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Abstract: A bis-N,0-bidentate Schiff-base licand H,L, named as 4,4’ ,6,6" -tetrabromo-2,2" -(1,2-phenylenebis
(nitrilomethylidyne))diphenol and condensed from 3,5-dibromo-2-hydroxybenzaldehyde and 1,2-phenylenediamine,
and its mononuclear five-coordinate zinc(Il) and four-coordinate nickel(Il) complexes [ZnL(H,0)] and [NiL] (1 and
2) have been synthesized and structurally and spectrally characterized. Detailed comparisons were carried out on

the differences in their molecular structures and supramolecular interactions, '"H NMR, UV-Vis and fluorescence

spectra before and after metal-ion complexation. CCDC: 763677, H,L; 763678, 1; 763679, 2.
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In the past decades there has been much interest
in Salen-type ligands and their metal complexes
because they are representative models for investiga-

tions on the active sites of biologically important metal-
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containing enzymes!". Similar to their porphyrin analo-
gues, these planar molecular structures can find
applications in the supramolecular and material

chemistry. Compared with other building blocks, a clear
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advantage of these Salen-type compounds is their
synthetic accessibility to support the generation of large
series of supramolecular building blocks™ since many
of the components can be commercially purchased and
are available in a variety of structural alterations.

To date there have been only four reports on four
metal complexes of ligand H,L, namely, cerium (V)"

cadmium (1)

, copper (I, and zinc (D" complexes,
but they are merely involved in the structural descrip-
tions. Recently, we have reported a series of macrocy-
clic and acyclic Schiff-base metal complexes and
detailed comparisons were carried out on the differences
in their syntheses, spectral characterizations, molecular
structures and supramolecular interactions!"?. In this
paper, we focus on the spectral and structural
comparisons for a Salen-type ligand H,L and its zinc(Il)
and nickel(Il) complexes 1 and 2 before and after metal-
ion complexation, where the bis-/N,0-bidentate Schiff-
base ligand was derived from the condensation between
3,5-dibromo-2-hydroxybenzaldehyde and 1,2-phenylen-
ediamine. The three compounds have been character-
ized by X-ray single-crystal diffraction analyses where
versatile interactions in supramolecular level including
coordinative bonding, O-H---0, O-H---N, C-H---Br,
O-H---Br hydrogen bonding and aromatic 77 stacking
play essential roles in forming different frameworks.
Moreover, 'H NMR, FTIR, UV-Vis and fluorescence
spectra of ligand H,L, complexes 1 and 2 have been
recorded to compare the differences before and after

metal-ion complexation.
1 Experimental

1.1 Materials and measurements
3,5-Dibromo-2-hydroxybenzaldehyde and  1,2-
phenylenediamine are commercially available from
Aldrich and were used as received. All other solvents
and reagents were of analytical grade and used without
(EA) for
carbon, hydrogen and nitrogen were performed on a
Perkin-Elmer 1400C analyzer. Infrared (IR) spectra
(4 000~400 cm™) were recorded with a Nicolet FTIR
170X spectrophotometer on KBr disks. UV-Vis spectra
were recorded with a Shimadzu UV-3150 double-beam
spectrophotometer using a Pyrex cell with a path length

further purification. Elemental analyses

of 10 mm at room temperature. 'H NMR spectroscopic
measurements were performed on a Bruker AM-500
NMR spectrometer, using TMS (SiMey) as an internal
reference at room temperature. Luminescence spectra
Hitachi 850 fluorescent
spectrophotometer at room temperature (25 °C).
1.2 Synthesis of bis-N,0-bidentate Schiff-base
ligand H,L
3,5-Dibromo-2-hydroxybenzaldehyde  (0.126 g,
0.45 mmol) dissolved in 20 mL ethanol was added into

a 20 mL ethanol solution of 1,2-phenylenediamine

were recorded on a

(0.022 g, 0.2 mmol). The mixture was stirred at room
temperature for 0.5 h and then refluxed for 3 h. The
solution was cooled to room temperature and the
resulting orange solid was collected, washed by cold
ethanol and dried in vacuo. Yield: 0.107 g, 84.6% .
Single crystals of ligand H,L suitable for X-ray
diffraction measurement were obtained from the ethanol
solution by slow evaporation in air at room temperature.
Anal. Caled. for CxH,BryN,O, (%): C 38.01, H 1.91, N
4.43, found (%): C 38.10, H 1.84, N 4.48. Main FTIR
absorptions  (KBr pellets, cm™): 3422 (m), 1 612 (vs),
1583 (s),1434 (vs), 1358 (m),1294 (m), 1203 (m),
1 163 (s), 862 (m), 739 (m), 758 (s), and 689 (m). 'H
NMR (DMSO-d¢ ppm): 6: 14.10 (s, 2H, Ar-OH), 8.98 (s,
2H, HC=N), 7.96 (s, 2H, Ar-H), 7.95 (s, 2H, Ar-H), and
7.55~7.49 (m, 4H, Ar-H). UV-Vis in DMF: A, =426
and 343 nm.

1.3 Syntheses of mononuclear zinc(I) and

nickel(I) complexes [ZnL(H,0)] and [NiL]

(1 and 2)

Complexes 1 and 2 were prepared by the treatment
of 1:1 molar ratio of corresponding metal salts Zn(C10,),
-6H,0 (0.075 g, 0.2 mmol) or Ni(CH;COO),-4H,0
(0.050 g, 0.2 mmol) in 20 mL ethanol and ligand H,L in
20 mL ethanol. The mixture was refluxed for 2 h and
cooled to the room temperature. The resulting solids
were collected in the yields of 0.097 g (68%) for 1 and
0.089 g (64.6% ) for 2. Single crystals of 1 and 2
suitable for X-ray diffraction measurement were
obtained from the ethanol solutions by slow evaporation
in air at room temperature. Characterizations of complex
1: Anal. Caled. for ZnCyH,;Br;N,O04(%): C 33.72, H
1.56, N 3.93, found(%): C 33.78, H 1.60, N 3.87. Main
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FTIR absorptions (KBr pellets, em™) for 1: 3 420 (m),
1614 (vs), 1 582 (s), 1 501 (s), 1 437 (s), 1 317 (m), 1 236
(w), 1196 (s), 1 148 (s), 864 (m), 748 (s), 708 (m), and
511 (m). '"H NMR (DMSO-d¢ ppm): 8: 9.01 (s, 2H, HC=
N), 7.87 (s, 2H, Ar-H), 7.77 (s, 2H, Ar-H), 7.70 (d, 2H,
Ar-H), and 7.45 (m, 2H, Ar-H). UV-Vis in DMF: A, =
411, 343 and 299 nm. Characterizations of complex 2:
Anal. Caled. for NiCyH,oBr,N,0,(%): C 34.88, H 1.46,
N 4.07, found(%): C 34.96, H 1.51, N 3.95. Main FTIR
absorptions  (KBr pellets, cm™): 3405 (m), 1 607 (vs),
1578 (s), 1 450 (s), 1 439 (s), 1 339 (m), 1 200 (s), 1 171
(s), 860 (m), 743 (m), 721 (s), and 548 (m). UV-Vis in
DMEF: A,,..=483, 380 and 318 nm.
1.4 X-ray data collection and solution
Single-crystal samples of ligand H,l., complexes 1
and 2 were glue-covered and mounted on glass fibers
and used for data collection at 291(2) K on a Bruker
SMART 1K CCD diffractometer using graphite mono-
chromated Mo K« radiation (A=0.071 1 nm). The crystal

systems were determined by Laue symmetry and the

space groups were assigned on the basis of systematic
absences using XPREP, and then the structures were
solved by direct method and refined by least-squares
method on F, by using the SHELXTL-PC software
package?.. All non-hydrogen atoms were refined on F?
by full-matrix least-squares procedure using anisotropic
displacement parameters. Hydrogen atoms were
inserted in the calculated positions assigned fixed
isotropic thermal parameters at 1.2 times the equivalent
isotropic U of the atoms to which they are attached (1.5
times for the oxygen atoms and the methyl groups of
acetonitrile) and allowed to ride on their respective
parent atoms. The summary of the crystal data,
experimental details and refinement results for ligand
H,L, complexes 1 and 2 is listed in Table 1, while
selected bond distances and bond angles are given in
Table 2. Hydrogen bonding interactions in ligand H,L,
complexes 1 and 2 are shown in Table 3.

CCDC: 763677, H,L; 763678, 1; 763679, 2.

Table 1 Crystal data and structural refinements for ligand H,L. and complexes 1 and 2

Compound H,L 1 2

Empirical formula CooHpBrN,0O, ZnCyH; Br;N,0O5 NiCxH,oBr,N,0,
Formula weight 631.92 712.34 688.59

T/K 291(2) 291(2) 291(2)

Crystal system Monoclinic Orthorhombic Monoclinic
Space group P2i/n Pnma P2/n

a/ nm 1.271 4(2) 1.864 7(5) 1.345 9(2)

b/ nm 0.774 3(1) 2.445 4(6) 0.825 3(1)

¢/ nm 2.084 9(3) 0.465 7(1) 1.833 7(2)
B/ 98.80(1) 96.52(1)
V/nm? 2.028 2(4) 2.123 3(9) 2.023 7(4)
Crystal size / mm 0.10x0.10x0.10 0.10x0.10x0.10 0.08x0.08x0.10
A 4 4 4

D,/ (Mg-m™) 2.07 2.228 2.26

A(Mo Ka) / mm™ 7.956 8.71 8.877

F(000) 1208 1356 1312
Absorption correction Multi-scan Multi-scan Multi-scan
Data collected / unique 3 576 / 1 575 1920/ 686 9 864 /3 560

Limiting indices

Max. / min. transmission

-13<h=<15,-9<k<9,-24<[<20
0.503 4/ 0.448 6

-22<h<21,-27<k<29,-2<I<5
0.476 3/0.476 3

-12<h<16,-9<k<9,-21<I<14
0.5370/0.470 5

R\, wR, R=0.041 9, wR,=0.063 5 R,=0.052 6, wR,=0.068 4 R,=0.050 4, wR,=0.111 6
Goodness of fit on F* 0.692 0.695 0.770
A winy | (€:0m7) 440 / -590 560 / -870 700 / =760

Ri=SNEJ-IFNSIE, wRy=[ X [w(F2-F2?) S 1w(F,2)"™
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Table 2 Selected bond distances (nm) and angles (°) for ligand H,L. and complexes 1 and 2

H.L

01-C8 0.136 5(8) N1-Cl 0.140 7(10) N2-C2 0.141 4(8)

02-C15 0.134 0(8) NI-C13 0.127 9(8) N2-C20 0.129 0(8)
€2-N2-C20 117.9(6) N2-C2-C1 118.7(6) 02-C15-C14 124.1(6)
N1-C1-C6 121.5(6) N1-C13-C7 122.1(6) N2-C20-C14 121.0(6)
N1-C1-C2 122.8(6) 02-C15-C16 117.2(7)

1

Znl1-01 0.200 5(5) Znl-02 0.203 1(7) Znl-N1 0.210 5(7)
01-Zn1-02 99.1(2) 02-Zn1-N1 101.7(3) Zn1-N1-C3 114.1(5)
01-Zn1-N1 87.9(2) Zn1-01-C10 124.1(5) Zn1-N1-C4 121.9(6)

2

Nil-01 0.183 4(5) 01-C8 0.128 2(9) N2-C2 0.140 7(12)

Ni1-02 0.184 1(6) 02-C15 0.131 4(10) N2-C20 0.129 8(10)

Nil-N1 0.185 6(7) N1-CI 0.142 5(11)

Nil-N2 0.1847(6) NI-C13 0.1289(11)
01-Ni1-02 83.6(2) NI1-Nil-N2 86.1(3) N2-C2-C3 124.9(8)
01-Nil-N1 95.3(3) €2-N2-C20 122.1(7) 01-C8-C7 126.0(8)
01-Nil-N2 177.903) N1-C1-C2 113.2(8) 01-C8-C9 119.4(8)
02-Nil-N1 178.3(3) N1-C1-C6 126.7(7) 02-C15-C14 122.3(8)
02-Nil-N2 95.1(3) N2-C2-C1 115.0(8) 02-C15-C16 120.3(8)

Table 3 Hydrogen bonding interactions in ligand H,L. and complexes 1 and 2

D-H---A D-H / nm H---A / nm D---A/ nm £ DHA /(%)
H,L
O1-H1---02 0.096 0.237 0.329 8(6) 162.0
02-H2---N2 0.082 0.186 0.257 3(7) 145.0
1
02-H2A---Br2* 0.096 0.278 0.350 1(4) 133.0
2
C10-H10---Br1® 0.093 0.290 0.350 5(9) 124.0

Symmetry codes: * x, 1/2-y, 14z; * 3/2—x, —1/2+y, 1/2-z.

2 Results and discussion

2.1 Syntheses and spectral characterizations

Both of the bis-N,0-bidentate Schiff-base ligand
and its transition-metal complexes are easily prepared
with high yields (Scheme 1). The FTIR spectra of ligand
H,L., complexes 1 and 2 display sharp peaks at 1 612,
1 614 and 1 607 cm™, respectively, indicative of the
presence of Schiff-base C=N double bond units. In the
'H NMR spectra, the single peak at 14.10 ppm in
ligand H,L is assigned to the phenolic proton, and it

disappears after the complexation with zinc () ion. In
addition, slight alterations in the chemical shift of the
protons belonging to the Schiff-base and aromatic units
are observed.

UV-Vis spectra of ligand H,L, complexes 1 and 2
in their DMF solutions were recorded to compare the
difference before and after metal-ion complexation. As
illustrated in Fig.1, the strong absorption bands at 343
nm for ligand H,L and 343 and 318 nm for complexes 1
and 2 are assigned to the 7-7* transition of the

aromalic rings, whereas the intense absorptions at 426,
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Zn(CIO,),-6H,0 Ni(CH,C00),4H,0
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Complex 1, [ZnL(H,0)]

Complex 2, [N1L

Scheme 1 Schematic illustration for the preparation of ligand H,L, metal complexes 1 and 2

411 and 380 nm for ligand H,L, complexes 1 and 2 are
attributed to the 7r-7* ftransition of the azomethine
chromophore. Furthermore, a new absorption at 483 nm
in complex 2 is present corresponding to the typical
metal ligand charge transfer transition, which is not
observed in the case of complex 1 due to the full d”*
electronic structure of zinc(Il) ion.

1.0

Ligand H,L
Ligand H,L
z
i 2
0.8 E Zn(Il) complex 1
g
3 0644 &
: A\
g b | ——————————
=] a 400 450 500 550 600 650 700
g 0.4 \,\ i Wavelength / nm
4 7
4 Ni(I) complex 2
0.2+ yd J/
Zn(IT) complex 1 \
0.0 \

300 350 400 450 500 550 600 650
Wavelength / nm
Fig.1 UV-Vis and fluorescence (the inset) spectra of
ligand H,L (solid lines) and its Zn(Il) (dotted
lines) and Ni(l) (dashed line) complexes 1 and
2 in their DMF solutions

The inset of Fig.1 gives the fluorescence spectra of

ligand H,L, and complex 1 at the same concentration in

DMEF solutions for comparison. The maximum fluores-
cence emission band for ligand H,L. and complex 1
exhibits a bathochromic shift of 46 nm from 473 to 519
nm after metal-ion complexation with the zinc (I) ion.
However, the emission intensity of zinc(Il) complex is
weaker than that of ligand H,L, which is suggested to
originate from the partial fluorescence quench of
apically coordinated water molecule in 1.
2.2 Single-crystal structure of ligand H,L

The molecular structure of tetradentate Schiff-base
ligand H,L. with the atom-numbering scheme is shown
in Fig.2. X-ray crystal structural analyses reveal that
ligand H,L crystallizes in the centrosymmetric monocl-
inic space group P2,/n and there is only one crystallo-
graphically independent molecule in each asymmetric
unit without the presence of any solvent molecule. The
bond lengths and bond angles in the 3,5-dibromo-2-
hydroxybenzaldehyde unit are in the normal range ",
Every phenyl ring is essentially planar in ligand H,L,
but the dihedral angles between the middle ring (C1 to
C6) and the two side rings are 46.6° (C7 to C12) and
14.2° (C14 to C19), respectively. In addition, the two
side rings are bended to the opposite direction of the

middle ring. Strong intramolecular hydrogen bonds can



872 M

e

EE 55 26 &

2
¥

be found between one phenolic hydrogen atom and the
other phenolic oxygen atom or the Schiff-base nitrogen
(O1-H1---02 and 02-H2--- N2) forming an

eleven-membered hydrogen-bonded ring.

atom

Fig.2 An ORTEP drawing of the Shiff-base ligand H,L

with the atom-numbering scheme, where

displacement ellipsoids are drawn at the 30%
probability level and the H atoms are shown as

small spheres of arbitrary radii

In the packing structure of H,L, continuous -7
stacking interactions between the middle phenyl ring of
one molecule and the side phenolic ring of another
adjacent counterpart are found with the centroid-
centroid separation of 0.376 1 nm. Thus, a one-dimens-
ional 7m-7r stacking sustained framework is formed, as

shown in Fig.3.

0.376 1 nm

A

.
a

Fig.3 A perspective view of the 7-7 stacking
interactions in the crystal packing of
ligand H,L
2.3 Single-crystal structures of zinc(I) complex 1
and nickel(I) complex 2

The atom-numbering scheme of complex 1 is

shown in Fig.4a, and the X-ray single-crystal diffraction
analyses indicate that it crystallizes in the centrosym-
metric orthorhombic space group Pnma. The central
Zn(I) ion is five-coordinated by two nitrogen atoms and
three oxygen atoms exhibiting distorted pyramidal
coordination geometry. Two nitrogen atoms (N1 and
NIA, x, 1/2—y, z) and two oxygen atoms (O1 and O1A,
x, 1/2-y, z) constitute the basal plane, while another
oxygen atom from the coordination water molecule (02)
occupies the apical position. The distance from the
central metal ion to the basal least-squares plane is
0.036 7 nm. All the aromatic rings in the ligand are
essentially planar, but the dihedral angle between the
middle ring and each of the side rings is 20.5°. In the
packing structure of 1, there are two sets of molecules
and each set packs in a parallel fashion (Fig.5a) through
weak O-H---Br

interactions between the hydrogen atom of coordination

intermolecular hydrogen bonding

water molecule and the bromine atom from another

(®)

Fig4 (a) ORTEP drawings of zinc(Il) complex 1;
(b) nickel(Il) complex 2 with the atom-
numbering scheme, where displacement
ellipsoids are drawn at the 30% probability
level and the H atoms are shown as small

spheres of arbitrary radii
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adjacent molecule (Table 3). There is no 7-7 stacking
interaction in the packing mode.

The atom-numbering scheme of complex 2 is
shown in Fig.4b, and the X-ray single-crystal structural
analyses show it crystallizes in the centrosymmetric
monoclinic space group P2,/n in the absence of any
solvent molecule. The nickel(ll) center is four-coordina-
ted by two Schiff-base nitrogen atoms (N1 and N2) and
(O1 and 02) exhibiting

slightly distorted square planar coordination geometry

two phenolic oxygen atoms

with the mean deviation from least-squares plane of
0.001 85 nm. The bond angles of O1-Nil-N2 and O2-
Nil-NI are 177.9(3)° and 178.3(3)°
bond lengths of N1-C13 and N2-C20 are 0.128 9(11)
and 0.129 8(10) nm, while those in ligand H,L. are som-
ewhat shorter (0.127 9(8) and 0.129 0(8) nm) indicative

of the influence of metal-ion complexation. Further-

, respectively. The

more, the dihedral angels between the middle phenyl
ring and the two side aromatic rings in lignad L are very
small at 6.2° and 5.6°, respectively, also indicative of
the fixation from the square planar coordination plane
within molecule.

In the packing structure of 2, weak offset -
stacking interactions are found between the side rings
of neighboring molecules with the centroid-centroid and
interlayer separations of 0.417 2 and 0.342 4 nm (Fig.
5b), respectively. Additionally, weak C—H--- Br hydro-
gen bonds between the hydrogen atom of phenyl carbon

atom (C10) and its contiguous bromine atom from

?ﬁ

£0.4172 nm

(b)

Fig.5 Perspective views of the supramolecular interactions in complexes 1 (a) and 2 (b)

another molecule (Brl) are observed.
3 Conclusion

In this paper, we have reported the structural and
spectral studies on a bis-/V,0-bidentate Schiff base
ligand H,L obtained by the condensation between 3,5-
dibromo-2-hydroxybenzaldehyde and 1,2-phenylenedi-
amine, and its mononuclear zinc (II) and nickel (I)
complexes 1 and 2. Detailed comparisons were carried
out on the differences in their molecular and crystal
structures, '"H NMR, UV-Vis and fluorescence spectra

before and after metal-ion complexation.
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