmethanol solutions of the aminimide caused
significant changes in the chemical shifts of the methyl groups
attached to the quaternary nitrogen [AS(Me,N+) = 0.10
p.p.m.]. Furthermore, the carbonyl absorption in the F.t.-i.r.
spectrum was broadened by the addition of KCIO, to a
methanol solution of the aminimide. The extraction of
potassium ion by the aminimides was examined using the
equilibrium of potassium picrate between an aqueous phase
and a chloroform phase. Assuming that the complexation
between metal picrate and aminimide was 1 : 1, the ion extrac-
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Table 1. Details of the transport of potassium picrate by (2).2
Ratio (%) of K+ picrate in each phase
Time Source Organic Receiving
(pH 7.20)
1 day 77.0 9.0 14.0
2 days 67.0 8.0 25.0
3 days 58.0 6.0 36.0
(pH 8.05)
1 day 89.0 5.0 6.0
2 days 85.0 4.0 11.0
3 days 80-0 3.0 17.0

2 The organic phase contained (2) (1 x 10-% M) and the source
phase contained K+ picrate (1 x 10-* M) and KCI (1 x 1071 m).
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Figure 1. The change in concentration (by change in u.v.
absorption) of K+ picrate (initially 1 x 10~* M) in the two aqueous
phases with time (Amax = 352 nm, log ¢ = 4.11). Absorption of
K+ picrate at initial concentration ——-— ; for outer aqueous
phase (pH 8.05) with time ; for inner aqueous phase (pH
7.20) with time - ———; (A),(A’): after 1 day; (B),(B’): after 2
days; (O),(C): after 3 days; (D),(D’): after 7 days.

tion constants of (2) at pH 7.20 and 8.05 were 637 and 313,
respectively.

The metal ion transport of (2) was studied using a double
cylindrical glass cell open at one end. A chloroform solution
containing (2) (1 x 1073 M) was placed at the base of the cell.
A Tris buffer solution containing the metal picrate (1 x 10~¢
M) and the metal chloride (1 x 107! M) was added carefully to
the chloroform solution in the outer cylinder. A Tris buffer
solution was placed in the inner cylinder and the organic
phase was stirred magnetically at room temperature. Metal
ion transport was examined by observing changes in the u.v.
absorptions of the metal picrate. Results from atomic
absorption analyses showed smaller amounts of transported
cation than by u.v. methods. However, it is not clear
whether the potassium picrate was carried as the picric acid
or the values from atomic absorption analyses contain an
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error. The efficiency of transport by (1) is lower than that by
(2)t and that of (2) with potassium picrate is shown in Table 1.
This indicates that the ratio of potassium picrate in the organic
phase to that in the aqueous phase is small. As the order of
increasing transport efficiency foliows that of the extraction
constant, the ion uptake may be rate-determining. Con-
versely, it was found for 18-crown-6 that the ion release was
rate-determining and that the concentration of potassium
picrate in the organic phase was much higher.®

The most striking property of (2) as a carrier is the pH
dependent transport of the metal picrate. The large differ-
ence between the efficiency of transport at pH 7.20 and that
at pH 8.05 suggests an ‘up-hill’ transport of potassium
picrate. To test this, a double cylindrical cell was set up with
an inner aqueous phase of a Tris buffer solution (pH 7.20)
and an outer phase of a Tris buffer solution (pH 8.05) both
with the same concentration of potassium picrate (1 x 10~4m).
When 18-crown-6 was used as the carrier in this system, the
concentrations of the two aqueous phases decreased together
and no difference in concentration was observed. The
potassium picrate passed from the two aqueous phases to
the organic phase. With (2) as carrier, the concentration of
the pH 8.05 solution increased with time, but that of the pH
7.20 solution decreased as shown in Figure 1. This indicates
that the potassium picrate is transported against its concen-
tration gradient by (2). One probable reason for this be-
haviour of (2) is the degree of interaction between the quatern-
ary nitrogen and the anionic oxygen of potassium picrate.
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+ After 3 days at pH 7.20 and 8.05 the transport ratios of K*
(Ca**) picrate with (2) were 36.0 and 17.0% (27.0 and 16.0%)
respectively [transport ratio = (concentration of transported
metal picrate)/(initial concentration of metal picrate)].





