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A new fluorescent probe  N-butyl-4,5-di[2-(phenylamino)ethylamino]-1,8-naphthalimide 1 senses only Cu(ll) among heavy and transition metal
(HTM) ions by means of a colorimetric (primrose yellow to pink) method with a large red-shift in emission (green to red) attributed to the
deprotonation of the secondary amines as a receptor conjugated to the naphthalimide fluorophore.

Chemosensors that convert molecular recognition into highly sors for Cu(ll) is actively investigated, as this metal ion is a
sensitive and easily detected signals have been activelysignificant environmental pollutant and an essential trace
investigated in recent years. A colorimetric and ratiometric element in biological systenid3However, up to now, few
fluorescent chemosensor combines the sensitivity of fluo- colorimetric and ratiometric fluorescent chemosensors for
rescence with the convenience and aesthetic appeal of &Cu(ll) have been found in the literatute! Another issue
colorimetric assay.In particular, ratiometric measurements

have the important feature that they permit signal rationing, ;{2 (i‘%?':ge"&) JT;/(ak'fl'gge{' NKiﬁgﬁleWK CG?;?]O 'r\‘} Escﬁﬁg#gt% .
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related to the recognition is that of serious interference by
other metal ions such as Ni(f)Ag(l),® and Hg(l1)%” To

achieve Cu(ll)-only sensing, fluorescent chemosensors re-

quire deliberate design.

N-butyl-4,5-di[2-(phenylamino)ethylamino]-1,8-naphthalim-
ide (1). Because an anilino group has a lesser ability to
coordinate Cu(ll) compared with a pyridyl grodpthe
interaction between Cu(ll) and the two secondary amines

We have reported a ratiometric fluorescent chemosensorconjugated to naphthalimide fluorophore ih will be

of naphthalimide I(;) (Figure 1) selective for Cu(ll) based

¢ty

0<_N__O
SO
NH HN NH HN NH HN
Z>N N7 @
SRS NH,H,N
L, L, 1 2

Figure 1. Structures of ligand&,, L,, 1, and2.

on an internal charge transfer (ICT) mechani§nwhich
showed a 50 nm blue shift of fluorescence emission.
However, a long-wavelength emission will be more useful
in application, for it would overcome the disturbances
induced by environmental fluorescence. A rational strategy
to obtain long-wavelength fluorescence would be the depro-
tonation of the two secondary amines conjugated to 1,8-
naphthalimide so that the electron-donating ability of the two
N atoms conjugated to naphthalene ring would be greatly
enhanced; as a result, red shifts in both absorption and

strengthened. Thus, the protons will be released more easily.
It is well-known that the formed Cu(ll) center is inclined to
transfer an electron to the chromophore after deproton&tion.
Most probably, in this case, the square planar Cu(ll) complex
will take part in ther-system with a naphthalene ring. These
situations lead to a red-shift of the U\Wis and fluorescence
spectra, from which one could sense the Cu(ll) colorimetri-
cally and ratiometrically.

Chemosensofl was easily synthesized by conjugating
N-phenylethylenediamine aidtbutyl-4-bromo-5-nitro-1,8-
naphthalimide, which was prepared from 4-bromo-5-nitro-
1,8-naphthalic anhydride and butylamitieN-Butyl-4-[2-
(phenylamino)ethylamino]-1,8-naphthalimid® {vas prepared
for a control experiment. The influence of pH on the
fluorescence ofl was first determined by fluorescence
titration in ethanotwater (60:40, v/v) solutions. The fluo-
rescence of at 518 nm remains unaffected between pH 12.0
and 2.88 ¢ = 0.0054) and then rapidly increases nearly
116-fold from pH 2.88 to pH 1.67d¢ = 0.63) (Figure 2a)

fluorescence spectra would be expected. Gunnlaugsson et

al. have reported thatFeould deprotonate the 4-amino group
of 1,8-naphthalimide and lead to a long-wavelength color
change® The deprotonation of NH in amide or thiourea was
believed to be the basis of Bensing in recent researtm
addition, Cu(ll) could release the two protons on the amide
nitrogen in the well-known dioxotetraamine ligaridsin
particular 1,9-diamino-3,7-diazanonane-4,6-diong.t* In

fact, the two amino groups in 4,5-di(alkylamino)-1,8-
naphthalimide are very similar in structure to the two amides
in L,. Bearing these in mind, we designed and synthesized
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Figure 2. (a) Influence of pH on the fluorescence dfin the
ethanot-water (60:40, v/iv, 50 mM HEPES buffer, pH 7.2) solution.
I = fluorescence intensity, excitation wavelength 420 nm,
emission wavelength= 518 nm, fl] = 10 uM. (b) Fluorescent
emission spectra df in the ethanotwater solution from pH 1.67
to 1.20.

(9) Boiocchi, M.; Boca, L. D.; Gémez, D. E.; Fabbrizzi, L.; Licchelli,
M.; Monzani, E.J. Am. Chem. So2004,126, 16507—16514.

(10) (a) Kimura, EPure Appl. Chem1986,58, 1461. (b) Kodama, M.;
Kimura, E.J. Chem. Soc., Dalton Tran§979, 325—329.

(11) Fabbrizzi, L.; Licchelli, M.; Pallavicini, P.; Perotti, A.; Sacchi, D.
Angew. Chem., Int. EA994,33, 1975—-1977.

3030

due to the repressed photoinduced electron transfer (PET)
process from the peripheral N atoms to the fluoropHére.
Its pKaz and [Ka2values are 2.43 and 1.82, respectively. Very
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interestingly, when the solutions afbecame more acidic, || GGG

from pH 1.67 to 1.20, a significant decrease of the 518 nm
emission and a blue-shifted emission band centered at 47E a)0.4 1+ Ni(Il)
nm (Figure 2b), which was attributed to the interaction g |

between a proton and the NH conjugated to the naphthalene £ \

ring and increased in intensity, were observed with a clear

isoemission point at 501 nm. When 5 equiv Cu(ll) was added £ 0.1
to an acidic ethanol—water (60:40, v/v) solution bfthe - T : : ——
absorbance at 419 nm decreased, and a longer absorptio 300 W;%‘élengstaﬂ{nm)m L mﬁeng&“ﬁm} o0
band at 509 nm occurred on titration with NaOH between

0.29

/I 1+ Cu(ll)

. . doa
pH 3.0 and 12.0 (Figure 3a). Simultaneously, the fluores- “ I 1:cuany =1:1
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121 fwili o2 IR Figure 4. (a) UV—vis absorption spectra dfin the presence of
A 038; = different metal ions in ethanelwater solutions (60:40, v/v, 50 mM
. HEPES buffer, pH 7.2).1] = 10 uM, and the concentration of
041 each metal ion was 5@M. (b) Dependence of the UWis
00! = absorption spectra df on the concentration of Cu(ll). [Cu(ll}
0 > 4 6 8 10 12 0—10uM, [1] = 10uM. (c) Dependence of the UWis absorption
pH spectra ofl on the concentration of Cu(ll). [Cu(Il}} 10—50uM,
b) 70{ v [1] = 10uM. (d) UV—vis absorption spectra df and2 where to
801 the solution ofl was added 1 equiv of Cu(ll)1] = [2] = 10 uM.
/;:\ 507 v . - @ v @ 7 v 7
\(.“/ 40_ M
= 301 M shows only onélmax at 458 nm é = 16 000 Mt cm™2). On
0] ™ addition of 1 equiv of Cu(ll) to the solution of, the
0l - T T T absorbance at 419 nmyfg = 10 600 Mt cm™) decreases

sharply to its limiting value, while the one at 458 nmy{¢
= 37600 M* cm™) increases prominently (Figure 4b).
Furthermore, when unceasingly adding another 1 equiv of

Figure 3. (a) Dependence of the absorbance of the band at 419 Cu(ll), the absorbance at 458 nfﬂnﬁ: 9580 Mt cm™)
nm (a) and 509 nm4) on pH for a solution of 1 equiv of and deceases gradually, and an absorption band at 50%mm (

pH

5 equiv of Cu(ll) in ethanotwater (60:40, v/v). (b) Dependence =11 500 M™* cm™') develops, which induces a color change
of the fluorescence intensity of the band centered at 518w ( fom primrose yellow to pink (Figure 4c) with an isosbestic
and 592 nm ¢) on pH for a solution of 1 equiv of and 5 equiv oint at 475 nm, which should correspond to an intermediate
of Cu(ll) in ethanot-water (60:40, v/v). P ! P

complex!® However, adding more Cu(ll) leads to no
significant changes in the UWis spectra. It is noticeable

cence intensity ol at 518 nm decreased, and a red-shifted that the absorption spectrum BCu(ll) (1:1) is very similar
fluorescence emission band centered at 592 nm appeare(ﬁO that of2 (Figure 4d). I_t might be deduced Fhat 1 eqmv_of
(Figure 3b). The addition of other metal ions such as Li(l), Cu(ll) or Iess. reacts with one 2-(phenylam|no).ethylaln.1|no
Na(l), K(I), Mg(ll), Ca(ll), Fe(ll), Co(ll), Zn(lI), Cd(ll), (PEA) group inl first to reduce its electron—dor_latlng ability,
Hg(l1), Ag(l), and Pb(ll) produced insignificant changes in  While the other PEA is free to play a role like that 2n
both absorption and fluorescent spectrd bitween pH 3.0 1hesé phenomena indicated that Cu(ll) possibly interacts
and 12.0. In our system, Ni(ll) only shows a little interference With 1 step by step (the proposed process was shown in

in the absorption spectrum (Figure 4a) and quenches theScheme 1), first to forn8 [1:Cu(ll) = 1:1], which has a

fluorescence ofl to a small extent. This means thahas similar electronic communication and dipolar interaction with

an outstandingly high selectivity for Cu(ll). Detailed studies 2+ @nd then probably to form complek[1:Cu(ll) = 1:2]

were carried out in ethanelwater (60:40, v/v) solutions at correspondmg_ to the 'SOSPeSt_'C péfnt/wth add|t|on_ of

pH 7.2 maintained with HEPES buffer (50 mM). another 1 equiv Cu(ll), which is rapidly converted irio
The absorption spectrum df (10 xM) exhibits Amax at with the release of two protons on the two secondary amines

419 nm ¢ = 19600 ML cm %) and 458 nm ¢ = 12 900 conjugated to the naphthalimide fluorophore. It has been

M~ cm). In relative terms, the absorption spectrunof found that3 [1:Cu(ll) = 1:1], after 48 h, displayed the same
absorption and fluorescence spectrda$his means tha

(12) de Silva, A. P.; Nimal Gunaratne, H. Q.; Gunnlaugsson, T.; Huxley,
A.J. M.; McCoy, C. P.; Rademacher, J. T.; Rice, T.Ghem. Rev1997, (13) Rogers, J. E.; Weiss, S. J.; Kelly, L. &. Am. Chem. SoQ000,
97, 1515—-1566. 122,427-436.
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Scheme 1. Proposed Cu(ll) Sensing Process
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could also be totally and automatically transferred tand
the final complex5 could probably be a/Cw* adduct of

1:1 stoichiometry. This also suggests that only more than 2

equiv of Cu(ll), because of the low acidity of the amines,

a) b)

201 s
10

¢ 1020304050

Y
Wavelength (nm)

0 1020 30 4050 {60
c(Cuy s mm
50
407
oo
30 =

20
10

0 T T T T T - 0
550 600 650 700

500 550

5600

Figure 5. Changes in the emission spectra in the presence of
different concentrations of Cu(ll)1] = 10 M. (a) [Cu(ll)] = 0O,
1,2,3,4,5,6,7,8,9, 10, 20, 3M. Excitation wavelength was
420 nm. (b) [Cu(Il)]= 0, 5, 10, 12, 14, 15, 16, 17, 18, 19, 20, 30,
40, 50uM. Excitation wavelength was 510 nm. Inset: Fluorescent
intensity I as a function of C#" concentration.

by Ni(ll). Unfortunately, the probd has lower sensitivity

can release the two protons on these two secondary aminesor Cu(ll) and poor solubility in water. A new fluorescent

immediately. To gain more insight into the role of the amount
of Cu(ll), 2 equiv of ethylenediamine, which had a greater
affinity for Cu(ll) than 1, was added to the solution &f

probe totally soluble in water with high sensitivity and
selectivity for Cu(ll) will be developed in our future research.

In conclusion, we have demonstrated that prbbésplays

and no obvious spectral changes were found. This fact also, cojorimetric response with a large red-shift emission that

implied that5 was al/Cwt adduct of 1:1 stoichiometry.
The emission spectra df and its fluorescence titration
with Cu(ll) are displayed in Figure 5. The fluorescence
intensity of1 at 518 nm decreases to its limiting value after
adding 1 equiv of Cu(ll). As expected, when more than 1
equiv of Cu(ll) was added to the solution bfa red-shifted
fluorescence emission band¢m* = 0.0046) was found
centered at 592 nm, which should be ascribed to conmplex

The two emission bands centered at 592 and 518 nm were

excited at 510 and 420 nm, respectively. A slight hypso-
chromic effect was seen at the shorter emission band.

The probel presents some outstanding advantages com-

pared to known ratiometric fluorescent sensors for Cd(ll).
The Cu(ll)-only sensing with selectivity and the large red
shift in emission when Cu(ll) interacts with, as well as
the Cu(ll) detection by only one kind of fluorophore, would
be more useful in practical application. It should be pointed
out that the deprotonation of the two anilino groups can only

is useful for the easy detection of Cu(ll) ion with very high
selectivity among HTM ions. The solution color change from
primrose yellow to pink and the red-shift of fluorescence
spectra from green to red are attributed to the deprotonation
of the two secondary amines conjugated to the naphthalene
ring. The design strategy and remarkable photophysical
properties of the probe would help to extend the development
of fluorescent probes for HTM ions.
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be induced by Cu(ll) in this case and in more favorable casesOL051131D
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