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New fluorescent ionophores containing the 1-naphthylacetanilide moiety based on 

oligo-ethylene oxide (14 and 15) have been synthesized, and its photochemical behaviors have 

been studied.  In the absence of a metal ion, the 1-naphthylacetamide moiety showed a weak 

fluorescence emission (fluorescence "off state").  However, complexation with Ca2+ induced a 

large enhancement effect on the fluorescence intensity of 14 and 15 from the naphthalene ring 

(fluorescence "on" state).  This behavior can be explained in terms of a similar twisted 

intramolecular charge transfer relaxation mechanism.  Such "off-on" fluorescence responses of 

14 and 15 provide the digital detection of alkaline earth metal ions. 

 

Photo-induced electron transfer between a donor and acceptor subsystem in a molecule leads to 

an intramolecular charge transfer (ICT) state.  The ICT state of the molecule goes down to the 

ground state through various relaxation pathways.  Among of them, in particular, the twisted 

intramolecular charge transfer (TICT) behavior has been a subject of interest to many 

photochemical researchers for years.1  The TICT model was firstly applied to explain about the 

photophysical property of p-(N,N-dimethylamino)benzonitrile, indicating the dual fluorescence 

and the emission with a large Stokes shift in a polar solvent.2, 3  Since then, interpretation by 

the TICT model has been extended to other structurally related compounds showing anomalous 

dual fluorescence. Recently, the present authors demonstrated that 



N-phenyl-9-anthracenecarboxamide and N-phenyl-1-pyrenylcarboxamide derivatives show no 

fluorescence emission in solution through an ICT relaxation pathway similar to the TICT as the 

most plausible explanation.  On the basis of this observation, we synthesized new fluorescent 

ionophores containing N-phenyl-9-anthracenecarboxamide4 and 

N-phenyl-1-pyrenylcarboxamide5 based on an ethyleneoxy chain, respectively.  Upon 

complexing with metal ions, we could achieve the controlling TICT relaxation pathway with the 

“off-on” fluorescent signal.   

   These results inspired us to examine a photochemical property of naphthalene amides 

derivatives.  Naphthalene is regarded as a strong tool for highly sensitive detecting probe in 

fluoroionophores6.  Kawakami et al studied fluoroionophores containing naphthoic acid 

derivatives.7-9  The naphthyl alkyl amines were used as a photo-induced electron transfer 

(PET) detection moiety in the field of the molecular recognition chemistry.10, 11  Although 

many studies on naphthalene derivatives have been reported, spectroscopic observations about 

naphthylacetic aromatic amide are rather limited.  In this communication, we demonstrate the 

photochemical behaviors 14 and 15 (Fig. 1) upon the complexing with metal ions by means of 

fluorescence and NMR spectrometries. 

Experimental 

 The syntheses of 14 and 15 were carried out by the usual technique (Yield: 61.3 % for 



1, 58.3 % for 2).12, 13 Their structures and purities were confirmed by the 1H-NMR spectra and 

elemental analyses.  Fluorescence spectra were measured by a Shimadzu RF-5300PC at 25 °C.  

The concentrations of fluorescent reagents were 5×10-6 mol/dm3 in purified acetonitrile.  

Alkaline earth metal cations were added into the solution of the fluorescent reagent as 

perchlorate salts.  

 

Results and Discussion 

 Figure 2a shows the fluorescence spectra of 14 and its Ca2+ complexes.  Fluorescence 

emissions from the naphthalene moiety in 14 were quite weak in the absence of metal ions.  It 

can be explained that the quenching of naphthalene fluorescent emission contained two steps, as 

follows: photo-induced charge transfer occurred between the naphthalene ring and the N-phenyl 

amide moiety over the methylene bond (naphtharene-CH2-CONH-Ph).  Next, TICT motion in 

N-phenylamide moiety induced the charge-separated state. Thus, 14 showed weak fluorescent 

emission.  On the other hand, the complex formation of 14 with Ca2+ exhibited the naphthalene 

monomer emission having two maximum (λmax) at around 345 and 325 nm, and fluorescence 

intensity increased upon the addition of Ca2+, respectively.  The complexation clearly inhibited 

the quenching pathway, resulting in a strong fluorescent emission of naphthalene.  The excimer 

of the naphthalene was not observed.  This suggested that the benzene ring disturbed an 



overlapping of naphthalene rings because of their steric hindrance.  Upon the addition of other 

guest ions, such Sr2+ and Ba2+, 14 with metal complexes showed a similar "off-on" fluorescence 

response. Figure 2b also shows the fluorescence spectra of 15 and its Ca2+ complexes.  

Although the increase of the fluorescence intensity was small compared with that of 14, the 

fluorescence emission maximum (λmax) and shape were quite similar to that of 14⋅Ca2+. The 

fluorophore 15 also responded to both of Sr2+ and Ba2+. The fluorescence intensity of free 15 

showed a small value (~ 50, at 338 nm) compared with that of free 14 (~ 100, at 338 nm). The 

longer oxyethylene chain in 15 had entropical advantages for molecular motion, avoiding the 

conformation of inhibition for TICT (e.g. pseudo-cyclic comformer).        

 Figure 3 shows UV spectra of 14 and its complexes with metal Ca2+. After the addition 

of Ca2+, the absorbance of naphthalene ring slightly decreased, whereas its region did not 

change.  This suggested that fluorescence quenching is not due to a redox-level change for  

complexation.  The absorbance around 270 nm which could be assigned by benzene moiety 

also decreased.  This may reflect the geometry changes along the benzene-NHCO-CH2- bond 

axis at the binding event.   

 The successive increase in monomer emission upon the addition of metal ions will 

finally cause an inhibition of ICT quenching.  The degree of increase of monomer emission 

clearly depended on the concentrations of metal ions.  The fluorescence intensities of 14 and 15 



at 283 nm was plotted against the ratio of [M2+] / [14 or 15].  The obtained titration curve 

clearly indicates the formation of a 1:1 complex with Ca2+.  The complex formation 

constant(K) was determined from the curve by means of a nonlinear least-square curve-fitting 

method (Marquardt’s method)14, and listed in Table 1．The fluoroionophores 14 and 15 showed 

good affinity for Ca2+; the same trend was observed previous reports. 

 Fluorescence spectral data evidently showed the structural changes of 14 and 15 upon 

complexation with metal ions.  To clarify these changes, a 1H NMR study of 14 was carried out 

in the absence and presence of Ca2+ in acetonitrile-d3 at 30 °C.  Peak assignments were made 

by 1H-1H COSY and NOESY spectra.  In the 14⋅Ca2+ complex (refer to the scheme for peak 

assignments), oxyethylene proton peaks (a, b, c, and d) shifted to low magnetic field (∆δ=0.03, 

0.03, 0.07, and 0.67 ppm, respectively).  The peak of amide protons (i) also showed large 

lower magnetic field shift changes (∆δ=0.93 ppm).  These indicated that 14 binds Ca2+ with the 

ethyleneoxy moiety and carbonyl oxygen in both of amide groups cooperatively.  However, 

protons, a, b and c did not show large low-field shifts.  This can be considered to mean that 

low magnetic field shifts induced by complexation were offset by the ring-current effect of the 

naphthalene ring.  Benzene protons (e and g) shifted to low magnetic field (∆δ=0.37 and 0.26 

ppm), whereas the proton (f) indicated a high magnetic field shift (∆δ= -1.15 ppm).  This can 

be explained because two of benzenes faced alternatively, and protons (e and g) stood in a 



deshielding area of the other benzene ring, whereas the proton (f) received the ring-current 

effect, resulting in high field shifts. The proton (h) showed an unusual low chemical shift value 

(8.19 ppm).  To avoid a steric hindrance arising between the carbonyl group and the 

oxyethylene chain, these two groups must take a trans molecular geometry, and the proton (h) 

must exist in the deshielding area of the carbonyl group, showing an unusual value.  Upon 

complexing with Ca2+, the geometry changed to a cis form, and the proton (h) came out of this 

area while showing a normal chemical shift value (6.48 ppm). The chemical shift changes of 

proton (j) and naphthalene protons (k – q) could not be observed. (∆δ=0.0 ppm and ∆δ=0.0 – 

-0.19 ppm, respectively) These protons did not receive and electric effect upon complexation.          

   On the bases of fluorescence and 1H NMR studies, an expected structural change of 14 

before and after the addition of Ca2+ on the ground state is illustrated in Fig. 4.  It has been 

clarified that carbonyl group and ethyleneoxy moiety were provided cooperative strong binding 

site, resulting in the formation of a pseudo-cyclic comformer. The benzene and oxyethlene 

moiety induced an inhibition of the rotation around amide bond in both of ground and excited 

states resulting the inhibition of TICT relaxation process. The formation of a complex also 

caused steric hindrance between naphthalene and ethyleneoxy moiety. The photodriven rotation 

of the naphthalene moiety should be locked by that obstacle. Thus, the fluorescence emission 

from naphthalene of Ca2+⋅(14 and 15) can be observed.   



A detailed observation of the relaxation mechanism of naphthylmethyl-N-phenyl 

amide derivatives is now underway.  We believe that the present fluorophores 14 and 15 will be 

available as photo-detecting system for analytical use with an “off-on” fluorescent signaling 

character. 
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Fig. 3 



 

 

 

 

Table 1. Complex formation constantsa and fluorescent response 

of 14 and 15 for various metal ions in acetonitrile at 25 °C 
 

Fluoroionophore log K (Imax / Inone) 

 Mg2+ Ca2+ Sr2+ Ba2+

14

-b

- 

5.72 

(11.3) 

5.09 

(10.4) 

4.25 

(5.4) 

15

3.76 

(2.1) 

5.52 

(25.8) 

4.46 

(16.9) 

5.00 

(27.3) 
a. K=[Ligand⋅M2+]/[Ligand][M2+] 
b. Because the changes of fluorescence intensity was small, this value could not be 
determined. 
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Caption and Legends 

 

Fig. 1 Structures of 14 and 15. 

 

Fig. 2   Fluorescent spectra of 14 (a), 15 (b) and their Ca2+ complex in acetonitrile at 

25 °C. Excitation wavelength, 283 nm. [14] = [15] = 5 × 10-6 M 

 

Fig. 3 UV spectra of 14 and its Ca2+ complex in acetonitrile at 25 °C. 

 

Fig. 4 Schematic presentation of the structural change of 14 before and after the 

addition of Ca2+  
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