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Abstract

In this paper we report the synthesis of an asymmetric Schiff base ligand derived from
hydrazine and its Cu(Il) trinuclear coordination complex, [Cuz(HYDRAV),Cl;]
(HYDRAV-Cu). The ligand HYDRAVH; and the Cu(Il) complex HYDRAV-Cu have been
crystallographically characterized. HYDRAVH; contains a fluorescent naphtyl group and
emission properties of both HYDRAVH; and HYDRAV-Cu are reported. The magnetic
properties of HYDRAV-Cu have been investigated. Hydrazine is an excellent precursor for
asymmetric Schiff base ligands that afford antiferromagnetic coupling as shown here for
HYDRAV-Cu.

Introduction

Polyfunctional Schiff bases are very useful ligands in the synthesis of transition metal
complexes. Symmetric and asymmetric Schiff base ligands can provide suitable donor sets
capable of holding three metal ions in a linear complex. In particular, an asymmetry in the
donor groups of the ligand can be exploited to obtain heterometallic linear complexes with
some control over the position of the metals.! Schiff bases are prepared by condensation of
an aldehyde or ketone and an amine. This simple reaction can be exploited with di-amines
to obtain multiple coordination pockets in one ligand. Furthermore, the organic groups that

form the aldehyde and amine can be varied practically at one's will to provide further



functionality to the final ligand. Most often in coordination chemistry the aldehyde is
salicyladehyde. The use of salicyladehyde and ethylendiamine leads to the well-known
symmetric salen type ligands that have been extensively studied due to the wide variety of
metal complexes that can be obtained by carefully tuning the substituents of the two
components of the Schiff base. The versatility of these ligands that can be coordinated to
transition metals or lanthanides makes them very widely used to obtain coordination
complexes with applications in materials science,> magnetic materials®=> or catalysis®.

In our group we are interested in complexes with interesting magnetic properties. In this
area Schiff base ligands have been widely used, a search with keywords 'Schiff base' and
'magnetic properties' will yields hundreds of results. We have used Schiff base ligands in
the past to obtain building blocks for MOFs,” or multifunctional complexes,®’ taking
advantage of the multiple possibilities Schiff base ligands offer. In particular we used
diaminoacridine and acridine yellow as di-amines to obtain symmetric, fluorescent Schiff
base ligands that afforded fluorescent ferromagnetically coupled complexes. The use of
hydrazine to provide the nitrogen atoms of the Schiff base is not very common, but it is
possible to perform a two-step reaction where two different aldehydes can be used to obtain
an asymmetric Schiff base ligand.!° By using hydrazine as the source of the nitrogen atoms
of the Schiff base one obtains ligands that have NN moieties. In the literature there are
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many reports of such ligands, where the NN groups is part of a pyrazole or triazole
pyridazine!® group. These type of ligands are important in magnetism and in particular in
Cu(Il) magnetic complexes, since they usually afford a good exchange pathway for
antiferromagnetic coupling.!’2! Copper complexes can be used as models to test magnetic
exchange on more complicated systems.

In the present study, we report the synthesis and characterization of the new fluorescent,
asymmetric Schiff base ligand derived from hydrazine HYDRAVH: and its fluorescent
Cu(Il) complex HYDRAV-Cu, of formula [CusHYDRAV:Clz]. The magnetic properties of

HYDRAV-Cu are compared with similar complexes reported in the literature.

Experimental
All chemicals were purchased from commercial sources and used as received.

Synthesis of ligand (HYDRAVH>)



The ligand 1-(hydrazineylidenemethyl)naphthalen-2-ol was synthesized from hydrazine
and 2-hydroxy-1-naphthaldehyde according to a literature method.!® 2-hydroxy-1-
naphtlaldehyde (1.74 g, 10.2 mmol) in methanol was added dropwise for an hour to
hydrazine hydrate (98 %) (2.58 g, 50.6 mmol) at room temperature. A yellow precipitate
formed and was collected by filtration and washed with ether. Yield 60%.

0.456 g (2.99 mmol) of 2-hydroxy-3-methoxybenzaldehyde were added slowly to a
solution of 1-(hydrazineylidenemethyl)naphthalen-2-ol (0.558 g, 2.99 mmol) in methanol
(20 ml). The resulting solution was stirred and heated at reflux for 3 h. The precipitated
product was filtered and washed three times with methanol and dried with diethyl ether.
Yield: 83 % (0.8 g); m.p. 224.5-226°C. Yellow needle crystals suitable for single-crystal X-
ray diffraction were grown from slow evaporation of acetonitrile solution.

'"H NMR (DMSO-ds, 300 MHz, ppm): & 9.88(s,1H), 9.08(s,1H), 8.64 (d, 1H, J = 8.61 Hz),
8.04 (d, 1H, J =9Hz), 7.92(d, 1H, J=7.75Hz),7.63 (t, 1H, J = 8.25 Hz), 7.45 (t, 1H, J=7.17
Hz), 7.33 (d, 1H, J=7.9Hz), 7.27 (d, 1H, J=8.98 Hz), 7.16 (d, 1H, J =8.00Hz), 6.96 (t, 1H,
J=791Hz), 3.86(s, 3H). Selected IR data (KBr, cm'): 3439.13(m), 29926.09(m),
2847.83(m), 1608.70 (s), 1543.48 (w), 1456.52 (s), 1386.96 (w), 1313.04(m), 1256.52 (s),
1186.96 (m),1082.61(w), 969.57 (m), 782.61(m), 734.78(s). Amax(nm) (¢ (M! cm™)): 231
(76225) , 279 (23390), 335 (28425) and 391 (37700) in THF. ESI-MS: MW(C19H16N203) =
320.12, monoisotopic mass = 320, experimental m/z (M+1H") = 321.12.

Synthesis of Cu-complex (HYDRAV-Cu)

A solution of CuCl,.2H,0O (0.319 g, 1.872 mmol) in CH3CN (5 mL) was added to a
solution of ligand (0.2 g, 0.624 mmol) and Et;N (260 pL, 3.744 mmol) in CH3CN (15 mL).
The mixture was stirred and heated under reflux for 4 h. Afterwards, a precipitate was
filtered and washed with hot CH3CN three times and then with diethyl ether. Yield 0.235 g
(83 %). Crystals were obtained after a few days from a concentrated acetonitrile solution by
slow evaporation and were handpicked since there was also precipitate. Handpicked
crystals were used for SQUID, UV-vis and fluorescence.

Selected IR data (KBr, Cm'): 3043.48(w), 2921.74(w), 2826.09(w), 1600.00 (s), 1534.78
(s), 1452.17 (s), 1430.43 (s), 1386.96 (m), 1356.52 (m), 1243.48 (s), 1217.39(s), 1182.61



(8), 986.96(w), 956.52(w), 830.43(m), 739.13(8). Amax(nm) (¢ (M! cm)): 234 (72750) , 328
(31450) and 411 (29250) in THF.

Experimental methods

Single crystal diffraction data for all the compounds were collected on a Bruker APEXII
SMART QUAZAR diffractometer at the GMMF laboratory, Universitat de Barcelona,
using a microfocus Molybdenum ko radiation source. The structures were solved by
intrinsic phasing (SHELXT) and refined on F2 (SHELXL-97). Hydrogen atoms were
included on calculated positions, riding on their carrier atoms. Infra-Red spectra were
performed on a Thermo scientific AVATAR 330 FT-IR; Fluorescence measures were taken
in a NanoLogTM-Horiba JobinYvon iHR320 spectrophotometer; UV-Vis spectra were
acquired in a Cary 100 Scan from Varian. Elemental analyses were carried out at the
Analysis Service, CSIC. Mass spectrometry data were collected at the Unitat
d'Espectrometria de Masses (CCiTUB). Magnetic measurements on crushed
polycrystalline, vacuum dried samples (SQUID magnetometer equipped with a 5T magnet,
diamagnetic correction applied using Pascal's constants) were done at the Servei de
Mesures Magnétiques of CCiT-UB.'H-NMR (Varian Unity 400 MHz) were performed at
the NMR service of CCiT-UB.

Results and discussion

Following our interest in Schiff base ligands,?2%23

and in particular in asymmetric ligands,
we designed and prepared the fluorescent ligand HYDRAVH: through Schiff base
condensation reaction of 1-(hydrazineylidenemethyl)naphthalen-2-ol with o-Vanillin (2-
hydroxy-3-methoxybenzaldehyde). The formation of the di-imine ligand followed a two-
step procedure. In the first step, 2-hydroxy-1-naphtlaldehyde was reacted with hydrazine at
room temperature to obtain 1-(hydrazineylidenemethyl)naphthalen-2-ol. Following
isolation by filtration, 1-(hydrazineylidenemethyl)naphthalen-2-ol was treated under reflux
with o-vanillin, as shown in Scheme 1, to provide the asymmetric ligand HYDRAVH; in
good yield. The obtained ligand HYDRAVH: can be used without further purification.
HYDRAVH; was characterized by IR, UV-vis, proton NMR as shown in Figure 1, ESI-MS
and single crystal X-ray diffraction. The ligand has two clear coordination pockets, with O

and N donors, and if the OMe group from vanillin were to take a role in metal coordination,

one could envision three coordination pockets. The most stable form of the ligand should



be that with a transoid configuration of the C=N--N=C moiety that forms two H-bonds
between the Ar-OH and the imine nitrogen atoms, as shown in Scheme 1. In fact, this is the

conformation found in the crystal structure of the ligand.
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Scheme 1. Synthesis of HYDRAVHa.
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Figure 1. Assigned proton NMR of HYDRAVH: in CD3CN. Solvent area is not shown in
the spectra.

Treatment of HYDRAVH; with CuCl,.2H>O in acetonitrile afforded dark-brown crystals of
[Cus(HYDRAV),Cl2].4CH3CN, HYDRAV-Cu. In the complex, the ligand coordinates to
three Cu(Il) ions, with the OMe group of vanilline actively taking part in the coordination.

The C=N--N=C moiety that results from using hydrazine to prepare Schiff bases is

common in coordination chemistry, and it is not unusual to find it bridging two metals.?*->’

However, it is also common to find ligands with two OH ortho with respect to the C=N--

N=C group is to chelate one metal with two O and two N donors.?®

Description of crystal structures

Table 1 contains the crystallographic data and structural parameters for HYDRAVH> and
HYDRAV-Cu. X-ray crystallographic analysis reveals that HYDRAVH: crystallizes in the
monoclinic space group P21/c and the crystal structure is shown in Figure 2. The

asymmetric unit consists of two HYDRAVH: ligands and two lattice water molecules. The



crystal structure shows the intramolecular hydrogen bond between the oxygen atom of the
phenol group and the hydrazine nitrogen, the N-N bond is transoid in the free protonated
ligand maximazing the stabilization of these OH--N intramolecular H-bonds. The transoid
Fe(11D)

C=N--N=C arrangement upon coordination of metals like that prefer

hexacoordinated environment is often observed and results in helicates.?’

Table 1. Crystallographic and data collection parameters for HYDRAVH2 and HYDRAV-Cu

HYDRAVH: HYDRAV-Cu
T/K 100(2) 100(2)
Crystal system monoclinic monoclinic
Space group P21/ C2/c
a/A 4.9508(6) 24.3414(14)
b/A 21.256(3) 7.1353(5)
c/A 30.120(4) 27.4555(18)
a/° 90 90
p/e 90.016(9) 109.376(3)
v/° 90 90
V/A3 3169.5(7) 4498.5(5)
V4 8 4
Radiation MoKa MoKa
Gof on F? 0.966 1.122

Final R indexes [[>=2c (I)]
Final R indexes [all data]

Ri1=10.0538, wR> = 0.1296
Ri=0.098, wR2>=0.1612

Ri1=10.0434, wR>=0.1014
Ri=0.0634 wR2>=0.1092
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Figure 2. Crystal structure and packing of the free ligand HY DRAVH,.

HYDRAV-Cu crystallizes in the monoclinic space group C2/c. The crystal structure and
packing diagrams are shown in Figure 3. The asymmetric unit contains one ligand, two
Cu(Il) ions (Cul and Cu2, with half occupancy sitting on a crystallographic inversion
centre), one chloride ion and two lattice CH3CN molecules. The Cul ion is
pentacoordinated in a distorted square pyramidal environment. The coordination sphere of
Cul is filled by three oxygen atoms from naphtol of one ligand and o-vanillin group of the
second ligand, one nitrogen from the imine group of the ligand that provides the naphtol
and one chloride. Cu2 is sitting in a crystallographic inversion center and it is
tetracoordinated with a distorted square planar geometry, coordinated to one imine nitrogen
and one vanilline phenoxo group from both of the two ligands. The Cul-Cu2 distance is
3.326A. When the HYDRAVH, ligand deprotonates and coordinates to three Cu(I) ions,
the N-N bond which had a transoid arrangement in the free ligand suffers a rotation and
becomes cisoid, with the two C=N bonds at the same side of the bond. There is thus a linear
arrangement of O-N-N-O-O donors that bind three Cu(Il) ions by the two HYDRAV
ligands, in a head-to-tail arrangement with respect to each other.

Cul and Cu2 are bridged by a phenoxo from the vanillin group of one of the HYDRAV
ligands and by the two N of the imines of the other HYDRAV ligand. The complex has a



planar core, that comprises the three Cu(Il) ions and the vanillin groups form both
HYDRAV ligands, as shown in Figure 3. From this fairly planar moiety, the chlorides and
naphtol groups stick up and down. The most significant intermolecular interaction are CH-
n interactions with the lattice solvent and Cl--HC(sp2) (C---Cl distance 3.6 A, Cl--H
distance is 2.6 A, bonds shown in dashed green in Figure 2) between the chloride of one
HYDRAV-Cu molecule and the adjacent HYDRAV-Cu molecule, forming a chain along
the a axis of the unit cell. Chloride ions coordinated to metal centers, as those found in
HYDRAV-Cu are often found to establish H-bonds with suitable donors, as reported by
Aullén and co-workers, the distances found in HYDRAV-Cu are in agreement with the

distances reported.*°
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Figure 3. Crystal structure and packing for HYDRAV-Cu. Cu cyan, C gray, N blue, O red,
H light gray, Cl green. CH--CI bonds are shown in dashed green. Color online.

UV-Vis and fluorescent properties

The photophysical properties of HYDRAVH; and HYDRAV-Cu were recorded in MeCN
solution (2x10° M) at room temperature. Electronic spectra from HYDRAV and
HYDRAV-Cu are shown in Figure 4. The UV-Vis spectra from the free ligand



HYDRAVH:; showed the typical absorptions at 231 and 280 nm assigned to the m—m*
transition of the aromatic rings and azomethine chromophores. The peaks at 336 nm and
391 nm were attributed to n—n* forbidden transition bands from azomethine and phenol
groups. HYDRAV-Cu exhibited absorption bands at 234, 328 and 411 nm. There is a clear
change in the absorption spectrum upon deprotonation and coordination. The main change
is clearly seen in the 350-500 nm region. The broad absorption band around 460 nm can be

assigned to formation of HYDRAV-Cu.
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Figure 4. Electronic and emission spectra acetonitrile of HYDRAVH:2 and its Cu(Il)

complex HYDRAV-Cu. The excitation wavelength for emission was 380 nm.

The fluorescent properties of HYDRAVH: and its complex were studied. The fluorescent
naphthyl group is the main contributor to the observed emission spectra. As shown in
Figure 4, the fluorescence emission of the free HYDRAVH, ligand appears at around 495
nm with excitation wavelength of 380 nm. The emission spectrum of HYDRAV-Cu

showed a quenching of the fluorescence. The coordination of a paramagnetic ion like Cu(II)



is known to provoke a quenching of the fluorescence, as reported by Aliaga et al, among

others.3!:32

Magnetic Properties

Dc magnetic susceptibility data were collected for the complex HYDRAV-Cu in the 2-300
K temperature range and at applied dc fields of 510 and 10000 Oe. The temperature
dependence of the magnetic susceptibility is shown as ymT versus T plot in Figure 5. As
temperature decreases, the ymT product is nearly constant until a sharp decrease is observed
at 50 K. The T product at 300 K is in agreement with three isolated Cu(Il) ions with S =
1/2 and g = 2.0.

The magnetic data for HYDRAV-Cu was modeled by using PHL.* PHI is a computer
package that uses the phenomenological Hamiltonian H = H(crystal field) + FI(Zeeman) —
2Jij=SiSj. This system is solved by evaluating the matrix elements of the Hamiltonian over
the basis states and diagonalizing the Hamiltonian matrix. The susceptibility data for
HYDRAV-Cu were fitted assuming a model in which the central Cu(Il) is coupled to the
other two Cu(Il) ions by an exchange constant J =-7.21 cm™ and the g factor was equal for
all three Cu(Il) ions with a value of g = 2.03. The antiferromagnetic exchange constant
obtained from fitting the susceptibility data results in an S = 1/2 ground state. These values
fit both the susceptibility at various temperatures and the magnetization data at 2 K, the
fitting is shown on Figures 5 and 6 as solid lines. The magnetization versus field data
collected at 2 K are shown in Figure 6 and it shows the population of an S = 1/2 spin

ground state for HYDRAV-Cu.
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Figure 5. Magnetic susceptibility data for HYDRAV-Cu. The solid line is the best fit to the

experimental data. See text for fitting parameters.
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Figure 6. Magnetization as a function of field at 2 K for HYDRAV-Cu. The solid line is

the best fit to the experimental data. See text for fitting parameters.

There are a handful of examples in the literature of Cu(Il) complexes bridged by two
nitrogen atoms and a O-R bridge (R = Me, Ph, H) like in our complex HYDRAV-Cu. The

=15 pyridazine!¢ or hydrazine?’, the

N-N moiety can be part of pyrazole or triazole,
hydrazine-type ligands being the least common in this Cu-OR/NN-Cu units. The most usual
are pyrazolate derivatives. Both pyrazolate and pyridazine lead to strong antiferromagnetic
coupling. There are much fewer examples with the NN moiety comes from hydrazine and
is part of di-imine ligand as in HYDRAV-Cu. Tang and co-workers reported the Cu-Cu
interaction with two such NN bridges as -28.32 cm™! by fitting the experimental data of a
Y>Cuz complex.? It is worth to point out that in Tang's Y>Cuz complex the NN moieties are

in the cisoid conformation, as that found in our complex HYDRAV-Cu. The two structural

parameters that are relevant for the magnetic coupling are the Cu-O-Cu angle and the Cu-



N-N-Cu torsion angle. For complexes with two Cu-NN-Cu bridges from pyrazole Bu and
Ribas showed that the geometry of the Cu-NN/NN-Cu moiety was a determinant factor for
J: the Cu-NN-Cu torsion angles were all between 0 and 15° and the exchange constants had
values as large as -211 cm™.!” The phenoxo Cu-O-Cu angle is 115°, with this angle the
coupling between the two Cu(Il) ions should be antiferromagnetic. Magnetostructural
correlation for Cu-OR-Cu,** Cu-OH-Cu,*> and Cu-OPh-Cu?® usually restrict the Cu-O-Cu
angles to between 90° and 105°, since these are the angles observed in such complexes: the
interaction changes from ferromagnetic to antiferromagnetic around 95° and then it
increases linearly with the angle in this range. In complexes with the Cu-OR/NN-Cu units
the Cu-O-Cu angles are all similar, around 115° and the Cu-NN-Cu torsion angles are
between 5° and 26°. The exchange constant values range from -455 to -68 cm™!. The Cu-O-
Cu angle in the Cu-OR/NN-Cu units is directly related to the NN bridge between the two
Cu ions and thus it is similar for all the reported complexes with Cu-OR/NN-Cu units. The
relationship between J and the Cu-NN-Cu torsion angles for all the reported complexes
with Cu-OR/NN-Cu units follows a general trend. The larger the torsion angle, that is, the
deviation from planarity of the two imine and Cu ions of the Cu-OR/NN-Cu units, the
smaller the coupling. For HYDRAV-Cu the torsion angle is 35.9°. Clearly, for hydrazine
derivatives the torsion can be much larger than for pyridazine, pyrazole or triazole
derivatives due to the flexible backbone of the ligand, since the NN moiety is not part of a
rigid group like an aromatic ring. This affects the orbital overlap and thus, the magnetic
coupling. The torsion of the equatorial planes containing the dx*-y? orbitals are rotated in
HYDRAV-Cu, leaving a non-planar orientation that reduces the extent of the orbital
overlap. This fact has previously been observed for Cu-OR/OR-Cu complexes.’” Wang and
co-workers report the exchange for a single Cu-NN-Cu from pyrazole®® as -12 cm™!' and
relate this small value to the fact that the basal plane of each copper atom is nearly parallel
to a neighboring pyrazole plane and perpendicular to another neighboring pyrazole plane.
This value is similar to the value we report for HYDRAV-Cu and is also in agreement with
our observation of the large Cu-NN-Cu torsion. The Cu-NN-Cu torsion angle of
HYDRAV-Cu is the largest reported for Cu-OR/NN-Cu units. A complex reported by Wei
and coworkers has a hydrazine derived Cu-OR/NN-Cu unit with Cu-NN-Cu angle of 29°,

but the authors do not report any magnetic data.?’



Summary

The new asymmetric, fluorescent Schiff base ligand HYDRAVH; has been prepared and
characterized. The preparation method is a general one that can be easily extended to other
asymmetric ligands, since it is a two-step reaction that is useful to avoid substituents in the
two aldehydes that can react or interact to provide undesired products. HYDRAVH: is a
very promising ligand for the preparation of heterometallic complexes, a line that we are
already exploring. Hydrazine is thus proved to be a very promissing source for new
asymmetric Schiff base complexes that has not been widely exploited. We report here also
a homometallic trinuclear Cu(Il) complex of HYDRAV-Cu and its magnetic properties,
finding that the lack of rigidity characteristic of the NN moiety derived from hydrazine
results in antiferromagnetic coupling between Cu(Il) ions. This fact could be exploited to

tune the magnetic exchange with other metals and heterometallic complexes.

Appendix A. Supplementary data.

CCDC 1513620 and 1513621 contain the supplementary crystallographic data for
HYDRAVH, and HYDRAV-Cu. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge

Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-

336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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