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Abstracts: 1t was shown that cis-2,4-bis(2,4,6-tri-ters-butylphenyl)-1,2,4-thiadiphosphetane 2,4-
disulfide (1) acts as an excellent Ag*-selective extractant. Two-phase solvent-extraction and
spectral examination with 1H and 31P NMR established that 1 forms a 1:1 complex with Ag+
using the P(=8)-S-P(=S) linkage designed in the rigid four-membered ring.

The metal recognition is achieved by a skillful combination of the "ion-size selectivity” with an
ingenious selection of atoms and a spatial arrangement of those atoms. We recently synthesized cis-2,4-
bis(2,4,6-tri-tert-butylphenyl)- 1,2,4-thiadiphosphetane 2,4-disulfide (1): the X-ray analysis disclosed that 1
has aromatic rings arranged like pincettes and an open space surrounded by three soft S atoms.! This
structural characteristics strongly wempted us to apply 1 as a metal exiractant, particularly that for soft metal
ions. Examination with a two-phase solvent-extraction system has established that as expected, 1 shows the
high affinity as well as the high selectivity toward Ag*.23
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1 X-Ray structure of 1!

Two-phase solvent-extraction was carried out at 25 °C with an aqueous solution (25 ml, [metal salt] =
1.1 x 104 mol dm-3, pH 5.3 with 0.1 mol dm-3 acetate buffer) and a chloroform solution (5 ml, {1} = 5.5 x 104
mol dm-3). The mole ratio of the metal salt in the aqueous phase and 1 in the organic phase is 1:1. After
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shaking for 12 h, the concentration of metal salts in the aqueous phase was analyzed by alomic absorption
spectrogcopy. The extractability (Ex%) was defined as [Ag*lorg / (A8 liowi- The results are summarized in
Table 1. It is scen from Table 1 that 1 has the very high affinity for Ag* and the moderate affinity for Pd2+
and UO»2+ whereas transition metal ions such as Cu2+, Ni2+, and Fe3+ were scarcely extracted. We surveyed
the past literatures on the "metal preference” of analogous extractants. Dialkyl sulfides show the high affinity
for Pd2+4 "Hard" phosphorous oxides show the high affinity for "hard” UO22+.5 On the other hand,
trialkyiphosphine sulfides show the "metal preference™ similar to 1 (i.e., Ag* > Pd2*+ > transition metal ions).6
The results manifest that in 1 the essential functional group used for metal-binding is the P=S group but not
the -S- group. It is now clear that 1 acts as a useful Ag*-selective extractant because of the P=S «se Ag+
interaction.

Table 1. Extraction of transition metal cation by 1.

Metal Salt Ex%
Cu(NO3), trace
Ni(NO3); trace
Fe(NO3)3 trace
Fe(NO3)3 42.1b
AgNO3 86.6
AgNO3 98.4b
PdCl; 8.3
PdCly 14.2b
&l g%cozm 15.2¢

pH = 5.3 with 0.1 mol dm-3 acetate buffer.
Toluene was used as an organic phase.
¢ pH = 5.9 with 0.01 mol dm-3 acetate buffer.
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Fig. 1. Plot of Ex% vs. [Ag*] /[1] in two-phase solvent-
extraction. 1 (5.5 x 104 mol dm-3) was maintained constant.
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Subsequently, we estimated Ag+-extraction properties more in detail. Fig. 1 shows a plot of Ex%
against {Ag*] / [1] (where [1] is maintained constant). The Ex% is almost saturated at [Ag*] / [1] = 1.0,
indicating that the extracted species has 1:1 stoichiometry. However, the plot shows a sigmoidal curve but
not a simple saturation curve. Probably, this peculiar dependence is caused by the aggregation of AgClO4 in
chloroform.

In 31P NMR spectroscopy the dp (46.3 ppm in CgDg at 25 °C in the absence of AgClO4) shifted to
lower magnetic field and was saturated at 62.2 ppm. Fig. 2 shows a plot of Jp against [Ag+] / [1]; the shift
saturation occurs at [Ag*) / {1] = 1.0 and the sigmoidal dependence is again observable at [Ag*] /[1] =0 ~
1.0 region. In IH NMR spectroscopy (in CgDg at 25 °C) the PCH,P methylene protons appear at 4.41 and
477 ppm. To assign the geminal protons we measured NOE with respect to the terz-Bu protons but failed
because of the weak correlation. As shown in Fig. 3, the & at higher magnetic field shifts to higher magnetic
field while the 6y at lower magnetic field shifts to lower magnetic field as the Ag* concentration increases.
The breakpoints are again observed at [Ag+) /[1] = 1.0. According to the X-ray structure of 1,! the distance
between the two S atoms is 4.51 A. Even though taking the van der Waals radius of S (1.80 A), this distance
is a little too long to tweeze Ag* (radius 1.15 A) with the two S atoms. It is reasonable to consider, therefore,
that upon the Ag* binding the two P=S groups are a little expanded and consequently the aromatic ring
pincettes are closed. In this motion one of the two PCH2P protons is shieided and the other deshielded.
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Fig. 2. Plotof 8p vs. [Ag*] /(1] in CgDg at 25 °C. Fig. 3. Plots of 8y for the two PCH2P methylene
protons vs. [Ag*]/ [1] in C¢Dg at 25 °C.

In conclusion, the present paper reveals that the P(=S)-S-P(=S) linkage designed in a rigid four-
membered ring serves as an excelient Ag*-selective extractant forming a 1:1 complex. This is a new and
unique entry for the Ag*-selective metal receptor.
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