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ABSTRACT: Isoquinoline-based tetradentate ligands with
C3-symmetry, tris(1- or 3-isoquinolylmethyl)amine (1- or
3-isoTQA), have been prepared and their zinc-induced fluore-
scence enhancement was investigated. Upon excitation at 324 nm,
1-isoTQA shows very weak fluorescence (ϕ = ∼0.003) in
DMF/H2O (1/1) solution. In the presence of zinc ion,
1-isoTQA exhibits fluorescence increase (ϕ = 0.041) at 359 and
470 nm. This fluorescence enhancement at 470 nm is specific
for zinc. However, 3-isoTQA exhibited a smaller fluorescence
enhancement upon zinc complexation (ϕ = 0.017, λem = 360
and 464 nm) compared with 1-isoTQA. Crystal structures of
zinc complexes of isoTQAs demonstrate the diminished steric
crowding and shorter Zn−Naromatic distances compared with isoTQENs (N,N,N′,N′-tetrakis(isoquinolylmethyl)ethylenediamines)
leads to a higher fluorescent response toward zinc relative to cadmium.

■ INTRODUCTION
Zinc ions are indispensable metal ions in living systems. Zinc
plays many important structural and catalytic roles in enzymes
and is one of the key components in cellular processes includ-
ing gene expression and signal transduction.1−5 Mobile zinc
pools that exist in living cells in many organisms but their exact
roles are still not fully understood. Fluorescent zinc sensor
molecules have been extensively developed in recent years,
aiming at the visualization and/or quantification of the dynamic
and transient zinc ion distribution inside the cell.4−29 Although
several well-known mechanisms altering the fluorescence pro-
perties of the probe molecules upon guest binding have been
established,30−32 there is still a need for rational design strate-
gies for specific metal ions recognition in high selectivity and
appropriate sensitivity.
We have previously reported that N,N,N′,N′-tetrakis-

(2-quinolylmethyl)ethylenediamine (TQEN) can act as a fluore-
scent zinc detection molecule (Chart 1).33 The structure of
TQEN is based on well-known heavy metal chelator, N,N,
N′,N′-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN). The
1- and 3-isoTQEN, isoquinoline derivatives of TQEN (Chart 1),
exhibited improved properties compared to TQEN.34 In recent
years, many other quinoline-based fluorescent zinc sensors have
been developed;34−58 however, very few isoquinoline-based fluore-
scent sensor molecules have been developed.59

TQA, tris(2-quinolylmethyl)amine, is an analogue of TPA,
tris(2-pyridylmethyl)amine and was first prepared by Karlin
and co-workers to investigate the dioxygen activation chemistry

by its copper complex (Chart 1).60,61 Subsequently, Hancock
and co-workers reported the zinc specific fluorescent response
of TQA and discussed its fluorescent intensity difference be-
tween zinc(II) and cadmium(II) complexes based on the dif-
ferential CHEF (chelation enhanced fluorescence) effect that is
mainly controlled by steric effects upon complexation.54 TQA
exhibits lower cadmium response (ICd/IZn) compared with
TQEN because of reduced steric hindrance that allows efficient
CHEF mechanism in TQA−Zn complex.
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In this article, we report the zinc-induced fluorescence
enhancement of isoquinoline derivatives of TQA, 1- and
3-isoTQA (tris(1- or 3-isoquinolylmethyl)amines) (Chart 1).
3-IsoTQA has been prepared by Canary and co-workers and its
zinc-binding property was investigated by ESI-MS;62 however, no
fluorescent response toward zinc has been reported to date. This
article reports the synthesis and evaluation of the fluorescent prop-
erties of 1- and 3-isoTQA as a new scaffold for fluorescent zinc
sensor molecules. Reduced steric hindrance of isoTQA−Zn
complexes suppresses the cadmium response (ICd/IZn) compared
with isoTQENs, in parallel with the TQA/TQEN system.

■ EXPERIMENTAL SECTION
General. All reagents and solvents used for synthesis were from

commercial sources and used as received. N,N-Dimethylformamide
(DMF, Dojin) was spectral grade (Spectrosol). All aqueous solution
was prepared using Mili-Q water (Milipore). 1H NMR (300 Hz) and
13C NMR (75.5 Hz) spectra were recorded on a Varian GEMINI 2000
spectrometer and referenced to internal Si(CH3)4 or solvent signals.
UV−vis and fluorescence spectra were measured on a Jasco V-660
spectrophotometer and Jasco FP-6300 spectrofluorometer, respectively.
Fluorescence quantum yields were measured on a HAMAMATSU
photonics C9920−02 absolute PL quantum yield measurement system.
CAUTION: Perchlorate salts of metal complexes with organic ligands are
potentially explosive. All due precautions should be taken.
N-(1-isoquinolylmethyl)phthalimide (2). To the DMF solution

(11 mL) of 1-chloromethylisoquinoline34,63 (1) (265 mg, 1.49 mmol)
was added potassium phthalimide (278 mg, 1.50 mmol) and stirred
overnight at room temperature. After addition of chloroform, the
organic layer was washed with water and 10% NaOHaq. The organic
layer was dried, evaporated, and washed with hot ethanol to give 2 as
white powder. Yield, 303 mg (1.05 mmol, 70%).

1H NMR (CDCl3): δ 8.31 (d, J = 5.7 Hz, 1H), 8.21 (d, J = 7.8 Hz,
1H), 7.90−7.93 (m, 2H), 7.83 (d, J = 8.4 Hz, 1H), 7.65−7.76 (m, 4H),
7.52 (d, J = 5.7 Hz, 1H), 5.54 (s, 2H).

13C NMR (CDCl3): δ 168.5, 153.0, 141.9, 136.1, 133.9, 132.5,
130.1, 127.5, 125.9, 123.7, 123.5, 120.3, 40.7.
Anal. Calcd for C18H12N2O2 (2): H, 4.20; C, 74.99; N, 9.72. Found:

H, 4.19; C, 74.85; N, 9.65.
1-Aminomethylisoquinoline (3). To the methanol solution

(11 mL) of N-(1-isoquinolylmethyl)phthalimide (2) (132 mg, 0.46
mmol) was added hydrazine monohydrate (0.38 mL, 7.8 mmol) and
refluxed for 1.5 h. After addition of water, the insoluble materials were
filtered off. The filtrate was acidified with hydrochloric acid and
filtered. The filtrate was neutralized with NaOHaq and extracted with
ethyl acetate. The organic layer was dried and evaporated to give 3 as
yellow oil. Yield, 46 mg (0.29 mmol, 63%).

1H NMR (CDCl3): δ 8.45 (d, J = 5.4 Hz, 1H), 8.08 (d, J = 8.1 Hz,
1H), 7.81 (d, J = 7.8 Hz, 1H), 7.50−7.70 (m, 3H), 4.49 (s, 2H).

13C NMR (CDCl3): δ 159.9, 141.2, 135.7, 129.7, 127.1, 127.0,
125.7, 123.8, 119.6, 44.6.
Tris(1-isoquinolylmethyl)amine (1-isoTQA). To the acetonitrile

solution (90 mL) of 1-chloromethylisoquinoline (1) (501 mg, 2.82
mmol) and 1-aminomethylisoquinoline (3) (223 mg, 1.41 mmol) was
added potassium carbonate (1.05 g, 7.60 mmol) and stirred for 4 days
under reflux. After removal of the solvent, the residue was extracted
with chloroform/water. The organic layer was dried, evaporated,
and washed with acetonitrile to give 1-isoTQA as white powder. Yield,
170 mg (0.39 mmol, 27%).

1H NMR (CDCl3): δ 8.49 (d, J = 5.7 Hz, 3H), 7.75 (d, J = 8.4 Hz,
3H), 7.58 (d, J = 6.0 Hz, 3H), 7.47 (dd, J = 6.9, 8.1 Hz, 3H), 6.98
(d, J = 8.7 Hz, 3H), 6.58 (dd, J = 6.9, 8.4 Hz, 3H), 4.35 (s, 6H).

13C NMR (CDCl3): δ 158.0, 141.4, 136.0, 129.5, 127.3, 126.5,
125.9, 120.6, 60.0.
Anal. Calcd for C30H24.4N4O0.2 (1-isoTQA·0.2H2O): H, 5.54; C,

81.13; N, 12.61. Found: H, 5.33; C, 80.98; N, 12.53.
[Zn(1-isoTQA)(H2O)](ClO4)2. In a chloroform suspension of

1-isoTQA was added equimolar amount of Zn(ClO4)2·6H2O in

methanol, and the solution was kept at room temperature afforded
white powder. Yield, 40%.

1H NMR (DMSO-d6): δ 8.59 (d, J = 6.3 Hz, 3H), 8.28 (d, J =
8.4 Hz, 3H), 8.09 (d, J = 8.1 Hz, 3H), 8.03 (d, J = 6.0 Hz, 3H), 7.92
(dd, J = 7.2, 7.8 Hz, 3H), 7.83 (dd, J = 6.9, 7.5 Hz, 3H), 5.32 (s, 6H).

13C NMR (DMSO-d6): δ 155.6, 138.0, 136.0, 132.6, 128.8, 127.4,
125.3, 124.9, 122.3, 60.4.

Anal. Calcd for C30H27Cl2N4O9.5Zn ([Zn(1-isoTQA)(H2O)]-
(ClO4)2·0.5H2O): H, 3.72; C, 49.23; N, 7.66. Found: H, 3.52; C,
48.98; N, 7.59.

[Zn(3-isoTQA)(H2O)](ClO4)2. In a chloroform suspension of
3-isoTQA was added equimolar amount of Zn(ClO4)2·6H2O in
methanol, and the solution was kept at room temperature afforded
white powder. Yield, 40%.

1H NMR (CD3OD): δ 9.50 (s, 3H), 8.21 (d, J = 8.1 Hz, 3H), 7.99
(s, 3H), 7.95 (d, J = 8.1 Hz, 3H), 7.88 (dd, J = 6.6, 7.2 Hz, 3H), 7.74
(dd, J = 7.2, 7.8 Hz, 3H), 4.56 (s, 6H).

13C NMR (CD3OD): δ 153.9, 147.3, 138.6, 135.1, 130.4, 130.0,
129.7, 127.8, 123.0, 59.5.

Anal. Calcd for C30H29Cl2N4O10.5Zn ([Zn(3-isoTQA)(H2O)](ClO4)2·
1.5H2O): C, 48.05; H, 3.90; N, 7.47. Found: C, 47.69; H, 3.56; N, 7.67.

X-ray Crystallography. Single crystals of 1-isoTQA were obtained
from CH3OH at 4 °C. Single crystals of [Zn(1-isoTQA)(CH3OH)]-
(ClO4)2·2CH3OH and [Zn(3-isoTQA)(H2O)](ClO4)2·2CHCl3 were
obtained by recrystallization from CHCl3−CH3OH (1:1) at 4 °C
under ether diffusion condition. These crystals were covered by Paraton-N
oil and mounted on a glass fiber. All data were collected at 123 K on a
Rigaku Mercury CCD detector, with monochromatic MoKα radiation,
operating at 50 kV/40 mA. Data were processed on a PC using
CrystalClear software (Rigaku). Structures were solved by direct
methods (SIR-92)64 and refined by full-matrix least-squares methods
on F2 (SHELXL-97).65 Crystal data are summarized in Table S1 of the
Supporting Information. CCDC-846307−846309 contain the supple-
mentary crystallographic data for this article. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/datarequest/cif.

■ RESULTS AND DISCUSSION

Ligand Synthesis. 1-IsoTQA and 3-isoTQA62 were
synthesized from corresponding chloromethylisoquinolines via
Gabriel amine synthesis followed by N-alkylation with 2 equiv
of chloromethylisoquinoline (Scheme 1). All new compounds
were characterized by 1H and 13C NMR, and the purity of the
final compounds was ensured by elemental analysis. X-ray cry-
stallography further confirms the structure of 1-isoTQA in the
crystalline state (Figure 1).

UV−vis and Fluorescence Spectral Changes of
1-isoTQA Induced by Zinc. A 34 μM solution in aqueous
DMF (DMF/H2O = 1:1) at 25 °C was used for spectral
measurements for 1-isoTQA. Upon addition of zinc ion, the
UV−vis ligand absorption at 324 nm decreased and new peaks
at 315 and 325 nm appeared (part a of Figure 2). Distinct
isosbestic points were seen at 313, 318, and 327 nm during the
titration and spectral changes stopped at the point where 1 eq
of zinc ion was added, indicating the exclusive formation of 1:1
complex for 1-isoTQA and the zinc ion (part a of Figure S1 of
the Supporting Information).
Part b of Figure 2 shows the fluorescence spectral change of

1-isoTQA with increasing amount of zinc ion added. Although
1-isoTQA emits negligible fluorescence in the absence of zinc
ion upon excitation at 324 nm, the fluorescence increased at
359 (49-fold) and 470 nm (21-fold) respectively in the
presence of 1 equiv of zinc ion. The fluorescence quantum yield
of zinc complex of 1-isoTQA (ϕ = 0.041) is higher than that of
1-isoTQEN−Zn complex (ϕ = 0.034). On the bases of the
number of aromatic rings in 1-isoTQA (trisisoquinoline) and
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1-isoTQEN (tetrakisisoquinoline), 1-isoTQA is a more efficient
fluorophore (1.6-fold based on each isoquinoline ring) in com-
parison to 1-isoTQEN. The fluorescence increase stopped at
the point where 1 eq of zinc ion was added, supporting the
formation of fluorescent 1:1 ZnL complex (part b of Figure S1
of the Supporting Information).
UV−vis and Fluorescence Spectral Changes of

3-isoTQA Induced by Zinc. Addition of zinc ion to the solu-
tion of 3-isoTQA in DMF/H2O (1:1) changes UV−vis and fluore-
scence spectra (Figure 3). In the absorption spectra, λmax was
changed from 314 and 324 nm to 318 and 328 nm and
isosbestic points were observed at 313, 323, and 326 nm. Upon
excitation at 324 nm, free ligand exhibited negligible fluore-
scence, and addition of zinc enhances the intensity at 360 and
464 nm, 9- and 6-fold respectively. The zinc-induced spectral
changes in both spectra stopped after 1 eq of zinc was added
(Figure S2 of the Supporting Information). The fluorescent

quantum yield (ϕ) of the 3-isoTQA−Zn complex (0.017) is
less than half of the 1-isoTQA−Zn complex (0.041) (Figure S3
of the Supporting Information). This is in good agreement with
our previous results in which 1-isoTQEN−Zn complex
exhibited a higher quantum yield in comparison to the
3-isoTQEN−Zn complex.34 This point is discussed further
based on the crystal structure analysis (below).

X-ray Crystallography of the Zinc Complexes of
1- and 3-isoTQA. Single crystals of the zinc complexes of
both 1- and 3-isoTQA were obtained from methanol/chloroform
(1:1) as a perchlorate salt and analyzed by X-ray crystallography.
Crystal data are summarized in Table S1 of the Supporting
Information. Figures 4 and 5 show the crystal structures of the
cations of [Zn(1-isoTQA)(CH3OH)](ClO4)2·2CH3OH and
[Zn(3-isoTQA)(H2O)](ClO4)2·2CHCl3. Table S2 of the Sup-
porting Information lists the bond distances around zinc ion.
The zinc complexes of 1- and 3-isoTQA adopt trigonal

bipyramidal geometry (τ = 0.76 for 1-isoTQA−Zn complex and
0.95 for 3-isoTQA−Zn complex) and no significant steric
hindrance is found in the interatomic distances and angles around
the zinc center. Between 1- and 3-isoTQA−Zn complexes,
there are considerable differences in the coordination distances
between the zinc ion and isoquinoline nitrogen atoms. The
average Zn−Naromatic bond length is 2.045 Å for the 1-isoTQA−
Zn complex and 2.080 Å for the 3-isoTQA−Zn complex. The
former value is comparable with that of [Zn(TPA)(CH3CN)]-
(ClO4)2, 2.0475 Å.66 This may account for the difference in
the fluorescence intensity of the zinc complexes with 1- and
3-isoTQA. In addition, both isoTQA complexes have shorter
Zn−Naromatic distances than 1-isoTQEN (2.1506 Å) and
3-isoTQEN (2.1590 Å).34 These differences are well correlated
with the fluorescence intensity of the zinc complexes, affording
efficient CHEF in the more tightly bound complexes em-
poloying the isoTQA ligand framework (Table 1).

Fluorescence Spectral Change of 1- and 3-isoTQA
Induced by Other Metal Ions. Figure 6 shows the metal ion
specificity of the fluorescent response of 1- and 3-isoTQA

Figure 1. ORTEP plot for 1-isoTQA in 50% probability. Asterisks
indicate the atoms generated by the symmetric operation. Hydrogen
atoms were omitted for clarity.

Scheme 1. Synthesis of 1- and 3-isoTQAa

aReagents: (i) potassium phthalimidate; (ii) hydrazine; (iii) 1 (2 equiv), K2CO3; (iv) 4 (2 equiv), NaHCO3.
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monitored at 470 and 464 nm, respectively. The fluorescence
enhancement was specific for the zinc ion. Cadmium exhibited
moderate fluorescence enhancement with 1-isoTQA at short
wavelength (∼360 nm), however, negligible response at lower
energy emission (∼470 nm) was observed (Figure S4 of the
Supporting Information). The difference in radius between
Cd2+ (0.96 Å) and Zn2+ (0.74 Å), and thus the overall structure,
alters the CHEF effect on the isoTQA chromophores especially
the isoquinoline−isoquinoline interaction that generates the
emission at ca. 470 nm. Interestingly, the emission spectrum of
the 1-isoTQA−Cd complex is similar to that of the 3-isoTQA−

Zn complex except for the long-wavelength emission in the
3-isoTQA−Zn complex (Figures S3 and S4 of the Supporting
Information). For the Zn and Cd complexes, the CHEF effect
on the isoquinoline chromophore is similar, but the inter-
isoquinoline interaction to generate the ∼470 nm fluorescence
is absent for cadmium complex.
In the presence of an equimolar amount of Fe2+, Co2+, Ni2+,

Cu2+, and Cd2+, the afterward addition of zinc did not enhance the
fluorescence of 1- and 3-isoTQA. On the other hand, the fluores-
cence of 1-isoTQA−Zn complex was scarcely affected by following
addition of 1eq of any metals listed in Figure 6 in several minutes.

Figure 3. (a) UV−vis absorption and (b) fluorescence (λex = 324 nm) spectra of 34 μM 3-isoTQA in DMF/H2O (1:1) at 25 °C in the presence of
various concentration of Zn2+ ranging from 0 to 68 μM.

Figure 4. ORTEP plot for [Zn(1-isoTQA)(CH3OH)](ClO4)2·2CH3OH in 50% probability. Atoms of counteranions, hydrogen, and solvents were
omitted for clarity.

Figure 2. (a) UV−vis absorption and (b) fluorescence (λex = 324 nm) spectra of 34 μM 1-isoTQA in DMF/H2O (1:1) at 25 °C in the presence of
various concentration of Zn2+ ranging from 0 to 68 μM.
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These observations indicate that the metal exchange process for
isoTQA complexes is very slow, similarly to isoTQENs.34,59 In the
presence of Cu2+, the fluorescence of 1-isoTQA−Zn complex was
completely quenched after 1 day incubation at room temperature,
due to higher affinity of Cu2+with 1-isoTQA than Zn2+.
Relationship between Metal Selectivity, Fluorescent

Response, and Complex Structure. In these types of
fluorescence probes, the steric hindrance and/or strength of
metal binding reflected by the interatomic distances between
zinc and coordinated aromatic nitrogen atoms were well

correlated with the efficiency of CHEF (Table 1). The TQEN−
Zn complex exhibits significant steric crowding arising from
proximate quinoline rings to yield extremely long Zn−Naromatic
distances (Zn−N = 2.1543, 2.4007, 2.1271, and 2.3711 Å).33 In
such a distorted coordination environment, CHEF induced by
zinc coordination is far from maximal and the larger cadmium
ion fits to the coordination cavity, resulting in poor fluorescent
quantum yield of zinc complex (ϕ = 0.007) and zinc/cadmium
selectivity (ICd/IZn = 64%). Therefore, two structural modifications
to remove this steric crowding from TQEN have been investi-
gated: (1) reduction in the number of quinoline rings to afford bi-
squinoline derivatives, N,N′-bis(2-quinolylmethyl)-N,N′-dimethyl-
ethylenediamine (BQDMEN)67 and (2) replacement of quinoline
ring with the isoquinoline variant to afford 1- and 3-isoTQEN.34

Both strategies worked well and the ICd/IZn value was improved to
25% and 14% for BQDMEN and 1-isoTQEN, respectively.
In the present isoTQA system, decreasing the steric hindrance

around the central zinc and also reducing the number of coordina-
tion atoms, strengthens the zinc-isoquinoline nitrogen interaction,
enabling a more compact coordination geometry. As a result, the
1-isoTQA exhibited improved ICd/IZn value up to 6.9% (free
ligand is 5%). This is in good agreement with the steric control
theory for ICd/IZn selectivity that recently proposed by Hancock.

54

pH Effect on Fluorescence Intensity of 1- and 3-isoTQA.
Figure 7 demonstrates that the pH-dependent change in

fluorescence intensity of 1- and 3-isoTQA is negligible. In the
presence of 1 eq of zinc ion, fluorescence enhancement was
observed in the range of pH = 3−9. The zinc-isoTQAs
interaction is prevented by protonation of the nitrogen atoms

Figure 5. ORTEP plot for [Zn(3-isoTQA)(H2O)](ClO4)2·2CHCl3 in 50% probability. Atoms of counteranions, hydrogen, and solvents were
omitted for clarity.

Table 1. Structural and Fluorescent Properties for Zinc
Complex of TPEN, 1-isoTQEN, 3-isoTQEN, TQEN, TPA,
1-isoTQA, 3-isoTQA, and TQA

ligand
mean Zn−Naromatic

distance (Å)
fluorescent quantum yield for

Zn complex
ICd/IZn
(%)

TPENa 2.15 NA NA
1-isoTQENb 2.15 0.034 14
3-isoTQENb 2.16 15
TQENa 2.26 0.007 64
TPAc 2.05 NA NA
1-isoTQA 2.05 0.041 6.9
3-isoTQA 2.08 0.017 18
TQAd 2.13 22

aRef 33. bRef 34 cRef 66. dRef 54.

Figure 6. Relative fluorescence intensity of 1-isoTQA at 470 nm (filled
bars) and 3-isoTQA at 464 nm (open bars) in the presence of 1
equivalent of metal ions in DMF/H2O (1:1) at 25 °C (λex = 324 nm).
I0 is the emission intensity of free ligand.

Figure 7. Effect of pH on fluorescence intensity of 34 μM 1-isoTQA at
470 nm (circles) and 3-isoTQA at 464 nm (squares) in the absence
(open marks) and presence (filled marks) of 1 equivalent of zinc ion in
DMF/H2O (1:1) at 25 °C (λex = 324 nm).
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of the compound at low pH and by competing metal hydrolysis
(formation of Zn(OH)2) at high pH. From the pH-dependent
spectral change in UV−vis spectra (0.1 M NaClO4 in 1:1
DMF/H2O, 25 °C), protonation constants of 1- and 3-isoTQA
defined as the corresponding acid dissociation constants Kai =
[isoTQAHi‑1][H

+]/[isoTQAHi] were determined to be pKa1 =
5.35(2), pKa2 = 3.38(3), and pKa3 < 2 for 1-isoTQA and pKa1 =
5.42(3), pKa2 = 3.54(3), and pKa3 = 2.14(4) for 3-isoTQA,
respectively (Figures S5−S8). These values are parallel with
those for TPA in different experimental conditions.68,69

Zinc Binding Affinity of 1- and 3-isoTQA. Since the zinc
binding affinity of 1- and 3-isoTQA is significantly high as
indicated by the sharp-edged titration curves shown in Figures
S1 and S2 of the Supporting Information, it is impossible to
determine the accurate binding constant of isoTQAs with metal
ions by conventional titration. So, competition experiments
using TPEN were conducted. Many fluorescent zinc sensor
molecules release zinc upon addition of TPEN leading to fluo-
rescence quenching because of the difference in zinc binding
affinity. However, in the case of hexacoordinate zinc complexes
of 1- and 3-isoTQEN, the zinc binding affinity is too high to
observe transmetalation even in excess TPEN for a long period
(more than 1 month).34

Upon addition of 1 equiv of TPEN to the zinc complex of
1-isoTQA in DMF/H2O (1:1), gradual (∼10 h to completion)
decrease of fluorescence due to the slow zinc transfer from the
1-isoTQA−Zn complex to TPEN was observed. Thus, fairly
strong zinc binding affinity of isoTQAs resist to immediate
fluorescence quenching by TPEN.

■ CONCLUSIONS
1- and 3-isoTQA exhibit zinc-specific fluorescence enhance-
ment. No other metals studied, including Cd2+, afford an emis-
sion response at ∼470 nm upon binding to the isoTQA ligand
scaffold. The fluorescence intensity of 1-isoTQA is improved in
comparison to the tetrakisquinoline derivatives (1-isoTQEN)
due to a more efficient CHEF mechanism.
Quinoline ring interactions in the TQEN−Zn complex result

in significant fluorescence quenching; however, the isoquino-
line−isoquinoline interaction generates long wavelength
emission that is specific for zinc binding for isoTQEN deriva-
tives. Such excitonic interactions are well documented in phenyl-
substituted tripodal systems based on TPA.70 Similarly, the
∼470 nm emission of isoTQAs contain isoquinoline−isoquinoline
interaction or energy transfer that is valid only for the asso-
ciated zinc complexes.
Although the intensity of the low energy fluorescence for

isoTQA−Zn complexes is weaker in comparison to the isoTQEN−
Zn complexes because of reduced interisoquinoline interaction,
it should be mentioned that such a strict structure-based
photophysical requirement is still available for the tetradentate,
trisisoquinoline derivatives studied in this work. Elucidation
of the detailed fluorescent mechanism in these complexes is
ongoing. In addition, preparation of water-soluble 1-isoTQA
derivatives could serve as an important molecular design for
high affinity intracellular zinc probes.
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