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Abstract: The effect of pressure on extraction of cations has been investigated in a mechanically stirred pressure chamber. By using
the title compound, an effective complexing agent for Ag*, to extract cations at high pressures, albeit up to 0.15 GPa, we demonstrated
an absence of a pressure effect. It was deduced that the efficiency of stirring, sample volume and area of the liquid membrane are more
crucial for effective extraction. We believe this is the first time such a specific study has been reported.

Introduction

The host-guest chemistry of crown ethers has been well summarized in several reviews.!"6 Accounts of recent investigations vary
from basic crown ethers and azacrown ethers’-10 to more diverse crown ethers that incorporate heteroatoms of sulphur,!!-24 or
selenium,25 where Ag* was the predominantly complexed metal ion. High pressure SyAr reactions have proved useful routes for the

synthesis of mono- and diazacrown crown ethers bearing directly linked aromatic heterocycles.!!-14 The well-recognized
bacteriostatic properties of Ag* still occur when the ion is incorporated into a chitosan-crown ether macromolecule.26 The
incorporation of additional ligands such as quinolin-8-methyl side arms exemplify the potential for extension of the chelating ability
of species like diaza-18-crown-6.27 The enantiomeric discrimination afforded by Yb3* chelated with
(+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid is likely to serve as a useful aid in organic chemistry.28 The continued development
of crown ethers as sensors for ions and also as molecular scaffolds for materials and biological models has recently been reviewed.?®
Earlier accounts by our group have recounted high pressure SyAr reactions for the preparation of mono- and diazacrown ethers linked
directly to aromatic heterocycles and their selective binding and transport properties for Ag*.!1-14 In connection with high pressure
mediated functionalization of aza-crown ethers, much interest has been generated in high pressure methodology, since it has been
demonstrated that high pressure is not only useful in effecting cycloadditions, but also in several kinds of ionic reactions.30 However,
only a few applications of high pressure in supramolecular chemistry have been performed hitherto. One of the typical examples is the
incorporation of noble gas atoms into the cavity of buckminster fullerene Cs0 that takes place at 0.25 GPa and 600 °C.3! Since we have
envisaged performing heterogeneous reactions at high pressure, we have developed a high pressure apparatus with a mechanical
stirring unit that, however, can generate a maximum pressure up to 0.3 GPa (Fig. 1). Although it is more desirable to construct a high
pressure instrument with magnetic stirring unit, it was much more difficult to design such an apparatus because a high pressure
instrument is usually made with stainless steel. The serious drawback of the present instrument is the bearing system which limits its
repetitive use to pressures less than 0.15 GPa. To the best of our knowledge, there is no report that describes the effect of pressure on
the extraction properties of some host compounds for metal cations. Conceptually, as shown in Fig. 2, a pressure effect on this process
would be expected since the formation of host-guest would lead to volume contraction, thus being expected to assist extraction unless
solvating or desolvating the hosts and/or guests is under consideration. Therefore we have attempted this present experiment and used
the title compound as host and Ag* as guest cation.
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Result and Discussion
In the previous work, it was demonstrated that the thiazole-armed diaza crown ethers such as the diaza-15-crown-5 1 and the

diaza-18-crown-6 2 specifically coordinated Ag* ion by the cooperative binding of two kinds of nitrogen atoms, whereas they rarely
accommodated alkali and alkaline earth metal cations of similar ion sizes.!! Remarkably, they form quite different types of binuclear
complexes with Ag*.!2 Thus, the thiazole moiety has proved to be a most effective binder for Ag* ion. Indeed, this property has been
employed in the design of a molecular ballbearing.32
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Therefore, we chose the diaza-15-crown-5 1 as a model compound for investigation of a pressure effect on host-guest complex
formation under mechanical stirring of 50 rpm at 0.15 GPa. Among the metal cations Na*, K*, Ag* and Pb2*, the crown 1 selectively
extracted Ag* as shown in Fig. 3. The cation extraction trend was almost exactly parallel to that at 0.1 MPa under magnetic stirring at
50 rpm,!1.14 although the cation extraction was less efficient. On the basis of a simple consideration of the entropy factor as described
above, it was anticipated that extraction of Ag* by 1 would be promoted by applied pressure. However, it was ineffective.

There are the necessary multiple interactions to form host-guest complex.!-# Specifically, the solvent often plays an important role
in these processes by solvating or desolvating the hosts and/or guests. Indeed, most of the reaction volumes, determined for the
complexation of the alkali metal cations from the measurement of the partial volumes of such crown ethers as 15-crown-6,
18-crown-6, dibenzo-18-crown-6, dicyclohexyl-18-crown-6 and the corresponding complexes have proved to be positive and ranged
from +4—+28 cm3 - mol-!, except in the case of dimethylsulfoxide. The results are in agreements with the assumption that the
decrease in volume due to the host-guest association is overcome by the the increase in volume by the desolvation of hosts and guests
during complex formation.33

Initially, we thought our results were also in agreement with the same assumption. To help clarify this aspect, we envisaged a
control experiment in which the same extraction experiment was performed under mechanical stirring at 0.1 MPa. However, the Ag*

ion extraction properties did not vary with applied pressure as shown in Fig. 4.
In conclusion, no pressure effect was observed at 0. 15 GPa. Instead, the mode of stirring (mechanical or magnetic, e.g. efficiency of
stirring), sample volume, and also probably area of liquid membrane seem to be more crucial for the extraction process.
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Figure 4. Control experiments of Ag* extraction properties under mechanical stirring and conventional method!!14; @: 0.15 GPa
under mechanical stirring in high pressure vessel, ll: 0.1 MPa under mechanical stirring in high pressure vessel, &: 0.1 MPa under
conventional method .

Experimental
The high pressure apparatus was designed by us and was constructed by Hikari Koatsu Kiki Co., Ltd, Hiroshima, 733-0012, Japan.
7,13-Bis(2’-thiazoy1)-1,4,10-trioxa-7,13-dizacyclopenta-decane 1 was prepared by the reported method.!!

General procedure for estimating extraction properties for metal cations
A dichloromethane solution of 1 (0.01 M, 20 mL) was added to an aqueous solution of metal perchlorates (0.01 M, 20 mL).
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Immediately after the mixture had been stirred mechanically (50 rpm) at 0.15 GPa (or 0.1 MPa) for 120 min (or appropriate time), the
aqueous phase was separated. The concentrations of metal cations were deduced from concentrations of co-extracted perchlorate
anions which were determined by a perchlorate ion-selective electrode (Orion EA940 Autochemistry System). This estimation
procedure had already been established before by measuring concentrations of metal cations by atomic absorption or flame
spectroscopy (Shimadzu AA-630-12 Atomic Absorption/Flame Emission Spectrometer). Furthermore, calibration was made with an
Orion EA940 System by using 10-2 M, 10-3 M, and 10 M standard solutions of each metal perchrolate. It is a standard procedure

already used by this group. 11.14

Acknowledgements

This work was supported by Shimadzu Science Foundation (for construction of the high pressure instrument used in this work) and
in part by the Ministry of Education, Science, and Culture, and Sports, Japan (Grant No. 18590104). The authors wish to thank Dr.
Robert A. Bulman (Radiation Effects Department, Health Protection Agency-Radiation Protection Division, Cetre for Radiation,
Chemical and Environmental Hazards, Chilton, Didcot OX11 ORQ, UK) for correcting English and his helpful discussions. Finally,
generous and encouraging support from the Chiba Institute of Science (CIS) are greatly acknowledged.

References and Notes
1. J. S. Bradshaw and R. M. lzatt, Acc. Chem. Res. 30, 338 (1997).
2. D.B. Amabilino, J. A. Preece and J. A. Stoddart, 'Macrocycle Synthesis, ' ed. by D. Parker, Oxford University Press, Oxford,

pp71 (1996).

3. H.Ann,J.S.Bradshaw, R. M. Izatt and Z. Yan, Chem. Rev., 94, 939 (1994).

4. G.W.Gokel, Chem. Soc. Rev.,21, 39 (1992).

5. R.M.Izatt, K. Pawlak, J. S. Bradshaw and R. L. Bruening, Chem. Rev., 95, 2529 (1995).

6. J.W.Steed, Coord Chem. Rev., 215, 171 (2001).

7. Y. Nakatsuji, M. Muraoka, M. Wada, H. Morita, A. Masuyama, T. Kida and 1. Ikeda, J. Org. Chem., 62, 6231 (1997).

8. S.L.De Wall, K. Wang, D. R. Berger, S. Watanabe, J. C. Hernandez and G. W. Gokel, J. Org. Chem., 62, 6784 (1997).

9. M. Wen, M. Maekawa, M. Munakata, Y. Suenaga and T. Kuroda-Sowa, Inorgan. Chim. Acta, 338, 111 (2002).

10. V.S.ljeri and A. K. Srivastava, Polyhedron, 22, 569 (2003).

11. K. Matsumoto, H. Minatogawa, M. Munakata, M. Toda, and H. Tsukube, Tetrahedron Lett. 1990, 31, 3923; H. Tsukube, H.
Minatogawa, M. Munakata, M. Toda and K. Matsumoto, J. Org. Chem., 57, 542 (1992).

12. K. Hirotsu, I. Miyahara, T. Higuchi, M. Toda, H. Tsukube and K. Matsumoto, Chem. Lett. 1992, 699; M. Toda, H. Tsukube, M.

Minatogawa, K. Hirotsu, I. Miyahara, T. Higuchi and K. Matsumoto, Supramolecular Chem., 2, 28 (1993).

13. K. Matsumoto, M. Hashimoto, M. Toda and H. Tsukube, J. Chem. Soc. Perkin Trans. 1, 2497 (1995).

14. K. Matsumoto, H. lida, Y. Ikemi, A. Shigeta, M. Toda, N. Hayashi and R. A. Bulman, J. Heterocyclic Chem. 2005, 42, 191.

15. K. Matsumoto, S. Okuno, H. Ida and J. W. Lown, Heterocycles, 40, 521 (1995).

16. K. Matsumoto, M. Nogami, M. Toda, H. Katsura, N. Hayashi and R. Tamura, Heterocyles, 47, 101 (1998).

17. M. Grabamik, I. Goldberg and B. Fuchs, J. Chem. Soc. Perkin Trans. 1, 3123 (1997).

18. T.Nabeshima, T. Aoki and T. Yano, Tetrahedron Lett., 38, 8323 (1997).

19. N.Suy,J.S. Bradshaw, G. Xue, N. K. Dalley, X. X. Zhang, P. B. Savage, K. E. Krakowiak and R. M. Izatt, J. Heterocyclic Chem.,
37,711 (2000).

20. T. Tsuchiya, T., Shimizu and N. Kamigata, J. Am. Chem. Soc., 123, 114 (2001).

21. M. Tanaka, M. Nakamura, T. Ikeda, K. lkeda, H. Ando, Y. Shibutani, S. Yajima and K. Kimura, J. Org. Chem. 2001, 66, 7008.

22. M. Shamsipur, G. Azimi, M. H. Mashhadizadeh and S. S. Madaeni, Analytical Sciences, 17, 491 (2001).

23. K.R.Adam,D. S. Baldwin, L. F. Lindoy, G. V. Meehan, 1. M. Vasilescu and G. Wei, Jnorgan. Chim. Acta, 352, 46 (2003).

24. S.M. Williams, J. S. Brodbelt, Z. Huang, H. Lai and A. P. Marchand, 4nalyst, 128, 1352 (2003).

25. Y.Liu, H.-Y. Zhang, L. X. Chen and X.-W. He, J. Chem. Res. Synop., 216 (2000).

26. Y.Yi, Y. Wang and H. Liu, Carbohydr. Polym. 53, 425 (2003).

27. N. Sy, J. S. Bradshaw, X. X. Zhang, H. Song, P. B. Savage, G. Xue, K. E. Krakowiak and R. M. Izatt, J. Org Chem., 64, 8855
(1999).

28. T.J. Wenzel and J. E. Thurston, J. Org. Chem., 65, 1243 (2000).

29. G. W.Gokel, W. M. Levy and M. E. Weber, Chem. Rev., 104, 2723 (2004).

30. A review for most recent examples: H. Kotsuki and K. Kumamoto, Yuki Gosei Kagaku Kyoukai-shi, 63, 770 (2005).

31. M. Sanders, H. A. Jimenez-Vasquez, R. J. Gross, D. E. Giblin and R. J. Poeda, J. Am. Chem. Soc., 116, 2193 (1994); For a review
of functionalization of fullerene and related compounds by high pressure cycloaddition reactions: S. Eguchi. ‘Chokoatsu Yuki
Gosei’ ed. by K. Matsumoto and T. Ibata, Nakanishiya Shuppan, Kyoto, pp191-211 (1999).

32. S.Hiraoka, K. Hirata and M. Shionoya, Angew. Chem. Int. Ed, 43, 3814 (2004) and previous reports from this group.

33. T. M. Letcher, J. D. Mercer-Chalmers and R. L. Kay, Pure Appl. Chem., 66, 419 (1994).

16



