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The excited-state intramolecular proton transfer (ESIPT) of a series of water-solublayi@xyphenyl)-
benzazole derivatives has been studied under physiological conditions using absorbance and steady-state
emission spectroscopy. At neutral pH in the presence of 0.1 M ionic background, the fluorescence properties
of these derivatives differ substantially compared to previously reported data in nonaqueous solvents. The
ESIPT process is disrupted, presumably due to intermolecular hydrogen bonding with surrounding water
molecules combined with increased stabilization of the trans-rotamer, which cannot undergo the ESIPT process.
The emission spectrum of the benzimidazole derivative depends significantly on the solvent polarity, as revealed
by titrations with Zn(ll) in methanol, ethanol, and under physiological conditions. Inhibition of ESIPT via
metal coordination shows a significant wavelength shift together with a substantial ratio increase by a factor
of 13.7. Titration of the benzoxazole derivative with Zn(ll) yielded a 50-fold increased emission intensity.
The fluorescence increase is specific for Zn(ll), and with &lo§3.93 K4 = 117 uM) the ligand would be
suitable as a fluorescence probe in a biological environment to gauge Zn(ll) concentrations in the range from
10 uM to 1 mM.

Introduction has widespread implications in the action of many laser éyes,
as high-energy radiation detectérs, UV photostabilizers;1°

and fluorescent probé$ 13 In the case of the adiabatic,
Sarrierless excited-state intramolecular proton transfer (ESIPT),

development of highly specific probes with a broad range of a covalently attached proton, typically of a hydroxyl or amino
applications in environmental chemistry, biochemistry, and cell ently 'p - ypically of a ny y .
group, in the electronically excited-state migrates to a neighbor-

biology! The majority of these chemosensors are based on a;
“switching on/off” mechanism, such that the fluorescent output ing hydrogen-bonded atom less tha A away. The formed

s uencned in he absence, an resored upon binding of tneiCIRUATIT ks oL A el st beck (o
analyte. Due to the linear relationship between fluorescence 9 P 9 :

intensity and analyte concentration, such probes can principally process can proceed extrgmely fast and seyeral studies have
be used for quantitative measurements. Since the emissionfound. su_b_p|cose_cond reaction rates for a variety Olf molecules,
intensity depends both on the analyte and the probe concentras on N rigid med|a.or at temperatures as low as'4R: Recent
tion, it is necessary to know the latter. This is in particular a femtosecond transient spectroscopy measurements show that the

limiting requirement for many biological applications since in proton takes 60 fs to arrive at its tautomer equilibrium position.

a cellular environment, the dye concentration depends on manyThe electron distribution changes on the same time scale, but
the nuclear framework cannot adjust to the new structure as

factors such as membrane permeability, incubation time and uickly and starts to strongly vibrate in low-frequency skeletal
temperature, or variations in the cell size. Measured ﬂuorescenceqmooleglzz_24 Since the formgdy hototautomer is gnl mgre stable
intensities may vary significantly without actually reflecting : P y

differences in analyte concentrations. This problem can be !th}pt%?fhcétﬁﬂsrt:;igﬁéggtr;?siigorr?lijsngnsljiheé”th?a?b:(\a,\r/;;ﬁ?/;tj)::s
solved using a fluorophore which displays a shift in the peak y'arg

excitation or emission wavelength upon binding of the analyte. E,?{;?:negxm,?: 38; tgn?ggigf ';Lg;? deer;n?r::,rgi-lst;li—ftr:c(i)lfaclhjtlgrsner
The ratio of the luminescence intensities at two excitation :

wavelengths is sufficient to determine the analyte concentration, _?_qu'sz'\cl):r’a% ?ﬂrg;‘slsfé?,f;'ﬂn?;;g?esr 223:% c;en te)i((j)fsoenrvtide.
independent of dye concentration or any instrument-related P P

parameterd.Few such ratiometric probes have been developed hature of both th_e ground and excited state of the molecule and
for intracellular applications at presenDue to the lack of IS 0“‘?” Str‘?r.‘g'y mfluenc_ed by the pH as \2/\7/ell asthe hydr_ogen-
suitable probes, the cell biology of many biologically important bonding ability and polarity of the solveff“"These properties

metal cations such as zinc, copper, manganese, and iron is stilfende.r ESIF?T molecules interesting targets for the development
unexplored. of ratiometric fluorescent probes.

Molecules with intramolecular hydrogen bonds often exhibit N this study, we explore the influence of metal cation binding

photoinduced proton-transfer processes, a phenomenon whici? the proton-transfer process. The chelation of metal cations
often competes with protonation of the ligand donor atoms and

* To whom correspondence should be addressed. Phone: 404-385-1164fherefore the emission of ESIPT molecules is expected to be
fax: 404-894-2295. Email address: fahrni@chemistry.gatech.edu. responsive toward metal coordination. If the proton transfer
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process is efficiently disrupted by the coordinated metal cation, displacement of the hydroxyl proton, the ESIPT process is no
the red-shifted tautomer emission is expected to disappear inlonger possible and a substantial blue shift in the peak emission
favor of the normal emission of the metal-complex at higher would be expected (Scheme 1).
energy. Fluorescent probes which are based on inhibition of  Since our primary goal is to develop fluorescence probes for
ESIPT therefore have the potential to undergo large shifts of biological applications, we conducted our studies under physi-
the peak emission energy. A shift of the peak excitation energy ological conditions in aqueous solution at neutral pH and limited
is generally preferred when monitoring the probe response in the selection of cations to biologically important metals such
biological samples with a standard fluorescence microscopeas Ca(ll), Mg(ll), Zn(ll), Fe(ll), and Cu(ll). Only heavy and
setup?® Commercially available ratiometric imaging systems  transition metal ions, such as Zn(ll), Cd(ll), Cu(ll), or Fe(ll),
offer up to millisecond time resolution using a high-speed bind with significant affinity to the 2-(2hydroxyphenyl)-
excitation monochromator. Nevertheless, with the development henzazole ligands under physiological conditions. Among the
of two-photon microscopy imaging, most of the popular biologically important metals, only Zn(ll) ions form a fluores-
ratiometric probes used in cell biology are not applic&bté! cent complex, whereas the complexes with paramagnetic
These dyes often show only little shift in the peak emission transition metal ions are nonfluorescent. For this reason, the
and can only be used for ratiometric measurements at two present work focuses primarily on the investigation of the Zn(ll)
excitation energies. Two-photon microscopy imaging requires complexes by means of absorption and steady-state emission
an expensive pumped-laser system, which does not allow fastspectroscopy. Due to the poor solubility of the benzazole ligands
switching between two different excitation wavelengths. In and their transition metal complexes in aqueous solution at
contrast, the sample emission can be monitored at two differentneutral pH, the ligand framework was slightly modified by
wavelengths with a rotating filter wheel without requiring introduction of a carboxylic acid functionality (Scheme 2). Since
expensive modifications of the instrument. Consequently, to carboxylic acids are fully dissociated at neutral pH, the solubility
benefit from the considerable advantages of two-photon mi- of the ligands in water is greatly enhanced. The acid functional-
croscopy, a new generation of ratiometric probes is required ity is spatially separated from the metal binding site and is not
which exhibits large shifts of the emission energy upon binding expected to interfere with the ESIPT process or metal coordina-
of the analyte. tion.

In recent years, the general family of 2-{&/droxyphenyl)-
benzazoles has been studied extensively to elucidate theExperimentaI Section
mechanism of the excited-state intramolecular proton-transfer
procesg132-44 The wealth of information available about the Materials and Reagents.2-Aminophenol (Aldrich, 99%),
photophysics of benzazole derivatives prompted us to choose2-amino-thiophenol (Aldrich, tech., 90%g;phenylenediamine
this class of molecules as an attractive starting point to explore (Aldrich, 99%), barium manganate (Aldrich, tech., 90%), 1,4-
the influence of cation binding on the proton-transfer process. benzoquinone (Aldrich, 98%), ferric chloride hexahydrate
The presence of an intramolecular hydrogen bond is vital to (Aldrich, 98%), (4-formyl-3-hydroxy-phenoxy)-acetic acid ethyl-
the ESIPT process. At the same time, the special properties ofester () was synthesized following a literature procedtire.
water with its high polarity and capacity to form hydrogen bonds NMR: & in ppm vs SiMe (0 ppm,'H, 300 MHz). MS: selected
might interfere and ESIPT processes that occur in nonpolar peaks;m/z. Melting points are uncorrected. Flash chromatog-
solvents cannot necessarily be extrapolated to water. Surpris-raphy (FC): Merck silica gel (79230 mesh). TLC: 0.25 mm,
ingly, the enol form of 2-(2hydroxyphenyl)benzimidazole  Merck silica gel 60 F254, visualizing at 254 nm or with 2%
(HBI) undergoes ESIPT with almost 100% efficiency in KMnO, solution. Analytical experiments: Buffer solutions were
nonpolar as well as protic solvents such as ethanol or neatmade with ultrapure deionized water ({Bresistance). PIPES
water3 If coordination of a metal cation is accompanied by (Sigma-Aldrich, 99%), Zn(OT#) (Aldrich), Cu(NGs),-5H,0
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(Aldrich), Fe(BR).:6H,O (Strem), Ca(NG),-4H,O (Aldrich),
Mg(NO3),-6H,0, KNO;3 (Aldrich, 99%), KCI (Aldrich, 99%).
Synthesis. (@) {3-Hydroxy-4-[(2-hydroxy-phenylimino)-

7.54 (d,J = 7.7 Hz, 1H), 7.62 (dJ = 8.8 Hz, 1H), 8.94 (s,
1H), 13.07 (s, broad, 1H).

(c) (4-Benzoxazol-2-yl-3-hydroxy-phenoxy)-acetic acid eth-
methyl]-phenoxy} -acetic acid ethyl ester (2).A solution of yl ester (4a).A mixture of imine2 (215 mg, 0.68 mmol) and
aldehydel (250 mg, 1.12 mmol) and 2-amino-phenol (128 mg, BaMnQO, (700 mg, 2.73 mmol) in benzene (10 mL) was heated
1.17 mmol) in benzene (15 mL) was heated under reflux using under reflux for 3 h. The mixture was cooled to room
a Dean-Stark condenser for continuous removal of water. After temperature and the residue filtered through Celite and con-
12 h the reaction mixture was cooled to room temperature andcentrated in vacuo. The black residue was further purified on
concentrated in vacuo. The yellow solid residue was recrystal- silica gel (FC, hexane-Ci€l,, 3:1— 1:1, to give 33 mg (0.11
lized from ether providing 251 mg (0.79 mmol, 71%) of Schiff mmol, 15%) of oxazolela as colorless solid: mp 123124
base2 as yellow solid: mp 206208°C; R; 0.25 (1:1 hexane: °C; R:0.38 (3:1 hexanesEtOAc); 'H NMR (CDCl;, 300 MHz)
EtOAc); 1H NMR (DMSO-ds, 300 MHz) 6 1.22 (t,J = 7.1 6 1.32 (t,J = 7.1 Hz, 3H), 4.30 (gJ = 7.1, 2H), 4.68 (s, 2H),
Hz, 3H), 4.18 (qJ = 7.1 Hz, 2H), 4.83 (s, 2H), 6.36 (s, 1H), 6.59-6.65 (m, 2H), 7.327.39 (m, 2H), 7.557.60 (m, 1H),
6.48 (d,J = 8.8 Hz, 1H), 6.86 (tJ = 7.4 Hz, 1H), 6.94 (d) 7.66—-7.72 (m, 1H), 7.95 (dJ = 8.8 Hz, 1H), 11.65 (s, 1H);
= 8.2 Hz, 1H), 7.09 (tJ = 7.7 Hz, 1H), 7.35 (dJ = 7.7 Hz, MS (70 eV) 313 (M, 100), 210 (32), 182 (22), 36 (18). £l
1H), 7.47 (dJ = 8.8 Hz, 1H), 8.86 (s, 1H), 9.80 (s, 1H), 14.38 HRMS m/e calculated for @H;sNOs 313.09502, found
(s, broad, 1H); MS (70 eV) 315 () 100), 314 (48), 120 (24),  313.09747.

43 (35). EFHRMS nve calculated for G7H17NOs 315.11067, (d) (4-Benzoxazol-2-yl-3-hydroxy-phenoxy)-acetic acid (4b).
found 315.11088. To a solution of LIOHH,O (97 mg) in a mixture of KO (1.5

(b) {3-Hydroxy-4-[(2-mercapto-phenylimino)-methyl]-phen- mL), THF (2 mL), and MeOH (1.5 mL) was addda (55 mg,
oxy}-acetic acid ethyl ester (3)A solution of aldehydd (208 0.18 mmol). The reaction mixture was heated under reflux for
mg, 0.93 mmol) and 2-aminothiophenol (116 mg, 0.93 mmol) 2.5 h, cooled to room temperature, and the organic solvents
in EtOH (8 mL) was heated under reflux for 12 h. The mixture were removed in vacuo. The mixture was diluted wityOH?2
was cooled to room temperature, concentrated in vacuo and themL) and the product precipitated by dropwise addition of ag.
residue crystallized from ether yielding 193 mg (0.58 mmol, HCI (1 M). The product was filtered off, washed with little@,
63%) of Schiff base3 as yellow solid: mp 129130 °C; R and dried in vacuo affording 37 mg (0.13 mmol, 74%) of acid
0.23 (1:1 hexane:EtOAc}H NMR (DMSO-ds, 300 MHz) 6 4b as colorless solid. mp 23234 °C; 'H NMR (DMSO-ds,
1.22 (t,J = 7.1 Hz, 3H), 4.19 (q) = 7.1 Hz, 2H), 4.88 (s, 300 MHz) 6 4.77 (s, 2H), 6.626.68 (m, 2H), 7.387.45 (m,
2H), 6.52 (s, 1H), 6.62 (dJ = 8.2 Hz, 1H), 7.26 (tJ = 7.1 2H), 7.75-7.82 (m, 2H), 7.92 (dJ = 8.8 Hz, 1H), 11.35 (s,
Hz, 1H), 7.35 (tJ = 7.1 Hz, 1H), 7.48 (dJ = 7.7 Hz, 1H), 1H), 13.10 (s, broad, 1H); MS (70 eV) 285 (M100), 227



lon Complexation of 2-(2Hydroxyphenyl)benzazoles

(18), 198 (38). EFHRMS mv/e calculated for GsH11NOs
285.06372, found 285.05910.

(e) [4-(1H—Benzimidazol-2-yl)-3-hydroxy-phenoxy)]-acetic
acid ethyl ester (5a).A solution of aldehydel (200 mg, 0.89
mmol) ando-phenylenediamine (96 mg, 0.89 mmol) in EtOH
(10 mL) was heated under reflux for 2 h. After addition of 1,4-
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dust particles or fibers. U¥vis absorption spectra were
recorded at 25°C using a Varian Cary Bio50 UVvis
spectrometer with constant-temperature accessory. Steady-state
emission and excitation spectra were recorded with a PTI
fluorimeter and FELIX software. Throughout the titration the
sample solution was stirred with a magnetic stirring device. For

benzoquinone (192 mg, 1.78 mmol) the mixture was further all titrations the path length was 1 cm with a cell volume of

refluxed for 0.5 h. The reaction mixture was cooled to room

3.0 mL. All fluorescence spectra have been corrected for the

temperature, and quenched by dropwise addition of saturatedspectral response of the detection system (emission correction

ag. NaHCQ (20 mL). The mixture was extracted with EtOAc

file provided by instrument manufacturer) and for the spectral

(2 x 20 mL) and the combined organic layers were washed irradiance of the excitation channel (via calibrated photodiode).

with H,O (2 x 10 mL), dried (MgSQ), and concentrated in
vacuo. The residue was further purified on silica gel (FC,
hexanes EtOAc, 4:1— 2:1, yielding 245 mg (0.78 mmol, 87%)
of imidazole5a as colorless solid. mp 194196 °C; R 0.36
(2:1 hexane:EtOAc)*H NMR (CDCls;, 300 MHz)¢6 1.23 (t,J
= 7.1 Hz, 3H), 4.20 (qJ = 7.1 Hz, 2H), 4.85 (s, 2H), 6.57 (d,
J = 2.5 Hz, 1H), 6.65 (ddJ = 8.8, 2.5 Hz, 1H), 7.227.28
(m, 2H), 7.62 (s, broad, 2H), 7.95 (@= 8.8 Hz, 1H), 13.0 (s,
broad, 1H), 13.4 (b, broad, 1H); MS (70 eV) 312 {ML00),
197 (30). EFHRMS Ve calculated for GH16N204 312.11101,
found 312.11186.

(f) [4-(1H—Benzimidazol-2-yl)-3-hydroxy-phenoxy)]-acetic
acid (5b). Ester 5a (200 mg, 0.64 mmol) was hydrolyzed
following the procedure as described for estaryielding 135
mg (0.47 mmol, 74%) of aciéb as tan solid. mp> 300 °C;
IH NMR (DMSO-ds, 300 MHz) 6 4.75 (s, 2H), 6.55 (dJ =
2.2 Hz, 1H), 6.64 (ddJ = 8.8, 2.2 Hz, 1H), 7.27 (dd] = 6.0,
3.0 Hz, 2H), 7.63 (ddJ = 6.0, 3.1 Hz, 2H), 7.99 (dJ = 8.8
Hz, 1H), 13.18 (s, broad, 3H); MS (70 eV) 284 {ML00), 197
(61), 36 (23). EFHRMS nve calculated for GsH1oN2O4
284.07971, found 284.07969.

(g9) (4-Benzothiazol-2-yl-3-hydroxy-phenoxy)-acetic acid
ethyl ester (6a).To a hot solution of FeGi6 H,O (462 mg,
1.71 mmol) in EtOH (5 mL) a solution of imin8 (142 mg,
0.43 mmol) in EtOH (2 mL) was added, and the resulting
mixture was heated under reflux for 0.5 h. The dark mixture
was cooled to room temperature, diluted withOH(3 mL) and
extracted with EtOAc (2x 10 mL). The combined organic
extracts were dried (MgSfpand concentrated in vacuo afford-
ing a brown residue, which was further purified on silica gel
(FC, hexanesEtOAc, 5:1— 3:1, providing 76 mg (0.23 mmol,
54%) of benzothiazoléa as pale greenish solid mp 13139
°C; R 0.38 (3:1 hexane:EtOAcYH NMR (CDClz, 300 MHz)

0 1.32 (t,J = 7.1 Hz, 3H), 4.30 (qJ) = 7.1 Hz, 2H), 4.67 (s,
2H), 6.55-6.62 (m, 2H), 7.38 (1) = 7.1 Hz, 1H), 7.49 () =
8.2 Hz, 1H), 7.60 (d,) = 8.8 Hz, 1H), 7.87 (d,J = 8.8 Hz,
1H), 7.94 (d,J = 8.2 Hz, 1H), 12.71 (s, broad, 1H); MS (70
eV) 329 (M*, 100), 256 (20), 226 (38), 214 (43), 198 (31).
EI-HRMS nve calculated for GH1sNO4S 329.07218, found
329.07211.

(h) (4-Benzothiazol-2-yl-3-hydroxy-phenoxy)-acetic acid
(6b). Ester6a (44 mg, 0.13 mmol) was hydrolyzed following
the procedure as described for egtaaffording 31 mg (0.103
mmol, 77%) of acicbb as pale tan solid: mp 226228°C; 'H
NMR (DMSO-ds, 300 MHz) 6 4.75 (s, 2H), 6.57 (dJ = 2.8
Hz, 1H), 6.62 (ddJ = 11.1, 2.6 Hz, 1H), 7.40 (td] = 8.7 Hz,
1.6 Hz, 1H), 7.52 (tdJ = 8.7 Hz, 1.6 Hz, 1H), 7.988.10 (m,
3H), 11.81 (s, broad, 1H), 13.12 (s, broad, 1H); MS (70 eV)
301 (M*, 100), 214 (45), 186 (18). EIHRMS nve calculated
for C15H1:NO4S 301.04088, found 301.04140.

Steady-State Absorption and Fluorescence Spectroscopy.
All sample stock solutions and buffer solutions were filtered
through 0.2¢m nylon membrane filters to remove interfering

Quantum yields were determined using quinine sulfate dihydrate
in 1.0 N bSO, (@ = 0.54+ 0.05) as fluorescence standéfd.

Electrode Calibration in Aqueous Solution.Measurements
were performed with a Mettler Inlab combination glass electrode
(Model No. 423). For the determination of th& walues in
aqueous solution, the electrode was calibrated for -leQ[H
by titration of a standardized HCI solution (Aldrich, 0.1 N
volumetric standard) with KOH (Aldrich, 0.1 N volumetric
standard) at 25C and 0.1 M ionic strength (KCI). The end
point, E°, and slope were determined using Gran’s methad
implemented in the software GLEEThe calibration procedure
was repeated three times prior to eathv@alue determination.
The electrode potential was measured with the Corning pH/lon
Analyzer 355 and the emf measurements were reproducible with
+0.1 mV accuracy. For the determination of the apparent
stability constants, the electrode was calibrated using commercial
pH reference solutions.

Determination of pK Values. All protonation constants
reported in this study were determined from absorption meas-
urements. The UV vis absorption spectra of the ligands were
monitored for a series of solution in which -logf@] was
varied between 5 and 11. The emf of each solution was directly
measured in the UV quartz cell (electrode diameter 3 mm) and
converted to -log[HO*] using E° and slope as obtained from
the electrode calibration procedure described above. The raw
spectral and emf data were processed via nonlinear least-squares
fit analysis using the SPECFIT software packaye.

Complex Stability Constants.All measured cation stability
constants<, reported herein, were measured at pH 7.2 (PIPES
10 mM, 0.1 M KNG ionic strength) and are therefore apparent
stability constants. To 3.0 mL of a 30M solution of the
corresponding ligand in PIPES buffer (10 mM, pH 7.20, 0.1 M
KNO3) were added %L aliquots of Zn(OTf) stock solution
(concentration 5 mM, 50 mM or 0.5 M). Upon each addition
the solution was stirred for 15 min to reach equilibrium and
the UV—vis spectrum was subsequently monitored. The re-
corded UV~vis traces were analyzed by a nonlinear least-
squares fit algorithm using an equilibrium model with 1:1
complex stoichiometry (SPECFIT softwaré).

Results and Discussion

Synthesis.The preparation of all three benzazole derivatives
4—6 is based on the salicylic aldehyde precuravhich was
synthesized according to a published procedure (Schertfe 2).
The benzoxazole derivativéa was obtained by condensation
of 1 with 2-aminophenol to give the Schiff base Initial
attempts to cyclize and oxidizzwith Fe(lll) chloride resulted
in hydrolysis of the imino group, and aldehydievas the only
observed product. In contrast, treatment with barium man-
ganate gave the desired oxazdke but only with low yield.
The low vyield is presumably due to decomposition, since no
other products could be isolated. Benzimidaz&da was
synthesized via condensation dfwith o-phenylenediamine
followed by oxidation of the dihydroimidazole intermediate with
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TABLE 1: Protonation Constants and Photophysical Data of Benzazole 4b, 5b, and 6b in Aqueous Solutin

species data oxazolélj) imidazole 6b) thiazole 6b)

pK1 [LHTY[LZ]HT] 9.284-0.01 8.63+ 0.01 8.25+ 0.01

pK2 [LHZ)/[LH T][H ] n.a. 5.90+ 0.01 n.a.

L2 AbsorptiofAmax (NnmM), e(cm™M 1) 347, 18500 340, 22200 369, 16300
Excitatiorf Amax (NM) 347 (4209 341 (3965 370 (4485
Emissionl Amax (NM) 420 (350) 396 (350) 448 (3500
Quantum Yield 0.29 0.63 0.79
Stokes Shift (cm?) 5008 4159 4778

LH- Absorptior Amax (NM), e(cm M 1) 317, 29400 316, 22400 323, 19900
Excitatiorf Amax (NmM) 329 (4179, 326 (3645 332 (355% 340 (4365
EMission Amax (NM) 364 (320) 417 (350) 355 (332, 424 (372) 436 (340)
Stokes Shift (cm?) 4073, 7564 3476, 8060 8023
Quantum Yield 0.07 0.25 0.05

LH, Absorptio® Amax (NM), e(cm~1M~1) n.a. 325, 28100 n.a.

a0.1 M KNGOs, 25 °C. P Deconvoluted spectra from pH titratiohpH 11.20, 0.1M KNQ. ¢ pH 7.20, 10 mM PIPES: Emission wavelength in
parenthesed Excitation wavelength in parentheses.

1,4-benzoquinone to afforBa in 87% yield. Hydroquinone 30 1 .
which was formed as a byproduct from the reduction of 1,4- = L
benzoquinone could be easily separated by extraction with E ] ZnL
aqueous bicarbonate solution. Altogether, the one-pot procedure T 20 1
provides access to gram quantities of the benzimidazole 2 .
derivative under mild conditions and with high yield. Finally, = ]
condensation of with 2-aminothiophenol gave iming with S 10+
63% yield. In contrast to the benzoxazole derivadyeycliza- § ]

tion and oxidation by Fe(lll) chloride were successful and
provided the corresponding benzothiazole derivaBaewith 0
54% yield. All analytical studies were carried out with the acids
4b, 5b, and 6b, which were obtained by hydrolysis of the

corresponding esters with lithium hydroxide in a methanol-THF- 20
water solvent mixture.

Most previously published procedures for the synthesis of
benzazoles are based on carboxylic acids, acid chlorides, or 10

esters as the condensation partner and require much harsher
reaction conditions (e.g. polyphosphoric acid at Z%D or
nitrobenzene at 150C),%° which are not compatible with the 0
ester functionality. The outlined synthesis gives access to

epsilon [10 3M~Tcm=1}

TR RN Y N N T N R SR

benzazoles under mild conditions and should be suitable for = 1

the synthesis of a broad range of functionalized benzazoles. E 20

_ " O

Protonation Equilibria P

Absorption Spectra. The (K values for the three benzazole 5 197

ligands4b, 5b, and6b were measured by spectrophotometric .
titrations. The UV absorption spectra were monitored for ¢ 0 N

LI B

solutions in which -log[HO™] was varied between 5 and 11
while keeping the ionic strength constant with 0.1 M KNO
At higher HsO* concentrations (-log[kD*] < 5), the ligand
started to precipitate and therefore th& palues of the Figure 1. Deconvoluted UV-vis absorbance spectra for a) oxazole
carboxylic acid moiety could not be determined by this method. 4b, b) thiazole6b and c) imidazole5b. The spectra for the fully

ny - deprotonated (£) and monoprotonated (LH ligand (0.1 M KNG,
The UV-vis traces were analyzed over the entire wavelength 25°C) were obtained from pH titrations (In case of ligebtoa double-

range using a nonlinear least-squares fit algorithm as imple- protonated species (Lwas detected). The plotted UwWis traces
mented in the SPECFIT software packd®e! The fitting for the 1:1 zinc(ll)-ligand complex (ZnL) were obtained from the
procedure not only yielded the protonation constants, but also corresponding spectrophotometric Zn(ll) titrations at constant pH 7.20
allowed spectral deconvolution to determine the UV spectra for via deconvolution (10 mM PIPES, 0.1 M KNO25 °C).

all involved species (Figure 1). A compilation of the curve fitting

results including photophysical properties of the individual to the oxazole derivative (9.28), which is consistent with the
species is given in Table 1. Both the oxazdkeand thiazole differences in pi-donor and sigma-acceptor properties of sulfur
6b gave UV traces with a single set of isosbestic points within and oxygen. A similar trend was reported for the unsubstituted
the studied -log[HO*] range, suggesting the presence of a single 2-(2-hydroxyphenyl)-benzothiazole and -benzoxazole deriva-
protonation equilibrium. The K value can be assigned to tives in mixed aqueousorganic solvent. Under these conditions
protonation of the phenolic oxygen which is consistent with the K values also differ by approximately one order of
the observed red-shifted maximum in the spectrum of the fully magnitude®? In contrast, the UV-titration of the benzimidazole
deprotonated ligand &). The proton affinity of the thiazole  derivative 5b shows two distinct regions, each containing a
ligand was found to be substantially lower (8.25) as compared characteristic set of isosbestic points (Figure 2a), which suggests

280 300 320 340 360 380 400 420
wavelength [nm]
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the presence of an additional protonation equilibrium in the
analyzed pH range. The firsiKpvalue was found to be 8.63
and lies between thekpof the thiazole and oxazole ligands,
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Figure 3. Normalized fluorescence emission and excitation spectra
for a) oxazoledb, b) thiazole6b and c) imidazole5b in aqueous
solution. All spectra were monitored with 0.1 M KNG@onic back-
ground at 25C. The traces for the monoprotonated ligand ().iere
measured at pH 7.20 (10 mM PIPES), the spectra of the fully
deprotonated ligand @) were acquired at pH 11.2 (unbuffered). The
spectra of the Zn(ll) complex were recorded at 5 mM total Zn(@Tf)
for (a) and (c) and 500 mM Zn(OTffor graph (b).

derivatives4b and 6b is considerably less basic, and only a
single protonation equilibrium was observed for -logH]
between 5 and 11. Conclusively, under neutral conditions the
monoprotonated ligand is the predominant species for both
derivatives.

Fluorescence SpectraThe excitation and emission spectra
for the three benzazole ligands were recorded at pH 7.2 and
11.2 in buffered aqueous solution (Figure 3). Several previous
studies of unsubstituted 2:¢Bydroxyphenyl)-benzazole were
performed in ethand®3436To allow a direct comparison with

and the absorption maximum of the fully deprotonated phenolate these literature data, we also measured the photophysical

anion (127) is also red-shifted compared to the mono- ()H
and diprotonated (Lk) species (Figure 1c). The secorid yalue
of 5.90 is too high for protonation of the carboxylic acid, but

within the expected range for protonation of the benzimidazole

nitrogen (K of benzimidazole= 5.68)3% Furthermore, the
deconvoluted UV spectrum of the monoprotonated ligand-(LH

properties of the ester derivativéa, 5a, and6ain neat ethanol
and in basic ethanolic solution (Figure 4). A compilation of all
photophysical properties is given in Tables 1 and 2.

In aqueous solution at neutral pH, the emission spectrum of
the oxazole ligandb exhibits two maxima at 364 and 417 nm,
respectively, with a low quantum vyield of 3% (Figure 3a).

shows an additional absorption band at lower energy (360 nm), Possible mechanisms accounting for the nonradiative loss of

which was not observed for the oxazole nor the thiazole ligand.

energy include solutesolvent interactions, torsional motions

This absorption band has been previously assigned to the ketoof the two rings, or triplet populatiof’:545In ethanol, the higher

tautomerK (Scheme 3), which is in equilibrium with the enol

energy emission band was observed at approximately the same

form at neutral pH* The absence of the lower energy absorption wavelength (360 nm), whereas the second, lower energy
band in the spectra of the benzoxazole and thiazole ligandsemission is considerably red-shifted to 464 nm (Figure 4a).
suggests that the keto tautomer does not contribute to thePrevious studies have shown that the intensity of the normal
ground-state equilibrium of these derivatives. Based on the emission at shorter wavelength is strongly solvent dependent
measured K values, a species distribution plot was calculated and generally very weak in a nonpolar environm&nThe

for benzimidazole ligandb (Figure 2b). At neutral pH the  emission has been assigned to the trans-rotameriich cannot

monoprotonated ligand shows an abundance of more than 90%undergo excited-state intramolecular proton transfer (Scheme
and is therefore the major species present in the equilibrium. 3). The excitation spectra corresponding to the two emission
The benzazole nitrogen atom of the oxazole and thiazol bands differ substantially, both in ethanol and aqueous solution,
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TABLE 2: Photophysical Data of Benzazole 4a, 5a, and 6a in Ethanol at 25C

species data oxazoléd) imidazole 6a) thiazole 6a)

L Absorptiort Amax (NmM), e(cm™M~1) 341, 17900 356, 17400 380, 22800
Excitatiort Amax (nm) 349 (420) 339 (3939 366 (4443
Emissiont Amax (nm) 420 (349 393 (339) 444 (366)
Stokes Shift (cm?) 5515 2644 3793

LH Absorptior? Amax (NnM), e(cm™ M 1) 318, 23600 319, 26400 335, 26600
Excitatior? Amax (M) 300 (360) 314 (435) 320 (375)
EmissioR Amax (NM) 360, 464 (300) 435 (314) 375 (320)
Stokes Shift (cm?) 3668, 9895 8359 3184

a Addition of excess NaOE® Neat EtOH.¢ Emission wavelength in parenthesg&xcitation wavelength in parentheses.

300 350 400 300 400 500 600 ability of water to form hydrogen bonds disrupts the intra-

Yoo e by o
L4

molecular H-bond required for the ESIPT process and de-
stabilizes the planar conformation. The experimental results
suggest that in buffered neutral aqueous solution the intra-
molecular proton-transfer process is disrupted in favor of the
normal emission of the trans rotamerad the phenolate anion.
The emission and excitation spectra of the benzothiazole
ligand 6b resemble those of the oxazole derivative, but with a
bathochromic shift of all maxima by 20 to 30 nm (Figure 3b).
At neutral pH in aqueous solution the fluorescence spectrum
of the thiazole ligand also shows dual emission with a maximum
at 436 nm and a weaker shoulder at higher energy (375 nm).
The relative intensity of the two bands is just reversed compared
to the oxazole emissiordp) under the same conditions. The
more intense lower-energy band also matches the peak emission
of the deprotonated phenolate anion. The excitation spectrum
C10 of this band shows a shoulder at 370 nm, which coincides with
the excitation maximum of the phenolate anion. As already
observed for the oxazole derivative, the lower-energy band can
be assigned to emission of the phenolate anion. Hheglue
05 of the thiazole derivativéb is one order of magnitude lower
i compared to the oxazole ligand (8.25 vs 9.28), which implies
oo r that at neutral pH the phenolate anion is present with ap-
RSN S > N e 00 proximately 10% abundance. This is consistent with the fact
300 350 400 300 400 500 600 that the fluorescence spectrum of the thiazole derivalvés
wavelength [nm] dominated by the lower-energy emission of the phenolate anion,
Figure 4. Normalized fluorescence emission and excitation spectra Whereas the normal emission at higher energy is the major
for a) oxazoleda, b) thiazole6a and c) imidazolésain ethanol at 25~ component for the oxazole ligadd. Interestingly, the emission
°C. The traces for the protonated ligands (neutral net charge) were spectrum of esteBa in ethanol exhibits only a single band at
measured in neat ethanol, the spectra of the deprotonated ligand375 nm, which presumably corresponds to the normal emission
(phenolate anion) were recorded after addition of excess NaOEt. The of the trans-rotamer&Figure 4b). No significant lower-energy
fscﬂe(cat;aaggt?; gﬂg'éggn%p&érﬁg%;g:zp:;ha&? mM total Zn(@Tf) b4 was observed which could be assigned to emission of the
' keto-tautomer or the phenolate anion. As already found for the
which is in agreement with the presence of two distinctly oxazole derivativéb, the fluorescence spectrum of the thiazole
different species. In ethanol, the largely Stokes-shifted band at6b in neutral aqueous solution is determined by normal emission
464 nm can be attributed to the ESIPT emission of the keto of the phenolate anion and the trans-rotamer. The ESIPT process
tautomer ¥K*).33 In aqueous solution, the lower energy band is inhibited due to the formation of strong intermolecular
at 417 nm is considerably less Stokes shifted (7564 vs 9895hydrogen bonds with solvent molecules, and emission of the
cm™Y), and is presumably not due to the emission of the keto keto-tautomer (K*) was not observed, neither in aqueous
tautomer. The band appears at the same energy as the pea%olution nor in ethanol.
emission of the fully deprotonated ligand under basic conditions The fluorescence spectrum of the benzimidazole ligaind
(Figure 3a). The excitation spectrum recorded at 417 nm showsis composed of three different emission bands (Figure 3c). The
a shoulder at 350 nm, which also coincides with the observed quantum yield was measured to be 25% and is comparable to
excitation maximum of the deprotonated phenolate anion. the reported quantum yield of the unsubstituted 2h{@iroxy-
Hence, these data suggest that the lower-energy emission irphenyl)-benzimidazole (HBI) ligan#.In aqueous solution at
aqueous solution can be assigned to fluorescence of theneutral pH, the spectrum is dominated by the highest energy
deprotonated phenolate anion. Given tievalue of 9.23 for band at 355 nm, which is presumably due to normal emission
the phenol oxygen, at neutral pH the ground-state equilibrium of the trans-rotamer {E This assignment is consistent with
is essentially dominated by the monoprotonated species LH previous studies of HBI in ethanol and water, where a maximum
(>99%). Therefore, the phenolate anion must be formed in the of 350 nm was reported for the emission of the trans-rotamer
excited state via intermolecular proton transfer to the solvent. E;.323436 Ligand 6b not only exhibits the short-wavelength
Similar observations were reported for 2-(&droxyphenyl)- emission, but also two weaker, red-shifted emission bands which
benzimidazole (HBI) in water or binary solverdts>The strong appear only as shoulders at 396 and 430 nm. The presence of
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TABLE 3: Thermodynamic and Photophysical Data for the Complexation of Benzazole 4b, 5b, and 6b with Zn(ll) in Aqueous
Solution?

data oxazole4b) imidazole 6b) thiazole @b)
logKP 3.93+£0.01 4.324+-0.01 1.97+0.01
Absorptiorf Amax (nm), e(cm™M 1) 347, 25100 332, 23200 366, 24500
Excitatiorf Amax (nNM) 350 (4119 340 (393} 364 (442)
Emissiod Amax(nm) 411 (350) 393 (340) 438 (370)
Stokes Shift (cm?) 4487 4675 4491
Quantum Yield 0.26 0.23 0.07

20.1 M KNGQs, 25°C, PIPES 10 mM pH 7.2¢ Apparent binding constant at pH 7 2Deconvoluted spectra from UWis titration. 9 PIPES
10 mM, pH 7.20, 0.1M KNG, 32 uM ligand, 5 mM Zn(OTf}. ¢ Emission wavelength in parentheseBxcitation wavelength in parentheses.

three distinctly different species in the excited-state equilibrium absorption spectra were recorded for a set of solutions in which
is further supported by the fact that the relative intensity of the the metal concentration was increased stepwise from 0 to 1 mM
three bands depends strongly on the excitation wavelength. With(oxazole4b and imidazole6b) or 50 mM in the case of the
decreasing excitation energy, the intensity of the two lower- thiazole5b. The spectra were analyzed over the entire wave-
energy bands increases. In contrast, the fluorescence spectrurtength range using a nonlinear least-squares fit algorithm as
of estersain ethanol shows only two bands of which the lower- implemented in the SPECFIT software packé&e For all three
energy emission at 435 nm is considerably stronger. Based onligands a single set of isosbestic points was observed, which
published data, the large Stokes shift of 8395 tof this band suggests a simple complexation equilibrium. Fitting of the
is consistent with emission of the keto-tautomié§, whereas titration curves was found to yield acceptable results only for a
the higher energy band at 353 nm can be assigned to the normal:1 complexation model. Attempts to use 2:1 or 3:1 stoichio-
emission of the trans-rotaméi(*). 3234.36The observed lower-  metries yielded deconvoluted spectra with negative absorption
energy shoulder at 430 nm in aqueous solution is presumablyvalues, which further supports the presence of a single equi-
due to emission of the keto-form, whereas the second shoulderibrium system with 1:1 complex stoichiometry. A compilation
at 396 nm can be assigned to the emission of the deprotonatedf the curve fitting results as well as the photophysical properties
phenolate anion. The emission spectrum under basic conditionsof the three Zn(Il) complexes is given in Table 3, and the
in buffered aqueous solution or ethanol (pH11) shows a deconvoluted UV-vis spectra are included in Figure 1. All
maximum at 396 and 393 nm respectively, which confirms this tabulated binding affinities were measured in buffered solution
assignment. Consistent with the emission properties of the at constant pH and ionic strength, and therefore correspond to
thiazole and oxazole ligands, the phenolate emission band isapparent stability constants (g under these specific condi-
observed in agueous solution but not in ethanol. tions. For all ligands, the lowest energy absorption of the Zn(ll)
As already described for the thiazole and oxazole derivatives, complex shows the typical features of organic chromophores
the ability of water to form strong intermolecular hydrogen with a broad, structureless band and high extinction coefficient
bonds with the ligand results in stabilization of the two isomers (> 20000 M~*cm™1), which indicates a ligand-centeredt*
E: and B, which do not undergo ESIPT (Scheme 3). The electronic transition. Compared to the monoprotonated, uncom-
fluorescence properties 6b at neutral pH are therefore mostly  plexed ligands, the absorption maxima are considerably red-
determined by the emission of these two species. This observa-shifted, and essentially overlap with the lowest energy band of
tion contrasts with previously reported results for 2-(2 the corresponding phenolate anion (Figure 1). This similarity
hydroxyphenyl)-benzimidazole (HBI) in unbuffered watér.  suggests that coordination of the metal ion is accompanied by
Under these conditions, the keto-isomé&k®) is responsible deprotonation of the phenol oxygen, which also acts as donor
for the major emission channel, whereas fluorescence of theatom in the Zn(ll) complex. The imidazole ligarsd has the
trans-rotamer’g*) is substantially weaker. The difference must highest affinity for Zn(ll) with lo&k = 4.32. As would be
be ascribed to the presence of PIPES buffer (10 mM) and the expected from the smallerdonor strength of oxygen compared
0.1 molar ionic background. Both components would be to nitrogen, the oxazole derivativth exhibits a slightly lower
expected to further stabilize intermolecular hydrogen bonds. affinity with logK = 3.93. Following the same trend, the thiazole
Complexation Studies.The purpose of this study is exploring  ligand, 6b, binds Zn(Il) considerably less tightly with l6g=
the fluorescence properties of benzazole ligands with biologi- 1.97. The differences in affinity are best visualized in a species
cally important metals. Under physiological conditions, com- distribution plot showing the relative abundance of the complex
plexation with transition metal ions such as Zn(ll), Fe(ll), Cu(ll), as a function of total Zn(ll) present (Figure 5). The graph
or Ni(ll) leads to a change in both the absorption and emission illustrates that the oxazole and imidazole derivatives both reach
spectra of the benzazole ligands. No effect was observed forZn(ll) saturation at concentrations around 5 mM, whereas the
Ca(ll), Mg(ll), Na(l), or K(l). Since the complexes with the thiazole ligand5b requires a metal concentration of 0.5 M.
paramagnetic transition metal ions Cu(ll), Fe(ll), and Ni(ll) are  Fluorescence SpectraUsing identical conditions as de-
nonfluorescent, the binding studies focused exclusively on the scribed for the UV+vis binding studies, fluorescence titrations
investigation of the Zn(Il) complexes by means of absorption with Zn(ll) were performed in aqueous solution for each of the
and steady-state spectroscopy in aqueous solution at neutral pHligands4b, 5b, and6b. The 1:1 zinc-complex of oxazokh
Absorption Spectra. The binding affinities with Zn(ll) for revealed a more than 50-fold increase in fluorescence intensity
all three ligandsib, 5b, and6b were determined by U¥vis compared to the unbound ligand (Figure 6a). A quantum yield
spectrophotometric titrations in PIPES buffered solution at pH of 27% was obtained at Zn(ll) saturation, which is nine times
7.2 and constant ionic strength (0.1 M KBOThe ions of the greater than the quantum yield of the free ligand under identical
ionic background (potassium nitrate), as well as the triflate anion conditions. Coordination of Zn(ll) appears to inhibit major
introduced as counterion of the Zn(ll) salt, have a very low nonradiative decay pathways leading to an electronically dif-
affinity to the ligand and Zn(ll) respectively, and should ferent lowest excited singlet state. Not only are the relative
therefore not disturb the equilibrium measurements. The UV energies of neighboring singletzi or triplet states expected
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Figure 8. Relative fluorescence intensity (at 411 nm) of ligaHwin

L. - . aqueous solution as a function of various metal cations (pH 7.20, 10
to be altered, but Zn(ll) coordination rigidifies the ligand [\ PIPES, 0.1 M KNQ).

backbone and prevents nonradiative deactivation through tor-

sional motions of the two aryl moieties. The emission maximum to the unbound ligand (Figure 6b). The peak emission appears
was observed at 411 nm, which is only slightly blue-shifted red-shifted at 438 nm, and is again close to the maximum of
compared to the emission of the deprotonated phenolate anion446 nm measured for the phenolate anion.

As already discussed in the previous paragraph, the photophysi- The fluorescence quantum yields of the oxazole and thiazole
cal properties of the Zn(ll)-bound ligand are very similar derivatives vary significantly between the unbound and Zn(ll)-
compared to the deprotonated phenolate anion. The excitationsaturated form. In contrast, the imidazole dervafikiés strongly
spectrum recorded at 411 nm matches the spectrum of thefluorescent in the presence and absence of Zn(ll). Conclusively,
phenolate anion very closely, with almost identical maxima at this ligand is the only derivative which would be suitable for
350 and 347 nm, respectively. The dramatic increase in the development of ratiometric probes as dicussed in the
fluorescence intensity upon Zn(ll) binding prompted us to introductory paragraph. The formation of the keto-tautomer by
further explore the suitability of oxazole ligadd as a Zn(Il) ESIPT is largely inhibited under physiological conditions,
specific fluorescence probe. Indeed, titration with Fe(ll), Cu(ll), presumably due to the ionic background and buffer used. To
Ca(ll), and Mg(ll) did not show any increase in fluorescence explore the influence of metal coordination on the ESIPT

intensity, even at high metal concentrations (Figuré®gjhe process in more detail, we performed Zn(ll) titrations not only
titration of thiazole derivativésb with Zn(ll) showed qualita- in aqueous solution, but also in methanol and ethanol using the
tively the same result as observed for oxazdle but the ester derivativéa (Figure 7). As previously shown, in ethanol

fluorescence intensity increases only about four times comparedthe ESIPT process yielded strong emission of the keto-tautomer
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(*K*). Addition of increasing amounts of Zn(ll) revealed a carboxylate group. Under physiological conditions, the fluo-
substantial blue-shift in the peak emission from 435 to 393 nm. rescence properties of all three derivatives, and6, differ

The keto-tautomer emission as well as the normal emission bandsubstantially with respect to previously published results in
of the trans-rotamer lE*) at higher energy disappeared nonaqueous solvents. Most important, in all cases the ESIPT
completely upon saturation with excess Zn(ll). Clearly, the process is disrupted, presumably due to intermolecular hydrogen
intramolecular hydrogen bond has been replaced by coordinationbonding with surrounding water molecules and increased
to the metal cation, resulting in inhibition of the ESIPT process. stabilization of the trans-rotame, Evhich cannot undergo the
Interestingly, the UV~vis spectra measured for an equivalent ESIPT process. Titration of the oxazole derivatiewith Zn(ll)

set of solutions suggest formation of the Zn(Il) complex with at neutral pH revealed a strong increase in the fluorescence.
2:1 stoichiometry. After addition of 0.5 molar equivalents of The response is specific for Zn(ll) and was not observed for
Zn(ll), the spectral changes became much smaller and a largeother biologically important metals such as Fe(ll), Cu(ll),
excess of Zn(ll) was required to further affect the absorption Mg(ll), or Ca(ll). With a log of 3.93 (corresponding to the
spectrum and shift the equilibrium toward the 1:1 complex. dissociation constankqy = 117 uM), oxazole 4b would be
Since the titration in ethanol was performed in unbuffered suitable as a fluorescence probe in a biological environment to
solution, coordination of zZn(ll) lowers the pH and therefore gauge Zn(ll) concentrations in the range fromud to 1 mM.
complicates the equilibrium system throughout the titration. It The thiazole derivative6b shows qualitatively a similar

is therefore not surprising that nonlinear least-squares analysisbehavior, but with substantially lower binding affinity and lower
of the UV—vis traces using 1:1 and 2:1 complex models was quantum yield. In contrast, the imidazole derivatblerevealed

not successful. An identical fluorescence titration in methanol a slightly higher affinity for Zn(ll) with a lo¢ of 4.32 K4 =
yielded qualitatively the same result. Most importantly, the 47 uM). Furthermore, the titration in ethanol, methanol, and
maxima of the observed emission bands did not shift and buffered aqueous solution showed that inhibition of ESIPT via
therefore allow a direct comparison with the titration carried metal coordination is a promising concept for the development
out in ethanol. The higher polarity and stronger hydrogen- of fluorescence probes with ratiometric emission properties. The
bonding ability of methanol further destabilizes the intra- changes of the fluorescence intensity ratio at two selected
molecular hydrogen bond required for ESIPT. As a result the wavelengths going from the unbound ligand to its metal-
normal emission of the trans-rotaméiy* is significantly saturated form, determine the dynamic resolution of the probe
increased relative to the keto-emission. Addition of Zn(ll) again and is therefore of great importan€@ypically, with increasing
leads to displacement of the intramolecular hydrogen bond by shift of the peak emission the overall change of emission ratios
the metal cation and yields an emission band virtually identical is also increasing, which generally improves the dynamic
to the one observed in ethanol. A qualitative analysis of the resolution. Inhibition of ESIPT via metal coordination as
corresponding UVvis titration in methanol reveals a single demonstrated by titration &a with Zn(ll) in ethanol shows a
set of isosbestic points with no indication for the formation of significant wavelength shift, together with a substantial ratio
a 2:1 complex. The greater polarity of methanol apparently increase by a factor of 13.7. For biological applications, the
stabilizes the positively charged 1:1 complex, whereas in ethanolsolvent polarity dependence of the emission spectrum is a
the equilibrium is more in favor of the neutral 2:1 species. limiting factor, and might lead to artifacts due to partitioning
Finally, an analogous titration was performed with acid deriva- of the probe into vesicular membranes. Future research will
tive 5b in aqueous solution at neutral pH. As already pointed concentrate on the identification of ESIPT molecules which do
out previously, the fluorescence spectrumbbfis dominated not allow rotational isomerism in the groundstate, and therefore
by the normal emission of the trans-rotamer, whereas the lowereliminate the polarity dependent normal emission observed for
energy keto-tautomer emission band appears only as a shouldeR-(2-hydroxyphenyl)benzazole derivatives.

(Figure 7c). Addition of Zn(Il) again generated a single emission
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