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Abstract

The synthesis of a novel ligand bis(3-methoxysalicylidene)-4-methylbenzene-1,2-diamine (H,L) has been carried out by the
condensation of 4-methylbenzene-1,2-diamine with 3-methoxysalicylaldehyde. The Ni(II) and Pd(II) Schiff base complexes
have been synthesized from the reaction of Ni(OAc),-4H,0 and Pd(OAc), with the Schiff base ligand (H,L) in methanol and
acetonitrile, respectively. The ligand and its complexes have been characterized by elemental analyses, FT-IR, 'H-NMR and
UV-Vis spectroscopy. Moreover, the crystal structure of the ligand has been determined by single crystal X-ray crystallogra-
phy. To have better understanding of electronic transitions of the ligand and its complexes, density functional theory (DFT)
calculations have been performed. The geometries and electronic properties of the compounds have been obtained with the
MO062X level at Def2-TZVP basis set. Additionally, NBO analysis has been performed to interpret electronic transitions by
determining their included occupied and virtual orbitals. The theoretical parameters confirmed the suggested structure of
complexes. The spectroscopic data obtained from DFT calculations show acceptable agreement with the experimental results.
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Introduction

Schiff bases, characterized by the azomethine group
(-CH=N-), form a significant class of compounds in
medicinal and pharmaceutical chemistry [1] are known
to have biological applications such as, anti-inflammatory
[2], antifungal [3], antiproliferative [4], antibacterial [5],
antitubercular [6], anticonvulsant [7] and antiviral [8]. The
transition metal complexes containing these bases have
extensive applications like biological activities [9-11], anti-
cancer [12], antibacterial [13], in chemical analysis [14],
catalytic properties [15—17], and potential applications in
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designing the analytical systems like optical sensors, bulk
liquid membrane transport, solid phase extraction and in
magneto-structural correlations in molecular systems and
materials [18-22]. The tetradentate N,O, ligands and their
transition metal complexes have been of research interest
for their applications, particularly on the development of
agrochemical and pharmaceutical industries, as catalysts and
in materials chemistry [23, 24]. The complexes of Schiff
bases containing various central metals such as Ni and Pd
have been studied in great detail for their crystallographic
features, enzymatic reactions, steric effects, structure-redox
property relationships, mesogenic characteristics, biologi-
cal and catalytic activities and in the design and construc-
tion of new magnetic materials. The study of these com-
pounds is of great importance in different fields of chemistry
[25-27]. Moreover, palladium(II) complexes as catalyst in
Suzuki—Miyaura reaction have been used widely for the
synthesis of natural products, pharmaceutical intermedi-
ates, conducting polymers, pesticides and liquid crystals
[15, 28, 29]. In recent years, quantum chemical calculation
and spectroscopic characterization of many compounds have
found considerable amount of interest [30-32]. The increas-
ing use of DFT, as one of the most extensively used quantum
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mechanical method, can be attributed to its accuracy and
computational speed [33]. DFT studies have been shown to
possess great accuracy in molecular structural properties,
FT-IR frequencies, spectroscopic parameters, etc [34—-36].
In this article, we report the synthesis and characteriza-
tion of a new tetradentate Schiff base ligand and its com-
plexes with nickel(II) and palladium(II) (Fig. 1). The com-
pounds were characterized using FT-IR, UV—Vis, '"H-NMR,
elemental analyses (CHN) and the crystal structure of the
ligand has been determined by single crystal X-ray crystal-
lography. Moreover, the geometries and electronic structure
of the ligand and its nickel(II) and palladium(IT) complexes
have been calculated using density functional theory (DFT).

Experimental
Materials and physical methods

All reagents were purchased from commercial sources and
used without additional purification. Elemental analyses
were performed on a Heraeus CHN-O-FLASH EA 1112
elemental analyzer. Infrared spectra were recorded on a
FT-IR Prestige21 spectrophotometer using KBr pellets. The
"H-NMR (400 MHz) spectra were obtained at ambient tem-
perature on a BRUKER AVANCE 400 MHz spectrometer.
The chemical shift values (6) are given in ppm. UV-Vis
absorption spectra were recorded on a UV-1601PC. The
single crystal X-ray diffraction structure was determined on
a Bruker SMART APEX CCD X-ray diffractometer. Full
spheres of reciprocal lattice were scanned by 0.3° steps
in omega with a crystal-to-detector distance of 5 cm. Cell
refinement and data reduction were performed with the help
of the SAINT program [37]. Corrections for absorption were
made with the multi-scan method and SADABS program
[37]. The structures were solved with direct methods using
SHELXS and structure refinement on F2 was carried out
with the SHELXI.-2014/7 program. All non-hydrogen atoms
were refined using anisotropic displacement parameters [38].
All crystallographic calculations were done with PLATON
[39].

Synthesis of the ligand, (H,L)

The ligand of bis(3-methoxysalicylidene)-4-methylb-
enzene-1,2-diamine (H,L) was synthesized by adding
3-methoxysalicylaldehyde (0.30 g, 2 mmol) to a solu-
tion of 4-methylbenzene-1,2-diamine (0.12 g, 1 mmol)
in methanol (20 ml) under refluxing for 1 h. The orange
crystals, suitable for X-ray data collection, were obtained
by slow evaporation of the methanol solution after several
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Fig. 1 Synthetic procedure for the preparation of ligand and its com-
plexes

days. Anal. Calcd. for C,3H,,N,0, (%): C, 70.75; H, 5.68;
N, 7.18. Found: C, 71.04; H, 5.59; N, 7.32. FT-IR (KBr,
cm™1): 1616 (C=N), 1573, 1465 (C=C), 1249 (C-0). 'H-
NMR (400 MHz, CDCl;, ppm): §=13.32 (s, 1 H, O-H),
13.25 (s, 1 H, O-H), 8.63 (s, 1 H, H;C=N), 8.61 (s, 1 H,
H;C=N), 6.84-7.17 (m, 9 H, aromatic), 3.90 (s, 6 H,
—OCH;), 2.44 (s, 3 H, -CH;). UV-Vis ((2x1073 M) DMF)
(nm): 265, 307, 321, 335.
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Synthesis of the nickel(ll) complex, (NilL)

The nickel(I) complex was synthesized by reac-
tion of Ni(OAc),-4H,0 (0.25 g, 1 mmol) and bis(3-
methoxysalicylidene)-4-methylbenzene-1,2-diamine (0.39 g,
1 mmol) in methanol (20 ml) under reflux condition for
5 h. The product was obtained by slow evaporation of the
methanol solution. Anal. Caled. for [Ni(C,3H,,N,0,)] (%):
C, 61.78; H, 4.51; N, 6.27. Found: C, 62.32; H, 4.67; N,
6.04. FT-IR (KBr, cm™!): 1612 (C=N), 1543, 1465 (C=C),
1384 (C-0), 590 (Ni-0), 505 (Ni-N). 'H-NMR (400 MHz,
DMSO-d,, ppm): 6=38.61 (s, 1 H, H,C=N), 8.77 (s, 1 H,
H;C=N), 6.53-8.00 (m, 9 H, aromatic), 3.76 (s, 6 H,
—~OCHj,), 2.37 (s, 3 H, -CH;). UV-Vis ((2x107> M) DMF)
(nm): 266, 299, 380, 488.

j/[l'lfrl)(

Synthesis of the palladium(ll) complex, (PdL)

The palladium(II) complex was prepared by adding Schiff
base ligand (0.39 g, 1 mmol) to a solution of Pd(OAc),
(0.22 g, 1 mmol) in acetonitrile (20 mL) under reflux con-
dition for 1 h. After filtering, an orange colored solid was
obtained upon slow evaporation of the filtrate. Anal. Calcd.
for [Pd(C,;H,,N,04)] (%): C, 55.83; H, 4.07; N, 5.66.
Found: C, 56.12; H, 4.26; N, 5.38. FT-IR (KB, cm'l): 1604
(C=N), 1539, 1435 (C=C), 1330 (C-0), 570 (Pd-0O), 501
(Pd-N). 'TH-NMR (400 MHz, DMSO-d,, ppm): 6=9.17 (s,
1 H, H,C=N), 9.13 (s, 1 H, H;C=N), 6.68-8.27 (m, 9 H, aro-
matic), 3.85 (s, 6 H, -OCH,;), 2.43 (s, 3 H, -CH;). UV-Vis
[(2x107> M) DMF] A (nm): 289, 336, 359, 376, 484.

max

Computational methods

The molecular structures of the H,L, NiL and PdL were
optimized by a DFT method at M062X level [40] and Def2-
TZVP basis set [41], using the Gaussian 09 package (Revi-
sion D.01) [42]. DFT calculations of electronic properties
at the fully optimized geometry of the compounds were per-
formed in the gas phase. NBO calculations and determining
atomic orbitals composition were performed by NBO 6.0
and chemissian programs, respectively [43, 44].

Results and discussion
Synthesis

The Schiff base ligand was synthesized from 3-methox-
ysalicylaldehyde and 4-methylbenzene-1,2-diamine with
the molar ratio 2:1 in methanol. Its Ni(II) and Pd(II) com-
plexes have been prepared by the reaction of Schiff base
ligand with Ni(OAc),.4H,0 and Pd(OAc), in 1:1 molar
ratio, respectively.

T T T T T
3900 3400 2900 2400 1900 1400 900 400
-1
cm

Fig.2 FT-IR spectra of a H,L, b NiL and ¢ PdL

Table 1 Characteristic IR bands for H,L, NiL and PdL (cm™")

Compound v(C=C) v(C-0) o(C=N) o(M-0) ovM-N)
H,L 1573, 1465 1249 1616 - -

NiL 1543, 1465 1384 1612 590 505
PdL 1539, 1435 1330 1604 570 501
FT-IR spectra

The IR spectra of the Schiff base ligand and its nickel(IT) and
palladium(II) complexes are shown in Fig. 2. The character-
istic IR data of the compounds agree with their structures.
IR spectral data of the Schiff base ligand and its complexes
are listed in Table 1. In the IR spectra of all compounds,
vibrational bands at 1400-1600 cm™' range are assigned for
C=C stretching vibration of the benzene rings (see Fig. 2;
Table 1) [45].

The IR spectrum of ligand exhibit a v(C=N) peak at
1616 cm™' [46]. This peak was shifted to lower frequen-
cies of 1612, 1604 cm™" in the Ni(II) and Pd(II) complexes,
respectively, upon coordination of the nitrogen atom of the
azomethine group to Ni(II) and Pd(II) ions [47, 48]. These
shifts are consistent with n-back bonding from the electron-
rich metals to the imine group [47]. After the metal-ion
complexation, the C—O stretching band of the free ligand
shift from 1249 to 1384 and 1330 cm~! in the NiL and PdL,
respectively. Upon coordination of the free ligand with the
central metals, the new weak bands at 500-600 cm™" ranges
are observed from the spectra of both Ni(IT) and Pd(II) metal
complexes can be attributed to M—O and M—N stretching
bands [49, 50].

NMR spectra

The signals at 13.32 and 13.25 ppm in the "H-NMR spec-
trum of the free ligand (Fig. 3a), corresponded to the
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Fig.3 '"H-NMR spectra of the
ligand (a) in CDCl,, and its Nill
(b) and Pd" (¢) complexes in
DMSO, 400 MHz, 293 K

H,0
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phenolic OH resonances, are disappeared in the spectra
of the NiL and PdL complexes (Fig. 3b, c), which clearly
indicate that the Schiff base ligand is coordinated as an
anionic ligand to the Ni(II) and Pd(II) ions. In the 'H-
NMR spectra of the NiLL and PdL complexes, the signals
at 5=28.81, 8.77 ppm and 6=9.17, 9.13 ppm are assigned
to the H;—~C=N- and H;—-C=N- proton of azomethine,
respectively. Appearance of two 'H-NMR peaks for exist-
ing azomethine protons in the complexes are indicative of
the magnetically non-equivalence environment of these
protons. The "H-NMR spectra of the complexes show the
downfield shift of the azomethine H, confirming coordi-
nation of the azomethine nitrogen to metal atoms. The
aromatic protons of NiL and PdL complexes appear in
the range of 6=6.53-8.00 ppm and 6 =6.68-7.27 ppm,
respectively. In the '"H-NMR spectra of NiL and PdL
complexes, the -OCH; and —CHj; are observed as a sin-
glet at 6=3.76, 6=2.37 ppm and 6=3.85, 6=2.43 ppm,
respectively.
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UV-Vis spectra

The electronic absorption spectra of the H,L ligand and its
Ni(II) and Pd(IT) complexes were recorded in DMF between
260 and 600 nm (Fig. 4). The UV-Vis spectra of the

1.2

nm

Fig.4 UV-Vis spectra of a H,L (solid line), b NiL (dashed line) and
¢ PdL (dotted line) in DMF
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compounds have a similar pattern. The UV—Vis absorption
spectrum of the Schiff base ligand shows the bands at 265,
307, 321 and 335 nm. The band at 265 nm can be attributed
to the z—z* transition of the benzene rings. The absorption
bands at around 307 and 321 nm are due to a z—z* transi-
tion of the C=N groups. A low-intensity band in the lower
energy region at 335 nm is assigned to the n—z* transition of
non-bonding electrons on the nitrogen of azomethine group
in the free ligand.

Maximal wavelength (4,,,,) due to the 7—z* transition of
the benzene rings and 7z—z* transition of the C=N groups
in the nickel(Il) and palladium(II) complexes are increased
(Fig. 4; Table 2). These red shifts in the UV—-Vis spectra of
the complexes are ascribed to the hydroxyl deprotonation of
the Schiff base ligand during complexation, and formation
of coordination bonds [48]. The electronic spectra of both
Ni(II) and Pd(II) metal complexes show an additional band
in the visible region (488 and 484 nm, respectively), which
is attributed to charge transfer.

For better understanding of the electronic properties, DFT
calculations and NBO analysis were performed for all com-
pounds at the M062X level and Def2-TZVP basis set. The
electronic spectroscopic data such as absorption wavelengths
maxima, excitation energies and other electronic properties
of ligand and its Ni(Il) and Pd(IT) complexes are collected
in Table 2.

In the calculations of Ni(II) complex, two peaks at 403
and 381 nm with major contribution from H-1 — L with
64% and H — L with 72% are obtained. These transitions
could be assigned to experimental results observed at 488
and 379 nm. The results show that these absorption bands
have inter ligand charge-transfer (ILCT) character. DFT
calculations of Ni(II) complex show that the all transitions
have inter ligand charge-transfer (ILCT) character (Table 2).
In the calculations of Pd(II) complex the major contribu-
tions are from H-1 — L (46%) and H — L (79%) for the
transitions at 424 and 401 nm, respectively. These transi-
tions would be compared to experimental data observed at
484 and 375 nm. For these transitions, the charge transfer
characters are assigned to ligand-to-metal charge-transfer
(LMCT) and inter ligand charge-transfer (ILCT) transitions,
respectively. The theoretical calculations of Pd(II) complex,
predict that the all transitions have a mixed ILCT and LMCT
character (Table 2). The calculations show that the shifts
in the main absorptions of the Pd(II) complex are larger
than its Ni(II) complex. Some above calculated electronic
transitions are higher than the experimental ones, and some
others are smaller; however, these differences are small.
Similar behavior has been seen in previous studies [51]. The
obtained spectroscopic parameters are in consistent agree-
ment with the experimental data. The minor discrepancies
observed in the wavelengths maxima. The main reason for
these discrepancies is that the calculated data were obtained

in the gas phase, whereas the experimental parameters are
solvent phase.

To obtain the orbital distributions of the highest occu-
pied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) energy of ligand and both Ni(II)
and Pd(IT) metal complexes, calculations were performed
by M062X level and Def2-TZVP basis set. The results are
presented in Fig. 5. The energy gaps of H,L, NiL and PdL
are 6.07, 5.11 and 4.98 eV, respectively. The energy gap
of Ni(Il) complex is greater than Pd(I) metal complex.
It can be attributed to higher stability of Ni(II) complex.
After complexation, 4,,, of the Ni(II) and Pd(II) complexes
increases (Fig. 5; Table 2), indicating that the energy gap
(Ey=Epymo — Enomo) decreases (Fig. 5) [47].

Crystal structure

The solid state structure of H,L was determined by X-ray
diffraction. The crystal data and refinement parameters are
summarized in Table 3, and ORTEP plot of H,L ligand is
shown in Fig. 6. The asymmetric unit of H,L ligand, com-
prises a potentially tetradentate Schiff base ligand. The com-
pound crystallizes in monoclinic system with P2,/c space
group. The absolute structure parameter (Flack parameter)
was determined successfully. In H,L ligand, N(1)---H(1)—
O(1) and N(2)---H(3)—0O(3) intramolecular hydrogen bonds
between N atoms and the OH groups generate a S(6) motif
that help to stabilize the planarity of the molecule. The
intramolecular H-bond distances and angle are also in the
expected range [O(1)—H(1): 0.82 A, H(1)--N(1): 1.88 A,
N(1)--O(1): 2.610 (4) A, N(1)~H(1)—O(1): 146.9° and
O(3)—H(3): 0.82 A, H(3)--N(2): 1.84 A, N(2)--O(3): 2.569
(3) A and N(2)—H(3)—O(3): 146.6°] (Table 4) [52]. Accord-
ing to the hydrogen-bonding classification [53] these intra-
molecular hydrogen bonding are moderate interactions.

The calculations were undertaken at the M062X/Def2-
TZVP level of theory to gain insight into the geometric
parameters and structures of the ligand and its Ni(II) and
Pd(IT) complexes. The optimized and the X-ray crystal struc-
tures of H,L ligand and the optimized structures obtained
by DFT for Ni(II) and Pd(II) complexes are given in Figs. 6
and 7. Both complexes have a similar structure. Some of the
optimized geometrical parameters of compounds are col-
lected in Table 5.

Table 5 displays experimental bond lengths (A) and
bond angles (°) that are very close to those calculated for
H,L. The theoretical calculations of Ni(II) and Pd(II) com-
plexes, predict that the imine C=N bond length is longer
in complexes than free ligand while the phenolic C-O
and the C—C bond lengths between the azomethine group
and phenyl ring are shorter than the ligand [47, 50]. The
imine C=N distance is longer in Ni(II) complex than in
Pd(II) complex, also the N-M—-O chelating angle is larger

@ Springer
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Table2 UV-Vis absorption
data from DFT calculations
based on M062X/Def2-TZVP Calculated Experimental
method for H,L, NiL and PdL

E (eV) Amax (NM) Assignment Transition Character

H,L 3.874 320 335 T — * H— L (62%) -
H-1 - L+1 (19%)
H-2 — L (5%)
H-3 —>L+1(2%)
4.032 307 321 T — * H-1 — L (48%) -
H— L+1 (42%)
4218 293 307 T — H-2 — L (54%) -
H-1 > L+1(19%)
H-3 ->L+12%)
n— n* H-6 > L+1 (4%)
H-7—> L 3%)
H-5—>L+13%)
4.292 288 265 n— ¥ H-2 - L+1 (46%) -
H—-L+1(11%)
H-1 - L (9%)
n— g* H-6 - L (9%)
H-7 - L+1(4%)
H-4—>L+1(3%)

NiL 3.075 403 488 n— r* H-1 — L (64%) ILCT
H—L+130%)
3.247 381 379 7 — n* H— L (72%) ILCT

H-1—>L+1 (18%)
H—oL+13%)
H-1 > L (%)

3776 328 299 T — n* H-1 > L+146%)  ILCT
H— L (18%)
H—L+1(13%)
H-2 > L+1 (9%)
H-1 - L (4%)
H-2 — L (3%)

3.879 319 266 T — ¥ H— L+1 (40%) ILCT
H-1 - L+1(20%)
H-1— L (16%)
H-2 > L (15%)
H2 — L+14%)

PAL  2.920 424 484 T — ¥ H-1 — L (46%) LMCT
n— ¥ H-4 — L+2 (19%)
r— H—L+1(18%) ILCT
n— ¥ H-7 — L+2 (8%)
3.087 401 375 T — ¥ H — L (79%) ILCT
H-1 > L+1(12%)  LMCT
3.209 386 358 T — ¥ H—L+1(5%) ILCT
H-1— L (24%) LMCT
H-1 - L+1(12%)
n— ¥ H-4 — L+2 (27%)
3.804 325 335 T — ¥ H-1—>L+1@38%)  LMCT
H-1 L (5%)
H—L+1Q7%) ILCT
H— L (10%)
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Table 2 (continued) E V) A (nm)

max

Assignment Transition Character

Calculated

Experimental

3.879 319

288 T — ¥

H-2 > L+1(5%)
H-3 > L (5%)
H—L+1(33%)
H-2 — L (14%)
H-2 > L+1 (4%)
H-1 —L+1(32%)
H-1— L (9%)

ILCT

LMCT

The assignments were obtained by NBO analysis at the M062X/Def2-TZVP level
HHOMO, L LUMO, ILCT inter ligand charge-transfer, LMCT ligand -to- metal charge-transfer

Fig.5 Calculated spatial
distributions and energies of the
HOMO and LUMO levels of
H,L, NiL and PdL

LUMO 0.92 eV
E,=6.07 eV
HOMO
-6.99 eV
2
292

H,L

in Ni(II) complex when compared with Pd(II) complex
(Table 5). Both Ni(II) and Pd(IT) complexes have a dis-
torted square planar geometry formed by two phenolic
oxygen atoms and two imine nitrogen atoms. The bond
lengths and angles involving this H,L ligand are similar
in both complexes. On moving from Ni(II) complex to
Pd(II) complex, the M—N and M-O bond lengths [(Ni-N)
1.919, 1.918 A — (Pd-N) 1.986, 1.985 A — (Ni-O) 1.869,
1.869 A — (Pd-0) 2.016, 2.014 A] increase (Table 5). Sim-
ilar behavior has been seen in other researches [54-56].
For Ni(IT) complex, the M—N distances are larger than the
M-O0 distances while for Pd(II) complex, the M-O dis-
tances are larger than the M—N distances (Table 5).

1 \
( Jk P

-1.339 eV

E=5.[1 eV

-6.453 eV

Conclusion

A ligand bis(3-methoxysalicylidene)-4-methylbenzene-
1,2-diamine and its Ni(II) and Pd(II) complexes were
synthesized and characterized by elemental analyses,
FT-IR, 'H-NMR and UV-Vis spectroscopy. Moreover,
the crystal structure of the Schiff base ligand has been
determined by X-ray crystallography. The geometries and
electronic parameters of the compounds obtained by DFT
calculations are in satisfactory agreement with experimen-
tal data. Calculation results of Ni(II) complex show that
the all transitions have inter ligand charge-transfer (ILCT)
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Table 3 Crystal data and
refinement parameter for H,L

Fig.6 The optimized and the

X-ray crystal structures of H,L

ligand

Empirical formula

Formula weight

Temperature (K)

Crystal system

Space group

a(A)
b (A)
c(A)
a(®)
B
7 (©)

Volume (A3)

z

Pealc (mg/mm3)

p (mm™)
F(000)

Crystal size (mm)

O range for data collection

Index ranges

Reflections collected

Independent reflections, R(int)

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [/> 20 (I)]
Final R indexes [all data]
Largest peak and deepest hole (e A3 —0.234,0.365

Cy3HpN,0,

390.42

296(2)

Monoclinic

P2,/c

6.4780(7)

13.6904(14)

22.384(2)

90

96.658(5)

90

1971.8(4)

4

1.315

0.091

824

0.40%x0.20%x0.18

2.9°-26°
—7<h<5,-15<k<16,-27<1<27
11,476

3847 (0.05)

3847/0/267

1.036

R, =0.0716, wR, = 0.1653
R, =0.1317, wR, = 0.1965

Table 4 Intramolecular hydrogen bond geometries (A,°) for H,L

D-H--A dD-H) dH-A) dD-A) <(DHA)
O()-H(1)-~N(1)  0.82 1.88 2.610(4) 1469
O(3)-H(3)-N(@2)  0.82 1.84 2.5693) 1466

@ Springer

character. The theoretical calculations of Pd(II) complex,
show that the all transitions have a mixed ILCT and LMCT
character. The DFT calculations predict that ligand acted
as tetradentate Schiff base and coordinated to Ni(II) and
Pd(II) via two N and two O atoms. We conclude that the
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Fig.7 The optimized structures
for NiL and PdL complexes at
the M062X/Def2-TZVP method

.
J”{
s %‘
,;»

Table 5 Selected geometric parameters [bond lengths (A) and angles
(°)] for H,L, NiL and PdL

Ni(II) com-  Pd(I) com- Calculated Experimental
plex plex Ligand Ligand
Bond lengths
N,-Cy 1.412 1.414 1.403 1.420(4)
N,-C; 1.299 1.297 1.276 1.269(4)
N,-Cy, 1.412 1.415 1.403 1.418(4)
N,—Cys 1.298 1.296 1.276 1.273(4)
0,-C, 1.272 1.272 1.330 1.351(4)
0;—Cs 1.273 1.273 1.330 1.341(4)
C,—C; 1.413 1.417 1.452 1.443(5)
Ci6Ci7 1.414 1.418 1.452 1.437(4)
M-0, 1.869 2.016 - -
M-0, 1.869 2.014 - -
M-N, 1.919 1.986 - -
M-N, 1.918 1.985 - -
Bond angles
N-M-O, 93.489 93.284 - -
N,-M-0O; 93.549 93.363 - -
N,-M-N, 84.748 83.325 - -
0,-M-0O; 88.214 90.028 - -
O;-M-N, 178.297 176.688 - -
O,-M-N, 178.237 176.609 - -

Ni(II) and Pd(II) complexes have distorted square planar
geometry.

Supplementary data Crystallographic data has been depos-
ited at the Cambridge Crystallographic Data Centre. CCDCs
1866059, and contain the supplementary crystallographic
data for ligand. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving. html, or from

o\' >
k’*‘

g

PdL

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