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Figure 1. Proposed structures for a 1:1 complex betweerand
tetraethylammonium diphenyl phosphate (TDPP) or dibenzyl hydrogen
phosphate (DBHP).
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Phosphates play a crucial role in a wide range of biological site, which recognizes anionic and neutral phosphodiesters with
processes. Numerous efforts have been devoted to moleculaduminescent signal transduction.
recognition}~ transport® and catalytic hydrolysfof phosphates.
Further understanding of the structure and dynamics of phosphates
in biological systems requires the development of nondestructive

and real-time optical sensing technigiieA number of excellent - ° NJL}
phosphate receptors are now known. However, few of these — H H
receptors are capable of optically detecting phosphodigsters. — . o
Recently, biomimetic bis(guanidinium) residues have proven o T\)

significantly useful for binding phosphodiestefesncorporating
such a binding site into a photoactive Ru(bgy)(bpy = 2,2-
bipyridine) should provide a new class of optical signal trans-

duction systems for phosphodiesters. We report herein the first

metalloreceptor with a neutral bis(acylaminoimidazoline) binding

(1) For examples of cationic ammonium receptors, see: (a) Kimura, E.;
Kodama, M.; Yatsunami, TJ. Am. Chem. S0d.982 104, 3182-3187. (b)
Kimura, E.; Kuramoto, Y.; Koike, T.; Fujioka, H.; Kodama, N..Org. Chem
199Q 55, 42—46. (c) Hosseini, M. W.; Lehn, J.-Mdelv. Chim. Actal987,

70, 1312-1319. (d) Marecek, J. F.; Fischer, P. A.; Burrows, Cl'etrahedron
Lett 1988 29, 6231-6234. (e) Furuta, H,; Magda, D.; Sessler, JJLAm.
Chem. Soc199], 113 978-985.

(2) For examples of guaniginium receptors see: (a) Dietrich, B.; Fyles, T.
M.; Lehn, J.-M.; Pease, L. G.; Fyles, D. I. Chem. Sa¢ Chem. Commun.
1978 934-936. (b) Dietrich, B.; Fyles, D. L.; Fyles, T. M.; Lehn, J,-Melv.
Chim. Actal979 62, 2763-2787. (c) Gala, A.; Pueyo, E.; Salmém A.; de
Mendoza, JTetrahedron Lett1991, 32, 1827-1830. (d) Deslongchamps,
G.; Gala, A.; de Mendoza, J.; Rebek, J., &dmgew. Chem., Int. Ed. Engl
1992 31, 61-63. (e) Dixon, R. P.; Geib, S. J.; Hamilton, A. D.Am. Chem.
So0c.1992 114, 365-366. (f) Kneeland, D. M.; Ariga, K.; Lynch, V. M.;
Huang, C.-Y.; Anslyn, E. VJ. Am. Chem. Sod993 115 10042-10055.

(g) Schiessl, P.; Schmidtchen, F. P.Org. Chem1994 59, 509-511.

(3) For examples of neutral receptors, see: (a) Hamann, B. C.; Branda, N.
R.; Rebek, J., JiTetrahedron Lett1993 34, 6837-6840. (b) Kelly, T. R.;
Kim, M. H. J. Am. Chem. Sod994 116, 7072-7080. (c) Rudkevich, D.
M.; Verboom, W.; Reinhoudt, D. NJ. Org. Chem 1994 59, 3683-3686.

(d) Raposo, C.; Rez, N.; Almaraz, M.; Mussons, M. L.; Caballero, M. C;
Morén, J. R.Tetrahedron Lett1995 36, 3255-3258. (e) Nishizawa, S.;
Buhimann, P.; Iwao, M.; Umezawa, Yetrahedron Lett1995 36, 6483—
6486. (f) Bthimann, P.; Nishizawa, S.; Xiao, K. P.; Umezawa Tétrahedron
1997 53, 1647-1654.

(4) (a) Aoyama, Y.; Nonaka, S.; Motomura, T.; Toi, H.; OgoshiCtem.
Lett 1991 1241-1244. (b) Chu, F.; Flatt, L. S.; Anslyn, E. \I. Am. Chem.
S0c.1994 116, 4194-4204.

(5) (@) Tabushi, I.; Kobuke, Y.; Imuta, J. Am. Chem. Sod981 103
6152-6153. (b) Kf4 V.; Sessler, J. L.; Furuta, H.. Am. Chem. S0d.992
114, 8704-8705. (c) Jung, Y.-G.; Yeo, W.-S,; Lee, S. B.; Hong, JGhem.
Commun.1997 1061-1062.

(6) See the following, and references therein: (a) Jubian, V.; Dixon, R.
P.; Hamilton, A. D.J. Am. Chem. Sod992 114, 1120-1121. (b) Gbel, M.

W.; Bats, J. W.; Dwer, G.Angew. Chem., Int. Ed. Engl992 31, 207—
209. (c) Smith, J.; Ariga, K.; Anslyn, E. VJ. Am. Chem. S0d.993 115
362—364.

(7) (@) Topics in Fluorescence Spectroscopy, VolLdkowicz, J. R., Ed.;
Plenum Press: New York, 1991. (jluorescence Spectroscopy: New
Methods and ApplicationsVolfbeis, O. S., Ed.; Springer-Verlag: New York,
1993. (c)Molecular Luminescence Spectroscopy Methods and Applications:
Part 1; Schulman, S. G., Ed.; John Wily & Sons: New York, 1985.

(8) Luminescent signaling receptors for HEQ HPQ,~, and ATP have
been only reported: (a) Huston, M. E.; Akkaya, E. U.; Czarnik, A.JAM.
Chem. Soc1989 111, 8735-8737. (b) Hosseini, M. W.; Blacker, A. J.; Lehn,
J.-M.J. Am. Chem. So&99Q 112 3896-3904. (c) Beer, P. DChem. Chomm
1996 689-696, and references therein.

S0002-7863(97)03263-0 CCC: $15.00

4,4-Dicarboxy-2,2-bipyridine® was treated with SOgland
then condensed with 2-amino-2-imidazoffthéo give N,N'-bis-
(2-imidazolin-2-yl)-2,2-bipyridine-4,4-dicarboxyamide (bimbpy)
in 48% yield. Reaction of bimbpy with Ru(bp@1,'°in refluxed
50% EtOH for 40 min gave metalloreceptbm 35% yield. The
pKa values of the acylaminoimidazolines were spectrophotometri-
cally determined to be-2.0 and 3.97. Two acylaminoimidazo-
lines of1 behaved independently and had unusually poor basicities
as compared with alkyl-, aryl-, and even acylguanidiné&gp-
7—13)1* The reduced basicities probably reflect an electrostatic
repulsion between a cationic metal center and protonated acyl-
aminoimidazolines. In solution, the phosphate-binding sité of
predominately existed in the unprotonated form.

The binding nature of metalloreceptbivas primarily studied
by *H NMR spectroscopy. Titration of anionic tetraethylammo-
nium diphenyl phosphate (TDPP) into a solutiorilof acetone-
ds or acetonitriled; gave downfield shifts of N and 3,3-CH
resonances of bimbpy. These changes are consistent with the
formation of a complexl-TDPP (Figure 1)} However, no
further quantitative analyses were carried out because of immedi-
ate precipitation of the complefd-TDPP during *H NMR
titrations.

Metalloreceptorl also formed a complex with neutral phos-
phodiesters, and the complex formation was significantly de-
pendent on guest acidity and solvents. A dilution method was
employed to explore complexation @fwith neutral diphenyl
hydrogen phosphate (DPHP) or dibenzyl hydrogen phosphate
(DBHP), which is useful for discriminating between proton
transfer and binding phenomif&.Upon dilution of a 1:1 mixture
of 1 and DPHP in acetonds and in acetonitrileds, observed
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ig\di%ated that the binding cavity dfis not large enough to form such hydrogen

onds.
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Figure 2. Change in the UVvisible absorption (a) and luminescence Figure 3. Change in the UV-visible absorption (a) and luminescence

spectra (b) ol upon addition of tetraethylammonium diphenyl phosphate spectra (b) ofl upon addition of dibenzyl hydrogen phosphate (DBHP)

(TDPP) in acetone{1] = 0.02 mM,[TDPP] = 0—6.0 mM. Excitation in acetone:[1] = 0.02 mM, [DBHP]= 0—6.0 mM. Excitation was at

was at 477 nm. 474 nm.

0.6 @ 100 (b)

chemical shifts ofl remained unaltered over a concentration range
of 0.5-10.0 mM, implying proton transfer from DPHP th
Dilution with a 1:1 mixture ofl and DBHP in acetonitril@k
also showed no changes in thd NMR spectrum ofl. In
contrast, the same experiment in acetdgeevealed distinct shifts

of the NH and 3,3-CH resonances of bimbpy, indicating the
formation of a complext-DBHP as shown in Figure 1. The
titration curves were analyzed by nonlinear regression analysis
to give K, = 4600 M1.14 A 1:1 stoichiometry for the binding
was confirmed by Job plof§. These results show that the neutral
bis(acylaminoimidazoline) binding site df which unlike the

similar bis(guanidinium) receptofsgan act as both hydrogen- ol , ) . .

bond donors and acceptors. A velength oy wovclongth oy

The abgorptlon spectrum afW".’lS affecteq by the addition of Figure 4. Change in the UVvisible absorption (a) and luminescence
phOSphOd_'e_Sters' Control experiments using Ru@pﬁhowed spectra (b) ofl upon addition of diphenyl hydrogen phosphate (DHPP)
no UV-visible spectral changes. Therefore, Yuisible re- in acetone:[1] = 0.02 mM, [DHPP]= 0—6.0 mM. Excitation was at
sponses ofl are due to specific association and neither are due 47 nm.
to counter anion exchanges nor solvent polarity changes. Anionic
TDPP caused a slight blue shift and an increase of the MLCT excited at the isosbestic wavelength when varying the concentra-
band in the visible region (Figure 2a). The presence of isosbestiction of TDPP and DBHP, respectively. Addition of 10 equiv of
points at 477, 419, and 358 nm suggests that only one complexDBHP to a solution ofl in acetone induced a 32% reduction in
was being formed. Neutral DBHP induced a red shift and a luminescence intensity. In contrast, metalloreceptgave a 27%
decrease of the MLCT band with isosbestic points at 474, 422, luminescence enhancement when 10 equiv of TDPP was added
and 366 nm (Figure 3a). Neutral DPHP, which only caused to a solution ofl in acetone. Complexation rigidifying a
proton transfer, provided UVvisible spectral changes similar  luminescent receptor has been reported to result in a large increase
to those observed for neutral DBHP but much more pronounced in emission intensity because of inhibiting vibrational and
(Figure 4a). From these UWisible absorption changek,s of rotational relaxation modes of nonradiative detay.umines-
33000 and 4800 Mt were calculated for TDPP and DBHP, cence enhancement for anionic phosphodiesters may be due to
respectively. Metalloreceptdrshowed 6.9 times higher affinity  this rigidity effect. On the other hand, neutral phosphodiesters
for anionic TDPP over neutral DBHP. The less preferencé of upon complexation form different hydrogen-bonding structures
for DBHP may be due to electrostatic repulsion between the from anionic phosphodiesters. In the comple©BHP, intra-
cationic metal center and the positive charge produced on thecomplex proton transfer of the phosphoric acid hydrogen from
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neutral binding site ofl upon complexation. DBHP to1 probably causes a reduction in luminescence intensity.
Optical sensing of phosphodiesters was more drastically This is consistent with the protonation-induced luminescence
demonstrated by virtue of luminescent responseldb the profile in which DPHP caused a significant quenching (Figure

complex formation. Figures 2b and 3b show luminescence spectra4b). Luminescent signal transductionis strikingly sensitive
to hydrogen-bond interaction.
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