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Abstract:  Novel zinc(Il)phthalocyanine having a maclocyclic ether void was
synthesized. The phthalocyanine interacted with a paraquat molecule at the crown ether
void, resulting in the formation of a molecular complex. The fluorescence quenching of
the complex was dramatically enhanced because of the intermolecular folding of the
paraquat within the crown ether void. © 1999 Elsevier Science Ltd. All rights reserved.

During the past decade, the construction of supramolecular structures utilizing noncovalent bonds such
as hydrogen bonding, n-donor-acceptor interaction, and ligand-metal interaction have attracted
considerable interest.' Some of these supramolecular assemblies are considered to be the artificial model
of the photosynthetic reaction centers through the noncovalent interactions between the photosensitizers
and the electron carriers.” Recently, Willner and co-workers reported a novel approach to efficient,
photoinduced electron-transfer reactions through supramolecular complexation between photosensitizers
and electron acceptors by s-donor-acceptor interactions.” The supramolecular complexation between

crown ethers which containing electron-rich
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In this communication, we describe the
Br
synthesis of novel zinc(II)phthalocyanine Cél} Br_". 3
complex (1) having an aromatic crown ether void
5

and the photoinduced electron-transfer in

i, TEGTS, K2:CO;, LiBr, MeCN, reflux, 24h, 87%; ii, TsCl,

supramolecular assemblies composed of the THF, NaOHaq., 273K, 2h, 69%; iii, LiBr, acetone, refiux,
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electron acceptor, methylviologen 35%; v, CuCN, DMF, reflux, 60%
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bishexafluorophosphate (paraquat, PQT) and the photosensitizer 1. The association of PQT to the
aromatic crown ether void in 1 results in enhancement of the photoinduced electron-transfer reaction
within the supramolecular systems.

The new macrocyclic polyether 5 was prepared according to the literature' and converted into

phthalocyanine precursor 6 (Scheme 1).

Scheme 2

The synthetic route to asymmetric \—\_\‘ ‘/_/‘J
complex 1 comprises the hybridization
process of 6 and three equiv. of 4,5- (‘o 0,\
dihexyloxyphthalonitrile.’ In an actual )
procedure, 6 and five equiv. of 4,5- 6 —» D::N Kl
dihexyloxyphthalonitrile were reacted in
n-hexanol in the presence of 1,8-diaza- &/O o\/
bicyclo[5.4.0Jundec-7-ene and ZnCl,.
The reaction mixture was purified by 1
column chromatography on silca gel by vi, 4,5-dihexyloxyphthalonitrile, DBU, ZnCl,, n-hexanol,
eluting with  Et,0/n-hexane/CH,CI, 393K, 23%.
(8/3/2 vi/viv) and then gradually shifted to Et,O/n-hexane/CH,Cl,/MeOH (8/3/2/1 v/v/viv). The
asymmetric complex 1 was isolated by removal of the solvent from the second fraction in 23% yield. The
synthesized materials, 1 and 6 were characterized by UV-vis, 'H-NMR, and mass spectroscopy.®

A preliminary experiment using 6 and PQT as a electron donor-acceptor pair clearly indicated the
charge-transfer band with absorption maxima around 420 nm.” The absorption titration studies of 6 with
PQT carried out on the basis of Job’s method show the formation of a 1:1 complex.® Absorbance change
at 420 nm in the titration study using the Benesi-Hildebrand method ° suggests that the association
constant of the complexation between 6 and PQT is 200 M at 298 K. The titration studies indicated that
the crown ether void containing a naphthalene unit interacted with PQT and acted as a receptor site for
PQT in solution.

The zinc(II)phthalocyanine 1 revealed very sharp Q and Soret bands typical of zinc(II)phthalocyanines

(Apwe = 673 nm, log € =528, Eoo= 1.85eV )."

Table 1. 'H NMR chemical shift* and chemical shift changes

The absorption spectrum of 1 is almost the s ]
(Ad)’ for 1 and PQT complexation in CDCL,/CD,CN (1/1 v/v).

same as that of non-crown ether compound Pc-H o-Py-H BPy-H  48-NpH
substituted analogue, octakishexyloxy- ©or complex ppm, (Ad)
phthalocyaninatozinc(Il) (7). Upon the PQT - 8.95 8.40 -
addition of PQT to 1, a charge-transfer 1 9.01 - - 8.42

band between PQT and the crown ether — 1-PQT  9.00(-0.01) 8.74(-0.21) 8.25(-0.15) 8.08(-0.34)
Pc-H: Phthalocyanine ring proton; a-Py-H: a- pyridinium proton;

void of 1 was observed around 420 nm. B-Py H: B-pyridinium proton; 4,8-Np-H: 4- or 8-Naphty! proton.
A= 8 omotex - O free-

From comparison of cyclic



voltammograms for PQT and 1-PQT mixture, 2 :
it is apparent that the peak half-width of the
PQT*/PQT" redox wave increased 10 mV by

—_
[0 ]
T 4"——

the addition of 1 into PQT. These changes are 16 _ //.// l
attributed to the complexation between the 1 . 7 ;
crown ether void of 1 and PQT.* The 'H NMR '—‘01 4 F /. ‘
measurements also suggest complexation LS L
between 1 and PQT (Table 1) . The proton 12 -/ ‘e ‘
resonance of PQT and the 1,5-naphthyl group el
in 1 were upfield shifted. On the other hand, 1 Lt.:f‘ﬁ*‘—lféT*r"Jl
0 05 1

proton resonance of the phthalocyanine ring (PQT] X 1 o' / mol dm"

of 1 was not shifted by the addition of PQT. Figure 1. Stern-Volmer plots for the steady-state fluorescence

These shifts reveal the formation of an quenching of 1 (®) and 7 (M) by PQT in degassed
CH,CL/CH;CN = 1/1 v/v mixed solution. Measurement

conditions: A, = 356 nm, concentration of 1 and 7 are
. . 6 3
crown ether void of 1 and PQT at ground maintained at 3.5X10% mol dm.

intraannular molecular complex between the
states.* "'

The zinc(II)phthalocyanine 1 exhibited strong fluorescence in degassed CH,Cl, /MeCN (1/1 v/v)
mixed solution at room temperature. The fluorescence spectrum exhibits a strong peak at 680 nm with
excitation at 356 nm (®, = 0.58). The linear Stern-Volmer plots for 7 indicate that the weak fluorescence
quenching of 7 is fully dominated by a diffusion process. In contrast, the nonlinear Stern-Volmer plots for
1 suggest that the electron-transfer quenching of photosensitizer 1 by PQT proceeds through a
complexation process that is attributed to static quenching of 1 by PQT (Figure 1)." The association
constant of 1 and PQT from the Scatchard-type equation using fluorescence quenching data reveals good
agreement with that from UV-vis absorption studies.” This suggested that the static process plays a key
role in fluorescence quenching in the assembly between 1 and PQT. From the energy for 0-0 transition of
1 (E,, = 1.85 eV), the oxidation potential of 1 (E(D/D") = 680 mV vs. SCE), and the reduction potential of
PQT (E(A/A’) = - 450 mV vs. SCE) which obtained from spectroscopic and electrochemical studies, the
thermodynamic driving force (AG) for the photoinduced electron-transfer from 1 to PQT was calculated
to be — 0.64 eV, ignoring Coulombic terms."” This indicates that the intermolecular electron-transfer in the
assembly is thermodynamically favored. The resuits obtained from fluorescence quenching studies of 1
with PQT suggest that the electron-transfer is intensified dramatically by the crown ether void of 1.

In conclusion, we have demonstrated that enhancement of the electron-transfer reaction from zinc
(INphthalocyanine 1 to PQT was accomplished by the noncovalent bonding between the crown ether void
and PQT through r-donor-acceptor interaction. The supramolecular complexation is available for the

development of new catalytic systems as efficient energy conversion systems.

3201



3202

Acknowledgements: This research was supported by a Grant-in-Aid for COE research “Advanced
Fiber/Textile Science and Technology” from the Ministry of Education, Science, Sports, and Culture of
Japan (#10CE2003). We thank Professor N. Kobayashi of Tohoku University for assistance with mass

spectroscopy.

References and Notes:

1) Philip, D.; Stoddart, J. E. Angew. Chem., Int. Ed. Engl. 1996, 35, 1154, Lehn, J. -M. Supramolecular Chemistry,
Scope and Perspectives; VCH: Weinheim, Germany, 1995; Chapter 9. Lawrence, D. S.; Jiang, T.; Levett, M. Chem.
Rev. 1995, 95, 2229, Constable, E. C. Chem. Commun. 1997, 1074. Sleiman, H.; Baxter, P. N. W.; Lehn, J. M-,;
Airola, K.; Rissanen, K. Inorg, Chem. 1997, 36, 4743. Palacin, S.; Chin, D. N.; Simanek, E. E.; McDonald, J. C.;
Whitesides; G. M.; McBride, M. T.; Palmore, G. T. R. J. Am. Chem. Soc. 1997, 119, 11807. Fujita, M.; Oguro, D.;
Miyazawa, M.; Oka, H.; Yamaguchi, K.; Ogura, K. Nature 1995, 378, 469.

2) Harriman, A.; Kubo, Y.; Sessler, J. L. J. Am. Chem. Soc. 1992, 114, 388. Seiler, M.; Diirr, H.; Willner, L;
Joselevich, E.; Doron, A.; Stoddart, J. F. ibid. 1994, 116, 3399. de Rege, P. J. F.; Williams, S. A.; Therien, M. J.
Science 1995, 269, 1409. Kirby, J. P; van Danieg, N. A.; Chang, C. K. Nocera, D. G. Tetrahedron Lett. 1998, 20,
3477. Osuka, A.; Yoneshima, R.; Shiratori, H.; Okada, T.; Taniguchi, S.; Mataga, N. Chem. Commun. 1998, 1567.
3) Kropf, M.; Joselevich, E.; Diirr, H.; Willner, I. J. Am. Chem. Soc. 1996, 118, 655. David, E.; Bomn, R.; Kaganer,
E.; Joselevich, E.; Diirr, H.; Willner, L. J. Am. Chem. Soc. 19971, 119, 7778.

4) Atwood, B. L..; Shahriari-Zavareh, H.; Spencer, N.; Stoddart, J. F. J. Chem. Soc., Chem. Commun. 1987, 1064.
Anelli, P. L.; Ashton, P. R.; Ballardini, R.; Balzani, V.; Delgado, M.; Gandotfi, M. T.; Goodnow, T. T.; Kaifer, A.;
Philip, D.; Pietraszkiewicz, M.; Pordi, L.; Reddington, M. V.; Slawin, A. M. Z.; Spencer, N.; Stoddart, J. F;
Vincent, C.; Williams, D. J. J. Am. Chem. Soc. 1992, 114, 193, Ashton, P. R.; Huff, J.; Menzer, S.; Parsons, L. J.;
Preece, J. A.; Stoddart, J. F.; Tolley, M. S.; White, J. P.; Williams, D. J. Chem. Eur. J. 1996, 2, 31.

5) van der Pol, J. F.; Neelman, E. J.; Zwikker, J. W.; Nolte, R. J. M.; Drenth, W. Recl. Trav. Chim. Soc., Pays-Bas.
1988, 107, 615.

6) Selected data for 1: "H-NMR (400 MHz, CDCl,, 25C): 8 = 8.98 (d, J = 0.27 Hz, 8H, phthalocyanine ring), 8.40-
8.19 (br, 2H, Np 4,8-H), 6.81-6.69 (br, 2H, Np 3,7-H), 6.20-5.88 (br, 2H, Np 2,6-H), 4.31-3.35 (m, 32H, OCH,),
2.12 (s, 8H, OCH,), 1.92-1.85 (t, 8H, CH,), 1.75 (s, 14H, CH,), 1.52-1.25 (m, 18H, CH;), 1.02-0.92 (m, 30H, CH,);
FAB-MS: m/z = 1687 (Nitrobenzy! alcohol matrix); MALDI-TOF-MS: an isotopic peaking at m/z = 1687.7 (2’4’-
6’-Trihydroxyacetophenone monohydrate matrix) (1 requires 1687.38). Selected data for 6: FT-IR (KBr): 2232 cm’
'(CN): 'H-NMR (400 MHz, CDCl,, 25C): 8 = 7.77 (d, J = 0.24 Hz, 2H, Np 4,8-H), 7.34 (d, J = 0.16 Hz, 2H, Np
3,7-H), 7.28 (s, 2H, Ph), 6.92 (d, J = 0.12 Hz, 2H, Np 2,6-H), 4.28-3.38 (m, 32H, OCH,); MALDI-TOF-MS: m/z =
658.54 ([2-(4-Hydroxyphenylazo)benzoic acid matrix) (6 + Na* requires 658.33).

7) White, B. G. Trans. Faraday. Soc. 1968, 65, 2000.

8) Atwood, J. L.; Davies, I. E.; Macnicol, D. D.; Vogtle, F., Eds. Comprehensive Supramolecular Chemistry, Vol. 8,
Elsevier: UK,1996.

9) Benesi, H.; Hildebrand, J. J. Am. Chem. Soc. 1949, 71, 2703.

10) Leznoff, C. C.; Lever, A. P. B., Eds. Phthalocyanines, Properties and Applications, VCH: New York, 1989;
Chapter 4. Kobayashi, N.; Lever, A. B. P. J. Am. Chem. Soc. 1987, 109, 7433.

11) Shen, Y. X.; Engen, P.; Berg, M. A. G.; Merola, J. S.; Gibson, H. W. Macromolecules 1992, 25, 2786.

12) Mataga, N.; Kubota, T. Molecular Interaction and Electronic Spectra, Marcel Dekker, 1970. Shionoya, M.;
Furuta, H.; Lynch, V.; Harriman, A.; Sessler, J. L. J. Am. Chem. Soc. 1992, 114, 5714.

13) Rehm, D.; Weller, A. Isr. J. Chem. 1970, 8, 259. Hu, Y. -Z.; van Loyen, D.; Schwarz, O.; Bossmann, S.; Diirr,
H.; Veith, M. J. Am. Chem. Soc. 1998, 120, 5822.



