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Abstract: A photoinduced electron transfer cation sensor which can function as an
off-on-off fluorescence switch for protons and an off-on fluorescence switch for zinc (I..I)
ions is described. ©@ 1997 Elsevier Science Ltd.

The design of fluorescent chemosensors is an aspect of supramolecular chemistry which has developed
rapidly during the past decade.! Many of these fluorescent sensors involve photoinduced electron transfer
(PET) as the key principle in the signalling process and are designed for s-block ions and protons. In addition,
a small number of sensors capable of binding transition metal ions which operate on both principles,
photoinduced electron transfer as well as energy transfer, have been developed.2 The signalling process of
these sensors involve the generation (off-on switching) or quenching (on-off switching) of fluorescence due to
cation binding. We wish to report the synthesis of 9-anthrylmethyl-bis(2-picolyl)amine (1),3 and its ZnCl
complex (2),4:5 as a part of our research on novel fluorescent PET sensors for protons and post transition
metal ions. The sensor 1, designed to function as an off-on-off switch for protons, and an off-on fluorescent
switch for post transition metal ions, is a more sophisticated molecular photoionic device than most of the
current fluorescent PET sensors.
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The most important and unique feature of sensor 1 is its fluorescence intensity (If) vs pH profile
(Figure 1) which shows a dual fluorescence switch. This capability is achieved by the incorporation of two
different proton receptors (the tertiary amine and the pyridyl group) which function as independent PET
switches at different pH values. The three species responsible for the off-on-off positions of this proton
modulated fluorescence switch with decreasing pH are 1, 1-H*, and 1.:2H* respectively (Figure 2).
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Figure 1. pH dependence of the fluorescence intensity (If) of the sensor 1 in methanol/water(1:1) (Aex =
350, Aem = 370 - 550 nm). pH adjusted by adding HCI or NaOH (fluorescence of 1 is not affected by Na*).
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Figure 2. Protonation pattern of 1.

The fluorescence of 1 is quenched due to the thermodynamically favoured PET between the tertiary
aliphatic nitrogen (tertiary amine) and the excited chromophore (*Anth). Increasing the oxidation potential of
the tertiary amine due to protonation prevents this PET and regenerates the fluorescence of the
chromophore.12.6 Therefore formation of 1+H* is accompanied by an increase of the fluorescence intensity
which reaches a maximum at pH 6.0. Further decrease of pH protonates a pyridine ring of the receptor to form
a pyridinium (pyH*) group, leading to a significant change in its reduction potential (- 2.62 and - 1.25 V vs
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SCE respectively).” A secondary PET process (*Anth to pyH*) now becomes thermodynamically favorable
[AGPET = - Es Anth + Eox Anth - Ered.pyH* =-3.28 + 1.16 - (- 1.25) = - 0.87 eV]8 and quenches the
fluorescence of 1-2H* leading to the second off mode. The second PET process, although less common, has
been observed in other sensors which contain pyridine rings as proton receptors.82 The pKj values for the
protonation of the tertiary amine and the pyridine ring are 7.5 and 4.4 respectively.9ab

The primary PET process of 1 (tertiary amine to * Anth) can also be prevented by binding zinc(II) ions
within the bis-(2-picolyl)amine receptor. As expected,? the sensor-zinc(IT) complex (2), shows a significant
enhancement of fluorescence due to prevention of this PET process. The fluorescence quantum yield
(compared with 9,10-diphenylanthracene)!0 of 1 [@g(1)] in acetonitrile is 0.01. Intensity of fluorescence of 1
increases with the chelation of zinc (IT) and leads to the formation of a 1:1 complex (Figure 3) with a log K
value of 5.3.92¢ The fluorescence quantum yield of 2 [®Pf2)]. in acetonitrile is 0.77 and the sensor shows a
maximum fluorescence enhancement factor of 77 with chelation of zinc (I) ions. 11
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Figure 3. Fluorescence intensity (Ig) of 1 (1 x 10-5 M) vs zinc (II) ion concentration (0 - 2 x 10-5 M)
in acetonitrile (Aex = 350, Aery = 370 - 550 nm).

While single off-on or on-off fluorescent switches for protons are well documented, sensor 1 combines
both these functions in a dual off-on-off fluorescent switch over 6 pH units.!2 Incorporation of two opposing
PET switches in a single molecule as shown here, leads to systems with many potential applications as
chemosensors and molecular photoionic devices. In summary, we have introduced a unique fluorescent PET

sensor which functions as an off-on-off switch towards protons and as an off-on switch towards zinc(I)ions.

Acknowledgement

The authors wish to thank Drs. A. P. de Silva and H. Q. N. Gunaratne for their valuable comments. Financial
support was provided by The Petroleum Research Fund administered through the American Chemical Society
and Montclair State University.



2240

REFERENCES & NOTES

10.

11.

12.

a) Bissell, R. A,; de Silva, A. P,; Gunaratne, H. Q. N.; Lynch, P. L. M.; Maguire, G. E. M.; McCoy,
C. P,; Sandanayake, K. R. A. S. Top. Curr. Chem. 1993, 168, 223-264; b) Czarnik, A. W. Acc.
Chem. Res. 1994, 27, 302-308; c) Fabbrizzi, L.; Poggi, A. Chem. Soc. Rev. 1995, 197-202.

a) Huston, M. E.; Haider, K. W.; Czarnik, A. W. J. Am. Chem. Soc. 1988, 110, 4460-4462; b)
Fabbrizzi, L.; Licchelli, M.; Pallavicini, P.; Perotti, A.; Taglietti, A.; Sacchi, D. Chem. Eur.J.
1996, 2, 75-82; c) Ghosh, G.; Bharadwaj, P. K.; Mandal, S.; Ghosh, S. J. Am. Chem. Soc.
1996, 118, 1553-1554.

a) Bis(2-picolyl)amine was alkylated in 80% yield with 9-chloromethy] anthracene using a general
procedure: Hazell, A ; Jensen, K. B.; McKenzie, C. J.; Toftlund, H. J. Chem. Soc. Dalton Trans.
1993, 3249-3257; b) 9-Anthrylmethyl-bis(2-picolyl)amine was reported recently in an unrelated
application: Bhattacharya, S:; Mandal, S. S. J. Chem. Soc. Chem. Commun. 1996, 1515-1516.
The zinc (II) complex of 1 was prepared in 47% yield by following Czarnik's synthesis of a zinc
chelate and was recrystallized from acetonitrile: Nanjappan, P.; Czarnik, A. W. J. Am. Chem. Soc.
1987, 109, 1826-1833.

Satisfactory analytical data were obtainer! for both the sensor and its zinc (I) complex.

a) Bissell, R. A,; Calle, E.; de Silva, A. P.; de Silva, S. A.; Gunaratne, H. Q. N.; Habib-Jiwan, J-L.;
Peiris, S. L. A; Rupasinghe, R. A. D. D.; Samarasinghe, T. K. S. D.; Sandanayake, K. R. A. S;
Soumillion, J-P. J. Chem. Soc. Perkin Trans. 2 1992, 1559-1564; b) This behavior is not observed
in a control experiment using a 1:1 mixture (10-5 M) of 9-methylanthracene and ethy}-bis(2-
picolyl)amine.

Siegerman, H. In Techniques of Electroorganic Synthesis, Part II; Weinberg, N. L. Ed.; Wiley: New
York, 1975, p. 667.

a) de Silva, A. P.; Gunaratne, H. Q. N.; Lynch, P. L. M. J. Chem. Soc. Perkin Trans. 2 1995, 685-
690; b) Mattes, S. L.; Farid. S. In Organic Photochemistry; Padwa. A. Ed.; M. Dekker: New York,
1983, p. 238; c) For leading references to photoinduced electron transfer see: Fox, M. A_; Channon,
M., Eds.; Photoinduced Electron Transfer, Parts A-D; Elsevier: Amsterdam, 1988.

a) Calculated as described in: de Silva, A. P.; Gunaratne, H. Q. N.; Maguire, G. E. M. J. Chem. Soc.
Chem. Commun. 1994, 1213-1214; b) These values are in agreement with other experimental
observations (ref. 6a and 8a); c¢) The log K value obtained by UV spectroscopy (ref. 9a) in a control
experiment using ethyl-bis(2-picolyl)amine (Agps = 258 nm) as the ligand was 5.2.

a) Leaver, I. H,; Rivett, D. E. Mol. Photochem. 1974, 6, 113-123; b) Maciejewski, A.; Steer, R. P.
J. Photochem. 1986, 35, 59-69.

For other recent examples of fluorescent zinc sensors see: a) Walkup, G. K.; Imperiali, B. J. Am.
Chem. Soc. 1996, 118, 3053-3054; b) Godwin, H. A.; Berg, J. M. J. Am. Chem. Soc. 1996, 118,
6514-6515.

An independently developed sensor which operates on the same principle, but responsive only towards
protons was reported recently: de Silva, A. P.; Gunaratne, H. Q. N.; McCoy, C. P. J. Chem. Soc.
Chem. Commun. 1996, 2399-2400.

(Received in USA 23 October 1996; revised 12 February 1997; accepted 13 February 1997)



