ORGANIC
LETTERS

8-Hydroxyquinoline Benzoates as Highly i

Sensitive Fluorescent Chemosensors for 4217-4220
Transition Metal lons

Han Zhang, T Li-Feng Han, T Klaas A. Zachariasse, * and Yun-Bao Jiang* -f
Department of Chemistry and the MOE Key Laboratory of Analytical Sciences,

Xiamen Uniersity, Xiamen 361005, China, and Max-Planck-Institute for Biophysical
Chemistry, 37070 Gtingen, Germany

ybjiang@xmu.edu.cn

Received July 10, 2005

ABSTRACT
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8-Hydroxyquinoline benzoates were developed as a new set of 8-HQ derivatives for highly sensitive fluorescent chemosensors for transition
metal ions. A prominent fluorescence enhancement was found in the presence of transition metal ions such as Hg 2+ and Cu?*, and this was
suggested to result from the suppression of radiationless transitions from the n mr* state in the chemosensors.

8-Hydroxyquinoline (8-HQ1, Figure 1) is one of the most  and its chelates, in particular those with®Al are major
important chelators for metal ions and has found significant components for organic light-emitting diodes (OLEDS).
applications in a variety of investigations involving metal is known that the excited-state intramolecular proton transfer
complexes. An important property that makes 8-HQ even (ESIPT), from 8-OH to the quinolino N atom, makes 8-HQ
more attractive as a chelator is the appreciable change in it_
fluorescence upon metal bindiAgherefore, 8-HQ has been

used extensively to construct highly sensitive fluorescent

chemosensors for sensing and imaging of metal ions of 3 7 7
important biological and/or environmental significarice, 2@ Ej:; EI;
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Table 1. Absorption and Fluorescence Spectral Dat8afe and Their H§", Ci#* and PB* Chelates in ACN

Aabs, N 610*M-1em™? Afly, N FEF? K,, 104 M 1c [0l 7, ns® ky, 571 Ry, 571
3a 226/260 3.43/2.17 3852 0.00051 f
3a + Hg?+ 239/265 3.78/2.08 450 2.7 4.49 + 0.69 0.00092 f
3a + Cu?t 226/260 3.43/1.04 450 1.3
3a + Pb%* 226/260 3.43/2.17 450 1.2
3b 228/276 4.17/0.68 385¢ 0.00078 0.178 0.44 x 107 5.61 x 10°
3b + Hg?" 238/313 4.76/0.58 462 647 >103 0.60 29.38 2.04 x 107 1.36 x 107
3b + Cu?*+ 228/313 4.17/0.19 462 243 4.96 + 0.84 0.14
3b + Pb2+ 228/276 4.17/0.68 462 37 1.88 £ 0.33 0.045
3c 226/276 4.70/0.58 3852 0.00076 0.204 0.37 x 107 4.90 x 109
3¢ + Hg2" 237/312 4.58/0.58 460 1204 >103 0.57 31.23 1.83 x 107 1.38 x 107
3¢ + Cu2* 226/312 4.70/0.32 460 312 3.63 +0.47 0.13
3¢ + Pb2+ 226/276 4.70/0.58 460 79 1.15 £ 0.17 0.038
3d 228/276 4.17/0.68 3852 0.00074 0.115 0.64 x 107 8.69 x 10°
3d +Hg?*" 238/313 4.63/0.55 457 855 >103 0.63 31.73 1.99 x 107 1.17 x 107
3d + Cu?* 228/276 4.17/0.68 457 341 4.94 + 0.92 0.13
3d + Pb2* 228/276 4.17/0.68 457 50 1.70 £ 0.26 0.035
3e 225/262 3.53/1.61 3852 0.00040 0.148 0.27 x 107 6.75 x 10°
3e + Hg?*" 238/259 3.60/1.62 450 53 >103 0.0096 0.964 1.00 x 107 1.03 x 10°
3e + Cu?* 225/262 3.53/1.61 450 8.0 2.20 + 0.32 0.0038
3e + Pb2* 225/262 3.53/1.61 450 2.5 0.00074

a3a—e are extremely weakly fluorescent, and their emission maxima were therefore located at ca. 385 nm with undeftaorgscence enhancement
factor, ratio of the intensity 08 in the presence of 50 equiv of metal ion to that in the absence of metai Metal binding constant was obtained via
nonlinear fitting of the fluorescence titration data assuming a 1:1 binding stoichiometry; see: Bourson, J.; Pouget, J.; \(al@myB Cheml1993 97,
4552-4557. Nice fitting supported the assumed 1:1 stioichiometry, which was also confirmed by Job plots (FigéifEh®4)ncertainties in the fluorescence
guantum yields were within 10% f@&-metal chelates and within 30% f8a—e. © Lifetimes were measured on a nanosecond TCSPC setup with a pulsed
N, lamp; for details, see: Leinhos, U.;"Kale, W.; Zachariasse, K. Al. Phys. Chem1991, 95, 2013-2021.f The lifetimes are too short to be measured
on this nanosecond setup.

weakly fluorescent and metal binding to 8-HQ blocks the binding selectivity of 8-HQ, introduction of additional
ESIPT channel, thereby restoring the fluoresceé8-HQ binding sites at the C-2 and/or C-7 positions, adjacent to
could hence be employed to build fluorescent chemosensorghe original binding sites in 8-HQ (Figure 1), has been
for metal ions via ESIPT suppression, with increased extensively examine#® In the case where 8-HQ was
fluorescence signal upon metal binding. To enhance metalsubstituted with methyleneamine at the C-2 or C-7 position,
a photoinduced electron transfer (PET) process leading to

(3) (@) Shults, M. D.; Imperiali, BJ. Am. Chem. So@003 125 14248~ fluorescence quenching was recently identifiednd metal
14249. (b) Shults, M. D.; Pearce, D. A.; Imperiali, 8. Am. Chem. Soc. Lo o .
2003 125 10591-10597. (c) Pearce, D. A.; Jotterand, N.; Carrico, I. S.; blndlng resultlng in PET suppression was also demonstrated,

Imperiali, B.J. Am. Ch_elr_n. So«zgol 1&? 5128651253%. (e)ciz)zJottgezrggd,(l\;.; which mechanism is currently intensively employed in

Pearce, D. A.; Imperiali, BJ. Org. em.2001, 66, 4— . (e ; .

Walkup, G. K.. Imperiali, B.J. Org, Chem1998 63, 67276731 _constructln_g fluorescent chemosensors for transition metal
(4) (a) Bronson, R. T.; Montalti, M.; Prodi, L.; Zaccheroni, N.: Lamb, ions operating under fluorescence enhancement rhtids.

R.D.; Dalley, N. K., Izatt, R. M.; Bradshaw, J. S.; Savage, Pl@rahedron = noted, however, that these investigations hitherto reported

2004 60, 11139-11144. (b) Bronson, R. T.; Bradshaw, J. S.; Savage, P. L . L . .
B.; Fuangswasdi, S.; Lee, S. C.; Krakowiak, K. E.; Izatt, R. MOrg. are limited mainly to 8-HQ derivatives with substituents on

<E§hedthOOlJ66é 47|52;4Z<58|\'/|(C)spr0di' Li; I;/Iétntfﬂti,d M.; {aitczhoeor;nizN-: the aryl ring. Derivation at the 8-OH group has not been

raasnaw, J. o.; 1zatl, R. ., Davage, P. ranearon Le " . . .

2941-2944. (d) Prodi, L.; Bargossi, C.; Montalti, M.; Zaccheroni, N.; Su, gxplorgd m_ dEta!l' A possible r?as_on could be that the

N.; Bradshaw, J. S.; Izatt, R. M.; Savage, P.JBAm. Chem. So200Q intensively investigated ether derivatives of 8-HQ, such as

122 6769-6770. (e) Su, N.; Bradshaw, J. S.; Zhang, X. X.; Song, H.; ; ;

Savage, P. B.; Xue, G.. Krakowiak, K. E.. Izatt, R. 81.0rg. Chem1999 2 (Figure 1), are highly fluorescefas the ESIPT channel

64, 8855-8861. (f) Prodi, L.; Bolletta, F.; Montalti, M.; Zaccheroni, N.; IS blocked, and hence not much room remains for further

gjgiliga& I?-:) graféshawy i- \S/ léaté, E- Mt;agedéﬂn Lett)i(l9§8 89'“ fluorescence enhancement resulting from metal binding. We
— . (g) Bordunov, A. V.; Bradshaw, J. S.; Zhang, X. X.; Dalley, . . ip

N. K. Kou, X.; Izatt, R. M. Inorg. Chem.1996 35, 7229-7240. (h) report here on a new seF of 8-HQ _der|vat|ves modified at

Bronson, R. T.; Michaelis, D. J.; Lamb, R. D.; Husseini, G. A,; Fransworth, the 8-OH group, the readily synthesized benzoates of 8-HQ

P. B.; Linford, M. R.; lzatt, R. M.; Bradshaw, J. S.; Savage, P OBg.

Lett. 2005 7, 1105-1108.

(5) () Launay, F.; Alain, V.; Destandau,;lRamos, N.; Bardez, .E (7) (a) Chen, C. H.; Shi, Loord. Chem. Re 1998 171, 161-174. (b)
Baret, P.; Pierre, J.-INew J. Chem2001, 25, 1269-1280. (b) Winkler, J. Montes, V. A,; Li, G.; Pohl, R.; Shinar, J.; Anzenbacher, P.Adk.. Mater.
K.; Bowen, C. M.; Michelet, VJ. Am. Chem. S04998 120, 32373242. 2004 16, 2001-2003. (c) Pohl, R.; Montes, V. A.; Shinar, J.; Anzenbacher,
(c) Hayashi, M.; Ishii, M.; Hiratani, K.; Saigo, Kletrahedron Lett1998 P., Jr.J. Org. Chem2004 69, 1723-1725.
39, 6215-6218. (d) Baret, P.; Bgiin, C. G.; Boukhalfa, H.; Caris, C.; (8) For examples, see: (a) Ghosh, P.; Bharadwaj, P. K.; Roy, J.; Ghosh,
Laulhge, J.-P.; Pierre, J.-L.; Serratrice, &.Am. Chem. Sod.995 117, S.J. Am. Chem. Sod 997 119, 11903-11909. (b) Ramachandram, B.;
9760-9761. Samanta, AChem. Commuri997 1037-1038. (c) Nolan, E. M.; Lippard,
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) ) ) Figure 3. Plots against metal concentration of the fluorescence
Figure 2. Fluorescence spectra 8€in ACN in the presence of  ephancement factors @a—e in ACN. [3a—€] = 1.0 x 1075 M.
increasing concentration of Hg(ClJ2. Excitation wavelengthwas — The curves through the data points are nonlinearly fitted ones
300 nm. Bl = 1.0 x 107> M. assuming a 1:1 binding stoichiometry following a reported proce-
dure: Bourson, J.; Pouget, J.; Valeur,BPhys. Cheml993 97,
4552-4557.

(3, Figure 1), as sensitive fluorescent chemsensors for
transition metal ions that emit enhanced fluorescence upon
metal binding.

Benzoates3a—e were synthesized via a simple one-step
reaction of 8-HQ with benzoyl chlorides. They were designed
on the basis of the consideration that in the esters the
carbonyl oxygen lone pair is brought into immediate proxim-
ity to the 8-HQ fluorophore, making them weakly fluorescent
as a result of a radiationless process via thestatel® This
interpretation is supported by the fact ti8t—e in aceto-
nitrile (ACN) are extremely weakly fluorescent, with quan-
tum yields () around 104 and lifetimes ) of 0.1-0.2 ns,
irrespective of the substituent X, ranging from electron
donating to highly withdrawing (Table 1). Further, the
observation tha® of 3cin the protic solvent MeOH is 1.5
times that in ACN also supports this assumption. These
parameters aBa—e clearly differ from those of their highly

of 2, an ether derivative df, was found indeed to be highly
efficiently quenched by the tested transition metal ions,
especially H§" and Cd" (Figure S1, Supporting Informa-
tion). The fact that the emission band positions of3ae-e
chelates at ca. 460 nm were almost independent of X suggests
that metal ion binding blocks the radiationless decay channel
in 3a—e. The radiation K) and radiationlesskf) rate
constants o8 and 3-Hg?" in ACN were calculated (Table

1). It was found that wittlBb—d the substantial increase in
the quantum vyield in the presence of #gs due to a
dramatic decrease lf, whereak. remains unchanged within
experimental error. This means that the radiationless decay
in 3 is indeed blocked upon metal binding and that the
emission of H§"-3 and3 too originates from ar* statel®?

Of particular significance is that the presence ofyd of

o Hg?' results in an extraordinarily large enhancement (1204-
fluorescent ether derivatives, for example= 0.5 andr = fo?d) of the fluorescence asc inyACIgI, whereas the o'Eher

9.7 ns for2 in ACN. Therefore3a—eappear to be PromISING ' etal ions tested showed much smaller enhancements (Figure
candidates for fluorescent chemosensors for metal ions that3) 3c being hence a highly sensitive and selective “turn-

_show_fei[rr]]hanczq I_Iuolresceﬂce er|mSS|I(:jnbupt§)|n im:lt?g m?t?lon" fluorescent chemosensor for Hgt' In 5% H,O—ACN
lons, I their radiationiess channel could be blocked by meta solution, a highly selective, although less sensitive, response

binding. N ) in the fluorescence o8d (for example) toward H was
In the presence of transition metal ions such a& (JI?", also found (Figure SX, = 8.5 x 10* MY, indicating the
Zr?*, C', Hg?', and NP, an enhancement d3a—e potential of 3 as fluorescent chemsensors for practical

fluorescence was observed to a different extent for the applications.

various substituent (X) i8 and metal species (Table 1, Table  The ghserved selectivity of the fluorescence response of
S1 in Supporting Information). A prominent enhancement 3 for metal ions was found to result from the differences
of the fluorescence d3 bearing appropriate X (Me, H, Cl) - poth in the metal binding affinity, as seen from absorption
was observed in the case of Hgand Cd", in particular iirations (Figure S3), and in the fluorescence quantum yields
Hg?", of otherwise highly efficient fluorescence quenchers, qf the metal chelates (Tables 1 and S1). Job plots obtained
Figures 2 and 3. Under the same conditions, fluorescencesy, 3¢ and3d-Hg?* systems in ACN suggest a 1:1 binding

(10) (a) Zhou, Z.; Fahrni, C. . Am. Chem. So2004 126, 8862 (11) For excellent recent examples of “turn on” fluorescent chemosensors
8863. (b) Leray, I.; O'Reilly, F.; Habib Jiwan, J.-L.; Soumillion, J.-Ph.;  for Hg?*, see: (a) Ono, A.; Togashi, Angew. Chem., Int. EQ004 43,
Valeur, B.Chem. Commurl.999 795-796. (c) Young, V. G., Jr.; Quiring, 4300-4302. (b) Rurack, K.; Kollmannsberger, M.; Resch-Genger, U.; Daub,
H. L.; Sykes, A. K.J. Am. Chem. S0d.997, 119, 1247712480. J.J. Am. Chem. So@00Q 122 968-969. (c) Reference 8c,d.
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mode (Figure S4). This 1:1 binding stoichiometry was also that 3 operates under the mechanism that metal binding
supported by the nice nonlinear fitting of the fluorescence blocks the radiationless#* transition in3. Future work will
intensity against metal concentration assuming a 1:1 bindingbe focused on tuning the selectivity for given metal ions,
ratio (Figure 3). The fact that the fluorescence in ACNlof  based on the known chemistry of 8-HQ and/or by modifying
(Figure 1), a control molecule foBc, does not show a the benzoyl moiety (Figure 3) or replacing it with aliphatic
response toward Hg indicates that the quinolino N atom  counterparts. Metal chelates 8fmay also be a significant
in 3is involved in the metal binding. It was also found that subject in OLED investigations, in view of their large
the emission of thd- and2-Hg?" chelates in ACN was at  fluorescence quantum yields 0.5) and long lifetimes of
500 nm, whereas that of tlHg?" chelates was at 460 nm ca. 30 ns (Table 1).

(Figure S5). It is hence clear that,3Hg?", the carbonyl O

atom together with the quinolino N atom is invioved in the ~ Acknowledgment. This work was supported by the
binding of metal ion, thereby blocking radiationless decays Ministry of Education of China, NSFC (20425518), and the
via the nr* state. The metal center is hence located further VolkswagenStiftung (1/77 072).

away from the fluorophore in the chelates3han in those

of 1 and 2, making 3 more efficient fluorescent chemo-
sensors.

In summary, we developed 8-HQ benzoates as a new se
of fluorescent chemsensors for transition metal ions such as
Hg?" and Cid". Especially3c shows a highly sensitive and
selective response in its emission towarcd®HVe suggest  OL051614H
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data, absorption and fluorescence spectra, and reaction
jparameters of8a—e in the presence of metal ions. This
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