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Abstract Novel potentially bidentate NO Schiff base
ligands, HL! and HL? derived from condensation reaction
of 2’-methoxyphenyl-2-ethylamine with salicylaldehyde
(HLY) and with 2-hydroxy-4-methoxybenzaldehyde (HL?),
and their nickel complexes were synthesized and character-
ized by usual spectroscopic techniques such as FT-IR, UV—
Vis, 'H NMR, 3C NMR and elemental analysis. It was
revealed that the bidentate Schiff base ligands coordinate
with Ni(Il) ions yielding mononuclear complexes with 1:2
(metal/ligand) stoichiometry. This result has been deter-
mined by using X-ray crystallographic technique of HL?
and the nickel complex derived from HL! (Ni(II)-2L!).
So, the structural studies showed that the two Ni(Il) com-
plexes adopt a square-planar geometry around the central
metal ion. Cyclic voltammetry studies were investigated in
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0.1 M TBAP in DMF solution and indicate that the nickel
complexes show one reduction wave related to Ni(Il)/
Ni(I) redox couple. The electrocatalytical properties of
these complexes were also studied in the same electrolyte
medium. Their electrocatalytic performances have been
tested toward the electroreduction reaction of bromocyclo-
pentane and iodobenzene, showing a promoted activity in
the case of the Ni(II)-2L? complex.

Keywords Bidentate Schiff base nickel(I) complexes -
X-ray diffraction - Electrochemical behavior -
Electrocatalytic reduction

Introduction

It has been more than a century since the Schiff bases were
first reported in the seminal work of Hugo Schiff concern-
ing the synthesis of the imino function [1, 2]. Since then,
this topic has attracted the attention of most research-
ers working either in industry or in the universities [3-9].
These compounds were found to have good ability to
coordinate transition metals through nitrogen atoms of the
iminic group, which can be accompanied by other heter-
oatoms such as oxygen and sulfur. The chelating properties
of these ligands become more and more interesting for the
development of coordination chemistry, particularly with
transition metals [10-14].

While the tridentates and tetradentates Schiff base
ligands were involved in most studies on the topic of the
coordination chemistry with transition metals [15, 16],
the bidentate ligands of such kind of complexes have also
been used as the modulators of structural and electronic
properties of transition metal centers [17—-19]. For this rea-
son, Schiff base ligands and their metal complexes have
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been found to be very useful in a wide range of applica-
tions because of the high stability of these complexes
with different oxidation states. Accordingly, several of
these compounds process a large amount of biological
and environmental properties which could render them as
very potent new probes [20]. They have been found to be
highly dependent on the selectivity and sensitivity for bio-
logically active metal ions associated with the binding sites
of the ligands. As well, it seems useful to note that these
compounds become more and more important as magnetic
[21-23], medical imaging [24] and industrial use as cata-
lysts [25-29].

Recently, nickel Schiff base complexes have been used
as catalysts in different areas [30-33]. In this case, the elec-
trogenerated nickel(I) Schiff base species has been used as
catalysts for the reduction of organic halides using glassy
carbon as cathodes in different media such as dimethyl-
formamide (DMF), acetonitrile (AN) and dichlorometh-
ane (DC). The electrocatalytic reduction involving the
reductive cleavage of carbon—halogen bonds has been well
discussed in the literature [34-40] for a large variety of
organic compounds.

In view of these facts, two new Schiff base ligands with
their nickel(Il) complexes were synthesized and character-
ized using different FT-IR, '"H NMR, *C NMR, UV-Vis
spectroscopies and analytical methods. Crystal structures
have also been determined. Electrochemical behavior
of the Schiff bases and their nickel complexes was stud-
ied by cyclic voltammetry. Finally, the electrocatalytic
performances of these complexes were examined in the
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HL? Ni(I)-2L? (R=OCH})

electroreduction reactions of two different halogenated
compounds in the organic media like dimethylformamide.
The synthetic procedure for the preparation of the both
Schiff base ligands and their nickel complexes is shown in
Scheme 1.

Experimental
Reagents and instruments

All chemicals and solvents were obtained from commercial
sources and were used as received without further purifica-
tion. Bromocyclopentane and iodobenzene (Aldrich, 98%)
were chosen as the substrates to test the catalytic properties
of the electrogenerated nickel(I) form of Ni(ID-2L! and
Ni(ID)-2L2.

Purity of the synthesized compounds was checked by
means of thin-layer chromatography (TLC); glass plates
were precoated with silica gel (60F, Merck). Uncorrected
melting points were measured with a Kofler Banc (model
WME) apparatus. All new compounds were analyzed for C,
H and N with the aid of a Vario EL III elemental analyzer.
'"H NMR and '*C NMR spectra were recorded on a 400-
MHz Bruker FI-NMR spectrometer using CDCl; as sol-
vent; chemical shifts (8) are referenced to tetramethylsilane
(TMS), used as internal reference and given in ppm. IR
spectra were obtained as KBr plates using a Bruker FT-IR
instrument. UV-Vis spectra were obtained with the aid of
an UNICAM UV-300 instrument with CH,Cl, solutions.
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Table 1 'H NMR and '*C NMR spectral data of the Schiff base HL? and complexes Ni(I)-2L? and Ni(II)-2L! in CDCl; a multiplicity of sig-
nals are singlet (s), triplet (t) and multiplet (m) with their chemical shifts, expressed in ppm

'H NMR N=CH Ph-CH,, N-CH,, -OCHj), ~OCHy5, His612-13-15)
Ni(I)-2L! 8.90 (s, 1H) 3.20 (t, 2H) 4.09 (t, 2H) 3.82 (s, 3H) - 5.80-7.50 (m, 8H)
HL? 7.94 (s, 1H) 3.73 (t, 2H) 2.99 (1, 2H) 3.79 (s, 3H) 3.82 (s, 3H) 7.27-6.80 (m, 7H)
Ni(Il)-2L> 10.2 (s, 1H) 3.20 (t, 2H) 4.60 (t, 2H) 3.70 (s, 3H) 3.90 (s, 3H) 5.80-7.50 (m, 7H)
13C NMR N=C,o,H N-CH,o, Ph—CHyg, ~OCHy;, ~OCHj 7, Cor.11-16)
Ni(ID)-2L! 163.90 58.24 43.40 55.10 - 110-160
HL? 168.29 56.81 32.26 55.33 55.40 100-140
Ni(Il)-2L? 164.09 58.78 35.05 55.16 55.44 100-140

The cyclic voltammograms were recorded using a 10-ml
three-electrode cell in DMF solutions containing 0.1 M
tetra-n-butylammonium perchlorate (TBAP). The elec-
trodes were polished by diamond paste and rinsed with
acetone and DMF. Working electrode was a disc of glassy
carbon (diameter 3 mm), while the counter electrode was a
platinum wire, and the reference was a saturated calomel
electrode (SCE). Zero-grade argon (air products) was used
to deaerate all solutions.

X-ray crystallography

Prismatic colorless single crystals of HL? and green sin-
gle crystals of Ni(II)-2L! were obtained by slow evapo-
ration from dichloromethane solution. The crystal was
coated with paratone oil and mounted on loops for data
collection. X-ray data were collected with a Bruker Apex
II CCD area detector diffractometer with a graphite-
monochromated Mo-Ka radiation source (0.71073 A) at
298 K. The reported structure was solved by direct meth-
ods with SIR2002 [41] to locate all the non-H atoms which
were refined anisotropically with SHELXL97 [42] using
full-matrix least squares on F2 procedure from within the
WinGX [43] suite of software used to prepare material for
publication. All the H atoms were placed in the calculated
positions and constrained to ride on their parent atoms.
Drawings of molecules were produced with the program
ORTEP-3 [44]. Crystal data and refinement results are
given in Table 1.

General procedure for the synthesis
Synthesis of HLand Ni(II)-2L'

2-Methoxyphenylethylamine (1 mmol, 151.21 mg) and
2-hydroxybenzaldehyde (1 mmol, 122 mg) were dissolved
in absolute ethanol (16 ml). The mixture was refluxed
for 3 h to prepare the Schiff base ligand (HL'). The yel-
low resulting oil was cooled without isolating. An ethanol

solution of Ni(OCOCH,),-4H,0 (0.5 mmol, 124.42 mg)
was added to it and refluxed again for additional 4 h. A
green solid was recovered and collected by filtration and
washed with small portions of cooled ethanol. Single crys-
tals, suitable for X-ray diffraction, were obtained from
dichloromethane solution of the complex with slow evapo-
ration in an open atmosphere.

Yield 170 mg (30%). Color (Green). M.p. = 163 °C.
IR (KBr, em™"): 1608 (HC=N), 2955 and 2900 (CH_ipn)s
1240 (C-0), 580-660 (Ni-0), 400480 (Ni-N). 'H NMR
(DMSO-d6, §, ppm): 5.80-7.50 (m, 8H, Ar-H), 8.90 (s,
1H, N=CH), 4.09 (t, 2H, N-CH,), 3.82 (s, 6H, methoxy
-OCH,;), 3.2 (t, 2H, Ph—CH,). Anal. Found for C;,H;N-
,NiO, (566.3 g mol_l): C: 68.18; H: 5.75; N: 5.09; Calc.:
C: 67.87; H: 5.52; N: 4.95%.

Synthesis of HL? and Ni(Il)-2L?

2-Methoxyphenylethylamine (1 mmol, 151.21 mg) and
2-hydroxy-4-methoxybenzaldehyde (1 mmol, 152.15 mg)
were dissolved in absolute ethanol (16 ml). The mixture
was refluxed for 3 h. The resulting yellow solution was left
to stand at room temperature in an open atmosphere. HL2
was obtained as single crystals. These single crystals were
analyzed by X-ray diffraction.

Yield 60 (%). Color (Yellow). M.p. = 58 °C. IR (KBr,
em™Y): 3320-3640 (-OH), 1610 (HC=N), 2935 and 2825
(CH,jipp), 1248 (C-O). 'H NMR (DMSO-dé6, §, ppm):
6.80-7.27 (m, 7H, Ar-H), 7.94 (s, 1H, N=CH), 2.99
(t, 2H, N-CH,), 3.79 (s, 6H, methoxy —OCHs;), 3.73 (t,
2H, Ph-CH,). Anal. Found for C,;H;,O;N. 0.5 H,O
(294.345 ¢ mol’l): C: 69.55; H: 7.02; N: 4.89; Calc.: C:
69.37; H: 6.85; N: 4.76%.

A 8-ml ethanolic solution of Ni(OCOCH,),-4H,0
(124.4 mg, 0.5 mmol) was prepared and added to 8 ml

@ Springer
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Fig. 1 IR spectra of the HL? and its nickel complex

ethanolic solution of the HL2 (285 mg, 1 mmol). A green
precipitate was immediately observed, and then, the mix-
ture was refluxed for 4 h. The reaction mixture was cooled
to room temperature, and the solid was then recovered by
filtration, washed with small portions of cooled ethanol,
dried and weighted.

Yield 256 mg (40%). Color (Green). M.p. = 199 °C.
IR (KBr, cm™"): 1598 (HC=N), 2935 and 2825 (CH_ipn)-
1233 (C-0), 500-650 (Ni-0), 420-480(Ni-N). 'H NMR
(DMSO-d6, 3, ppm): 5.80-7.50 (m, 7H, Ar-H), 10.2
(s, 1H, N=CH), 4.60 (t, 2H, N-CH,), 3.70 (s, 6H, meth-
oxy —OCH,), 3.20 (t, 2H, Ph-CH,). Anal. Found for
C3H3O6N,Ni (627.35 g mol™!): C: 65.12; H: 5.80; N:
4.13; Calc.: C: 65.09; H: 5.78; N: 4.47%.

Results and discussion

Physicochemical properties of the synthesized
compounds

The ligand and the both complexes of nickel were found
to be stable at room temperature, and they could be dis-
solved in DMF, DMSO, ACN and dichloromethane. The
evidence for the formation of the Schiff base ligand
(HL! and HL?) was confirmed by using various spec-
tral techniques. Elemental analysis and analytical data
agree well with the proposed structure of Schiff base
ligand (HL2) and the two nickel Schiff base complexes
(Ni(II)-2L! and Ni(II)-2L?). These data of metal com-
plexes suggest that the metal/ligand molecular ratio for
the complexes is 1:2.

@ Springer

IR spectral studies

In IR spectrum (Fig. 1), the bidentate Schiff base ligand
(HL?) exhibits a broad absorption band centered around
3446 cm™! that can be assigned to O—H stretching arising
from the presence of hydroxyl group. The hydrocarbon part
of this ligand was evidenced by the presence of unsymmet-
rical and symmetrical frequencies of vy, observed at 2935
and 2825, respectively. The presence of an intense band
in the spectrum of HL? at vyc_y 1610 cm™" was assigned
to the stretching vibration of the azomethine group. This
band is also present in the IR spectrum of the Ni(ID)-2L?
complex (see Fig. 1), but, in this case, it has been shifted
to lower wave numbers and appears at around vyc_n
1598 cm™!, suggesting that the metallic ion was effec-
tively coordinated to the four coordinating heteroatoms
(NONO). Therefore, this is in good agreement with an
important extension of electronic delocalization [45]. The
band located at 1248 cm™! for the ligand HL? is ascribed to
the phenolic C-O stretching vibration. This band is shifted
to the lower frequencies (1233 cm™") due to oxygen—nickel
coordination. Another conclusive evidence for the forma-
tion of Ni-N and Ni-O bonds in the IR spectrum of this
complex (Ni(II)-2L2) is also shown by the appearance of
new bands at around 420-480 and 500-650 cm~!. These
absorption bands were attributed to the Ni-N and Ni—O
stretching vibrations, respectively [46].

As for the IR spectrum of the complex Ni(II)-2L!, it
shows also an intense band at around 1608 cm~! which
is assignable to the stretching vibration of the azome-
thine groups. In addition, the spectrum exhibits strong
vibration at 1240 cm™! which is assigned to stretching of
Caromatic=O—Clliphatic group. Stretching vibrations of Ni-N
in the complex are seen as weak absorption frequencies at
400-480 cm ™! that confirm the coordination of two azome-
thine nitrogen atoms of Schiff base ligands. Finally, the
appearance of other bands at around 580 and 660 cm ™! was
ascribed to the Ni—O stretching vibrations [46].

UV-Vis spectral studies

The UV-Vis spectrum of the ligand HL? (Fig. 2a) shows
two intense bands at 302 (¢ = 1.890.105 mol™' L cm™")
and 387 nm (¢ = 0.325.105 mol™' L cm™"), and these
bands may be assigned to n—z* transition [47, 48]. Substi-
tution in the aromatic ring of the ligand results a bathochro-
mic shift, which is strongest for methoxy group, since
it has the most activating influence on ligands containing
substituted aromatic rings [49]. These peaks are partially
present in the electronic absorption spectra of the complex
Ni(II)-2L? and are different in the Ni(II)-2L! complex.
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Fig. 2 UV-Vis spectra of the 107> M CH,Cl, solutions of the HL?
and Ni(I)-L? complex (a). The inset shows the MLCT and d—d tran-
sition region with 10~ M solutions (b) of the both complexes

The shifting of the band (n — 7* transitions of the C=N
groups) in Ni(II)-2L? is also indicative of the coordina-
tion of the nitrogen atom of the azomethine groups to
the metal center. The electronic absorption spectra of the
complexes show a shoulder at 498 nm which is assigned
to the MLCT expressing the charge transfer between
the metallic center and the coordinating atoms of the
ligands [50]. The weak bands observed at about 616 nm
(¢ = 0.167.10° mol™' L em™") for Ni(II)-2L! and 600 nm
(¢ = 0.059.10° mol™' L cm™") for Ni(II)-2L? are attribut-
able to the d—d transitions [51] (see Fig. 2b).

'"H NMR and *C NMR spectra

The 'H NMR and '*C NMR spectral data of the Schiff
base HL2, Ni(I)-2L? and Ni(I)-2L! complexes are
listed in Table 1. The '"H NMR spectrum of the Schiff
base ligand HL? (see Fig. 3) shows a sharp singlet sig-
nal (s) at 7.94 ppm attributed to the azomethine proton
(-HC=N-). The methylene group 3 Ph-CH,s, resonates
at 3.73 ppm. As for the N-CH,y), it absorbs at 2.99 ppm.

The deshielding effects of the phenyl and azomethine
groups may be estimated from the difference of chemical
shifts 8 N-CHy g, (3.73 ppm) and 8 Ph-CH,, (2.99 ppm)
leading to the delta value equal to 0.74 ppm. This differ-
ence expresses that the aromatic entity exhibits a higher
deshielding effect when compared to the azomethine group
with its unique double bond. The protons of the both meth-
oxy groups appear as different resonating with two differ-
ent chemical shifts such as 3CH;O of the complex which
were observed at 3.79, while those of its Schiff bas ligand
(HL?) were resonated at 3.82 ppm. In this case, the differ-
ence between the two (3) chemical shifts for the methoxy
protons seems to be slightly weaker, since it equals only to
0.03 ppm. This difference may be attributed to the exten-
sion of the electronic delocalization, caused by the nickel
ion coordinating the both salicylaldehyde entities. For the
second methoxy, grafted to the aminic group, its protons
share the same previous electronic effect with another eth-
ylene group (—-CH,—CH,-) leading to the minimization
of the same deshielding effect, giving only 3.79 ppm. A
multiplet was observed for the ligand between 6.80 and
7.27 ppm; thus, its chemical shift is located at 7.00 ppm.
Concerning the same protons belonging to both complexes
Ni(ID-2L! and Ni(II)-2L2, their multiplets were observed
in the range 5.80-7.50 ppm. They were noted at 6.85 and
6.65 ppm, respectively.

As for the >C NMR spectra, the HL? Schiff base ligand
shows the azomethine carbon peak at 168.29 ppm. The
aliphatic Ph—CH,g), N-CH,4), “OCH;, and ~OCHj;,7,
carbon peaks are detected at 32.26, 56.81, 55.33 and
55.40 ppm, respectively (Fig. 3). The aromatics carbons are
observed in the expected region between 127 and 133 ppm.
In the '*C NMR spectra of the complexes, all the carbons
peaks are slightly shifted upfield and downfield.

Description of crystal structures

ORTEP representations of HL? and Ni(II)-2L! (CCDCs:
1495692 and 1495691, respectively) are shown in Figs. 4
and 5, respectively. Crystallographic data and structure
refinement parameters are given in Table 2, and selected
bond distances and angles are given in Table 3.

The ligand HL? (Fig. 4) crystallizes in the monoclinic
space group P 2,/c with 2 formula units in the cell. The
azomethine connection is evident from the N1-C10 bond
length (1.290 A) and C10-N1-C9 angle (121.4°). The
bond length and angle around the azomethine group are
in agreement with sp? hybridization of its carbon atom.
As for the Ni(II)-2L1 (Fig. 5), this complex crystallizes in
the orthorhombic space group Pca2; with 4 formula units
in the cell. The crystal structure of Ni(II)-2L! shows a tet-
radentate NONO coordination of the two bidentate Schiff
base ligands. The nickel ion is situated in a square-planar
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Fig. 3 'H NMR and '*C NMR
spectra of the Schiff base HL?
and its nickel complex
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environment, coordinated in the frans position by two oxy-
gen atoms of the ligand. This coordination environment is
satisfied by the phenoxo oxygen and imine nitrogen atoms
of the Schiff base ligand [Ni: O1, O2, N1, N2]. The azome-
thine linkage is evident from the N1-C20 and N2-C7 bond
lengths (1.289 and 1.289 A, respectively), C20-N1-C21
and C7-N2-C9 angles (113.7° and 114.1°, respectively).
The bond lengths involving the phenyl carbon and phe-
noxo oxygen atoms, C1-O1, C18-02, C16—03 and C27-
04, are 1.298, 1.301, 1.383 and 1.372 A, respectively, and
these values are in the range of the usually observed stand-
ard C(sp?)~OH and C(sp?*)—O- bond length. The Ni-O and
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Ni-N bond lengths for Ni(II)-2L! varying in the range
1.821-1.831 A and 1.918-1.919 A, respectively, are in
good agreement with related reported complexes. Cisoid
and transoid angles of the nickel deviate from their ideal
values of 90° and 180° and found to be in the ranges 86.3°—
93.1° and 178.2°-176.5°, respectively. The bond lengths
and angles around C17 and C28 (methoxy atoms) are in
agreement with sp> hybridizations of this atom.

Electrochemistry

The electrochemical behavior of the HL! and HL? ligands
and the corresponding nickel complexes (Ni(I)-2L?* and
Ni(II)-2L!) was studied at 25 °C using dimethylforma-
mide solutions (DMF) with 0.1 M tetra-n-butylammonium
perchlorate (TBAP) as supporting electrolyte at a glassy
carbon working electrode under an argon atmosphere.
The approximate concentrations of the compounds were
107 M.

Cyclic voltammetry of the ligands

It is evident from the cyclic voltammogram of HL!, dis-
played in Fig. 6, that the ligand is electroactive over a
range from 41.8 to —2.5 V in DMF solvent using a scan
rate of 100 mV s~!. The voltammogram shows two oxida-
tion waves: The first is observed at E,,; = 0.19 and may
be ascribed to the oxidation of the methoxy group, while
the second one is observed at E,,,, = 1.385 V/SCE and may
be assigned to the oxidation of the phenolic function. Con-
cerning the reductions sweep, also two reduction waves
are observed at E,,; = —1.074 and E,, = —2.050 V/SCE,
respectively. The first is attributed to the reduction of the

oxidized methoxy function, while the last wave seems to
be an irreversible system and may be ascribed to the elec-
trochemically reduction of azomethine function. The same
results were observed in the cyclic voltammogram of the
second ligand HL2.

Cyclic voltammetry of the Ni(Il)-2L" and Ni(I)-2L?

Cyclic voltammetry of the complexes Ni(I)-2L! and
Ni(II)-2L? was performed in the potential range of —2.0 to
1.6 V/SCE and —2.2 to 1.6 V/SCE, respectively.

In the case of the Ni(IT)-2L! complex, the cyclic voltam-
mogram presented in Fig. 7 shows four oxidation waves
located at E,; = —1.465, E;, = 0.807, E,,; = 0.976 V/
SCE and E,,,, = 1.205 V/SCE, respectively. The first and
the second ones are ascribed to the Ni (I)/Ni (II) and Ni
(ID/Ni (III) oxidation reactions, while the third and the
last one may be assigned to the oxidation of the biden-
tate Schiff base ligand. Concerning the reduction sweep,
two reduction waves can be observed at E,.; = 0.685 and
E,., = —1.54 V/SCE: The first is of the Ni (III)/Ni (IT) spe-
cies and the second one for the reduction of Ni (II)/Ni (I)
couple.

The cyclic voltammogram of the second complex of
nickel (Ni(II)-2L?) exposed clearly the same comportment
with three redox systems. Initially, an irreversible wave in
the range +0.2 to +0.8 V is observed, due to the electro-
chemically irreversible Ni (IIT)/Ni (II) reductive response.
Then, the second system is attributed to the Ni (II)/Ni (I)
system and its AE, = (E,,~E,) value was estimated to be
140 mV, while the last system situated between —2.2 and
—1.8 V/ECS seems to be also an irreversible system and
may be ascribed to the reduction of imino function.

As a conclusion, in the voltammograms of the both com-
plexes (see Fig. 7), the quasi-reversible redox processes
were noticed and correspond to a monoelectronic transfer
for the both complexes Ni(ID)-2L! and Ni(II)-2L2. The
redox species involved in these processes are the well-
known Ni (II)/Ni (I) couple. It is also important to note that
the Ni (III)/Ni (II) redox systems habitually observed in
anodic side cannot be clearly seen on the voltammograms.
This electrochemical behavior has been already observed
for Ni-ligand complexes [52, 53].

Electrochemical reduction of bromocyclopentane
and iodobenzene using Ni(Il)-2L" and Ni(Il)-2L?
as electrocatalysts

The nickel complexes were found to be efficient for the

electrocatalytic reduction of alkyl and aryl halides com-
pounds such as bromocyclopentane and iodobenzene in

@ Springer
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Table 2 Crystal data, data
collection and structure
refinement parameters for HL?
and Ni(I)-2L!

Table 3 Selected bond lengths
and angles for HL? and
Ni(I)-2L!

@ Springer

HL? Ni(ID)-2L!
Empirical formula C;7HyNO; C;, H; N, Ni Oy
Formula weight 285.33 566.28
T (K) 295 295
rA) 0.71073 0.71073
Crystal system Monoclinic Orthorhombic
Space group P2,/c Pca2,
Unit cell dimensions (A, ©)
a(A) 5.6249 (8) 22.439 (8)
b(A) 13.5439 (16) 14.690 (5)
c(A) 19.730 (2) 8.322 (3)
(@ 90 90
B 90.81 90
©)y 90 90
Volume (A%), Z 1502.9 (3), 4 2743.2 (16), 4
Calculated density (g cm™) 1.261 1.371
Absorption coefficient (mm™") 0.086 0.748
F(000) 608.0 1188
0 range for data collection (°) 3.01-26.39 2.7-30.6
Limiting indices h: =716 h: =31/25

k: —16/12 k: —10/21

I: —19/24 I —11/7
Data/restraints/ 3053/0/ 6910/1/
Parameters 192 354
Total reflections 11842 17815
Unique reflections (R;,) 3053 (0.057) 6910 (0.0392)
Completeness 0.996 0.975
Refinement method Full least-squared (Shelxl) Full least-squared (Shelxl)
Goodness of fit on F* 0.959 0.975
Final R index [/ > 20(])] 0.0527 0.0444
R index [all data] 0.1438 0.0896
Largest difference peak and hole (e A™3) 0.148/—-0.161 0.633/—0.27

R = {Zw(IFol = IFcD1/Ew(Fo)},  Rw = {Z[w(lFo| — IFc)?]/Ew(IFol*) }

wR2 = { £ [w(F3- Fg)z]/zw(Fg)}l/2
w=1/[02(F2) + (0.0794P)* + 0.6853P] where P = (F2+ 2F?)/3

1/2

Compounds Bond dA) Angle £2(°) Angle 2(°)
HL? C9-N1 1.452 C1-01-C2 118.1 C11-C16-02 120.1
CI10-N1 1.290 C7-C2-01 114.3 C15-C16-02 121.6
C14-03 1.368 C3-C2-01 124.2 C13-C14-03 120.4
C16-02 1.287 C8-C9-N1 110.3 C15-C14-03 124.9
C17-03 1.424 C11-C10-N1 124.3 C14-03-C17 117.9

C10-N1-C9 1214
Ni(I)-2L! Ni(1)-O(1) 1.831 02-Nil-O1 178.2 O1-Nil-N2 92.7
Ni(1)-0(2) 1.821 02-Nil-N1 93.1 02-Nil-0l1 176.5

Ni(1)-N(1) 1.918 02-Nil-N2 86.3

Ni(1)-N(2) 1.919 O1-Nil-N1 87.8
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Fig. 6 Cyclic voltammogram of the HL! ligand in DMF at 298 K,
¢=1.10"2M, scan rate = 100 mV s~!

homogeneous phase. So, Fig. 8 shows the voltammo-
grams obtained with Ni(IT)-2L' and Ni(IT)-2L? solution
in the presence of bromocyclopentane. The electrocata-
lytic behavior of the electrogenerated Ni(D-2L! (a) and
Ni()-2L2 (b) species is evident with scanning to the lower
potential values. When an equimolar amount of bromo-
cyclopentane with respect to the total number of nickel
centers is added to a Ni(II)-2L' and Ni(II)-2L? solutions
(curves B in a and b), the CV shows the increases in the
reduction current associated with the bromocyclopentane
(seen as negative shift on intensity from curves A to curves
B) at potentials under —1.4 V. This reduction current
increases with the concentration of bromocyclopentane.
The cathodic peak current for the reduction of Ni(II)-2L!
and Ni(IT)-2L? also increases, while the anodic peak cur-
rents expressing the re-oxidation of Ni(D-2L! and Ni(I)-
212 species disappear, indicating that all catalytic sites
(metallic centers) are involved in the chemical reaction. It
should be noted that Ni(I)-2L> complex shows the better
catalytic activity, as pointed out by the higher reduction
current, reached in the presence of bromocyclopentane
(Fig. 8b). An increase in the concentration of bromocyclo-
pentane causes for both complexes a significant enhance-
ment of the cathodic peak current (curves B and C in a and
b) that is not proportional to the substrate concentration.
Thus, this behavior is assigned to sluggish regeneration of
Ni(IT)-2L" and Ni(IT)-2L?* species [54, 55]. The effect of
the scan rate in the current density is analyzed in Fig. 8,
where cyclic voltammograms recorded at different scan
rates in 1.0 mM solution of Ni(I)-2L! (c) and Ni(I)-2L?
(d) containing 4.0 mM of bromocyclopentane are shown.
The inset shows the plot of cathodic peak current () ver-
sus the square root of scan rate (v”2 (v is the scan rate)).
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Fig. 7 Cyclic voltammograms of complexes of Ni(I[)-2L! (a)
and Ni(ID-2L2 (b) with Ni(I)/Ni(I) redox couples, recorded
in 0.1 mol L™! TBAP/DMF solution at 298 K and scan rate of
100 mVs™!

This plot gives a high degree of linearity, which explains
the occurrence of a reversible redox process under diffu-
sional control.

Figure 9 shows the voltammograms obtained in the pres-
ence of iodobenzene and 1 mM Ni(I)-2L'(a) and Ni(I)-
21.2 (b) solutions in DMF/TBAP 0.1 M. In this case, also
an electrocatalytic behavior is observed in the reduction of
iodobenzene. Again, when an equimolar amount of iodo-
benzene is added to the Ni(II)-2L! and Ni(II)-2L? solu-
tions (curves B in a and b), the CV features of Ni(II)-2L!
and Ni(I)-2L? change significantly, with the latter ligand
producing a better electrocatalytic activity (as expressed by
the higher current density of the reduction peak) than the
former one. Figure 9 shows also the cyclic voltammograms
of a 1.0-mM solution of Ni(I)-2L" (c) and Ni(I)-2L? (d) at
different scan rates, containing 4.0 mM of iodobenzene.
Similar features to that obtained for bromocyclopentane are
seen in the plot of /. versus v!2 for iodobenzene (inset of
Fig. 9), giving a high degree of linearity.
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Fig. 8 Cyclic voltammograms for reduction of a 1.0-mM solution
of Ni(I)-2L'(a) and Ni(I)-2L2(b) with a glassy carbon electrode in
(DMF/TBAP, 0,1 M) at a scan rate of 100 mV s~! containing (A)
0 mM; (B) 2.0 mM; (C) 4.0 mM of bromocyclopentane; CV of a 1.0-

Conclusion

In this work, we have presented the synthesis of two new
nickel(I)-Schiff base complexes with their correspond-
ing bidentate Schiff base ligands. These compounds have
been then characterized by spectroscopic techniques such
as IR, UV-Vis, 'H and '3C NMR spectroscopy and elemen-
tal analysis, while single crystals were also obtained and
analyzed by XRD. All these measures confirm the molec-
ular structures of the both complexes. All these measures
allowed us to confirm the molecular structures of the both
complexes. The electrochemical behavior of our com-
pounds has also been investigated, while the electrocata-
lytic properties of these complexes have as well tested for
the reduction of two organic halides. It was revealed that
both nickel complexes such as Ni(II)-2L! and Ni(II)-2L2

@ Springer
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mM solution of Ni(I)-2L! (¢) and Ni(I)-2L? (d) at different scan rates
(10, 25, 50, 75, 100, 200, 300, 400, 500 mV s~') containing 4.0 mM
of bromocyclopentane with the plot of cathodic peak current versus
the square root of scan rate

were electrocatalytically active toward the electroreduc-
tion of bromocyclopentane and iodobenzene. The mecha-
nistic process, involved in this electroreduction reaction, is
probably produced by the corresponding electrogenerated
nickel(I) species. These results have shown that the 212
ligands induce a higher electrocatalytic reduction activity
for nickel(I).

Supplementary data

Crystallographic data have been deposited at the Cam-
bridge Crystallographic Data Centre. CCDCs 1495692 and
1495691 contain the supplementary crystallographic data
for HL? and Ni(II)-2L!. These data can be obtained free
of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.
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Fig. 9 Cyclic voltammograms for reduction of a 1.0-mM solution
of Ni(D)-2L! (a) and Ni(I)-2L2 (b) with a glassy carbon electrode in
(DMF/TBAP, 0,1 M) at a scan rate of 100 mV s~, containing (A)
0 mM; (B) 2.0 mM; (C) 4.0 mM of iodobenzene; CVs of a 1.0-mM

html, or from the CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK; fax: (4+44) 01223-336-033; e-mail: deposit@
ccdc.cam.ac.
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