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Azodye-rhodamine hybrid colorimetric fluorescent probe (L) has been designed and synthesized. The structure of L has been established
based on single crystal XRD. It has been shown to act as selective turn-on fluorescence chemosensor for Pd?* with > 40 fold
enhancement by exhibiting red emission among the other 27 cations studied in aqueous ethanol. The coordination features of the species
of recognition have been computationally evaluated by DFT methods and found to have distorted tetrahedral Pd?* center in the binding
core. The probe (L) has been shown to detect Pd up to 0.45 uM at pH 7.4. Furthermore, the probe can be used to image Pd?" in living
cells.

Introduction microextraction-high performance liquid chromatography, X-ray
In recent years, platinum-palladium group elements are 4 fluorescence, etc."* However, these methods often need serious
commonly used as efficient catalysts for carbon-carbon and ~ Sample-preparation steps, high cost of instrumentation and
carbon-heteroatom coupling transformation reactions.® These requirement of well-trained individuals. Thus, current research
reactions have found increased popularity to build complicated ~ has been focused on fluorescent methods, because of their easy
pharmaceutical molecules. However, palladium-catalyzed preparation and convenient operation, low cost, and sensitivity.*?

. . ’ . . 2 H o 3
reactions present a problem in that the residual palladium can < Pd " is a well-known fluorescence quencher due to its ‘open-
often be retained in the isolated drug molecules (Active shell’ electronic configuration and heavy transition-metal ion.*®
Pharmaceutical ~ Ingredients).>  Palladium influences our However, a fluorescence-enhanced chemosensor would be more
environment in an adverse way because Pd emission from desirable for Pd** detection. Holdt et al. designed the first

i i H R 2+ i i H 14
automobile catalytic converters® has rapidly increased the Pd ~ chemosensor for Pd™ detection by increasing fluorescence.
concentrations in diverse environmental matrices, such as soil s Some fluorescent chemosensors™® and chemodosimeters™® based

and roadside dust,* plants,® rivers® and coastal and oceanic on the ON-OFF *" or OFF-ON'® mechanism for the palladium
environments.” At the same time, palladium influences our species have been reported in the literature recently. Peng and co-

o

S

health® because it can bind to thiol-containing amino acids, ~ Workers have modified the spirolactam moiety with suitable
proteins (casein, silk fibroin and many enzymes), DNA or other ligands to develop fluorescence-enhanced palladium probes,
macromolecules and biomolecules (vitamin B6)°. Therefore, it s Which have satisfactory sensitivity, selectivity, and response
may disturb a variety of cellular processes when this heavy metal time.**

accumulates in the human body.* This issue raises the urgent
need to develop effective sensing methods for palladium species
in a sensitive and selective way in aqueous media.

Conventional analytical methods for palladium species include
atomic absorption spectrometry (AAS), inductively coupled
plasma mass  spectrometry  (ICP-MS), solid phase

Practically, OFF-ON fluorescence signal is more reliable than an
ON-OFF signal. In this regard, the rhodamine platform has been
widely exploited to construct off—on fluorescence probes because
60 in rhodamine framework contains spirolactam (non-fluorescent)
to ring open amide (fluorescent) equilibrium, 2  during the

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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identification of metal ions. In this study, a novel rhodamine-
azo-based derivative as the fluorescence sensor for the detection
of Pd®* and that can selectively detect Pd®* (0-20 mM) over other
examined metal ions studied in aqueous solution. This probe was
based on coordination reaction. Here, Pd?" ions can coordinate
with the probe core which contains O, N and O binding centres
and this can lead to a change in the color and fluorescence of the
probe.

o

The recognition of L to Pd®** is based on the Pd?* induced
opening of the well-known nonfluorescent colorless spirolactam-
ring of rhodamine. The Pd complexation induces the ring to open,
leading to a brilliant pink color and emitting strong fluorescence
of the rhodamine dye. The probe has high selectivity for Pd*"
among the metal ions (including the platinum-group metal ions).

i
5]

15 Results and discussion

The chemosensor molecule, L has been synthesized in a single
step on rhodamine platform by reacting rhodamine B hydrazide
with azo-couple salicylaldehyde(2)® in 85% vyield (Scheme 1)
and the structure of L was well characterized by 'H NMR, **C
20 NMR, FTIR, ESI-MS and by single—crystal X-ray diffraction
analysis (Fig. S1-S3 and S5%). The L-Pd** complex were
characterized by ESI-MS and FTIR analysis (Fig. S4 and S57).
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Scheme 1 The synthetic procedure of sensor L.

30

A reddish yellow colored single crystal1t of this probe L was
obtained by slow evaporation of the solvent from a solution in

35 EtOH/CHCI; (1:1). It crystallizes as triclinic with space group
P1.

45 Fig. 1 The molecular structure of L, showing 30% probability
displacement ellipsoids for non-H atoms and the atom-numbering
scheme. An intramolecular hydrogen bond is indicated as a black
dashed line.

The corresponding details of the structure determination and
so refinement data are given in Table S1 (ESI}). The probe L (Fig.

1) exists in a trans conformation with respect to the N3=N4 bond
and their corresponding bond length 1.196(5) A. The crystal
structure is stabilized by an intramolecular O3-H1---N2 hydrogen
bond, forming S(6) ring motif. One of the methyl groups is
disordered over two positions with refined site-occupancies of
0.550(13) and 0.450(13). The xanthene ring system (O1/C1-C13)
is essentially planar (r.m.s. deviation = 0.023 A) and it forms
dihedral angles of 88.18(10), 82.91(15) and 59.75(18)° with the
isoindoline ring system (N1/C13-C20, r.m.s. deviation = 0.023 A)
e and two benzene rings (C22-C27 and C28-C33), respectively.
The C22-C27 and C28-C33 benzene rings incline at dihedral
angles of 11.80(15) and 34.82(18)°, respectively, to the
isoindoline ring system whereas the dihedral angle between the
two benzene rings is 23.9(2)°.
es In the crystal packing (Fig. 2), the molecules are linked together
as dimers via pairs of intermolecular C11—H11A.--O2 hydrogen
bonds and stacked along the a-axis. The crystal structure is
further consolidated by C21—H21A
involves the 4H-pyran ring (Table S27).
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Fig. 2 The crystal packing of L viewed along the a axis. H atoms
90 not involved in intermolecular interactions (dashed lines) have
been omitted for clarity.

In order to ascertain the complexation of Pd*" by L, absorption
titrations were carried out by adding varying concentrations of
Pd** to a fixed concentration of L. The free L exhibits three
95 weak bands at 276, 317 and 384 nm. Upon the addition of pd?,
the absorbance at 276, 317 and 384 nm decreases and that at 561
nm increases as a function of the increase in [Pd*] (Fig. 3) and
leads to a brilliant pink coloration. The isosbestic point observed
at 401 nm clearly indicate that the transition between the free and
100 the complexed species occurs, while the other metal ions exhibit
no significant change in the absorption spectra (ESIT). The
stoichiometry of the complex formed between L and Pd?" is 1:1
based on Job’s plot (Fig. S6T). The result was also confirmed
through ESIMS analysis, and it is well matched with theoretical
105 mass spectral simulation. The peak at m/z 873.1252 in the mass
spectrum is assignable to the mass of [L + Pd®*+ CI']* (Fig. S4%).
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The chemosensor L exhibit no emission at 579 nm when excited
at 561 nm in 1:1 water/ethanol mixture at pH 7.4 to have an
effective HEPES buffer concentration of 10 mM. The absence of

60 red fluorescence in the emission spectra 579 nm indicated a
spirolactam ring-closed form of the rhodamine moiety in the
metal-free solution of the probe. The spirolactam ring of the
rhodamine moiety is susceptible to the changes in the pH; pH
promotes ring-opening in the rhodamine and leads to emission of

es red fluorescence. Therefore, the near-neutral EtOH/H,0 (1:1, v/v)
system was used in the subsequent assays.

1.2x10°

ty (a;u)

= 5
£6.0x10° 1 L1, L e K g™ ca 8P,
= Ba®™ zr* Hf*,Cr'* Mn® Fe®,
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Fig. 5 Fluorescence responses of L to various metal ions in
ethanol/H,0 (1:1, v/v, 10 mM HEPES buffer, pH 7.4).

Titration of L with Pd?" results in the enhancement (up to 45-

s fold enhancement) of fluorescence intensity at 579 nm as a
function of the added Pd*" concentration (Fig. 4), suggesting a
sensitive and selective recognition of Pd?" by L when compared
to all other metal ions studied (Fig. 5). The fluorescence
intensities are linearly proportional to the amount of Pd?" in the

o range of 0-4 ppm (Fig 4, inset). The chelation by Pd** to the
imine N, phenolic O, and lactim O brings rigidity to the binding
core and results in chelation-enhanced fluorescence (CHEF).
During the chelation process, Pd?" attached with O-N-O moieties
and one chlorine atom resulting in a four-coordinated Pd®* with a

os square planar geometry.”® The Pd?" sensing property of L has
been further demonstrated by observing the visual fluorescent
colors under a 365 nm lamp. A distinct color change was
observed only in the case of Pd%*, while no other metal ion
exhibits such a change (Fig, S9 and S107).

100

105

Colorless,
Nonfluorescent

110
Scheme 2 Sensing of Pd?* by ring opening of rhodamine spiro-
lactam based probe L.
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; Therefore, we suggest that probe L coordinates with Pd®* with 1:
3 1 stoichiometry. The mass spectra of [L + Pd*']* also appeared at
4 m/z 814.0356. The detection limit (LOD) was measured to be
5 0.45 uM level by the naked eye in aqueous ethanolic solution
6 s (Fig. S77).

7 In order to find suitable solvent system of L to sense Pd* in
8 aqueous buffer solution at physiological pH, fluorescence
9 titrations were carried out in 10 mM aqueous HEPES buffer taken
10 with ethanol in a volume to volume ratio of 1 : 1 at pH = 7.4 to
11 10 give an effective sensing only for Pd®*. All the other metal ions,
12 viz., Li*, Na*, K, Sr¥*, Ba*, Mg®", Ca®, Cr¥*, Mn*", Fe**, Fe*,
13 Co*, Ni**, Pd°, Pt*, Cu®*, zn*, Cd**, Hg*, Pb**, Ag’, AI*,
14 Ru®, Au®", Zr™*, HF* and Sn*" used in the titrations do not show
15 the development of a new band at 579 nm, which was present
16 15 only in the case of Pd?* in aqueous ethanolic buffer-medium.
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32 s Fig. 3 UV-Vis spectral changes of sensor L (c = 4x 10° M) in
33 EtOH/H,0 (1:1, v/v, 10 mM HEPES buffer, pH 7.4) solutions
34 upon addition of Pd?* ions (0-1 equivalent) (c = 1x 10 M) in
35 EtOH/ H,O (1:1, v/v) at pH 7.4. Inset: The photographs showed
36 the color change of L in the presence of Pd?" ions.
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52 Fig. 4 Fluorescence emission changes of L (c = 4x 10° M) upon
53 addition of Pd?" ions (c = 1x 10 M) in EtOH/ H,0 (1:1, v/v) at
54 pH 7.4 (Aex=561 nm). Inset: Fluorescence emission color changes
55 of the receptor L solution on addition of Pd®* ions and change of
56 ss emission intensity at 579 nm with incremental addition of Pd*
57 ions [Aex=561nm].
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The binding affinities of Pd®* toward L have been calculated
from the Benesi—Hildebrand equation and found to have
association constant K, = 1.7x10° (Fig. S11%).

Since the in situ generated [L-Pd] ensemble exhibits fluorescence
enhancement, this is further subjected to the interaction by
sulphide and Na,EDTA, to determine the nature of the binding.
With the increase in the concentration of sulphide or Na,EDTA,
the purple colored solution of [L -Pd] ensemble turned colorless
and the fluorescence intensity at 579 nm disappeared (Fig. S127)
owing to decoordination of Pd. This phenomenon likely resulted
from the removal of Pd?* ion from L, leading to the reconstitution
of the spirolactam ring in the rhodamine moiety and hence the
loss of fluorescence at 579 nm. From these observations, the
mechanism can be proposed in Scheme 2 for the detection of Pd?*
ions by L.

Pd*" shows a remarkable change by showing fluorescence ON
behavior by forming the [L -Pd] complex. Further titration of this
with S results in quenching of fluorescence and hence acts as an
OFF switch. So, to examine whether the process is reversible, an
excess of Na2S was added to the solution containing [L -Pd]
complex generated in situ. The bright fluorescence immediately
turned off. This is due to the binding of S* ions to the [L -Pd]
complex followed by the removal of Pd®* in the form of PdS, thus
releasing free L. The repeated demonstration of the ON/OFF
behavior of fluorescence as well as visual color changes clearly
suggest that L is a reversible and reusable sensor for Pd®*
followed by S*~ in a sequential manner (Fig. 6).

1.2x10°

Na,S

580 600 620 640

Wavelength (nm)

660 680

Fig. 6 Fluorescence emission changes of L (¢ = 4x 10 M) with 1
equiv of Pd®" ions upon addition of sodium sulfide (c = 1x 10
M) in EtOH/ H,O (1:1, v/v) at pH 7.4 (=561 nm). Inset:
fluorescence photographs of L-Pd complex after addition of
Na,S.

For practical applications, we have developed a colorimetric test
kit for Pd®" jon. The test kit was prepared by using TLC plates
which were further immersed into the solution of L (4x 10™* M)
in aqueous ethanol and then drying it by two ways (i) exposure to
air and (i) in vacuum. Next, to different Pd?* concentration
solutions, these strips were immersed and then exposed to air and
in vacuum to evaporate the solvent. Fig. 7 exhibits the color

ss changes of the TLC plates with different Pd*" concentrations.
When the Pd®* ion concentration was increased, the color of the
test strips changed from yellow to pink and it is easily
differentiable by naked eyes. Therefore, the easy to-prepare test
kit can be utilized to roughly and quantitatively detect and
s0 estimate the concentration of Pd?* ions.

65

Under ambient light

70 Fig. 7 Photographs of Colorimetric test kits with L for the
detection of Pd* ions in solution with different Pd?
concentrations: (a) L (b) L+ Pd?* (1x 107> M ) and (c) L+ Pd?
(3x 107 M).

75 Moreover, to explore potential and analytical applications of the
chemosensor L for Pd?*" ions, we tested whether it could detect
residual Pd in a reaction system. DMSO solution of PdCI, was
stirred in a flask for 2 h at room temperature.

80

85

Fig. 8 Colorimetric photographs of residual Pd detection in
reactors: (a) ethanolic solution of L in cleaned flask and (b) after
overnight stirring at r.t.

90 After that, the flasks was cleaned by standard laboratory washing
procedure (brushing with detergent, washing with water and
acetone) and then ethanolic solution of L were added to the
‘washed and cleaned’ flasks and stirred overnight. The reaction
flasks turned pink from light yellow color which can be detected
by our naked eye (Fig. 8). It does not show obvious fluorometric
and colorimetric responses towards Pd® [Pd(PPhs)]-complexes.
Therefore, this experiment demonstrated that the L-Pd*" sensing
method can be used for the quality control of reactors.

In order to understand the binding behavior of L with Pd?*, the
geometry optimizations for L and [L-Pd] complex (Fig. 9) were
done in a cascade fashion starting from semiempirical PM2
followed by ab initio HF to DFT B3LYP? by using various basis
sets, viz., PM2 — HF/STO-3G — HF/3-21G — HF/ 6-31G —
B3LYP/ 6-31G(d,p). In the optimized structure of [L-Pd], the L is
bonded to the imine N, phenolic O, lactim O, and one chlorine
atom resulting in a four-coordinated Pd** with a square planar
geometry. Molecular Orbitals (MOs) were calculated using the
B3LYP with LANL2DZ level.® The spatial distributions and
orbital energies of HOMO and LUMO of L and [L-Pd] were also
110 determined (Fig. 10).The HOMOs were majorly localized on
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rhodamine part, though these were extended with the lactam-
Schiff’s base orbitals. The LUMOs are present on azo residues.
the computational
involvement of the lactim-imino-phenolic core in L binding.

Therefore,

observed earlier in solution studies. Further, an intense red
s0 fluorescence was conspicuous in the perinuclear region of Vero
cells (Fig. 11c). Interestingly, when the cells were treated with
Na,S solution (Fig. 11e) this bright red fluorescence significantly

studies further support the

e (.\f' >
“AK/N . .
R
\l e 3
< | v L-Pd?

Fig. 10 HOMO and LUMO distributions of L and L -Pd*".

Due to the binding properties of L with Pd?*, the L-Pd?* complex
showing intense emission in visible region essentially leads to its
practical bio-imaging application. Nevertheless, to establish this
fact it is a prerequisite to assess the cytotoxic effect of probe L,
Pd?*, and the complex on live cells. The MTT assay, which is
based on mitochondrial dehydrogenase activity of viable cells,
was adopted to study cytotoxicity of these compounds at varying
concentrations as mentioned in experimental part. The probe L
did not exert any adverse effect on cell viability, and the same is
the case when cells were treated with varying concentrations of
Pd?. The viability of Vero cells was not influenced by the
amount of solvent (DMSO) which has been used for the
experiment. Neither the Na,S showed any detrimental effect in
the concentration it has been applied for microscopic studies. The
results obtained in the in vitro cytotoxic assay suggested that, in
order to pursue confocal imaging studies of L-Pd?" complex in
live cells, we choose a working concentration of 1uM for probe
compound. Thus to assess the effectiveness of compound L as a
probe for intracellular detection of Pd?* by confocal microscopy,
Vero cells were treated with 100 pM PdCl, for 1 h followed by
1uM probe solution to promote formation of L-Pd?" complex.
Confocal microscopic studies revealed a lack of fluorescence for
Verocells when treated with either probe compound or PdCl,
alone (Fig.11, b and f). Upon incubation with PdCl, followed by
probe L, striking switch-on fluorescence was observed inside
Verocells, which indicated the formation of L-Pd®* complex, as

‘ (a) (b) disappeared. The confocal microscopic analysis strongly
T A N ! suggested that probe L could readily cross the membrane barrier
£Y AN WA \,“A\T/{)\—l\/\ e of the Vero cells, and rapidly sense intracellular Pd*. It is
{"\‘\‘ :;\ Y N \—\__\ significant to mention here that bright field images of treated cells
- “‘\\\V\ G \—\%.\ '\\X\\, PN did not reveal any gross morphological changes, which suggested
y" o a,\_}— ‘ //._,_S \“'>’ that Vero cells were viable. These findings open up the avenue

] >_ i ¥ for future in vivo biomedical applications of the sensor. Thus, L

can be a suitable fluorescence chemosensing probe for PdCl,
detection in biological systems.

7

=]

Fig. 11 Confocal microscopic images of probe in Vero 76 cells
pretreated with PdCl,: (a) bright field image of the cells, (b) only
PdCl, at 1.0x10™* M concentration, nuclei counterstained with
DAPI (1 pg/mL), (c) stained with probe L at concentration
1.0x10® M, (d) overlay image in dark field, (e) cells treated with
PdCl, at 1.0x10™ M, probe at concentration 1.0 x 10° M and 4.0
x 10 M Na,S, dimmed red signal is detected, and (f) cells treated
only with probe at concentration 1.0 x 10% M, nuclei
counterstained with DAPT (1 pg/mL), no background signal is
detected. All images were acquired with a 60x objective lens.
Scale bar represents 20 pm.
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Conclusion
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In conclusion, we have synthesized and characterized a new
fluorescence turn-on Pd?* probe, and the structure has been
determined based on single crystal XRD. The probe exhibits large
fluorescence enhancement, high selectivity, low detection limit,
and fast response. The complex formation, stoichiometry, and
binding mode have been established by UV—Vis, ESI-MS, and H
NMR studies and found to be 1:1. DFT calculation was carried
out to demonstrate the electronic properties of L and the
corresponding palladium complex. Furthermore, we have
100 demonstrated that the probe is applicable for Pd?" imaging in the
living cells.
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Experimental Section

General Information and Materials

The *H and C NMR spectra were measured on Bruker—400
MHz spectrometer. Mass spectra were carried out using a Water’s
QTOF Micro YA 263 mass spectrometer. UV-visible and
fluorescence spectra measurements were performed on a
SHIMADZU UV-1800 and a Photon Technology International
(PTI-LPS-220B) spectrofluorimeter respectively. FTIR spectra
were recorded from their KBr pellets. Single crystal X-
raydiffraction data for L1 were collected on Bruker APEX Il Duo
CCD area-detector diffractometer at 294K temperature .

All cationic compound such as perchlorate of Mg, Cu*,
Fe?*, Co®*, Ni**, Mn*", chlorides of Li*, Na*, K*, Ca*, Sr*", Ba*,
cr¥, cd*,Fe*, zn®* , Hg*", Pb*, Hf*', Sn*, Pd**, Au*", RU®",
nitrate salts of Ag®, AI**, potassium salts of Pt*", sodium salts of
S and di-sodiumsalts of EDTA were purchased from a
commercial supplier, stored in a desiccators under vacuum
containing self-indicating silica, and used without any further
purification. For spectrophotometer measurements, EtOH
(Spectrochem) and Elix Millipore water were used as solvents
throughout all experiments.

Preparation of Test solution for UV-vis and fluorescence
study

A stock solution of the probe L (4.0x10°° M) was prepared in
EtOH/H,0 (1:1, v/v). All experiments were carried out in EtOH —
H,0 solution (EtOH : H,O0 =1 : 1, v/v, 10mM HEPES buffer, pH
= 7.4). In titration experiments, each time a 4 x10° M solution of
L was filled in a quartz optical cell of 1 cm optical path length,
and the ion stock solutions were added into the quartz optical cell
gradually by using a micropipette. Spectral data were recorded at
1 min after the addition of the ions. In selectivity experiments, the
test samples were prepared by placing appropriate amounts of the
anions/cations (1x 10™* M) stock into 2 mL of solution of L (4 x
107 M).

Computational Studies. All geometries for L and L-Pd*" were
optimized by density functional theory (DFT) calculations using
Gaussian 09 (B3LYP/6-31G(d,p)) software package.”®

Cell Culture. Vero cell (very thin endothelial cell) (Vero 76,
ATCC No CRL-1587) lines were prepared from continuous
culture in Dulbecco’s modified Eagle’s medium (DMEM, Sigma
Chemical Co., St. Louis, MO) supplemented with 10% fetal
bovine serum (Invitrogen), penicillin (100 pg/mL), and
streptomycin (100 pg/mL). The Vero 76 were obtained from the
American Type Culture Collection (Rockville, MD) and
maintained in DMEM containing 10% (v/v) fetal bovine serum
and antibiotics in a CO; incubator. Cells were initially propagated
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 reached the logarithmic phase, the cell density
was adjusted to 1.0x 10° per/well in culture media. The cells were
then 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,

ss culture medium was removed. The cell layer was rinsed twice

6

6!

7

7

8

8

9

9

10

10

S

5

0

a

S

5

S

@

0

a

with phosphate buffered saline (PBS), and then treated according
to the experimental need.

Cell Imaging Study. For confocal imaging studies Vero cells, 1
x10* cells in 1000 pL of medium, were seeded on sterile 35 mm
covered Petridis, glass bottom culture dish (ibidi GmbH,
Germany), and incubated at 37°C in a CO, incubator for 10
hours. Then cells were washed with 500 uL. DMEM followed by
incubation with 1.0 x10* M PdCl, dissolved in 500 uL DMEM at
37°C for 1 h in a CO, incubator and observed under an Olympus
1X81 microscope equipped with a F\V1000 confocal system using
1003 oil immersion Plan Apo (N.A. 1.45) objectives. Images
obtained through section scanning were analyzed by Olympus
Fluoview (version 3.1a; Tokyo, Japan) with excitation at 561 nm
monochromatic laser beam, and emission spectra were integrated
over the range 575-675 nm (single channel). The cells were again
washed thrice with phosphate buffered saline PBS (pH 7.4) to
remove any free PdCI, and incubated in PBS containing probe L
to a final concentrations of 1.0 x 10° M, incubated for 10 min
followed by washing with PBS three times to remove excess
probe outside the cells and images were captured. In a separate
culture dish undergoing the same treatment the cells were then
treated with 4.0 x 10° M of Na,S solution for 1 h; the cells were
washed with PBS three times to remove free compound and ions
before analysis. In separate culture dish the cells were similarly
treated with 1.0 X 10 M probe L, incubated for 10 min, washed
thrice with PBS and the image was captured to get any possible
background fluorescence. According to the need of the
experiment we follow similar procedures to label the cell nuclei
by treatment with DAPI (1 pg/mL) followed by three times wash
with PBS and subsequently image was captured with excitation
wavelength of laser was 405 nm, and emission was 461 nm. For
all images, the confocal microscope settings, such as transmission
density, and scan speed, were held constant to compare the
relative intensity of intracellular fluorescence.

Cytotoxicity Assay. The cytotoxic effects of probe L, PdCl,, and
L-Pd**complex were determined by an MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide] assay
following the manufacturer’s instruction (MTT 2003, Sigma-
Aldrich, MO). Vero cells were cultured into 96-well plates (10*
cells per well) for 24 h. After overnight incubation, the medium
was removed, and various concentrations of L, PdCl,, and L-
Pd?* complex (0, 5, 25, 50, 75, and 100 uM) made in DMEM
were added to the cells and incubated for 24 h. Control
experiments were set with DMSO, cells without any treatment
and cell-free medium were also included in the study. Following
incubation, the growth medium was removed, and fresh DMEM
containing MTT solution was added. The plate was incubated for
3—4 h at 37°C. Subsequently, the supernatant was removed, the
insoluble colored formazan product was solubilized in DMSO,
and its absorbance was measured in a microplate reader (Perkin-
Elmer) at 570 nm. The assay was performed in triplicate for each
concentration of L, PdCl,, and L-Pd?*. The OD value of wells
containing only DMEM medium was subtracted from all readings
to get rid of the background influence. The cell viability was
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calculated by the following formula: (mean OD in treated wells /
mean OD in control wells) X 100.

Synthesis of 1 and 2. Rhodamine-B hydrazide (1) and compound
2 were synthesized according to literature methods. 2

Synthesis of chemosensor L. A mixture of compound 2 (0.250
g, 0.9 mmol) and Rhodamine B hydrazide (0.421 g, 0.9 mmol) in
a 1:1 mixture of dry chloroform and absolute ethanol was
refluxed for 12 h. After the completion of the reaction solvent
was evaporated and the residue left was crystallized from EtOH
to give compound L in 85% yield; M.P. > 250°C. *H NMR (400
MHz, CDCls;, Si(CHs)4, J (Hz), 8 (ppm)): 11.62 (1H, s, -OH),
9.21(1H, s, -CH=N), 8.33 (2H, d, J=8.92 Hz), 7.99 (2H, d, J=7.00
Hz), 7.93 (1H, d, J=8.88 Hz), 7.85 (1H, dd, J=2.16 & 2.20 Hz),
7.79 (1H, d, J=2.20 Hz), 7.54 (2H, m), 7.18 (1H, d, J=7.12 Hz),
6.99 (1H, d, J=8.84 Hz), 6.50 (4H, d, J= 8.76 Hz), 6.27 (2H, dd,
J=2.44 & 2.46 Hz), 3.32 (8H, q, J=7.04 Hz, -NCH,CH,), 1.15
(12H, t, J= 7.00 Hz, -NCH,CHj3 ). *C NMR (CDCls, 400 MHz)
S(ppm):=12.57,44.42,66.43,97.93,104.98,108.17,118.18,118.89,1
23.06,123.48,124.18,124.70,128.05,128.42, 128.68, 129.42,
129.11, 129.85, 133.78, 145.52, 148.19, 149.15, 150.75, 153.48,
155.90, 162.69, 164.46. TOF MS ES*, m/z = 710.2786, calc. for
C41H39N;05 =709.8031.
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