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Abstract

Two amido-schiff bases (3-Hydroxy-naphthalene-2-carboxylic acid pyren-1-ylmethylene-
hydrazide and Naphthalene-2-carboxylic acid pyren-1-ylmethylene-hydrazide) have been
synthesized having a common structural unit and only differs by a —OH group in the naphthalene ring.
Both of them can detect Cu ion selectively in semi-aqueous medium in distinctly different output modes
(one detects Cu®* by naked-eye color change where as the other detects Cu?* by fluorescence

enhancement). The difference in the binding of Cu **

with the compounds is the reason for this
observation. The detection limit is found to be micromolar region for compound which contains —OH
group whereas the compound without —OH group detects copper in nano-molar region. DFT calculations
have been performed in order to demonstrate the structure of the compounds and their copper complexes.

Practical utility has been explored by successful paper strip response of both the compounds. The

biological applications have been evaluated in RAW 264.7.

Key Words: Colorimetric sensing, Fluorescence enhancement, lon detection, Schiff base,

LMCT, Test Kit



1. Introduction

Copper is the third abundant ion among the essential transition metal ions in the human body
being involved in various important physiological processes [1]. However, excess intake of
copper exhibits toxicity, causing serious neurodegenerative diseases, such as Menkes,
Alzheimer’s and Wilson’s diseases due to displacement of other vital metal ions in enzyme-
catalyzed reactions [2]. On the other hand, a deficiency of copper has effects on neuro-behavior
and the immune system, abnormal glucose and cholesterol metabolism [3]. Thus, development of
biologically compatible sensors selective for detecting copper ion is necessary and indispensable
for environmental protection and human health. Up to now various methods, such as
electrochemical, atomic absorption spectroscopy, UV-Vis absorption spectroscopy, fluorescence
spectroscopy and colorimetry have been employed to measure trace amount of copper ions
[4,10]. With comparison to other techniques, colorimetric and fluorometric techniques are the
most promising tool for the detection of metal ions due to their high sensitivity, instantaneous
response and cost-effectiveness [11,12]. In colorimetric technique, the sensor molecule
immediately changes its color in presence of guest ions and in fluoremetric technique the sensor
molecule shows instantaneous ion-induced change of emission signal. Both colorimetric and
fluorometric sensors are composed of a metal binding unit and a signaling unit. But there are
some problems regarding both the aforesaid methods for the sensing of Cu®* [13,14]. In case of
colorimetric sensing sometimes other metal ions like iron, mercury, aluminium interfere by
exhibiting same color where as Cu?* is known as a fluorescence quencher [15,16]. Due to these
problems, design and synthesis of new molecules capable of sensing Cu?* selectively by both
colorimetrically and fluorometrically is an interesting research area till now. A numbers of Cu?**

ion sensors have been reported in the literature by several groups, but a few of them show their



interest to investigate the effect of mode of binding of Cu** with the ligands on the signaling
property of the ligands [17,18]. In the present study, two pyrene-based sensors (1 and 2) have
been synthesized for Cu** detection. It is noteworthy to mention that the basic framework of
sensors 1 and 2 is same, only differs by a —OH group. Compound 1 contain a —OH group in the
naphthalene ring which is absent in compound 2. Between these two sensors, 1 detects Cu?*
colorimetrically (light yellow to brown) and 2 fluorometrically (fluorescence enhancement)
depending on their binding modes in semi aqueous medium. Furthermore, practical applications
(like test-kit, live cell imaging) of 1 and 2 have been performed to ensure their real time

acceptability.

2. Experimental

2.1. Instrumentation

Electronic absorption spectra, fluorescence spectra and fluorescence lifetime have been recorded
by a Hitachi UV-Vis (Model U-3501), Perkin Elmer LS-55 spectrofluorimeter and Time
Correlated Single Photon Counting (TCSPC) spectrophotometer (Horiba Jobin Yovin)
respectively. IR spectra (KBr pellet, 4000-400 cm™) have been recorded on a Parkin Elmer
modal 883 infrared spectrophotometer. *"H NMR spectra have been recorded on a Bruker,
Avance 300 spectrometer, where chemical shifts (6 in ppm) have been determined with respect
to tetramethylsilane (TMS) as internal standards. Mass spectrum was recorded on Waters Xevo

G2-S Q TOF mass spectrometer.



2.2. Reagents

All reagents and solvents have been used as received from commercial sources without further
purification. All cations in the form of perchlorate salts have been purchased from Sigma-
Aldrich Chemical Company. All solvents used for the spectroscopic studies are spectroscopic
grade. Here all the spectroscopic experiments have been done in methanol-water mixture
(CH30H:H,0 = 7:3, v/v, pH=7.2). The pH of this mixture has been maintained using Tris-HCI
buffer.

2.3. Cell Culture. Abelson murine leukemia virus-induced tumor cells RAW 264.7 have been
obtained from National Institute of Cell Science (NCCS), Pune, India. Cells have been grown by
continuous culture in Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma Chemical Co., St.
Louis, MO) supplemented with 10% fetal bovine serum (Invitrogen), penicillin/streptomycin
(100 units/ml) and antibiotics in a CO, incubator. The cells initially propagates in 75 cm?
polystyrene, filter-capped tissue culture flask in an atmosphere of 5% CO, and 95% air at 37°C
in CO; incubator. When the cells reach the logarithmic phase, the cell density has been adjusted
to 1.0 x 10° per/well in culture media. The cells have been used to inoculate in a glass bottom
dish, with 1.0 mL (1.0 x 10* cells) of cell suspension in each dish. After cell adhesion, culture
medium has been removed. The cell layer has been rinsed twice with phosphate buffered saline

(PBS), and then treated according to the experimental need.

2.4. Cell Imaging Study. For fluorescence microscopic studies, RAW264.7 cells in 1000
uL of medium, have been seeded on sterile 35 mm glass bottom culture dish (ibidi GmbH,
Germany), and incubated at 37 °C in a CO; incubator for 10 hours. Then cells have been washed
with 500 pL. DMEM followed by incubation with 1.0 x 10 M solution of compound 2 dissolved

in 1000 uL DMEM at 37°C for 1 h in a CO; incubator and observed under a fluorescence



microscope (Leica) at different time interval. Then the cells have been washed four times with
phosphate buffered saline PBS (pH 7.4) to remove any free compound 2 outside the cells and
incubated in PBS containing metal Cu®* to a final concentrations of 1.0 x 10 M, incubated for
20 min followed by washing with PBS three times to remove excess metal outside the cells and

images were captured.

2.5. Syntheses

The compound 3-hydroxy-naphthalene-2-carboxylic acid hydrazide has been synthesized from
3-hydroxy-naphthalene-2-carboxylic acid ethyl ester accroding to the literature procedure
[19,20].

2.5.1. Compound 1: Sythesis of 3-Hydroxy-naphthalene-2-carboxylic acid pyren-1-ylmethylene-
hydrazide (compound 1)

Compound 3-hydroxy-naphthalene-2-carboxylic acid hydrazide (1.5 mmol, 0.30 g) has been
treated with 1-pyrene carboxaldehyde (1.5 mmol, 0.20 g) in methanol at 50 °C for 2 hrs. to form
a yellow solid. The product thus obtained has been filtered and then dried under vacuum (yield:
0.35 g, 76%). "H NMR (Fig. S1) in ds-DMSO, 300MHz, 5 (ppm): 12.21 (s, 1H, -CONH-), 11.40
(s, 1H, —OH), 9.54 (s, 1H, -CH=N-), 9.54 (d,1H), -), 8.93 (d, J=12.3 Hz,1H), 8.88 (s, 1H),
8.64-7.78 (m, 9H), 7.56-7.39 (m, 3H). *C NMR (Fig. S2) (75.5 MHz, dg-DMSO, 20 °C) &
(ppm): 110.37, 119.97, 122.31, 123.42, 123.62, 123.82, 124.93,125.54, 125.87, 126.35, 126.46,
126.55, 127.09, 128.07, 128.26, 128.52, 129.82, 130.10, 130.51, 131.81, 135.62, 147.14, 153.72,
163.58. IR (KBr): 3399, 3222, 3093, 1649, 1620, 1597, 1541, 1507, 1219 cm . Mass (TOF-MS

ES+) m/z: calcd. for CsHigN,O, [M+H]*, 415.14; found, 415.139. [M+Na]", 415.14; found,



437.12. Elemental analysis calculated for C,gH1gN,O,: C, 81.14; H, 4.38; N, 6.76. Found: C,

80.93; H, 4.32; N, 6.84.

2.5.2. Compound 2: Sythesis of Naphthalene-2-carboxylic acid pyren-1-ylmethylene-hydrazide
(compound 2)

Compound 2 has been prepared according to the similar procedure as compound 1 by the
reaction between naphthalene-2-carboxylic acid hydrazide (1.3 mmol, 0.250 g) and 1-pyrene
carboxaldehyde (1.4 mmol, 0.180 g) in methanol. The yellow solid thus obtained was filtered
and then dried under vacuum (yield: 0.32 g, 80%). *H NMR (Fig. S3) in de-DMSO, 300MHz, &
(ppm): 12.24 (s, 1H, -CONH-), 9.57 (s, 1H, -CH=N-), 8.61 (d, J=8.5 Hz, 1H), 8.39-8.35 (m,
2H), 8.26-8.08 (m, 11H), 7.65-7.64 (m, 2H) **C NMR (Fig. $4) (75.5 MHz, de-DMSO, 20 °C) &
(ppm): 121.91, 123.26, 123.64, 123.76, 124.56, 124.74, 125.26, 125.60, 126.10, 126.45, 126.89,
127.20, 127.48, 127.71, 127.90, 128.26, 128.39, 129.62, 130.34, 131.43, 131.60, 133.88, 146.09,
163. IR (KBr): 3428, 3205, 3050, 2924, 2852, 1635, 1625, 1593, 1543, 1301 cm™*. Mass (TOF-
MS ES+) m/z: calcd. for CogH1gN>O [M+H]", 399.14; found, 399.14. [M+Na]®, 421.13; found,
421.13. Elemental analysis calculated for C,gH1gN,O: C, 84.40; H, 4.55; N, 7.03. Found: C,

84.47; H, 4.51; N, 6.96.

3. Results and discussion

The compounds 1 and 2 have been synthesized following two steps. Firstly, acid hydrazides have
been prepared by the reaction of hydrazine with the corresponding ethyl ester derivatives then
they have been condensed with pyrene-1-carboxaldehyde (Scheme 1). The compounds 1 and 2

have been characterized by *H, *C NMR (Fig. S1-S4) and IR spectroscopic methods. The FT-IR



spectroscopy suggests the presence of two functional groups amido (—-CONH-) and imino (—
CH=N-) group by the absorption peaks in the range of 1649 to 1620 cm™ [21]. In *H-NMR
spectra, the presence of (-CONH-) and imino (-CH=N-) groups have been confirmed by their

two characteristic peaks at 12.2 ppm and 9.5 ppm respectively.

X =—-0H for 1 ‘

-H for2
Scheme 1: Synthetic procedure of compound 1 and 2.

3.1. Naked-eye sensing of cations

According to the literature reports compounds having amide or phenolic —OH groups have
certain affinity towards cations. Keeping this fact in mind, colorimetric sensing ability of
compound 1 and 2 (10 M) towards cations has been investigated in aqueous methanolic
medium (methanol: water = 7:3, v/v). When methanolic solution of all cations (such as Fe*"
Co?*, Ni**, Cu®, zn**, Cd**, Fe**, Hg?* and Mn?") have been added seperately to the solutions of

1, only Cu®* shows a distinct color change from light yellow to brown whereas some of the other



Fig. 1. Naked-eye color changes of compound 1 (1.0 x 10™° M) after addition of 2 equivalent of

various cations (1.0 x 10™*) M in methanol water mixture (CHsOH-H,0 = 7:3, v/v).

cations (such as Co®*, Hg**, AI** and Fe** ) show intensification of the color of compound 1 (Fig.
1). Under same experimental condition compound 2 does not show any notable color change
(ESI, Fig. S5). This indicats that compound 1 can serve as a potential candidate for the detection
of Cu?*ion colorimetrically in semi aqueous medium.

3.2. UV-Vis spectroscopic experiment

The sensing ability of compound 1 and 2 (10° M) has also been monitored by UV-Vis
spectroscopy in aqueous methanolic solution (methanol: water = 7:3, v/v). Compound 1 exhibits
mainly two absorption bands at 289 nm and 379 nm with a hump at 401 nm in aqueous
methanolic solution. On sequential addition of Cu** to the aqueous methanolic solution of 1 a
new broad band appears near 485 nm with gradual decreament of the band at 379 nm, resulting
in a color change from light yellow to brown (Fig. 2). Under same condition all other cations

remain almost inert except Co®*, Hg**, AI** and Fe** which give slight modification of the
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Fig. 2.UV-Vis spectral changes of compound 1 (1.0 x 10° M) upon addition of Cu®** ion (0-5

equiv.) in methanol water mixture (CH;OH-H,0 = 7:3, v/v)

absorption spectra of compound 1 (ESI, Fig. S6). On the other hand compound 2 shows two
absorption bands at 283 nm and 372 nm with a hump at 398 nm in aqueous methanolic solution.
The UV-Vis spectra of compound 2 remain almost uneffected in presence of the aforesaid
cations (ESI, Fig. S7). Now to find out the selectivity of 1 (1uM) towards Cu?* (5uM), UV-Vis
study has been performed in aqueous methanolic solution (methanol:water = 7: 3) in presence of
other competing metal ions (5uM). This experiment shows compound 1 exhibits almost same
optical density in presence of other competitive metal ions (ESI Fig. S8a and Fig. S8Db),
indicating the selectivity of 1 towards Cu®* ion having a detection limit of 2.3 x 10° M (ESI Fig.

S9). The effect of pH on the sensing behavior of 1 has also been checked. It has been found that



compound 1 shows good response towards Cu®* in the pH range from 5 to 8 (ESI Fig. S10a). To
understand the stability and reversibility of the 1- Cu** complex, ethylenediaminetetraacetic acid
(EDTA)-addition experiments have been performed in methanol water mixture. After adding 6
equiv of EDTA to 1-Cu?* solution, the color of the solution changes from brown to light yellow
and the absorbance at 485 nm completely is found to be changed. Upon addition of Cu®* into that
solution again, the color and the absorbance is recovered. The color change (Fig. S10b) and
absorbance (Fig. S10b) are almost reversible even after several cycles with the sequentially

alternative addition of Cu®" and EDTA.
3.3. Spectrofluorometric experiment

The fluorescence properties of both 1 and 2 (10 M) have been investigated upon addition of
various metal ions like Fe** AI¥*, Cr**, Co?', Ni?*, Cu®*, Zn?*, Cd**, Fe?*, Hg** and Mn?* in
aqueous methanolic solution (methanol: water = 7:3, v/v). Surprisingly compound 1 shows very
little fluorescence change towards the above mentioned cations where as compound 2 shows
massive fluorescence enhancement in presence of Cu®* (ESI, Fig. S11 and Fig. S12). On addition
of methanolic solution of Cu?* to the aqueous methanolic solution of compound 2 the
fluorescence intensity is found to increase in the region 410 nm to 460 nm which finally resolves

into two bands at 414 nm and 432 nm (Fig. 3). Interestingly, under UV light the
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Fig. 3. Fluorescence (hex= 375 nm) spectral changes of 2 (1.0 x 10~ M) upon addition of Cu**
ion (0-5 equiv ) methanol water mixture (CH3OH-H,0 = 7:3, v/v).

2 Fe2+ cu2+ Mn2+ Coz+ Ni2+ Hg2+ cd2+ zn2+ A|3+ cr3+ Fe3+

Fig. 4. The color change of 2(1.0 x 10° M) in methanol water mixture (CH;OH-H,0 = 7:3, V/v)

without and with addition of various cations (1.0 x 10° M) under UV light.



aqueous methanolic solution of 2 has no such noticeable fluorescence, whereas in presence of
Cu?* a bluish white colored fluorescence has been observed in methanol water mixture (Fig. 4).
From the above two experiments it can be said that compound 2 can detect Cu®* in aqueous
methanolic mixture. To understand the selectivity of compound 2 toward Cu*" over other metals, the
competition experiments have been performed using the method of the fluorescence. The fluorescence
spectra of compound 2 (0.1M) has been recorded on addition of 1uM Cu?* to the mixture of 2 and 1 uM
of other interfering metal ions Mg®*, Ca®" Cr**, Ni*", Zn?*, Co®, Cd*, Hg*", Fe’* and Pb** (ESI Fig.
S12b) and visual fluorescence change of compound 2 (1uM) has also monitored in presence of cation
mixture (S12b, inset). These experiments indicate high selectivity of compound 2 towards Cu®* which
has been furnished in the form of bar plot (S13). The detection limit of compond 2 towards
Cu?*has been found to be 4.1nM (ESI, Fig. S14). The fluorescence intensity of 2 in the presence
and absence of Cu®" at various pH values has also been monitored. It has been found that in the
absence of Cu?*, the fluorescence intensity of 2 does not changes noticeable. When Cu?* has
been added compound 2 shows appreciable fluorescence enhancement in the pH range from 4.5
to 9 (ESI, Fig. S15a). Again, to check the reversibility of the 2- Cu®** complex,
ethylenediaminetetraacetic acid (EDTA)-addition experiments have been performed in methanol
water mixture. This experiment shows that the fluorescence change (Fig. S15b) is almost

reversible even after several cycles with the sequentially alternative addition of Cu®* and EDTA.
3.4. Fluorescence quantum yield

The fluorescence quantum yields have been determined using quinine sulfate as the secondary
standard (®r = 0.54 in 0.1 M H,SO,). The area of the emission spectrum is integrated using the
software available in the instrument and the quantum vyield is calculated according to the

following equation:



Os/Dr = [A/Ar] % [(Abs)r/(AbS)s] x[Ns?Mr]

where ®s and ®r are the fluorescence quantum yield of the sample and reference,
respectively; As and Ag are the area under the fluorescence spectra of the sample and the
reference, respectively; (Abs)s and (Abs)g are the corresponding optical densities of the sample
and the reference solution at the wavelength of excitation; ns and nr are the refractive index of
the sample and the reference, respectively. The quantum yield of compound 1 is 0.023 where as
with the addition of Cu?* the quantum yield is 0.091. The quantum yield of compound 2 is

0.052 and the quantum yield of the 2-Cu?" complex is 0.54.

3.5. Fluorescence lifetime measurements

Fluorescence decay analysis of the fluorophore gives the informations about its local
environment and its excited state behaviour. Fluorescence lifetime measurements of compound 2
have been done in methanol water mixture at Aex=375 nm. The decay profile of 2 shows that the
fluorescence lifetime of 2 is very short which undergoes a drastic modification with the addition
of Cu*" indicating a strong interaction of 2 with Cu** (Fig. 5, ESI Table S1). The fluorescence
lifetime data shows that the average lifetime of 2 increases to a huge extent in presence of Cu?".
This can be attributed to the formation of comparatively rigid structure imposed on the
compound 2 by strong complexation with Cu** ion. Rigid structural architecture of 2 in the
complex restricts free motion of flexible bonds and there by minimizes the radiationless

transition, consequently excited state lifetime increases [22-23].
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Fig. 5. Fluorescence decay profile of 2 in presence of 2 equivalents of CU%", hex = 375 nm, hem max) = 430
nm.

3.6. Elucidation of binding mechanism

The mechanism behind this unanticipated phenomenon, compound 1 detects Cu®* by naked-eye color
change /UV-Vis experiment where as compound 2 detects Cu®* via fluorescence enhancement, is no
doubt very interesting. These phenomenons can be explained by considering the binding mode of
Cu®" with the ligands. Compound 1 can bind with Cu®* in two possible ways, one is the binding
of Cu®* with phenolic oxygen and amide oxygen of the ligand to form a six membered ring and
another is a five membered ring formed by the complexation between Cu?* with the oxygen of
the amide and the immine nitrogen, but the more stable six membered ring will be the obvious
choice (ESI, Fig. S16). As a result both the phenolic —-OH group gets deprotonated which may

cause a ligand to metal charge transfer from 1 to Cu®* resulting a color change from light yellow

to brown [24-26]. IR spectra also indicates that -CONH- group and-OH group take part in



complexation whereas azomethine group (-CH=N-) does not participate (ESI, Fig. S17 and Table
S2). But this type of binding cannot give enough structural rigidity to the main fluorophore unit
(pyrene) to show fluorescence enhancement. In case of compound 2 there is only one binding
site which is the five membered ring formed by the complexation between the oxygen of the
amide, the immine nitrogen and Cu®* (ESI, Fig. S18, S19 and Table S2). This mode of binding
somehow gives adequate structural rigidity to the fluorophore unit [27]. Now, in order to
understand the binding stoichiometry of both the two complexes, Job’s plot has been done.
Interestingly both the complexes show 2:1 (ligand:metal) complexation (ESI, Fig. S20a and Fig.
S20b ). To confirm the stoichiometry of [1-Cu?"] and [2-Cu®**] complexes mass spectral analysis
of those complexes have been done. For this purpose those complexes has been synthesized by
the reaction between the ligands (1eg.) with copper perchlorate (1eg.) in methanol. In case of [1-
Cu?*] complex the peak in mass spectra at 921.95 confirms 2:1 complexation between 1 and
Cu?* with one methanol as coordinating solvent (ESI, Fig. S21, left). On the other hand, the
presence of the peak at 860.22 in the mass spectra of [2-Cu®"] attributes to the formation of 2:1
(ligand:metal) complex between 2 and Cu®** (ESI, Fig. S21, right). Due to the formation of this
type of complex the structure becomes very rigid, this may be the reason for this enormous
fluorescence enhancement of 2 with addition of Cu?*. The binding constants for both the
complexes have been calculated using modified Benesi—Hildebrand (B—H) [28] equation. The

binding constant for [1-Cu?"] is 5.2 x 10° M2 and for [2-Cu®'] is 1 x 10* M2 (ESI, Fig. $22).

3.7. Theoretical calculation
To realize the nature of bonding interaction of 1 and 2 with Cu®* as well as to visualise the most
probable structures of the complexes, structural calculations have been preformed for 1 and 2

using Gaussian 03 software with B3LYP- hybride functional and 6-31G(d,p) basis set and for 1-



Cu?* and 2-Cu®* B3LYP with a LANL2DZ relativistic pseudopotential basis set at Density
Functional Theory (DFT) level [29].The optimized geometries of 1 shows that pyrene and
naphthalene ring are not in same plane, tiled by an angle 62.23°. By complexation with Cu®* the

angle between the pyrene and naphthalene planes reduces to 10.12° (Fig. 6, ESI Table S3). It has
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Fig. 6. B3LYP optimized structure of 1 and 1 —~Cu®* complex.

been found that the complex formed between 1 and Cu?* is square pyramidal in nature where
four coordination sites of the central ion has been filled by two oxygens of two aromatic —OH
groups and two oxygens from —CONH-groups of two ligands. The fifth cordination site is
fullfilled by methanol. In case of compound 2 , it forms a square planer geometry with Cu®
where four donor atoms are two amidic oxygen and two immine nitrogen from each ligand
(Fig.7, ESI Table S4). The angle between the pyrene and naphthalene planes in the 2-

Cu?*complex remains almost unchanged from its free form. The spatial distributions and orbital
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energies of the HOMO and LUMO of 1, 2, 1-Cu** and 2-Cu®** complex have been also
determined. The energy gaps between HOMO and LUMO in the compound 1 and the 1-
Cu?*complex are 3.29 eV and 1.08 eV respectively and for 2 and 2-Cu?* are 3.2 eV and 2.4 eV
respectively (ESI, Fig. S23 and Fig. S24).

3.8. Kinetic study of 1-Cu** and 2-Cu**association

The kinetics of metal ligand interaction has some crucial diagnostic significance.*® The kinetics
of the 1-Cu®" association reaction has been studied by monitoring the UV-Vis spectral changes

of 1 at 485 nm (Aas) and 2-Cu?* association reaction has been monitored by the fluorescence

enhancement of 2 at 422 nm (Aem) Upon interaction with Cu®* at 25 °C (ESI, Fig. S25 and Fig.



S26). Both the absorbance and fluorescence trace has been fitted by an exponential rise function
according to a pseudo-first order kinetics model where the concentration of Cu®* (4 equiv.) in the
solution under investigation is significantly larger than that of the ligands (0.2uM). It has been
found that the association kinetics of 1 with Cu®* obtained from absorbance data is found to be

characterized by a rate constant (k,) =3.4 x10 % s

and the rate constant (ky) for the association
kinetics of 2 and Cu®* is 1.2 x 10 at 298 K. Furthermore, the association reaction between 1
and Cu?* has been completed within 6 minutes, whereas the association reaction between 2 and

Cu?* takes 5 minutes. Therefore, these systems can be used for real-time tracking of Cu* ion.

3.9.The preliminary Applications of compound 1 and 2

3.9.1. Visual colour changes on test papers

The practical applicability of both the compounds 1 and 2 as Cu®* sensor have been investigated.
To explore this, we have prepared test kits by coating a test paper (Whatman-40) with aqueous
methanolic solution (v/v 3:7) of 1 and 2 (1x 10* M) and then dried in air. For the detection of
Cu?* by 1, the aqueous solution of Cu** (1x 10* M) have been added on to the test paper and
dried in hot air. Interestingly, the spot shows a light brown color (ESI, Fig. S27). In case of
compound 2 after the addition of Cu?* the spot on the test kit exhibits bluish white color under
UV light (ESI, Fig. $28). So both the compound can be used as Cu?* sensors in solid state also.

3.9.2. Biological Studies of 2 in Presence of Cu**

As compound 2 detects Cu®* ion by emission intensity enhancement in the visible region in
semi-aqueous medium, it can be used for its practical bio-imaging application. For this purpose
cytotoxicity of a particular compound is a very important parameter. In order to test cytotoxicity

of 2, we have performed MTT assay in RAW 264.7 cells treated with various concentrations (0 —



0.000037M) of compound 2 for up to 24 hrs. Fig. S29 shows the percentage of cell survivability
of compound 2 in different concentrations. This study provides us enthusiastic information
regarding its cellular application at the indicated dose and time of incubation without much
concern about its cytotoxicity. The viability of RAW 264.7 cells has not been influenced by the
amount of solvent (5% DMSQO) which has been used for the experiment [30]. Fluorescence
microscopic studies revealed that compound 2 shows negligible fluorescence in RAW 264.7
cells (Fig. 8). Upon incubation with Cu®* followed by compound 2, fluorescence enhancement

has

Fig. 8. Fluorescence microscopic images of 2 in RAW 264.7 pretreated with Cu* : (a) 2 (1x10°®
M), (b) 2 (1x 10° M) in presence of Cu®* (1x10™ M) (c) Bright field image of 2 (1x 10°® M), (d)

Bright field image of 2 (1x10°® M)in presence of Cu®*( 1x10™* M).

been observed inside RAW 264.7 cells indicating the interaction of 2 with Cu®* which



collaborates well with the solution phase study. The Fluorescence microscopic analysis suggests
that compound 2 can sense intracellular Cu®* by readily crossing the membrane barrier of the
RAW 264.7 cells. Thus, 2 can be a suitable fluorescence chemosensor for Cu?* detection in

biological systems.

4. Conclusions

In summary, two amido-schiff bases (compound 1 and 2) have been synthesized having a common
structural unit, only differs by a—OH group. Both the compounds 1and 2 can detect Cu® ion selectively in
semi-aqueous medium but the output signals are distinctly different, i.e. compound 1 detects Cu** by
naked-eye color change where as compound 2 detects Cu®* by fluorescence enhancement. Experimental
results insist that different mode of binding between the compounds and Cu?* is responsible for this
phenomenon. Test strips based on both 1 and 2 have been fabricated, which act as a convenient and
efficient Cu®* test kit. The biological application of 2 has been evaluated in RAW 264.7 cell and it
shows good membrane permeability for the detection of Cu®*. On the basis of the above results, it can be
said that both the compound 1 and 2 can serve as efficient sensor for Cu®* in semi-aqueous medium and
we believe that this current discussion, the effect of mode of binding on signaling property of the ligands
will offer an important guidance for the interactions of biologically important ions with receptor

molecules.
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Highlight Points:
»Newly designed compounds selective sensor for Cu* ion in semi-aqueous medium.

» Compound 1 detects Cu®* by naked-eye color change where as compound 2 detects Cu** by

fluorescence enhancement.

Prhe detection limit of compound 1 towards Cu®" is in micromolar region whereas the compound 2

detects Cu®* in nano-molar region.

»Compound 2 exhibits good membrane permeability for the detection of Cu®*.



