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Abstract

Intramolecular assembly of a binding site by Pd(ll) ion complexation with a resorcin[4]arene derivative has
led to a water-soluble resorcin[4]arene receptor. The bowl-shaped cavitan® $tosivs a good binding affinity
to aromatic carboxylates with alkyl moiety of an appropriate length4@® Drhe guest inclusion within the host
cavity was confirmed byH NMR spectroscopy. Hydrophobic and electrostatic interactions turned out to act as
cooperative binding force for a strong complex formation with appropriate anionic guests in water. © 2000 Elsevier
Science Ltd. All rights reserved.
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Hydrophobic binding of aromatic groups is the crucial element for modeling molecular recogni-
tion events in biological systemsWater-soluble cyclophan&$ with large hydrophobic cavities and
cyclodextring are among the major class of receptors capable of effectively mimicking the hydrophobic
effect of biomolecular recognition in aqueous solution. Other approaches to water-soluble receptors
use a bowl-shaped molecular scaffold such as the calix[4]arenes and resorcin[4]arenes as a potential
hydrophobic binding sité.Unlike previous covalent bond based synthetic approaches, the strategy of
self-assembly has recently been exploited to generate new recognitioh Bitesability of a metal ion
to assemble flexible ligands around its coordination sphere into highly organized structures has led to the
development of hydrophobic binding site for the recognition of aromatic guests in aqueous stitftion.

Since there are only a few examples of water-soluble resorcin[4]arene based receptors which have
been prepared by the traditional chemical bond syntifetsis,strategy of recognition site self-assembly
using resorcin[4]arenes as a basic skeleton of the receptor is of particular interest. We present herein
intramolecular assembly of a binding site by Pd(Il) ion complexation with a resorcin[4]arene derivative
and describe the complexation behavior of the resorcin[4]arene based reRejmward aromatic
carboxylates in water.
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Scheme 1 shows Pd(ll) ions induce intramolecularly organized recognition site. Since the four
pyridyl groups on the upper rim of the resorcin[4]arene cavithhdan be intramolecularly assembled
with Pd(ll) ions to generate a monomeric molecular recegfor with a hydrophobic binding site,
complementary-sized nonpolar guests can be bound inside the hydrophobic recognition site in aqueous
solution. Formation o2 was confirmed byH NMR spectroscopy and ESI-MSThe intermolecular self-
assembly to give rise to a dimeric cage-like metallocyclophane turned out to be entropically unfavorable.
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Scheme 1.

Fig. 1 shows the NMR spectra before and after Pd(ll) ion complexablonandH o experience
downfield shift indicative of complexation of pyridines with Pd(ll). Methylene protddg,§ on the
upper rim pointing outside the aromatic cavity splitted into two signBig,{ and Hoyu). One Hoye)
existing between two pyridine ligands interacting with a Pd(ll) ion moved far upfield compared to the
other protonsHKlou). Methylene protonsHji,) pointing toward the aromatic cavity also divided into two
signals Hi» andHi,). One Hiq) between two pyridyl groups also moved upfield. This clearly indicates
these protonsHy,0 and Hjy) experience shielding effect by two pyridyl groups organized by metal-
templated self-assembly. Benzylic protons (AD ) on the upper rim of become diastereotopic
upon complexation with Pd(Il). They split each other and appear in the spectrum as a pair of doublets.
This implies formation of the rigid structure resulting from metal-ligand interaction. Methyl protons
(CHCHB3) on the lower rim appear as two doublets showing that complexation res@tssymmetry.
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Fig. 1.'H NMR spectra (500 MHz) of (a) and (b)2 in CD;0OD at 25°C. See Scheme 1 for proton labeling

An energy-minimized structure of the self-assembled monomeric molecula® sbsivs the hydro-
phobic binding site generated by Pd(ll)-induced self-assefhlyose methylene proton$i{,s and



3115

Hin0) on the upper rim of turned out to be located in the magnetically shielded region formed by two
pyridyl groups complexed with Pd(ll).

The host—guest complexation is demonstrated by the complexation-induced changes in chemical
shift observed in théH NMR binding titrations in RO. Analysis of titration data o2 with aromatic
carboxylates shows that the binding isotherms fit well to a 1:1 binding model. The 1:1 stoichiometry
of the complex betwee and p-anisic acid sodium salt was further confirmed by Job analysis. The
calculated association constants are collected in TabpeTbluic acid sodium salt ang-anisic acid
sodium salt containing methyl and methoxy groups which can properly reside inside the resorcinarene
hydrophobic cavity show much larger binding constants compared to other aromatic carboxylates which
do not have the alkyl moiety for deep inclusion inside the host cavity. This suggests the importance of
hydrophobic interaction for the strong complex formation in aqueous media. It is thought that aromatic
alkyl moiety of an appropriate length shows the most effective hydrophobic interaction in the apolar
cavity. The degree of participation of the electrostatic interaction between the cationic metal center of
2 and guest anionic site in complexation was checked by binding study for 1,4-dimethoxy benzene as a
neutral analog op-anisic acid sodium salt. CompouBdvas found to bind 1,4-dimethoxy benzene with
Ka value of 4,500 M1, which corresponds to more than 20-fold decrease compared to thatro$ic
acid sodium salt. This implies that the cationic metal cente2 ofight strongly influence on binding
when combined with appropriate hydrophobic interaction.

Table 1
Binding constants (M') of the 1:1 host-guest complexes in@

(olo} (o/e)

oo
70000 100000 OO 2300

Ha CH3

H,COO™ (o/0)
CO = 0D m

“ Binding constants were obtained by 'H NMR titrations on the basis of the 1:1
binding model at 300 K. All counterions are Na'.

Fig. 2 shows NMR titration o2 with p-toluic acid sodium salt in BO. The methyl group of toluic acid
appeared at far upfield ( yc< 3.2ppm) upon binding and turned out to be pointing inside the aromatic
cavity. Similarly, significant upfield shifts ( yb (protons on thertho position of the methyl group)
< 1.5 ppm, nya (protons on thenetaposition of the methyl groupx 0.8 ppm) of the aromatic
proton resonances were observed on complexation 2vith the presence of excess guest, because of
fast exchange of the guest in and out of the cavity, the methyl and aromatic signals of the guest gradually
moved to downfield as shown in Fig. 2. The advantage of intramolecular assembly of a hydrophobic
binding site by Pd(Il) complexation was corroborated by comparing the binding propertiewitf
those of a tetraN-methyl pyridinium derivative3!! of 1. p-Anisic acid sodium salt ang-toluic acid
sodium salt turned out to bir@iwith K,=7900 and 1900 M, respectively. These values are comparable
to K, of 2 with 1,4-dimethoxy benzene. This indicates that the binding site organizat@byPd(ll)-
induced self-assembly not only contributes to hydrophobic interaction but also electrostatic interaction
in complexation with proper anionic guests sucltpaisic acid sodium salt angtoluic acid sodium
salt.

In summary, we have synthesized a monomeric moleculardwaith a hydrophobic binding site by
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Fig. 2.1H NMR (300 MHz) titration of2 with p-toluic acid sodium salt in BD at 25°C. The amount of added guest is indicated
(equiv.)

intramolecular binding site organization using metal-ligand interaction. The water-solubishasts a

good binding affinity to aromatic carboxylates with an appropriate length of the alkyl chain for the most
effective hydrophobic interaction in the host cavity in@ Hydrophobic interaction and electrostatic
interaction act as cooperative binding force for a strong complex formation with appropriate anionic
guests in water.

Acknowledgements

Financial support from the Korea Research Foundation (Grant No. 98-015-D00178) and the Brain
Korea 21 program is gratefully acknowledged.

References

1. (a) Diederich, FAngew. Chem., Int. Ed. Endl988 27, 362—-386. (b) Schneider, H.-Angew. Chem., Int. Ed. Endl99],
30, 1417-1436. (c) Smithrud, D. B.; Diederich,JJAm. Chem. S0d99Q 112, 339-343.

2. (a) For a review, Diederich, EyclophanesRoyal Society of Chemistry: Cambridge, 1991. (b) Seel, C.; Vogtlangew.
Chem., Int. Ed. Engl1992 31, 528. (c) Cowart, M. D.; Sucholeiki, I.; Bukownik, R. R.; Wilcox, C. $.Am. Chem. Soc
1988 110, 6204. (d) Murakami, Y.; Hayashida, O.; NagaiJYAm. Chem. So4994 116, 2611. (e) Petti, M. A.; Shepodd,
T.J.; Barrans, R. E.; Dougherty, D. A. Am. Chem. S0d988 110, 6825. (f) Odashima, K.; Itai, A.; litake, Y.; Koga, K.
Am. Chem. S0d 980 102, 2504.

3. (a) Bender, M. L.; Komiyama, MCyclodextrin ChemistrySpringer-Verlag: New York, 1978. (b) Szejtli, Gyclodextrin
TechnologyKluwer Academic: Dordrecht: The Netherlands, 1988 Qgglodextrin D'Souza, V. T., Lipkowitz, K. B., Eds.;
Chemical Review$998 98, 1741-2076.



3117

4. (a) Arena, G.; Casnati, A.; Mirone, L.; Sciotto, D.; Ungaro,Tetrahedron Lett1997, 38, 1999. (b) Steemers, F. J.; Meuris,
H. G.; Verboom, W.; Reinhoudt, D. N.; van der Tol, E. B.; Verhoeven, JJM2rg. Chem1997, 62, 4229. (c) Ahn, D.-R.;
Kim, T. W.; Hong, J.-|.Tetrahedron Lett1999 40, 6045-6048.

5. (a) Conn, M. M.; Rebek Jr., Lhem. Rev1997, 97, 1647-1668. (b) Linton, B.; Hamilton, A. BChem. Rev1997, 97,
1669-1680. (c) Lee, S. B.; Hong, J.letrahedron Lett1998 39, 4317-4320. (d) Schwabacher, A. W.; Lee, J.; Lei, H.
J. Am. Chem. S0d 992 114, 7597-7598. (e) Ma, G.; Jung, Y. S.; Chung, D. S.; Hong, Jetrahedron Lett1999 40,
531-534. (f) Lee, S. B.; Hwang, S.; Chung, D. S.; Hong, Jetrahedron Lett1997 38, 8713-8716.

6. (a) Schneider, H.-J.; Guttes, D.; SchneiderAdgew. Chem., Int. Ed. Endl986 25, 647. (b) Yoon, J.; Cram, D. Chem.
Commun 1997, 497. (c) Fraser, J. R.; Borecka, B.; Trotter, J.; Sherman, J. Org. Chem1997, 60, 1207. (d) Gansey,
M. H. B. G.; Bakker, F. K. G.; Feiters, M. C.; Geurts, H. P. M.; Verboom, W.; Reinhoudt, Oeltahedron Lett1998 39,
5447,

7. Selected spectral data far *H NMR (500 MHz, COD)  8.39 (s, 4H, Pi 1), 8.34 (d, J=5.4 Hz, 4H, Ry ), 7.63 (d,
J=7.8 Hz, 4H, PH ), 7.48 (s, 4H, AH), 7.23 (dd, J=5.4, 7.8 Hz, 4H, Py), 5.61 (d, J=7.3 Hz, 4H, ArO8,H;,OAr), 4.96
(q, J=7.5 Hz, 4H, EICH,), 4.47 (s, 8H, PyE,0), 4.38 (s, 8H, ArE,0), 4.34 (d, J=7.3 Hz, 4H, ArOClHin OAr), 1.78
(d, J=7.5 Hz, 12H, CH83); °C NMR (75 MHz, CDC}) 154.0, 150.0, 149.6, 139.2, 136.4, 133.8, 123.8, 120.5, 99.8,
70.7,62.6,51.0, 31.5, 16.4; FAB-MS (NBA&)/z1077 (M+H").

8. Selected spectral data far *H NMR (500 MHz, CxOD) 8.86 (d, J=5.6 Hz, 4H, Ry ), 8.84 (s, 4H, P 1), 7.85 (d,
J=7.8 Hz, 4H, Pl ), 7.42 (s, 4H, AH), 7.33 (dd, J=5.6, 7.8 Hz, 4H, Py), 6.01 (d, J=7.2 Hz, 2H, ArOB,,H;,OAr),
4.95 (q, J=7.6 Hz, 4H, BCHy), 4.81 (d, J=7.2 Hz, 2H, ArOC¥HinOAr), 4.51 (s, 8H, Py#,0), 4.35 (d, J=9.1 Hz,
4H, ArCH,H,0), 4.19 (d, J=7.2 Hz, 2H, ArOg,,¢H;0OAr), 4.15 (d, J=9.1 Hz, 4H, ArCiH,0), 3.68 (d, J=7.2 Hz, 2H,
ArOCH,,0Hi,0OAr), 2.86 (m, 8H, N&1,CH,N), 1.74 (q, J=7.6 Hz, 12H, CHd3); *H NMR (300 MHz, D,O) 8.79 (d,
J=5.4 Hz, 4H, PH ), 8.70 (s, 4H, PK o), 7.84 (d, J=7.2 Hz, 4H, By ), 7.48 (dd, J=5.4, 7.2 Hz, 4H, Py), 7.43 (s,
4H, ArH), 5.95 (d, J=7.0 Hz, 2H, ArOB,Hin OAr), 4.77 (q, J=7.0 Hz, 4H, BCHg), 4.42 (q, J=12.6 Hz, 8H, Py&;0; d,
2H, ArOCH,,Hin OAr), 4.19 (d, J=9.8 Hz, 4H, ArCkH,0), 3.98 (d, J=7.0 Hz, 2H, ArOd,,0H;, OAr), 3.87 (d, J=9.8 Hz,
4H, ArCH,H,0), 3.43 (d, J=7.0 Hz, 2H, ArOCdH;0OAr), 2.77 (s, 8H, NE1,CH;N), 1.66 (d, J=7.0 Hz, 12H, CHf3);
ESI-MS m/z 1596 [M (NO3)]*, 767 [M 2(NO;)]**, 489 [M 3(NO3)]3*, 351 [M 4(NO3)]**.

9. The minimum energy structure @was obtained from the MC/SD conformational searcfingith MacroModel V5.5
utilizing the MM2* force field® and the GB/SA solvation model for waér(a) Guarnieri, F.; Still, W. CJ. Comput. Chem
1994 15, 1302. (b) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Lipton, M.; Caufield, C.; Chang, G.;
Hendrickson, T.; Still, W. CJ. Comput. Chen99Q 11, 440. (c) Still, W. C.; Tempczyk, A.; Hawley, R. C.; Hendrickson,
T.J. Am. Chem. S0d99Q 112, 6127.

10. (a)Fujita, M.; Yazaki, J.; Ogura, Kletrahedron Lett1991 32, 5589-5592. (b) Fujita, M.; Nagao, S.; Ogura, K.Am.
Chem. Socl1995 117, 1649. (¢) Kusukawa, T.; Fujita, M. Am. Chem. S04999 121, 1397.

11. Selected spectral data f8r(tetraN-methyl pyridinium nitrate derivative of): *H NMR (300 MHz, D,O) 8.62 (d, 4H,
PyH ), 8.60 (s, 4H, PH 1), 8.27 (d, J=8.1 Hz, 4H, By ), 7.86 (dd, 4H, PK ), 7.42 (s, 4H, AH), 5.83 (d, J=7.6 Hz, 4H,
ArOCHoyHin OAr), 4.39 (s, 8H, Ar®l,0), 4.27 (s, 12H, PyBs), 4.07 (d, J=7.5 Hz, 4H, ArOC¥Hi,OAr), 1.68 (d, J=7.3
Hz, 12H, CHQH3); FAB-MS (glycerol)m/z1385 (M+H").



