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A modified cyclen azaxanthone ligand as a new

fluorescent probe for Zn2+
†
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Sylviane Chevreux,a Isabelle Déchamps-Olivier,a Fabien Lachaud,a Riadh Ternane,b

Malika Trabelsi-Ayadi,b Françoise Chuburua and Gilles Lemercier*a

A new cyclen derivative L, bearing a methyl-chromeno-pyridinylidene hydrazone moiety, was synthesized

and studied in MeOH, as potential fluorescent “OFF-on-ON” sensors for Zn(II). Photophysical properties of

this ligand being PET regulated, L was only weakly emissive in the absence of metal ions (OFF). L fluor-

escence was increased modestly upon addition of one equivalent of Zn(II), and further increased upon

addition of a second equivalent. Therefore, Zn : L behaved as a highly sensitive ON sensor for zinc. This

efficiency was correlated to Zn(II) coordination via the hydrazone moiety of the fluorophore, producing

an efficient CHelation-Enhanced Fluorescence (CHEF) effect. A complementary theoretical study carried

out with DFT calculations further elucidated the optical properties.

Introduction

The design of fluorescent probes for selective and sensitive

quantification of important species, especially transition metal

ions, has attracted considerable attention in analytical chem-

istry, especially for biochemistry and environmental chem-

istry.1 The goal is to produce selective sensors able (i) to

discriminate between a pool of metal ions the one to be

specifically detected and (ii) to determine its concentration

even at trace levels. From a biological point of view, Zn(II) is a

frequently addressed target for sensing since it is widely

present in living systems and influences a variety of processes.

Zn(II) is involved in enzymatic activity, DNA synthesis, gene

expression and apoptosis, as well as in some neurodegenera-

tive disorders.2 Among the methods developed for this

purpose, fluorescence reveals itself as a powerful tool to sense

this intrinsically spectroscopic silent ion, due to its simplicity

and to its sensitivity.3 The modulation of the emission by

chelation of metal ions was first developed by L. R. Sousa and

colleagues, using naphthalene derivatives.4 Chemo-sensors

constituting a binding unit (ionophore) covalently linked to a

signalling unit (fluorophore) represent efficient and sensitive

systems for the detection of these ions.5 Binding of metal ions

to the ionophore may affect the photophysical properties of

the fluorophore giving rise to a specific optical response. One

of the most applied fluorescence mechanisms, which allow

signal transduction, is based on a CHelation-Enhanced Fluo-

rescence (CHEF) effect.6 This effect under Zn complexation

was first highlighted on the fluorescence properties of anthra-

cene derivatives.7 There is therefore significant interest in

developing effective fluorescent probes for which metal com-

plexation is strong and controlled, from a stoichiometric point

of view. For this purpose, tetraazamacrocycles,8 and especially

1,4,7,10-tetraazacyclododecane (cyclen),9 have often been the

ionophores of choice, their other advantage being complexa-

tion selectivity, an important characteristic for selective

sensing. Recently, some of us have proposed potential sensi-

tive fluorescent chemosensors for which the binding unit is a

cyclen moiety and the signalling unit a benzimidazole

pendent group.10 For these fluoroionophores, the Stokes shift

was small which is far from being optimal for an effective

detection, and their detection wavelength (around 300 nm)

was not well-suited for analyses in a biological environment.

In the present work, we report on a new mono-N-functiona-

lised cyclen for which the gap between excitation and emission

wavelengths was increased. In order to fulfill this aim, a fluoro-

phore derived from an antenna used till now for lanthanide

sensitizing (i.e. an azaxanthone moiety10) was grafted onto the

macrocyclic cavity. This paper describes the coordination and

the optical properties of the resulting cyclen methylchromeno-

pyridinylidene hydrazone (L, Scheme 1) synthesized via the
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two-step bis-aminal methodology.12 Spectrophotometric and

spectrofluorimetric investigations of the ligand in the presence

of Zn(II) are reported to test whether L is a good candidate for

the zinc detection. A theoretical study has also been performed

in order to interpret the experimental data, especially to attri-

bute the electronic transitions.

Results and discussion

Synthesis

The new ligand L was synthesized in three steps by conden-

sation of glyoxal to cyclen followed by the alkylation of the

resulting cyclen-glyoxal 1 in THF solution, with an equimolar

amount of bromomethylazaxanthone 2 (2-(bromomethyl)-5H-

chromeno[2,3-b]pyridin-5-one)11 (Scheme 1). Hydrazinolysis of

the intermediate monosalt 3 (in the presence of more than 50

equivalents) led to the deprotection of the macrocyclic moiety

and to the simultaneous conversion of the ketone function

into hydrazone.13

The intermediate 3 and the ligand L were characterized

using 1H, 13C, IR spectroscopies, ESI-MS and CHN analysis

(see the Experimental section). The cyclen-glyoxal alkylation

was easily monitored by the evolution of the 13C spectrum,

especially in the macrocyclic 13C area (between 40 and

60 ppm). Since the alkylation of the macrocycle decreased its

symmetry, an increase of the number of 13C peaks was

observed on going from compound 1 (two signals at 50.2 and

51.3 ppm) to compound 3 (at least seven signals between 43.4

and 62.7 ppm). Concomitantly, the aminal carbons of 1

(77.7 ppm) were no longer equivalent and the mono-N-alkyl-

ation of 1 rendered these carbon anisochronous (72.1 and

84.4 ppm in 3). For the aromatic part of the spectrum, the 13C

carbonyl signal of the azaxanthone moiety was observed at

179.8 ppm. Further deprotection of 3 into L was accompanied

by recovery of a local symmetry for the macrocyclic subunit

(observed as four distinct peaks for the macrocyclic carbon

atoms between 44 and 53 ppm) and by the disappearance of

the 13C signals corresponding to the bis-aminal bridge. At

least for the azaxanthone part of the spectrum, the disappear-

ance of the 13C carbonyl signal (δ = 178.9 ppm) to the benefit

of a 13C hydrazone-type signal at 161.9 ppm could be ascribed

to the hydrazone exocyclic function in L. This structural modi-

fication was further confirmed by ESI-HRMS analysis and IR

analysis with the disappearance of the carbonyl elongation

vibration (1658 cm−1 in 3) in favour of a CvN vibration in L

(1589 cm−1).

In order to obtain the Zn : L complex, one equivalent of L

was reacted with a slight excess of Zn(NO3)2 in a methanol

solution (procedure described in the Experimental section).

The complex was isolated after precipitation with the addition

of diethyl ether. The comparison of the 1H NMR spectra of L

and [Zn : L](NO3)2 underlined modifications in the chemical

shifts upon coordination of the ligand to the zinc ion. Actually,

four signals at 7.00, 7.32, 7.97 and 8.60 ppm in CD3OD were

attributed to the L aromatic protons. Upon complexation,

these signals are shifted to 7.06, 7.34, 7.82, and 8.80 ppm,

respectively. The same observation can be made for the CH2

geminal protons borne by the methylene group in the α posi-

tion of the macrocycle (upfield shift from 3.94 ppm in L to

4.37 ppm in [Zn : L](NO3)2).

Photophysical properties

Electronic absorption spectroscopy. Absorption spectra in

MeOH of L alone and in the presence of increasing amounts

Fig. 1 (a) Absorption spectra of L in MeOH ([L] = 1.2 × 10−5 mol L−1) and (b) in
the presence of various concentrations of Zn2+ (0.5, 1, 1.5, 2 and 3 equiv. to the
probe concentration); (c) evolution of the position of the lowest energy absorp-
tion maximum as a function of Zn2+ addition.

Scheme 1 Reagents and conditions for the synthesis of ligand L and its
related zinc complex Zn : L.
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of Zn2+ are reported in Fig. 1. In MeOH, the longest wavelength

band of L is centred at 325 nm (ε = 10 000 L mol−1 cm−1,

Fig. 1a). This band position does not deviate significantly from

those reported for azaxanthone in EtOH (329 nm, ε = 6640

L mol−1 cm−1)13 or 2-methyl-1-azaxanthone11 (330 nm, ε = 6900

L mol−1 cm−1).

According to the solvent polarity, this band exhibits a slight

blue shift from 331 nm (diethyl ether) to 324 nm (DMSO). This

is in accordance with an n → π* character14 for the longer

wavelength absorption of the chromophore methylchromeno-

pyridinylidene hydrazone. However, since the amplitude of the

shift is rather small, one cannot exclude the contribution and/

or mixing of these transitions with π→ π* transitions.

In order to understand the absorption properties of L, its

structure in MeOH has been optimized using Density Func-

tional Theory (DFT)15 and its lowest-lying excited states16 have

been characterized by time-dependent DFT (TDDFT) calcu-

lations. The optimized geometry of L is shown in Fig. 2.17

The free ligand L is predicted to adopt an open confor-

mation. The energies and oscillator strengths of the S0 → Sn
electronic transitions (n = 1,…,30) calculated for L are summar-

ized in Table S1 of the ESI,† along with the major molecular

orbital (MO) → MO contributions. Some of the frontier MOs

involved in these transitions are presented in Fig. 3. The

lowest-energy electronic transition S0 → S1 is a HOMO →

LUMO transition (99%, see Table S1 in ESI†), and it is thus an

n → π* charge-transfer (CT) transition from the cyclen to the

azaxanthone-hydrazone moiety. This is in good agreement

with the photo-induced electron transfer (PET) mechanism,

between the macrocyclic amine functions and the fluorophore,

before the complexation of the zinc ion.

The characterized S0 → Sn (n = 1,…,30) transitions span the

17 600–40 200 cm−1 (i.e., 245–570 nm) energy range and

consist of mostly n → π* charge-transfer (CT) transitions of

weak to vanishing intensities. The transitions of high intensi-

ties are π–π* transitions centred on the azaxanthone-hydrazone

fragment. For example, this is the case of the S0 → S7 tran-

sition located at 26 090 cm−1 (i.e. 3.235 eV = 383 nm), which

primarily involves the HOMO − 3 → LUMO transition (75%,

see Fig. 6), and has an oscillator strength of 0.1120.

Upon Zn2+ complexation (Fig. 1b), the absorption spectra

shift towards longer wavelengths, in a concentration-depen-

dent manner. The longest wavelength band appeared at

380 nm (ε = 5300 L mol−1 cm−1) upon addition of one equi-

valent of Zn2+ and undergoes a blue shift to 370 nm upon

addition of a second equivalent of Zn2+ (Fig. 1c). This evol-

ution could account for the successive formation of 1 : 1 and

2 : 1 (metal : L ratio) Zn2+ complexes. Along this line, the iso-

sbestic points observed at ∼310 nm and ∼350 nm, and at

∼320 nm and ∼385 nm from zero to one equivalent Zn2+, and

from one to two, respectively, can be associated with the co-

existence in different ratios of L and the 1 : 1, and 2 : 1 complexes

in solution (Fig. 1). The results of the TDDFT excitation calcu-

lations performed on the optimized geometry are summarized

in the ESI.† They show that the lowest energy absorption band

of Zn : L is due to two intense π–π* electronic transitions

centred on the azaxanthone-hydrazone moiety (Table S3†).

Namely, (1) the lowest-energy S0 → S1 electronic transition

found at 22 904 cm−1 (i.e., 2.840 eV ≈ 437 nm) with an oscil-

lator strength of 0.0604, which is mainly a HOMO → LUMO

transition (83%), and (2) the S0 → S3 electronic transition

located at 27 441 cm−1 (i.e., 3.402 eV ≈ 364 nm) with an oscil-

lator strength of 0.0309, which is mainly a HOMO → LUMO +

1 transition (62%). The frontier orbitals of Zn : L involved in

electronic transitions are presented in Fig. 4.

Fig. 3 Frontier molecular orbitals of L in MeOH (SAOP/TZP results).

Fig. 2 Optimized geometry of L in MeOH (PBE-D3/TZP results).
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The TDDFT results indicate that the low energy absorption

band of Zn : L also includes the S0 → S2 and S0 → S4 electronic

transitions of weak intensities located at 25 629 cm−1 (i.e.,

3.177 eV ≈ 390 nm) and 27 846 cm−1 (i.e., 3.452 eV ≈ 358 nm),

respectively. The former involves the HOMO − 1→ LUMO tran-

sition (100%) and (Fig. 4) is thus attributed to an n–π* charge-

transfer transition from the cyclen to the azaxanthone-hydra-

zone moiety; the latter is mainly a HOMO − 2 → LUMO tran-

sition (78%) and remains a π–π* electronic transition centered

on the azaxanthone-hydrazone moiety.

Upon addition of Cu2+ to a solution of L, the same con-

clusions can be drawn on the basis of the evolution of the

longest wavelength absorption band for L (325 nm, see

Fig. 5a). The addition of the first equivalent of Cu2+ is

accompanied by a shift to 335 nm, and the addition of the

second equivalent induces a more pronounced red shift of this

band to 390 nm.

Furthermore, in the visible region, an absorption band is

observed at 610 nm (ε = 130 L mol−1 cm−1) and its intensity

increases linearly with the amount of copper until a 1 : 1 stoi-

chiometry is reached (Fig. 5b). This absorption may be attribu-

ted to a d → d* transition of the macrocyclic copper complex,

the ε value being typical for a square-pyramidal complex with a

pentacoordinated copper(II) cation.18

Such a pentacoordination of the transition metal ion is sup-

ported by the optimization results obtained for the [Zn : L]2+

complex. The ligand indeed adopts upon metallation a closed

conformation, which allows for the pentacoordination of Zn2+

(Fig. 6).

Regarding the complexation of the second equivalent of the

metal, the absorption spectrum of L with adjunction of copper

gives additional insight into this process. No further absor-

bance evolution is observed for the transition at 610 nm when

subsequent copper addition is performed (from 1 to 2 equiv-

alents, see Fig. 5). This supports the hypothesis that the first

formed complex (1 : 1 complex) corresponds to the insertion of

the first equivalent of metal in the macrocyclic cavity, the

second equivalent of metal being probably coordinated by the

hydrazone function (see Scheme 2).

Fig. 4 Frontier molecular orbitals of Zn : L in MeOH (SAOP/TZP results).

Fig. 5 (a) Evolution of the UV absorption spectrum of a 1.25 × 10−5 mol L−1

solution of L (dotted lines) upon Cu2+ addition in MeOH (1 equiv. plain lines,
2 equiv. dashed lines). (b) Evolution of the visible absorption spectrum of a 2 ×
10−3 mol L−1 solution of L upon Cu2+ addition in MeOH (0, 0.25, 0.5, 0.75, 1, 1.5
and 2 equiv. to the probe concentration). Inset: evolution of the intensity of the
590 nm absorption of L as a function of Cu2+ addition.
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Spectrofluorimetric study of L in MeOH. The luminescent

response of L was investigated in MeOH (c = 2.5 × 10−5 mol L−1

at 25 °C). The absorption, excitation, and emission spectra are

reported in Fig. 7.19

Excitation at 320 nm gave an emission spectrum maximum

at 430 nm. The Stokes shift is of 7990 cm−1 and it becomes

even larger (around 9920 cm−1) in the solid state (see Fig. S1

in the ESI†). In MeOH, L is poorly fluorescent (ϕ ≈ 0.4%).

In the presence of increasing amounts of Zn2+, the fluorescence

increases (Fig. 8).

The relative emission of L increased linearly by a factor of 8

with one equivalent of Zn2+ and then by a factor of about 20

with the addition of a second equivalent of Zn2+. This implied

that the increase in fluorescence was stoichiometric and was

probably due to the formation of the 1 : 1 and 2 : 1 Zn : L com-

plexes, as previously deduced from UV measurements.

This behaviour could be attributed to the blocking of a

photo-induced electron transfer (PET) between the ligand

amine functions (from macrocyclic and hydrazone moieties)

and the fluorophore.6,10,13

The results of the TDDFT calculations performed on the

optimized ground-state geometry of L gave the T1 state at

17 317 cm−1 (i.e., 2.147 eV ≈ 577 nm) above the S0 ground

state, with the S0 → T1 transition involving mainly the HOMO

→ LUMO transition (98%) and thus being an n → π* charge-

transfer (CT) transition from the cyclen to the azaxanthone-

hydrazone fragment. The presence of the S0 → T1 transition at

about 580 nm corroborates the possible partial triplet charac-

ter of the emissive lowest-energy excited state of the ligand, so

that this one may be of interest in lanthanide sensitisation.11

The efficiency of the (π→ π*)1→ (n→ π*)3 intersystem crossing

has already been well commented in the literature [El Sayed

Fig. 6 Optimized geometry of Zn : L in MeOH: the Zn2+ ion exhibits a distorted
square pyramidal coordination, with a basal plane defined by the average plane
of the four N atoms of the cyclen fragments. The optimized basal Zn–N bond
lengths range from 2.070 Å to 2.176 Å, and the optimized apical Zn–N bond
length is 2.048 Å.

Scheme 2 Probable complexation mechanism of two equivalents of M2+

(Zn2+, Cu2+) by L.

Fig. 7 Absorption, excitation, and emission spectra of L in MeOH.

Fig. 8 (a) Evolution of the emission spectrum of a 1.2 × 10−5 mol L−1 solution
of L upon Zn2+ addition in MeOH (0, 0.5, 1, 1.5, 2, 3 and 4 equiv. to the probe
concentration). (b) Evolution of the intensity of the 505 nm emission as a func-
tion of Zn2+ addition (λexc = 360 nm).
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rules], and in our case TDDFT calculations show many n → π*

triplet states available (data reported in ESI†). The possible

triplet character of the emissive state of lowest energy is also

consistent with the relative efficiency of the energy transfer

between the excited L and the fundamental triplet oxygen as

shown in Fig. 9. Actually, in fluid solution, the dependence of

emission intensity and lifetime on quencher concentration is

given by the following Stern–Volmer equations (eqn (1)):

I0
I
¼ 1þ KSV½O2� ¼ 1þ kqt0½O2� ð1Þ

where the Is parameters are emission intensities, the τs are life-

times, KSV is the Stern–Volmer quenching constant, and kq is

the bimolecular rate constant for quenching of the excited

state. The subscript 0 denotes the values of the quantity in the

absence of the quencher. Plots of I0/I versus oxygen concen-

tration will be linear with identical slopes equal to KSV if there

is a single class of luminophores that are all equally accessible

to the quencher. That is what was observed in this case for

ligand L, either in MeOH or in DMSO (the solvent for which

the emission signal is higher; a detailed study is under way).

The slope was determined and is equal to 0.22. This higher

value for the free L ligand, as compared to the one of 0.04

found for the Zn : L complex, may suggest a less efficient

quenching with triplet dioxygen from the emissive state for

this last one. This point is also in agreement with a more pro-

nounced luminescence in non-deoxygenated solution for

Zn : L, with the same quantum yield (0.3%, and 0.4% for

Zn : L, and L, respectively; see ESI† for the measurements).

Quantum yield for the Zn2 : L complex is actually around

6.5 times greater (2.6%), which can partially explain the large

increase in luminescence properties. The factor of 20 observed

in the titration experiment is also due to the increase in extinc-

tion coefficient at the excitation wavelength of 360 nm upon

addition of Zn2+ (see Fig. 5a).

Finally, an important feature of a potential fluorescent Zn2+

sensor is its ability to sense selectively this ion over other

endogenous relevant cations. To determine whether L worked

as a selective chemosensor for Zn2+, the fluorescence response

of L was recorded in MeOH, in the presence of a series of diva-

lent cations (some first-row transition metals, Cd2+, Hg2+ and

relevant alkaline earth ions, see Fig. 10).

L fluorescent intensities did not evolve by addition of ions

that are found in high concentrations in cells, such as Mg2+

and Ca2+. This result was as expected because cyclen is not a

good receptor for alkaline earth cations, whence its absence of

response in the presence of these ions. Addition of metals

such as Mn2+, Fe2+, Co2+ and Ni2+ did not modify L fluo-

rescence while addition of Cu2+ induced an expected fluo-

rescence decrease.10,20 The greatest advantage of L was its

exceptional response to zinc. The test showed again that even

if the addition of the first equivalent of Zn2+ was accompanied

by a modest exaltation of the fluorescence, the addition of the

second equivalent gave rise to great signal exaltation.

Similar behaviour was obtained for Cd2+, although the

enhancement was widely poorer. This noteworthy difference

could be used to distinguish favourably between Zn2+ and Cd2+.

Conclusions

This paper has described the synthesis and the coordination

behaviour towards Zn2+ of a new fluorescent cyclen sensor L.

In MeOH, the photochemical properties of this ligand were

PET regulated and L was non-emissive in the absence of metal

ions (OFF). The presence of Zn2+ triggered the fluorescence of

L in two phases (on-ON). At first, the addition of a first equi-

valent induced a modest optical response (on). Subsequently,

the addition of the second equivalent was accompanied by a

significant signal enhancement (ON). The coordination mech-

anism of L allowed us to propose that the first modest CHEF

effect corresponded to the complexation of one Zn2+ ion into

Fig. 9 Dependence of the I0/I value on the oxygen partial pressure for ligand L

in MeOH (square) and in DMSO (rhombus), after addition of one equivalent of
Zn2+ and two equivalents of Zn2+.

Fig. 10 Relative fluorescence of L (light grey bars) in MeOH at 505 nm
responding to 1 equivalent (grey bars) and 2 equivalents (dark grey bars) of the
metal ions ([L] = 1.2 × 10−5 mol L−1, T = 25 °C, λexc = 360 nm). I0 is the emission
intensity of L at 505 nm in the absence of metal ions.
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the macrocyclic cavity, while the second and important CHEF

effect could be associated with a second Zn2+ chelation by the

hydrazone moiety. Finally, the selectivity test has shown that

the fluorescence response of L is highly specific towards Zn2+,

which makes this new ligand an efficient and selective probe

for this ion. Further experiments are in progress to increase

the solubility of this ligand in aqueous media for potential bio-

logical applications. Studies are in progress to deepen our

knowledge of this edifice (especially the dependence on the

nature of the solvent), and potential applications of its inter-

esting emission properties at the solid state.

Experimental section

Calculations

All calculations have been performed with the ADF program

package,16 using, for the geometry optimizations, the PBE

functional,21 augmented with the semi-empirical long-range

dispersion correction from Grimme (PBE-D3),22 and for the

TDDFT calculations, the SAOP exchange-correlation poten-

tial.23 Solvent effects were taken into account using the Con-

ductor like Screening Model (COSMO) of solvation24 as

implemented in ADF.25 The atoms were described in all calcu-

lations by the TZP basis set of triple-ξ polarized quality from

the ADF Slater-type orbital (STO) basis set database;26 in the

optimization calculations, the core levels were kept frozen up

to the 1s level for the N, C, and O atoms and up to the 2p level

for the Zn atom.

Synthesis

Procedure for cyclen-glyoxal-azaxanthone 3. In a flask

equipped with a magnetic stirring system containing 7 mL of

anhydrous THF, 61 mg (0.314 mmol) of cyclen-glyoxal 1 were

added dropwise to 8 mL of a solution of 2-bromomethyl-1-

azaxanthone 2 (100 mg, 0.345 mmol) in THF. The solution was

stirred at room temperature under an inert atmosphere for

20 hours, allowing the formation of a pale precipitate, which

corresponded to the mono-N-functionalized compound 3

(145 mg, 96% yield). 1H NMR for 3 (250.13 MHz, D2O, ppm) δ

2.5–4.1 (m, 16H, NCH2), 4.19 (s, 1H, NCHN), 4.50 (m, 1H,

NCHN), 4.98 (d, J = 12.5 Hz, 1H, NCH2-Ar), 5.20 (d, J = 12.5 Hz,

1H, NCH2-Ar), 7.55 (t, J = 7.5 Hz, 1H, HAr), 7.67 (d, J = 10 Hz,

1H, HAr), 7.78 (d, J = 10 Hz, 1H, HAr), 7.95 (t, J = 7.5 Hz, 1H,

HAr), 8.22 (d, J = 7.5 Hz, 1H, HAr), 8.80 (d, J = 7.5 Hz, 1H, HAr).
13C NMR for 3 (62.9 MHz, D2O, ppm) δ 44.3, 48.1, 48.5, 48.7,

51.8, 59.0, 63.6 (CH2N), 72.1, 84.4 (Cam); 117.4, 118.8, 121.0,

124.4, 126.0, 126.6, 137.7, 140.1, 153.8, 156.0, 160.0 (CAr),

179.8 (CvO). MS m/z (TOF MS ES+) calculated for C23H26N5O2
+

[M+], 404.2; found 404.2. Anal. found (%) C, 57.69; H, 5.81; N,

13.46; C23H26BrN5O2. 0.5 THF requires (%) C, 57.46; H, 6.01;

N, 13.43. IR (KBr): ν(CvO): 1658 cm−1.

Deprotection. Functionalized cyclen-glyoxal-azaxanthone 3

(263 mg, 0.543 mmol) is deprotected using hydrazine mono-

hydrate (5.3 mL, 109.3 mmol). The reaction mixture was stirred

for 4.5 hours at 100 °C, and then at room temperature for

22 hours. After cooling, the deprotected compound L precipi-

tates. The ligand is isolated by filtration and washed with

water until having a white residue (80% yield) 1H NMR

(250.13 MHz, CD3OD, ppm) δ 2.55–2.95 (m, 16H, NCH2), 3.94

(s, 2H, NCH2-Ar), 7.00 (m, 2H, HAr), 7.32 (m, 2H, HAr), 7.97 (d,

J = 7.5 Hz, 1H, HAr), 8.60 (d, J = 7.5 Hz, 1H, HAr).
13C NMR

(62.9 MHz, CD3OD, ppm) δ 45.5, 46.2, 47.1, 52.8 (CH2N), 60.7

(ArCH2N), 113.2, 117.9, 118.0, 118.9, 120.7, 128.9, 130.5, 130.8,

133.7, 144.6, 157.4 (CAr), 161.9 (CvN). HRMS m/z (TOF MS

ES+) calculated for C21H30N7O
+ [M + H+]: 396.2512; found

396.2514. Anal. found (%) C, 62.13; H, 7.19; N, 23.91;

C21H29N7O. 0.5 H2O requires (%): C, 62.35; H, 7.48; N, 24.24.

IR (KBr): ν(CvN): 1589 cm−1.

Zn : L(NO3)2. A methanolic solution (5 mL) containing

39 mg of Zn(NO3)2·6H2O (0.131 mmol) was added dropwise to

50 mg (0.126 mmol) of L dissolved in methanol (10 mL). The

solution was refluxed for 5 hours and concentrated to a

minimum by evaporation. A pale yellow powder was precipi-

tated by addition of diethyl ether, and Zn : L(NO3)2 was col-

lected by filtration (85% yield). 1H NMR (250.13 MHz, CD3OD,

ppm) δ 2.70 < d < 3.27 (m, 16H, CH2N), 4.37 (s, 2H, ArCH2N),

7.06 (m, 2H, HAr), 7.34 (m, 2H, HAr), 7.82 (d, J = 7.5 Hz, 1H,

HAr), 8.80 (d, J = 7.5 Hz, 1H, HAr).
13C NMR (62.9 MHz, CD3OD,

ppm) δ 45.0, 46.3, 46.9, 54.0 (CH2N), 59.0 (ArCH2N), 117.6,

119.8, 121.2, 122.1, 126.9, 127.5, 130.2, 131.9, 137.6, 138.7,

142.3 (CAr), 156.7 (CvN). MS m/z (TOF MS ES+) calculated for

C21H28N7OZn
+ [Zn : LH

−1]
+, 458.2; found 458.2; calculated for

C21H29N7OZn
2+ [Zn : L]2+, 229.6; found 229.6. Anal. found (%)

C, 40.10; H, 4.86; N, 19.88; C21H29N9O7Zn. 2.5 H2O requires

(%): C, 40.04; H, 5.44; N, 20.01. IR (KBr): ν(CvN): 1607 cm−1,

ν(NO3
−): 1314 cm−1.
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