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Abstract—The dipod 1,2-bis(8-hydroxyquinolinoxymethyl)benzene (3) and tetrapod 1,2,4,5-tetrakis(8-hydroxyquinolinoxymethyl)benzene
(5) have been synthesized through nucleophilic substitution of respective 1,2-bis(bromomethyl)benzene (2) and 1,2,4,5-tetra(bromo-
methyl)benzene (4) with 8-hydroxyquinoline (1). For comparison, 1,3,5-tris(8-hydroxyquinolinoxymethyl)benzene derivatives (7a and 7b)
have been obtained. The complexation behavior of these podands towards Ag*, Co?*, Ni**, Cu®*, Zn>*, and Cd** metal ions has been inves-
tigated in acetonitrile by fluorescence spectroscopy. The sterically crowded 1,2,4,5-tetrapod 5 displays unique fluorescence ‘ON-OFF-ON’
switching through fluorescence quenching (A, 395 nm, switch OFF) with <1.0 equiv of Ag* and fluorescence enhancement (A, 495 nm,
switch ON) with >3 equiv Ag" and can be used for estimation of two different concentrations of Ag* at two different wavelengths. The ad-
dition of Cu?*, Ni**, and Co>* metal ions to tetrapod 5 causes fluorescence quenching, i.e., ‘ON-OFF’ phenomena at Ap,, 395 nm for <10 uM
(1 equiv) of these ions but addition of Zn** and Cd** to tetrapod 5 results in fluorescence enhancement with a gradual shift of A, from 395 to
432 and 418 nm, respectively. Similarly, dipod 3 behaves as an ‘ON-OFF-ON’ switch with Ag*, an ‘ON-OFF’ switch with Cu®*, and an
‘OFF-ON’ switch with Zn?**. The placement of quinolinoxymethyl groups at the 1,3,5-positions of benzene ring in tripod 7a-b leads to
simultaneous fluorescence quenching at A, 380 nm and enhancement at A, 490 nm with both Ag* and Cu?*. This behavior is in parallel
with 8-methoxyquinoline 8. The rationalization of these results in terms of metal ion coordination and protonation of podands shows that 1,2
placement of quinoline units in tetrapod 5 and dipod 3 causes three different fluorescent responses, i.e., ‘ON-OFF-ON’, ‘ON-OFF’, and
‘OFF-ON’ due to metal ion coordination of different transition metal ions and 1, 3, and 5 placement of three quinolines in tripod 7, the
protonation of quinolines is preferred over metal ion coordination. In general, the greater number of quinoline units coordinated per metal
ion in 5 compared with the other podands points to organization of the four quinoline moieties around metal ions in the case of 5.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The design and synthesis of target selective receptors with
luminescent signaling systems for direct measurement of
changes in emission intensities or wavelength, arising due
to perturbation upon ion or molecular recognition, have
attained a central position in supramolecular chemistry.!~2

These recognition phenomena depend primarily on multiple
host-guest interactions. Locking of conformations of both
the host and the guest make negative contributions to total
free energies of the system.? So, in addition to the comple-
mentarity of binding sites, the correct spatial placement of
subunits* constitutes a major criterion for designing new
receptors.

* Corresponding author. Fax: +91 183 2258820; e-mail: subodh_gndu@
yahoo.co.in
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8-Hydroxyquinoline (oxine) and its derivatives are known
to be the best chelaters after EDTA and its derivatives due
to their guest modulated chromogenic and fluorescent be-
havior. Accordingly, they have attained prime significance
and have been used in chromatography,’ detection of metal
ions,® in organic light emitting diode devices,” and in elec-
trochemiluminescence® etc. In the case of planar platforms,
the contribution of molecular architectures arising due to
placement of two or three subunits at 1,3- or 1,3,5-positions
on a benzene ring has been well studied in molecular recog-
nition.” However, the supramolecular behavior of receptors
possessing two or four such functional groups placed sym-
metrically at 1,2- and 1,2,4,5-positions of a benzene ring
has been scarcely studied.'”

In continuation of our work!! on syntheses of receptors pos-
sessing 8-hydroxyquinoline moieties as the only binding
sites, in the present work'? a fluorescent dipod 3 and a
tetrapod 5 possessing two and four 8-hydroxyquinoline
units at 1,2- and 1,2,4,5-positions of benzene ring, respec-
tively, have been synthesized and their binding features
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towards transition metal ions have been evaluated by fluo-
rescence studies in CH3CN. For comparison the behavior
of 1,3,5-tris(8-hydroxyquinolinoxymethyl)benzene deriv-
atives 7 and 8-methoxyquinoline 8 has been also studied.
Dipod 3 and tetrapod 5 show unique switch-like ‘ON-
OFF-ON’ behavior towards Ag*. Dipod 3 and tetrapod 5
provide three different fluorescent responses to transition
metal ions as ‘ON-OFF-ON’ switch with Ag*, ‘ON-
OFF’ switch with Cu?*, Co?*, and Ni** and ‘OFF-ON’
switch with Zn** and Cd**. On moving to 1,3,5-tripods 7
and 8-methoxyquinoline 8 due to preferred protonation
over metal ion coordination the occurrence of these
phenomena is lowered. To the best of our knowledge, this
constitutes the first example of a benzene-based tetrapod
organization.

2. Results and discussion
2.1. Synthesis of podands 3, 5, and 7

The nucleophilic substitution of 1,2-bis(bromomethyl)benz-
ene (2) with 8-hydroxyquinoline under phase transfer cata-
lyzed conditions provided a white solid. NMR spectroscopy
and COSY experiments allowed the spectral assignment.
For assigning the signals in the multiplet region, the 'H
NMR spectrum of 3 after addition of 0.1 equiv AgNO;3
was recorded (Fig. 1). These spectral data along with
13C NMR spectral data corroborated the structure 3 for
this compound.

Similarly, the nucleophilic substitution of 1,2.4,5-tetrakis-
(bromomethyl)benzene (4) with 8-hydroxyquinoline (1)
under phase transfer catalyzed conditions provided S as
a white solid. The positions of all the protons have been
assigned by decoupling experiment. These spectral data and
'"H-'H COSY and '3C NMR spectral data confirmed the
structure S for this compound. The reactions of tribromides
6a and 6b with 1 gave tripods 7a and 7b, respectively
(Scheme 1).

o-Xylene
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Figure 1. "H NMR of (a) dipod 3 (b) dipod 3+0.1 equiv AgNOs.

6aR =CH; s
6b R =C5Hs 7a R=CH,
7b R=C,H;

Scheme 1.

2.2. Photophysical behavior of podands 3, 5, 7, and 8
towards transition metal ions

Podands 3, 5, 7, and 8 (10 uM, CH3CN) in their UV-vis
spectra exhibit broad absorption bands at A, 305 nm
due to the 8-alkoxyquinoline moiety. The solutions of
podands 3, 5, 7, and 8 on excitation at A, 305 nm exhibit
fluorescence spectra typical of the 8-hydroxyquinoline moi-
eties with A, at 385 nm, and remain stable within A., 305—
360 nm. In this work, all the studies have been performed
using A.x 345 nm except in cases when stated otherwise.
In the concentration range 1-10 uM, the fluorescence of
3, 5,7, and 8 is directly proportional to their concentration.
This linear increase in fluorescence with concentration indi-
cates that these podands are not susceptible to self quench-
ing and to aggregation processes in this concentration
range.

2.2.1. Photophysical behavior of tetrapod S towards tran-
sition metal ions. In the preliminary investigations, tetrapod
5 (10 pM, CH;CN) on addition of 50 uM concd of Co?*,
Cu?*, and Ni?*, respectively, shows >90% quenching of
fluorescence at Ana, 385 nm whereas Zn>* and Cd>* ions
cause >10 times fluorescence enhancement with a gradual
bathochromic shift of A, from 395 to 432 nm. However
on addition of Ag*, up to 10 uM to tetrapod 5 shows fluores-
cence quenching at A,,x 395 nm and at higher concentration
of Ag* a delayed emission band appears at Ay, 495 nm.
Therefore 5 undergoes ‘ON-OFF’ switching with Co**,
Cu?*, and Ni** ions, ‘OFF-ON’ switching with Zn?* and
Cd?* and ‘ON-OFF-ON’ switching with Ag*.
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A solution of tetrapod 5 (10 uM, CH3CN) on the addition of
AgNO; showed fluorescence quenching, which gradually
increased with increasing concentration of AgNOj;. A plot
of concentration of AgNOj; versus fluorescence at 395 nm
showed a linear decrease with up to 15uM AgNO;
(1.5 equiv) and then a plateau was achieved. On addition of
further AgNO;, a new fluorescence band emerged at A.x
495 nm. The fluorescence intensity at 495 nm gradually
increased with increased concentration of AgNO; (Figs. 2—4).

The spectral fitting of the data showed the formation of
ML, M,L, and MyL complexes with log By =6.8+0.2,
log Bm,1=12.240.3, and log Bym,.=17.3£0.6 (Table 1).
Analysis of the distribution of the different species showed
that their concentration varied significantly with the concen-
tration of Ag*. In a 1:1 mixture of 5 and AgNO3, an almost
maximum concentration of the 1:1 complex (>75%) is
observed. At this concentration nearly 10% of 2:1 2AgNO;
tetrapod 5 is formed. On further increase in the concentration
of Ag* to 200 puM, the formation of M,L increases to 97%
along with <1% of a 4:1 4AgNOj; tetrapod 5 complex.
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Figure 2. The effect of Ag” on the fluorescence spectrum of tetrapod 5
(10 uM).
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Figure 3. The curve fitting of fluorescence spectral data of 5 at 395 nm on
addition of AgNO;. (@) Experimental points, (—) fitted line.
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Figure 4. The curve fitting of fluorescence spectral data of 5 (10 uM
in CH3CN) at 495 nm on addition of AgNO;. (@) Experimental points,
(—) fitted line.

Even at 1000 uM AgNOg;, the 4:1 4AgNO; tetrapod S
complex is only formed to 22% extent along with 78% of
the 2:1 complex. Due to the existence of number of different
stoichiometric complexes of 5 with Ag*, isosbestic points
were not observed (Fig. 5).

The UV-vis spectrum of tetrapod 5 (50 uM, CH3CN) shows
a gradual bathochromic shift from 305 to 314 nm on the
addition of 50 pM AgNOs3. However, the absorbance between
300-350 nm shows a small (<5%) enhancement in contrast
to quenching in fluorescence. Therefore, in tetrapod 5, the
lack of any change in the UV-vis spectrum and ‘ON-
OFF-ON’ switching behavior in fluorescence on addition
of AgNO; point to multiple interactions of Ag* with the
excited state of 5.

A solution of tetrapod 5 (10 uM, CH3CN) on addition of
Cu(NO3), showed fluorescence quenching, which gradually
increased with increasing concentration of Cu(NOj3),. On
addition of >15 uM Cu(NO3), no further change in fluores-
cence spectrum was observed. Therefore, in contrast to
‘ON-OFF-ON’ behavior towards Ag*, tetrapod 5 with
Cu(II) shows ‘ON-OFF’ behavior. The plot of concentration
of Cu(NO3), versus fluorescence at 395 nm shows a linear
decrease up to 10 uM Cu(NO3), (1 equiv) and then a plateau
is achieved (Fig. 6). The spectral fitting of the data showed
the formation of only ML complex with log By =6.6£0.1.
In a 1:1 mixture of 5 and Cu(NOs),, formation of 1:1 com-
plex (>90%) was observed. Similarly, other paramagnetic
ions Co(Il) and Ni(Il) with § showed ‘ON-OFF’ switch
with log By value 6.640.1 and 5.77£0.06, respectively
(Table 1).

Tetrapod 5 on the addition of Zn?* and Cd?* shows fluores-
cence enhancement. On using A.x 345 nm, on addition of
Zn** and Cd>* (0.3 equiv) to a solution of 5, the fluorescence
went off scale. So, all studies of Zn** and Cd>* were per-
formed at A, 360 nm. The plot of fluorescence intensity of
5 against concentration of Zn>* shows a gradual fluorescence
enhancement using 1-30 pM Zn?** concentration with
a gradual red shift of A, from 385 to 432 nm and between
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Table 1. Fluorescence behavior and log Byx;. values for podands 5, 3, and 7a-b towards transition metal ions

Serial no. Metal ion Fq/Fe* Amax (nm) log Bmr, log B log Bm,L log Bm,L
Tetrapod 5
1 Ag* ‘ON-OFF-ON’ 385-3854—495¢ 6.8+0.2 12.240.3 17.3+0.6
2 cu** ‘ON-OFF’ 385-385¢ 6.6£0.1
3 Ni** ‘ON-OFF’ 385-385¢, 5.74£0.1
4 Co** ‘ON-OFF’ 385-385¢, 6.5+0.1
5 Zn** ‘OFF-ON’ 385432, 5.1+0.1
6 cd* ‘OFF-ON’ 385-423 6.6+0.1 11.84+0.5
Dipod 3
7 Ag* ‘ON-OFF-ON’ 385-385¢—495¢. 6.3+0.2 9.5+£0.2
8 Cu** ‘ON-OFF’ 385-385¢, 4.940.2
9 Zn** ‘OFF-ON’ 385432 14.1£0.4 7.9£0.3

log Bmr. log Bm,L log B,
Tripod 7a
10 Ag* Set on ‘OFF-ON’ 385¢q—490¢ 11.00+0.06 15.3+0.2
11 Agt From UV-vis 30141-3604, 6.30+0.3 10.504+0.48 15.3£0.3
12 cu?* Set on ‘OFF-ON’ 3857490 5.361+0.7 14.940.1
Tripod 7b
13 Ag* Set on ‘OFF-ON’ 385490 10.6+0.1 14.6+0.3
14 Ag* From UV-vis 30141-3604, 6.1£0.2 10.6+0.3 15.1£0.3

# Fq=fluorescence quenching; Fe=fluorescence enhancement; Al=absorbance lowering; Ae=absorbance enhancement.

Figure 5. The distribution
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of ML, M,L, and ML species on addition of AgNO; to 5 (10 uM in CH3CN) (a) 0-100 pM AgNO;3 (b) 100-1000 uM AgNOs;.
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Figure 6. (a) The effect of Cu>" on the fluorescence spectrum of tetrapod 5 in acetonitrile and (b) curve fitting of change in FI of tetrapod 5 (10 uM) at 395 nm on
addition of Cu(NO;),. (@) Experimental points, (—) fitted line.

30 and 100 uM Zn**, a plateau is achieved. The spectral
fitting of the data showed the formation of ML with
log v =5.1140.05. The formation of >80% Zn**:5

complex is observed at 50 uM Zn?* (5 equiv).

Similarly, the addition of Cd(NO3), to a solution of 5 caused
fluorescence enhancement with a gradual red shift in A,
from 385 to 418 nm (Fig. 7). These data showed the forma-
tion of MbL and ML complexes with log By, =11.8340.5
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Figure 7. (a) The effect of Cd** on the fluorescence spectrum of tetrapod 5 and (b) curve fitting of change in FI of tetrapod 5 (10 pM) at 418 nm on addition of

Cd(NOs3),. (@) Experimental points, (—) fitted line.

and log By =6.7+£0.1. In a 1:2 mixture of § and Cd(NOs),,
an almost maximum concentration of the 1:1 complex (47%)
along with small amounts <5% of M,L was observed. On
further increasing the 5:Cd(NOs), ratio to 1:10, the forma-
tion of M,L increased to nearly 70% along with 30% of
ML complex.

2.2.2. Photophysical behavior of dipod 3 towards transi-
tion metal ions. A solution of dipod 3 on excitation at A.x
345 nm showed a gradual decrease in fluorescence on addi-
tion of AgNOj3, which gradually increased on increasing the
concentration of AgNOs.

A plot of concentration of AgNOj; versus fluorescence at
385 nm shows a linear decrease with up to 50 uM AgNO;
(5 equiv) and then a plateau is achieved. During addition
of AgNOj;, between 10-30 pM (1-3 equiv), no significant
change in fluorescence at 395 nm or 500 nm was observed.
However, on further addition of AgNO; a fluorescence
band at A,x 500 nm appeared and its intensity gradually
increased with an increase in the concentration of AgNOj;.
The spectral fitting of the titration data of dipod 3 with
AgNOj; shows the formation of ML and M,L complexes
with log By =6.3%0.2 and log Bu,1.=9.5+0.2, respectively
(Fig. 8).
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Analysis of the distribution of different species showed that
their concentration varied significantly with the concentra-
tion of Ag*. In a 1:2 mixture of 3 and AgNO;, an almost
nearly maximum concentration of a 1:1 complex (94%)
was observed. At this concentration nearly 1% of the 2:1
2AgNOj; dipod 3 was observed. On further increasing the
concentration of Ag* to 1000 uM, the formation of M,L
increases to 60% along with 40% of the ML complex (Fig. 9).

Dipod 3 (10 uM, CH5;CN) on addition of Cu(NO;), showed
fluorescence quenching, which gradually increased with
increasing concentration of Cu(NO3),. A plot of concentra-
tion of Cu(NOj), versus fluorescence at 385 nm shows
a fluorescence decrease up to 50 uM and converges for the
formation of the ML complex.

Dipod 3, on addition of Zn(NOj), showed fluorescence
enhancement, which goes out of scale at A.x 343 nm. So,
further studies were carried out at Ao, 350 nm. The plot of,
fluorescence intensity of 3 against concentration of Zn**
shows gradual fluorescence enhancement from 1 to 50 pM
Zn?* concentration with a gradual red shift of the Ay
from 385 to 432 nm, and between 50 and 100 uM 7Zn%* the
fluorescence achieved a plateau (Fig. 10). The spectral fitting
of the data showed the formation of only ML, and ML
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Figure 8. The curve fitting of fluorescence spectral data of 3 on addition of Ag*: (a) at 385 nm and (b) at 495 nm, respectively. (@) Experimental points,

(—) fitted line.
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Figure 9. The distribution of ML and M,L species on addition of AgNO; to 3 (10 pM in CH3CN): (a) 0-100 uM AgNO; (b) 100-1000 pM AgNO;.
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Figure 10. (a) The effect of Zn** on the fluorescence spectrum of dipod 3 and (b) curve fitting of change in FI of dipod 3 (10 uM) at 428 nm on addition of

Zn(NO;),. (@) Experimental points, (—) fitted line.

complexes with log By ,=14.10£0.48 and log Svr=
7.940.3. In a 1:0.5 mixture of 3 and Zn(NQOs),, formation
of ML, complex (>34%) is observed. At this concentration
nearly 15% of 1:1 Zn(NO3), dipod 3 is formed. On further
increasing the concentration of Zn** to 50 pM, the formation
of ML, completely vanishes and 99% ML complex is
achieved.

Dipod 3 (10 pM, CH3CN) in its UV-vis spectrum showed
a gradual bathochromic shift from 301 to 315 nm upto addi-
tion of 500 uM AgNOs3;, Cu(NO3),, and Zn(NOs3),. The
absorbance between 340 and 360 nm showed small (<5%)
enhancement in contrast to >90% fluorescence quenching
(with Ag* and Cu?*) or >10 times fluorescence enhance-
ment (with Zn?*). Therefore, dipod 3 in parallel with tetra-
pod 5 on addition of metal ions shows both fluorescence
enhancement and fluorescence quenching without any sig-
nificant change in absorbance in their UV-vis spectra.

2.2.3. Photophysical behavior of tripod 7a-b and 8
towards transition metal ions. Tripods 7a—b on addition
of 100 uM concd of Ag* and Cu>*, respectively, showed
simultaneous quenching of fluorescence at A.x 380 nm

and fluorescence enhancement at A,,, 490 nm, and with
Zn** showed erratic behavior both in terms of A, and fluo-
rescence intensity (FI).

Tripods 7a and 7b showed quite similar results and replace-
ment of methyl by ethyl groups on the benzene ring does not
have any effect on their metal ion complexation behavior.
Tripods 7a—b (1 uM, CH3CN) showed fluorescence quench-
ing at 380 nm with simultaneous enhancement at 490 nm on
addition of up to 10 pM AgNO;. On further addition of
AgNOj; the fluorescence at 380 nm trailed to a small residual
value and at 490 nm the emission showed a gradual increase.
The fluorescence spectra had two isosbestic points at 431
and 450 nm for both 7a and 7b with the formation of M,L
and M;L complexes (Table 1). In a 1:10 mixture of 7a/7b
and AgNO; (10 uM), an almost maximum concentration
of the M,L complex (>74%) is observed. At this concentra-
tion nearly 13% of M;L is formed. On further increasing the
concentration of AgNOj3 to 100 uM, the formation of M;L
increases to 67% along with 33% of M,L complex.

The UV-vis spectrum of tripod 7a/7b (10 uM, CH;CN)
showed a simultaneous decrease in absorbance at A,
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301 nm and an increase in the absorbance at A,,,, 360 nm on
gradual addition of AgNO; between 1 and 1000 pM
(Fig. 11). All the spectral lines passed through an isosbestic
point at 334 nm. These data converge to the formation of
ML, M,L, and M;L complexes (Table 1). The similar stabil-
ity constants arising from both UV—vis and fluorescence
spectra data (Table 1, entries 10, 11, 13, and 14) confirm
their concomitant presence.

Similarly, addition of Cu(NOs3), to 7a/7b showed simulta-
neous fluorescence quenching at A,,,x 380 nm and enhance-
ment at A,,x 490 nm with two isosbestic points at 431 and
450 nm and converged to the formation of only ML and
M;L complexes (Table 1). In a 1:10 mixture of 7a and
Cu(NO3),, the formation of ML (58%) and M3;L complexes
(16%) was observed and at 100 pM Cu>* only formation of
M;L was observed.

Characteristically, like tripods 7a/7b, 8-methoxyquinoline
8 with both AgNO; and Cu(NO;), showed simultaneous
fluorescence quenching at A,,,x 395 nm and enhancement
at Amax 500 nm due to the formation of ML complex with
log BmL=5.2+0.05. Also, like tripods 7, UV—vis spectrum
of 8-methoxyquinoline 8 on gradual addition of AgNO;3 or
Cu(NOs), showed simultaneous decrease in absorbance at
Amax 301 nm and increase in absorbance at A,,,, 360 nm.

Therefore, podands 3 and 5, where quinoline units are placed
at adjacent carbons of benzene ring, show differential fluo-
rescence phenomena with transition metal ions without
any significant change in their UV—vis spectra but, tripods
7a/7b and 8-methoxyquinoline 8, exhibit a fluorescence
change, which is parallel to the change in their UV-vis
spectra.

A plot of the number of quinoline units/Ag* cation versus
concentration of Ag* shows that both dipod 3 and tetrapod
5 organize higher numbers of quinoline units around Ag*
than in the case of 8-methoxyquinoline 8 and tripod 7
(Fig. 12). At less than 5equiv of AgNO;, the tetrapod
5 shows significantly higher numbers of quinoline units
around Ag* than in the case of 3, which in turn shows a
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Figure 12. The plot of number of quinoline units per Ag" in podands 3, 5, 7,
and 8.

higher number of quinolines per Ag* than in the cases of 7
and 8.

The formation of only ML complexes by 5 with other tran-
sition metal ions further exhibits the organization of four
quinoline moieties around each metal ion. All these results
clearly point to the organization of four quinoline units
around metal ions in the case of 5.

In order to rationalize if some of these metal ion induced
fluorescence phenomenon arise due to protonation'? of the
quinoline moieties, the podands 3, 5, 7a, and 8 were titrated
against perchloric acid. It is found that in case of dipod 3 and
tetrapod 5, the protonation with HClIO,4 has much stronger
effect on ‘ON-OFF-ON’ phenomenon. Therefore, dipod 3
and tetrapod 5 on addition of metal ions show change in fluo-
rescence due to metal ion coordination. However, in case of
tripods 7a and 7b and monopod 8, the changes in fluores-
cence behavior on addition of metal ions are in parallel
with protonation and could be due to metal salt mediated
protonation of tripod 7 and monopod 8.

318
Wavelength (nm)

368

Figure 11. The effect of Ag* on: (a) fluorescence spectrum and (b) UV—-vis spectrum of 7a.
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3. Experimental
3.1. General details

Melting points were determined in capillaries and are
uncorrected. 'H NMR spectra were recorded on JEOL Al
300 MHz instrument using CDClj; solution containing tetra-
methylsilane as an internal standard. The chemical shifts are
reported in 6 values relative to TMS and coupling constants
(J) are expressed in hertz. '3C NMR spectra were recorded at
75 MHz and values are reported relative to CDClj; signal at
0 77.0. Chromatography was performed with silica gel
100-200 mesh and the reactions were monitored by thin
layer chromatography (TLC) with glass plates coated with
silica gel HF-254. 1,2-Bis(bromomethyl)benzene'* (2),
1,2,4,5-tetrakis(bromomethyl)benzene'> (4), 1,3,5-trimethyl-
2,4,6-tris(bromomethyl)benzene16 (6a), 1,3,5-triethyl-2.4,6-
tris(bromomethyl)benzene!” (6b), and 8-methoxyquinoline'®
were synthesized according to reported procedures.

3.1.1. 1,2-Bis(8-hydroxyquinolinoxymethyl)benzene (3).
A solution of 8-hydroxyquinoline (1.38 g, 9.5 mmol), NaH
(pre-washed with hexane) (380 mg, 15.8 mmol), and tetra-
butylammonium hydrogen sulfate (20 mg) (catalyst) in
DMF (30 ml) was stirred at 80 °C. After 30 min, 1,2-
bis(bromomethyl)benzene (2) (1.00 g, 3.8 mmol) was added
and stirring was continued at 80 °C. After completion of the
reaction (tlc, 24 h), the solid residue was filtered off and was
washed with ethyl acetate. The combined filtrate was evapo-
rated under vacuum and the solid residue was purified by
column chromatography over silica gel (60-120 mesh) using
a mixture of CH,Cl,/ethyl acetate/MeOH (80:17:3, v/v) to
obtain pure 5, 716 mg, 48%, white solid, mp 112-115 °C
(CH;CN), FAB mass m/z 392 (M*+H); 'H NMR (CDCls)
(300 MHz): 6 5.62 (s, 2x0OCH,, 4H), 7.12 (dd, J;=5.8 Hz,
J>=3.0 Hz, 2H, ArH), 7.28-7.34 (m, 6H, 2xHQ-H6, 5, 7),
7.40 (dd, J,=8.4 Hz, J,=3.9 Hz, 2H, 2xHQ-H3), 7.59
(dd, J,=5.7Hz, J,=3.3Hz, 2H, ArH), 8.09 (dd, J,=
8.4 Hz, J,=1.8 Hz, 2H, 2xHQ-H4), 8.92 (dd, J;=4.2 Hz,
J,=1.8 Hz, 2H, 2xHQ-H2); '3C NMR (CDCls) (75 MHz)
(normal/DEPT-135): 6 69.1 (—ve, CH,), 110.0 (+ve,
ArCH), 119.8 (+ve, ArCH), 121.5 (+ve, ArCH), 126.5
(+ve, ArCH), 128.2 (+ve, ArCH), 128.7 (+ve, ArCH),
129.4 (ab, ArC), 1349 (ab, ArC), 135.7 (+ve, ArCH),
140.5 (ab, ArC), 149.2 (+ve, ArCH), 154.2 (ab, ArC).
Found C, 79.3; H, 5.4; N, 6.9%. C,sH,(N,O, requires C,
79.57; H, 5.14; N, 7.14%.

3.1.2. 1,2,4,5-Tetrakis(8-hydroxyquinolinoxymethyl)-
benzene (5). The reaction of 8-hydroxyquinoline with
1,2,4,5-tetrakis(bromomethyl)benzene (4) using the above
procedure provided 5, 633 mg, 40%, white solid, mp 233—
237 °C (CH3CN/CHCl3), FAB mass m/z 707 (M*+H); 'H
NMR (CDCl3) (300 MHz): 6 5.62 (s, 4xCH,, 8H), 7.00
(d, J/=7.2 Hz, 4H, 4xHQ-H7), 7.19-7.30 (m, 8H, 4xHQ-
H6, 5), 7.37 (dd, J,=8.1 Hz, J,=4.2 Hz, 4H, 4xHQ-H3),
7.80 (s, 2H, ArH), 8.06 (d, J/=6.9 Hz, 4H, 4xHQ-H4),
8.86 (d, J=2.7 Hz, 4H, 4xHQ-H2); '3C NMR (CDCly/
DMSO-dg) (75 MHz) (normal/DEPT-135): 6 67.36 (—ve,
CH,), 112.5 (+ve, ArCH), 119.0 (+ve, ArCH), 119.1 (ab,
ArC), 121.1 (+ve, ArCH), 128.2 (ab, ArC), 128.3 (+ve,
ArCH), 128.5 (+ve, ArCH), 133.4 (ab, ArC), 143.2 (+ve,
ArCH), 144.5 (+ve, ArCH), 147.2 (ab, ArC). Found C,

77.93; H, 4.7; N, 7.9%. C46H34N40,4 requires C, 78.17; H,
4.85; N, 7.93%.

3.1.3. 1,3,5-Tris(8-hydroxyquinolinoxymethyl)-2,4,6-tri-
methylbenzene (7a). The solution of 2.4,6-trimethyl-
1,3,5-tris(bromomethyl)benzene (6a) (1.00 g, 2.5 mmol),
K,CO; (1.03 g, 7.5 mmol), 8-hydroxyquinoline (1.08 g,
7.5 mmol), and TBA-HSO, (20 mg) in acetonitrile (30 ml)
was refluxed with stirring for 10 h. The solvent was distilled
off. The crude mixture was diluted with water and was
extracted with ethyl acetate. The organic layer was dried
over Na,SO, and solvent was distilled off. The residue
was column chromatographed over silica gel column to iso-
late 7a, 430 mg, 34%, white solid, mp 200-202 °C (aceto-
nitrile), FAB mass m/z 592 (M+H); 'H NMR (CDCl5):
0 2.51 (s, 9H, 3xCH3), 5.33 (s, 6H, 3xCH3), 7.21 (d, 3H,
J1=8 Hz, J,=2 Hz, 3xHQ-H7), 7.32-7.49 (m, 9H, 3 xHQ-
H3, 5, 6), 8.08 (dd, 3H, J,=10 Hz, J,=4 Hz, 2xHQ-H4),
8.88 (dd, 3H, J,=8 Hz, J,=4 Hz, 3xHQ-H2); '*C NMR
(CDCl5): 6 16.38 (+ve, CH3), 66.72 (—ve, OCH,), 109.96
(+ve, CH), 120.05 (+ve, CH), 121.59 (+ve, CH), 126.73
(+ve, CH), 129.56 (ab, C), 131.48 (ab, C), 135.69 (+ve,
CH), 140.04 (ab, C), 140.67 (ab, C), 149.29 (+ve, CH),
155.20 (ab, C). Found C, 79.2; H, 5.6; N, 7.1%.
C39H33N305 requires C, 79.19; H, 5.58; N, 7.12%.

3.1.4. 1,3,5-Tris(8-hydroxyquinolinoxymethyl)-2,4,6-
triethylbenzene (7b). The reaction of 6b with 8-hyroxy-
quinoline (1) by the above procedure gave 7b, 440 mg, 30%,
thick transparent liquid, FAB mass 634 [M+H]; 'H NMR
(CDCly): 6 1.29 (t, J=72Hz, 9H, 3xCHj), 2.96 (q,
J=17.2 Hz, 6H, 3xCH,), 5.35 (s, 6H, 3xOCH,), 7.31 (dd,
J1=17.5Hz, J,=1.2 Hz, 3H, 3xHQ-H7), 7.35-7.54 (m, 9H,
3xHQ-H3, 5, 6), 8.13 (dd, 3H, J,=8.4 Hz, J,=1.8 Hz, 3H,
3xHQ-H4), 8.91 (dd, J,=4.2 Hz, J,=1.8 Hz, 3H, 3xHQ-
H2); 3C NMR (CDCl5): ¢ 16.57 (+ve, CH3), 23.37 (—ve,
CH,), 65.71 (—ve, OCH,), 109.72 (+ve, CH), 119.99 (+ve,
CH), 121.56 (+ve, CH), 126.70 (+ve, CH), 129.55 (ab, C),
130.69 (ab, C), 135.87 (+ve, CH), 140.52 (ab, C), 146.88
(ab, C), 149.02 (+ve, CH), 155.22 (ab, C). Found C, 79.54;
H, 6.15; N, 7.1%. C39H33N305 requires C, 79.59; H, 6.20;
N, 7.08%.

3.1.5. UV-vis and fluorescence experiments. UV-vis
absorption and fluorescence spectra were recorded on Shi-
madazu UV-1601-PC spectrophotometer and Shimadazu
RF1501 spectrofluorophotometer with a 1 cm quartz cell at
25+0.1 °C. The solutions of 3, 5, 7a, and 8 and metal nitrates
were prepared in double distilled acetonitrile. The number
of solutions containing 3/5/7a/8 (10 uM) and different con-
centrations of metal nitrates were prepared and were kept
at 25+1 °C for 2 h before recording their absorption or fluo-
rescence spectra. The spectra obtained were analyzed
through curve fitting procedures by using SPECFIT 3.0.36
to determine the stability constants and the distribution of
various species.
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