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Carboxylic acid—diamine-based Cu>* chromogenic sensors (3 and 4) exhibited colour switching from red to blue with good
sensitivity and selectivity towards Cu>* among other physiologically important alkali, alkaline earth and heavy metal ions.
This colour-switching phenomenon arises due to selective deprotonation of aryl amine NH by Cu?*. Significantly,
chemosensor 3 (A 492nm) shows multiple modes of complexation towards Cu?". It is very much evident from the
appearance of blue colour (A;,x 615 nm) at pH >7.0 and yellow colour (A, 465 nm) at pH <4.0. In addition, chemosensor
3 exhibits a unique logic gate system that involves ‘INHIBIT” and ‘TRANSFER’ logic gates.

Keywords: chromogenic sensor; anthracene-9,10-dione; stoichiometry; stability constant; pH; logic gates

1. Introduction

Investigation of well-defined small-molecule receptors,
which give rise to visible or luminescent changes upon
interaction with metal ions/anions/neutral species, con-
tinue unabated, as new chemosensing platforms are
synthesised and explored (/—4). Industrial processes
often demand detection methods that require sophisticated
instrumentation such as atomic absorption/emission
spectrometry or inductively coupled plasma mass
spectroscopy (5). These analytical techniques are not
very suitable for fast detection protocols. Therefore, it is
important to develop methods allowing rapid, straightfor-
ward analyte detection. In this regard, colorimetric sensors
offer an advantage of providing information with minimal
equipment allowing the so-called naked-eye detection.
There are numerous examples of colorimetric probes for
anionic and cationic species (6). Common drawbacks of
these systems are that they often require complicated
synthesis and their design is not flexible. Therefore, every
analyte requires its own probe design.

Since metal ions can have detrimental effects on
humans and the environment, the development of highly
selective sensors for metal ions is particularly important
(7). Copper is the third most abundant essential trace
element in the human body and is commonly found as
Cu’" in natural water (8). However, free Cu®" is
potentially very toxic to aquatic life, both acutely and
chronically. For example, micro-organisms are affected by
even submicromolar concentrations of Cu®" (9). The
excessive uptake of copper causes liver or kidney damage
(10). Several analytical methods (//) and a number of

probes (12, 13) have been developed for sensitive,
selective and accurate detection of Cu?'. Colorimetric
methods, in particular, are often attractive because they
can be easily detected with the naked eye. Most of the
reported sensors for Cu®" are used in mixed solvent
(water/organic solvent). But, only a few of them have the
potential to be used in neat aqueous solution (/3f).
Significance of the development of naked-eye sensors for
Cu”" that are freely soluble in neat aqueous solution lies in
the fact that they can be used to evaluate the analyte
concentration rapidly.

Versatile chemical input—optical output features are of
much significance and have been widely applied in two
closely related fields: molecular chemosensing and
molecular scale ‘logic gates’. In the former, optical
signals are used to detect the presence of certain chemical
species in solution (/4). In the second approach, chemical
species are treated as inputs that control through the
Boolean logic rules, the output, is usually a light signal
(15). In the chemosensing field, the goal is often
selectivity, that is, a unique chemical species that induce
a unique change in colour or fluorescence. In contrast,
molecular logic looks for more complex systems, which
usually contain multiple binding sites and show certain
unique response patterns, exemplifying the desired logic
operation in the presence of either or both inputs.

1-Aminoanthracene-9,10-dione, a chromogenic moi-
ety, has been successfully used for designing anion sensor
(16), where NH deprotonation leads to colour changes. We
envisaged that the presence of an appropriate metal
interacting unit in the 1-aminoanthracene-9,10-dione unit
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Scheme 1. Synthesis of chemosensors 3 and 4.

would induce metal-mediated colour changes, enabling
chromogenic metal ion sensors with bathochromic shifts
(17). Similar type of deprotonation has been observed in
naphthalimide-based chemosensors (/8).

Earlier studied anthracene-9,10-dione-based chemo-
sensors were insoluble in water and as a result mixed
solvent mixture (CH;0OH:H,O) has to be used for their
photophysical studies. Therefore, these chemosensors
could not be used in neat aqueous solution — a prerequisite
for their use in biological environment. In order to develop
direct usability of such chemosensors, in addition to
selectivity, their solubility and stability features need to be
addressed. The presence of hydrophilic non-coordinating
groups in the amine nitrogen is expected to increase the
solubility of the respective chemosensor in water or
aqueous buffer and would provide opportunities for the
estimation of Cu®" under biological environments.
Accordingly, we have designed and synthesised chemo-
sensor 3 for transition metal ion estimation and have found

Absorbance

350 450 550 650 750 850 950
Wavelength (nm)

that the chemosensor 3 (Ay.x 492nm) shows multiple
modes of complexation towards Cu®". It is evident from
the appearance of blue colour (A,,x 615nm) at pH >7.0
and yellow colour (A, 465 nm) at pH <4.0. In addition,
these various output patterns have been used for the
elaboration of molecular scale logic gates.

2. Synthesis of chemosensors 3 and 4

2-Aminoethylaminoanthracene-9,10-dione (/7a) on alky-
lation with ethyl bromoacetate in CH3;CN-K,CO;—
TBA-HSO, system provided the mixture of diester 1
[higher R; component, red solid; 60%; m.p. 78°C
(CH,Cl,); FAB mass MTm/z 439 (M" + 1)] and
monoester 2 [lower R; component, red solid; 30%;
m.p. 68°C (CH,Cl,); FAB mass M m/z 353 (M + 1);
CH,Cl,; Scheme 1], which were purified by column
chromatography and re-crystallisation. Diester 1 on
hydrolysis with ethanolic NaOH solution followed by
acidification gave diacid 3, red solid.

Similarly, monoester 2 on hydrolysis with ethanolic
NaOH solution followed by acidification gave monoacid 3
(Scheme 1). Structures of 1—4 have been confirmed by 'H
NMR, 'C NMR, mass spectral data and CHN analysis.

3. Recognition of metal ions by chemosensors 3 and 4

Chemosensors 3 and 4 (pH 7.0 = 0.1; 10 mM HEPES in
CH;0H:H,0, 3:1) exhibited A,.x at 492 and 490 nm,
respectively, and on addition of Cu”"(1equiv.), new
absorption band appeared at 615nm and 600nm,
respectively, which induced a colour change from red to
blue. The intensity of new absorption band increased
gradually with the increase in concentration of Cu®"
(Figure 1) with simultaneous decrease in absorbance at
Amax 4907492 nm.

The spectral fitting of these data obtained by the
titration of 3 and 4 with Cu®" shows the formation

(b)
0.5 1

0.4
615 nm
0.3 1

0.2 4

Absorbance

01 - 492 nm

0O 02 04 06 08 1 12
Cu?* conc. (1 x 1074 M)

Figure 1. (a) Absorbance spectra of 3 (100 wM) on addition of different concentrations of Cu*™; (b) plot of absorbance of 3 against Cu*"
conc. The points refer to experimental values and solid line refers to curve fitting.
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Figure 2. (a) Responses of chemosensor 3 (100 uM) to selected metal ions (100 wM); (b) spectrophotometric response of receptor 3
(100 M) containing 100 pM Cu®" to the selected metal ions (500 rM).

of mixture of complexes as described in Equations (1)
and (2).

o o = Cu*
3 ™ (3 Cu™ (3) "
Offhas = 179405 Wgha:= 13304  loghoy -248s08 (O kPh —!'J[‘:”=§"“ "=°]

cu

cu . .
4 CL™ (4h (O )zt =l 1Cu">;-|4b—cz]i CHyOH H:DI
1ogPyz= 143203 1008y =284+ 06 ogPupyz = 21705 1

The disodium salt of the diacid 3 has an additional
advantage of being freely soluble in water. The
neutralisation of carboxylic acid of 3 does not affect the
Amax- The measurement of absorbance in the presence of
various metal ions showed that only Cu?' ions caused a
notable response at 492 nm, whereas all other metal ions
induced negligible responses. It is noteworthy that with
Cu”" ions a new band at longer wavelength, i.e. at 600 nm,
was appeared. The evaluation of these spectral data shows
the formation of ML, and ML, type of complexes
(Equation (3)). However, the reasons for the formation of
such higher stoichiometric species could not be rational-
ised.

o
3 Cu®t (@)

loQfyp4=143+03

Q). @)z — (3) [InHO)
I0Q6py2 =284 + 06

The addition of other metal ions to the solution of 3
such as Na™, K", Mg?", Ca*", Sr**, Ba®" and Cd*"
caused nominal changes in the absorption spectrum.
However, addition of Ni*" and Zn** showed lowering in
absorption (10—15%) at 495 nm without the appearance of
new absorption band, and addition of Co*", on prolonged
standing (~ 12 h), resulted in a change in colour from red
to blue. This is associated with a new red-shifted
absorption band at 600 nm but with significantly lower
epsilon value (e 323) than observed in case of Cu’t(e
2070; Figure 2(a)). These metal ions, when present in large
concentration, interfere in estimation of Cu?". Similar
interference of transition metal ions in diacid-based Cu*"
receptor (/3f) has been reported by Gunnlaugsson et al.
earlier.

The addition of other metal ions, viz. Nat, KT, Mg2+,
Ca™*, Sr’*, Ba®", Co™", Ni** Zn’* and Cd** to the
solution of chemosensor 4 caused nominal changes in its
absorption spectrum, and even their presence in large
amounts (>100 times) did not affect the changes in
absorbance arising due to addition of only Cu®".
Therefore, chemosensor 4 shows higher selectivity
towards Cu’" than chemosensor 3, but 4 has a limitation
that due to its poor solubility, it cannot be used in the neat
aqueous solution.

4. Stoichiometries and stability constants of the
complexes as a function of pH

The influence of pH on the absorbance of 3 was
determined by the UV-vis titration of CH30H:H,O
(3:1). The absorbance of 3 at 492 nm remained unaffected
between pH 12.0 and 2.0 (Figure 3). On decreasing the pH
below 8.0, a small hypsochromic shift (~15nm) was
observed. However, this hypsochromic shift did not result
in any colour change of the solution.

Since this protonation process leads to only small
changes in absorbance, any perturbation in A, and
absorbance between pH 2.0 and 12.0 by the addition of an
analyte in solution 3 could be attributed to interaction of
the analyte with 3.

In a similar manner, chemosensors 3 (in water) and 4
(CH30H:H,0) showed pH-dependent nominal changes in

0.6
0.4
0.3 A
0.2

Absorbance

0.1 A1

0

2 4 6 8 10 12
pH

Figure 3. Plot of absorbance of 3 against pH.
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Table 1. Log B values for protonation® of chemosensors 3 and 4 in different solvents.
Chemosensor Log BLu Log BLmz Log Brus Log Brua
3 (CH;0H:H,0, 3:1) 9.2 £ 0.02 15.1 = 0.1 177 £ 0.2 20.2 £ 0.1
3 (H,0) 9.0 £ 0.02 153 0.2 20.2 = 0.2 222 *+0.3
4 (CH;0H:H,0, 1:1) 9.0 = 0.04 143 = 0.1 16.3 = 0.1 -
4 (CH;0H:H,0, 3:1) 9.0 = 0.03 143 +0.2 163 =0.2 -
4 (CH;0H:H,0, 1:2) 9.1 £0.03 159 = 0.1 19.4 0.2 -

#1n case of 3, L = dianion of 3 and in case of 4, L = monoanion of 4.

the absorption spectra accompanied by a small hypso-
chromic shift in the acidic region. The protonation
constants (Table 1) and distribution of different species are
affected by the solvent medium.

As Cu’* binds with 3 and 4 to form different
stoichiometric complexes other than 1:1 type of complex
at pH 7.0, in order to avoid the complexity of results, the
influence of pH on Cu®* complexation with 3 and 4 was
investigated by absorption measurements for 1:1 solutions
of 3—Cu?" and 4—Cu”". The plot of absorbance versus
pH shows that at pH >4.0 the absorbance at 615nm
gradually increased and reached its limiting value at pH
8.5 in CH30H:H,O (3:1) solution. In this pH range, the
absorbance due to free 3 gradually decreased (Figure 4).

The simulation of these spectral data obtained from the
combination of pH and UV-vis titration of 3 with
Cu”(l:l) solution shows that at pH >4.0 the complexa-
tion of 3 with Cu®" causes deprotonation at arylamine NH
to form MLH_; complex, and at pH > 6.0 the formation of
MLH_(OH ") complex starts, which gets completed at pH
8.5. Further addition of OH ~ does not cleave this complex
(Figure 5).

At pH <6.0, the formation of ML is initiated which
shows its highest concentration at pH 4.0. On lowering the
pH, ML undergoes protonation to form MLH (Equation
(4)). The appearance of new absorption bands at 600 nm in
case of MLH_; and MLH_(OH ") species supports the

Absorbance

Figure 4. Plot of absorbances of 3-Cu**(1:1, 100 wM) solution
in CH;0OH:H,O (3:1) at various pH values.

deprotnation of aryl NH.
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The titration of 1:1 solution of 3—Cu>" in H,O exhibits
Amax at 615 nm at pH > 5.0 which achieved limiting value
at pH 8.5 (Figure 6). Lowering of pH <2.0 resulted in the
reappearance of absorbance due to free 3. Between pH 2.0
and 5.0, chemosensor 3 remains complexed with Cu*t to
form species which does not absorb at 615nm. The
formation of yellow solution of Cu®*"—3 mixture at pH
<5.0 confirms the formation of species with hypsochro-
mic shift as against the free sensor 3. The analysis of these
data by spectral fitting shows the formation of MLH_ | and

100 ~ MLH_;

MLH_;(OH")
80 -
60 -

40 1

% species

20 A

pH

Figure 5. Species distribution diagram obtained from the pH
titration of 1:1 solution of 3—Cu*" (100 pM).

0.2 -
615 nm
4
0.16 4
3
£ 0.12 1
£
o
@ 0.08 -
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0.04 4
O 6060666 069
1 3 5 7 9 11 13
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Figure 6. Plot of absorbances of 3-Cu*"(1:1, 100 wM) solution
in Hzo
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Table 2. Log B values® of 3 and 4 with Cu®" as a function of pH in different solvents.

Chemosensor Log Buviu Log By Log BumLi-1 Log Bmuiu-10H-)
3 CH50H:H»O0, 3:1) 193 £0.3 159 £ 0.3 114 +£03 4.1 =03
3 (H,O) 21.5+0.1 - 10.5 = 0.1 3.4 +0.1
4 (CH;0H:H,0, 3:1) - 11.2 £ 0.05 6.6 £ 0.1 1.3 0.1
4 (CH;0H:H,0, 1:1) - 11.8 = 0.1 7.7 £0.1 1.4 = 0.1
4 (CH3;0H:H,0, 1:2) - 12.5 £ 0.1 7.5 £0.1 4.0 = 0.1

#1n case of 3, L = dianion of 3 and in case of 4, L = monoanion of 4.

MLH_,(OH ) species at pH >5.0. Formation of MLH
species at pH <<5.0 is in consonance with apparent colour
changes. These results are in parallel with the findings of
complexation of 3 with Cu’" in CH;0H:H,0O mixture.
Chemosensor 4 showed poor solubility in water at low
pH values, so studies were performed in various
methanol—water mixtures. The titration of solutions of
4-Cu®"(1:1) between pH 2.0 and 12.0 and the analysis of
these data through spectral simulation show the formation
of ML, MLH_; and MLH_{(OH ) with varied distri-
butions and stability constants in different media (Table 2,
Figure 7). The absorbance versus pH plots show that the
absorbance due to 4 at A, 492 nm decreases up to pH 5.0
and then achieves a plateau and remains stable between pH
6.0 and 12.0. The variation in absorbance arising due to
4—Cu”" complex at 615 nm significantly depends on the
medium of solution. Absorbance remains stable at pH

@)

>8.5 in CH;0H:H,O (3:1) and between pH 6.5 and 10.5
in CH30H:H,O (1:2). Therefore, the change in absorbance
at Apax 492 nm between pH 5.0 and 12.0 can be used for
the estimation of Cu2+, and the change in absorbance at
615nm, the new red-shifted absorption band, in CHs-
OH:H,0 (1:2) between pH 6.0 and 11.0 can be used for the
quantitative estimation of Cu*".

5. Dual behaviour of chemosensor 3 at two different
pH values

The addition of Cu”* to red solution of 3 at pH 3.0 or the
addition of acid to blue solution of 3—Cu®" at pH 7.0
resulted in yellow solution, which gave absorption band at
465nm in their UV-vis spectra. These experiments
confirm the dual binding mode of receptor 3 towards Cu*"
depending on pH. At pH 7.0, Cu®* binds with 3 to give

(b)

0.5 - CH4OH : H,0 3:1 0.5 CHzOH : H,01:1
0.4 - e 0.4 1 615 nm, e
§ 615 nm 3
4 J < 0.3
g 0.3 g 0.3
o 5]
2 0.2 2 0.2+
< 492 nm <
0.1 0.1 -
0 ; : : : . 0
2 4 6 8 10 12 2 4 6 8 10 12
pH pH
(©)
0.4 1 CHZ0H : H,0 1:2

Absorbance

615 nm

Figure 7. Plot of absorbances of 4-Cu®*(1:1) solution as a function of pH in the solvent system: (a) CH3;OH:H,O (3:1); (b)

CH;0H:H,0 (1:1); (¢) CH;0H:H,0 (1:2).
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(b)

L+Cu2+
(pH 7.0)

L+Cu2+

(pH 4.0)

Absorbance

Figure 8.

red-shifted absorbance, and at pH 4.0, it causes
hypsochromic shift (Figure 8). These results clearly
point that the elaboration of additional binding sites on
anthraquinone moiety and the control of hydrophilic/hy-
drophobic nature of the groups effectively control the
binding modes.

6. Elaboration of molecular photonic logic systems

Molecular switches and logic gates are analogous because
both convert input stimulations into output signals with
intrinsic protocols. It follows that the principles of binary
logic can be applied to the signal transduction operated by
molecular switches. The analysis of their logic behaviours
requires, first of all, the assignment of threshold values and
logic convention to their inputs and outputs signals.

6.1 Combination of Cu** and H* driven logic gates

Chemosensor 3 exhibits a unique logic gate system that
involves an ‘INHIBIT’ (/9) gate as described in Figure 9
via the combination of two input signals, Cu>" (input 1)
and protonation (input 2) in CH;OH:H,O (3:1). The input

)

0.5 ¢ NHIBIT
0.4

0.3 b)
0.2

0.1

0

Cu?* (pH

350 450

550 650 750 850 950
Wavelength (nm)

(a) Visual colour changes; (b) spectral responses of sensor 3 on addition of Cu*" at pH 7.0 and 4.0.

can take values of 0 and 1 corresponding to the absence or
the presence of action. The output, the absorbance at a
given wavelength, can be of values 0 and 1 depending on
the absorbance value below or above a certain threshold.
(Here, threshold value is 0.0184.) The vertical line shows
wavelength (615 nm) at which the observed signal results
in ‘INHIBIT’ molecular logic device (Figure 9(x)). This
logic device processes input signals according to the truth
table shown in Figure 9(y).

6.2 Combination of Cu’* and OH™ driven logic gates

The evaluation of stimulations due to Cu*" and OH ™ as
two inputs results in ‘TRANSFER’ (20) logic at
A = 615nm (Figure 10).

‘TRANSFER’ logic requires the signal to be ‘0’ when
both inputs are ‘0’ and also when only one of the inputs is
‘1’. However, when the other input is ‘1’ or when both are
‘1°, the output is ‘1’. The free 3 (100 uM; A 0.003) and
addition of OH  (pH 10.0; A 0.01) lead to low output at
615 nm. High output (‘1’; A 0.28) has been found only in
the presence of Cu®" (pH 7.0) and remains high even after
the addition of both Cu®>" and OH™ (both at pH 10.0; A
0.61; Figure 10).

v

ouT
2
Cu*™ H" g150m
0o o 0
10
pH 7.0 INHIBIT
pH40 O 1 0
pH40 1 1 o

0 T T T T T
350 450 550 650 750 850

950

Figure 9. (x) Molecular scale implementation of logic gates: (a) blank; (b) 3 + Cu** (pH 7.0); (¢) 3 + HT (pH 4.0); (d) 3 + Ccu?t
+ H™ (pH 4.0). (y) Truth table for ‘INHIBIT’ logical gate performance.
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Wavelength (nm)

550 650 750 850
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. ouT
Cu™ OH” g15nm
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pH100 0 1 0
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950

Figure 10. (x) Molecular scale implementation of logic gates: (a) blank; (b) 3 + Cu>" (pH 7.0); (¢) 3+ OH (pH 10.0); (d) 3 +
Cu?* 4+ OH (pH 10.0). (y) Truth table for ‘TRANSFER’ logical gate performance.

7. Conclusions

Herein, we have presented carboxylic acid—diamine-based
chromogenic sensors that showed characteristic UV —vis
spectral changes and drastic colour changes upon addition
of Cu?*. Particularly, chemosensor 3 showed the property
of absorption/colour changes in neat aqueous solution,
which is a prerequisite for their use in biological
environment. Insight into the spectral responses revealed
that these changes arise due to selective deprotonation of
aryl amine NH by Cu?". Also, chemosensor 3 exhibits a
unique logic gate system that involves ‘INHIBIT’ and
‘TRANSFER’ logic gates.

8. Experimental
8.1 Materials and methods

Melting points were determined in capillaries and are
uncorrected. "H NMR spectra were recorded on JEOL Al
300 MHz instrument using CDCI; solution containing
tetramethylsilane (TMS) as an internal standard. The
chemical shifts are reported in & values relative to TMS
and coupling constants (J) are expressed in hertz. '*C
NMR spectra were recorded at 75 MHz and values are
reported relative to CDCl; signal at 6 77.0. Chromatog-
raphy was performed with silica gel 100-200 mesh and
the reactions were monitored by thin layer chromatog-
raphy with glass plates coated with silica gel HF-254. FAB
mass spectra were recorded as normal ion (MF linear).

8.2 General procedure for the synthesis of
chemosensors 3 and 4

To a solution of 1-(2-amionoethylamino)anthracene-9,
10-dione (532 mg, 2 mmol) in CH3CN, K,CO;5 (828 mg,
6 mmol) and ethyl bromoacetate (668 mg, 8 mmol) were
added. The reaction mixture was stirred at 80°C for 6 h.

The solvent was removed under vacuum and the residue
was partitioned between dichloromethane and water. The
organic phase was washed with water (3 X 50 mL) and
then dried (Na,SOy). The crude product was chromato-
graphed on silica gel (100—200 mesh) to give pure diester
1 (higher R; component, red solid) and monoester 2 (lower
R¢ component). Then compound 1 (438 mg, 1 mmol) was
hydrolysed with 10% NaOH (120 mg, 3 mmol) in ethanol
for Sh. After concentrating the reaction mixture, the
residue was poured to crushed ice. The solid formed was
filtered off and crystallised from ethanol to give pure 3.
Similarly, the hydrolysis of monoester 2 with NaOH in
ethanol resulted in formation of compound 4.

8.3 Chemosensor 1

Red solid; 60%; m.p. 78°C; FAB mass M'm/z 439
M + 1); IR vy, (KBr) 1726, 1751 and 3473cm ™' 'H
NMR (CDCls): 6 1.28 (t, J = 7.2Hz, 6H, 2 X CH3), 3.16
(t, J=6.6Hz, 2H, CH,), 3.49 (q, J=4.5Hz, 4H,
2 X CH,), 3.67 (s, 4H, 2 X CH,), 4.19 (q, J = 7.2Hz,
2H, CH,), 7.10 (d, J = 8.4Hz, 1H, ArH), 7.53-7.62 (m,
2H, ArH), 7.68-7.79 (m, 2H, ArH), 8.22-8.31 (m, 2H,
ArH) and 9.84 (bs, 1H, NH, exchanges with D,0); '*C
NMR (normal/DEPT-135) (CDCls): 6 14.18 (CHs), 41.14
(CH,), 52.81 (CH,), 55.27 (CH,), 60.86 (CH,), 107.71
(C), 115.83 (CH), 117.85 (CH), 126.66 (CH), 126.77
(CH), 132.91 (CH), 133.90 (CH), 134.67 (C), 134.92 (C),
135.31 (CH), 140.42 (C), 151.35 (C), 170.69 (C), 183.84
(C) and 184.91 (C); Found C 65.98; H 5.75; N 6.28%
Co4Ho6N>Og requires C 65.74; H 5.98; N 6.39%.

8.4 Chemosensor 2

Red solid; 30%; m.p. 68°C; FAB mass M"m/z 353
M* + 1); "H NMR (CDCl5): 8 0.87 (t, J = 6.9 Hz, 3H,
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CHs), 3.05 (s, 2H, CH,), 3.51 (t, J = 6.0 Hz, 2H, CH,),
3.63 (q, J = 6.0Hz, 2H, CH,), 4.72 (q, J = 6.9 Hz, 2H,
CH,), 7.13 (d, J = 8.1 Hz, 1H, ArH), 7.56-7.70 (m, 2H,
ArH), 7.72-7.80 (m, 2H, ArH), 8.23-8.28 (m, 2H, ArH)
and 9.87 (bs, 1H, NH, exchanges with D,0); 13C NMR
(normal/DEPT-135) (CDCls): 6 13.80 (CH3), 41.04 (CH,),
51.61 (CH,), 54.27 (CH,), 60.56 (CH,), 110.71 (C),
115.53 (CH), 118.05 (CH), 126.26 (CH), 126.97 (CH),
133.11 (CH), 133.69 (CH), 134.17 (C), 135.38 (C), 135.91
(CH), 141.42 (C), 151.25 (C), 170.60 (C), 183.14 (C) and
184.81 (C); Found C 68.38; H 5.95; N 7.68% C,oH,,N,O,4
requires C 68.17; H 5.72; N 7.95%.

8.5 Chemosensor 3

Red solid, 60%; m.p. 185°C (ethanol); FAB mass M mi/z
383 MT 4+ 1); IR v (KBr) 1632, 1676, 1728 and
3284cm™!; 'TH NMR (CDCl; + DMSO-dg): & 3.42 (bs,
2H, CH,), 3.75 (bs, 2H, CH,), 4.10 (bs, 4H, 2 X CH,), 7.32
(d, J = 8.4Hz, 1H, ArH), 7.48 (d, J = 7.2 Hz, 1H, ArH),
7.63 (t, J = 8.4Hz, 1H, ArH), 7.79-7.90 (m, 2H, ArH),
8.11-8.27 (m, 2H, ArH) and 9.71 (bs,1H, NH); '*C NMR
(normal/DEPT135) (CDCl;—DMSO-dg): & 38.19 (CH,),
53.50 (CH,), 54.52 (CH,), 112.68 (C), 115.24 (CH),
118.22 (CH), 126.06 (CH), 126.25 (CH), 132.19 (C),
133.17 (CH), 133.94 (C), 134.14 (CH), 135.28 (CH),
150.60 (C), 168.83 (C), 182.61 (C) and 183.83 (C); Found
C 62.80; H 4.73; N 7.35% C,oH3N,Og requires C 62.82;
H 4.74; N 7.33%.

8.6 Chemosensor 4

Red solid, 55%; m.p. 230°C (ethanol); FAB mass M " m/z
324 M + 1); "H NMR (CDCl; + DMSO-dg): 63.78 (bs,
2H, CH»), 4.01 (bs, 2H, CH,), 4.25 (bs, 2H, CH,), 7.73 (bs,
1H, ArH), 7.87 (bs, 4H, ArH), 8.09 (bs, 1H, ArH) and 8.29
(bs, 1H, ArH); >C NMR (normal/DEPT-135) (CDCl;—
DMSO-dg): 6 40.38 (CH,), 47.99 (CH,), 48.50 (CH,),
114.89 (CH), 120.13 (CH), 120.57 (CH), 127.19 (CH),
127.91 (C), 132.68 (C), 133.93 (C), 134.72 (CH), 135.11
(CH), 135.72 (C), 137.34 (CH), 152.62 (C), 172.65 (C),
185.27 (C) and 187.17 (C); Found C 66.80; H 4.73; N
8.45% CgHcN,0,4 requires C 66.66; H 4.97; N 8.64%.

8.7 Photophysical studies

All the solvents were of analytic grade and used after
distillation. The solutions of metal ions were prepared in
distilled water. All pH measurements were made with
Equiptronics pH meter. UV —vis spectroscopy experiments
were carried out on a Shimadzu UV-1601 PC by using slit
widths of 1.0nm and matched quartz cells. All absorption
scans were saved as ACS II files and further processed in
Excel™ to produce all graphs shown. Cu®'-binding

characteristics and affinity and stoichiometries of different
complexes were assessed via titrations with Cu(NOs),.
Titration data are fit with programme Specfit/32, which
analyses multi-wavelength data using an iterative method
to obtain the association constant in terms of free or
unbound Cu?*".
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