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Abstract

An asymmetric bidentate Schiff-base ligand (HL: 2-((allylimino)methyl)phenol) was prepared from
reaction of salicylaldehyde and Allylamine. Vanadium(IV), Cobalt(Ill), Copper(Il) and Zinc(II)
complexes, VOL;, ColLj3, Cul, and Znl, were synthesized from the reaction of VO(acac),,
CoCl,.6H,0, CuCl,.2H,0 and Zn(NOs3),.6H,O with the bidentate Schiff base ligand (HL: 2-
allyliminomethyl-phenol) in methanol at ambient temperature. The ligand and its metal complexes
were characterized by elemental analysis (CHN), FT-IR spectroscopy. In addition, 'H and *C NMR
techniques were employed for characterization of the ligand (HL) and diamagnetic complex ZnL,. The
molecular structures of all complexes were determined by single crystal X-ray diffraction technique. In
the ZnL;, and Cul; complexes, the metal ion is coordinated by two nitrogen and two oxygen atoms
from two Schiff base ligands in an approximately square planar trans-[MN202] coordination

geometry. In the vanadium(IV) complex, VOL,, the vanadium center in this structure has a distorted



tetragonal pyramidal N203 coordination sphere and for Cobalt(III) complex, CoLs, the Co™ ion is six

coordinated by three bidentate Schiff base ligands in a distorted octahedral environment.
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1. Introduction

Considerable interest exists in the coordination chemistry of transition metals with Schiff bases due to

the wide range of applications and structural aspects of the resulting complexes [1-5]. Salen ligands

and the related salophen ligands are of interest to a wide variety of chemists [6-9]. Salen complexes
have been used as catalytically active materials to develop surface modified electrodes for sensor
applications [10,11]. It has been suggested that the azomethine linkage is responsible for the biological
activities of Schiff bases such as, antitumor, antibacterial, antifungal and herbicidal activities [12—16].
Although, a lot of Schiff bases with different structures have been synthesized and characterized,
however, less attention has been focused on the Schiff base ligands and complexes with amines
containing terminal allyl group [16,17].

The compounds with terminal allyl group can covalently attach on an insoluble support and use as
heterogeneous catalysts instead of homogeneous catalysts [18-21]. For example: Garcia et al, anchored
a series of vanadyl Schiff base complexes having a terminal carbon—carbon double on silicas as solid
enantioselective catalysts for formation of cyanohydrins [18]. From the sustainable and green
chemistry point of view, heterogeneous catalysts would be attractive since they offer the advantages of
easy catalyst separation, possible catalyst recycle and sometimes high activity and selectivity.

As part of our research program on the synthesis and characterization of Schiff base ligands and

complexes [22-30], in this paper, the authors synthesized a bidentate Schiff base ligand derived from



salicylaldehyde and Allylamine (HL: 2-((allylimino)methyl)phenol). In order to investigate the
coordination modes of this ligand, Vanadium(IV), Cobalt(IlI), Copper(Il) and Zinc(Il) complexes were

synthesized and characterized by the FT-IR, 'H NMR, “C NMR, elemental analysis and X-ray

crystallography.

2. Experimental section

2.2.Chemicals and instrumentation

All the chemicals were purchased from Merck Co. and used without further purification. The FT-IR
spectrum was recorded on a JASCO, FT/IR-6300 spectrometer (4000-400 cm™) in KBr pellets. 'H and
BC NMR spectra were recorded on a Bruker Avance 400 spectrometer using CDClj3 as solvents for the
ligand and Zinc(II) complex. The elemental analysis was performed on Leco, CHNS-932 and Perkin-

Elmer 7300 DV elemental analyzers.

2.2 Single crystal diffraction studies

X-ray data for complexes were collected on a STOE IPDS-II diffractometer with graphite
monochromated Mo-Ka radiation. For ZnL,, a dark yellow block crystal, for CoL3, a red needle
crystal, for VOL,, a yellow needle crystal and for Cul,, a green crystal was chosen using a polarizing
microscope and they were mounted on a glass fiber which was used for data collection. Cell constants
and an orientation matrix for data collection were obtained by least-squares refinement of diffraction
data from 3095 for ZnL,, 4780 for CoLs3, 3335 for VOL; and 3108 for Cul, unique reflections. Data
were collected at a temperature of 298(2) in a series of ® scans in 1° oscillations and integrated using
the Stoe X-AREA [31] software package. A numerical absorption correction was applied using the X-
RED [28] and X-SHAPE [32] software’s. The data were corrected for Lorentz and Polarizing effects.

The structures were solved by direct methods using SIR2004 [33]. The non hydrogen atoms were



refined anisotropically by the full matrix least squares method on F* 2 using SHELXL [34]. All hydrogen
atoms were added at ideal positions and constrained to ride on their parent atoms. Crystallographic data

for complexes are listed in Table 2. Selected bond distances and angles are summarized in Table 3.

2.3.Synthesis of Schiff-base ligand (HL: 2-((allylimino)methyl)phenol)

Schiff base ligand, HL, was synthesized according to the slightly modified literature procedure [16].
This ligand has been synthesized at reflux condition by Johnson et al, but here we synthesized this
ligand at room temperature with higher yield in methanol or chloroform as solvent (Scheme 1).
Allylamine (IUPAC name: 3-amino-prop-1-ene) (10 mmol) was dissolved in 30 ml of absolute
methanol or chloroform and added slowly to a stirred solution salicylaldehyde (IUPAC name: 2-
hydroxybenzaldehyde) (10 mmol) in 30 ml of absolute methanol or chloroform in ambient temperature.
The color immediately changed to yellow. The mixture was then stirred for 2h in ambient temperature
before removal of solvent under vacuum. The result was yellow oil. Yield 86%, Anal. Calc. for
CioH;,ON: C, 74.51; H, 6.88; N, 8.69: Found: C, 74.90; H, 6.76; N, 8.75. FT-IR (KBr, cm™): (O-H)
3485 (br, vs); (C=N) 1627 (vs). 'HNMR (CDCls, 400 MHz, 298 K) §ppm: 11.1 (1H, s, OH); 8.30 (s,
1H, N=CH); 7.1- 7.8 (m, 4H, Ar), 6.1 (m, 1H, CH=CH,); 5.3 (d of d, 1H, CH = CHH); 5.20 (d of d,
1H, CH=CHH), 4.2 (d, CH,CH=CH,). "CNMR (CDCls, 400 MHz, 298 K) dppm: 166.0, 161.6, 135.3,

132.7,131.9, 119.5, 119.1, 117.5, 116.9, 61.2.

2.4.Preparation of complexes

2.4.1. General synthesis

A MeOH or CHCIj; solution (20 cm3) of allylamine (IUPAC name: 3-amino-prop-1-ene) (3 mmol) was
added dropwise to a MeOH or CHCl; solution (20 cm®) of the salicylaldehyde (IUPAC name: 2-

hydroxybenzaldehyde) (3 mmol). The yellow, air stable solution was stirred for 2h in ambient



temperature. Then a solution of triethylamine (4 mmol) in absolute MeOH (5 cm3) was added to the
solution. The solution was essentially dark yellow at this time. The mixture stirred for 10 min, and then
a solution of appropriate metal salt (1.5 mmol Zn(NO3),.6H,0O, CuCl,.2H,0 and VO(acac); salts and 1
mmol for CoCl,.6H,O salt) in absolute MeOH (20 cm3) was added dropwise. The resulting solution

was stirred for 12h ambient temperature.

2.4.2. Vanadium (II) complex VOL,

The resultant clear yellow solution was allowed to stand overnight.” After concentration at room
temperature, dark yellow precipitate was collected by filtration. Appropriate single crystals for X-ray
crystallography were obtained directly from the reaction mixture. The typical yield was 72%. Anal.
calc. for CooHyoN>O3V: C: 62.02, H: 5.20, N: 7.23. Found: C: 61.87, H: 5.26, N: 7.24. Selected IR data

(KBr, cm™): 1622 (v—n), 1473 (vx), 1328 (Vo)

2.4.3. Cobalt (I1) complex CoLs;

The solution was slowly evaporated to dryness at room temperature to yield a red solid which was
purified by washing with 50 ml of diethyl ether about five times and the obtained green precipitate was
dried in air. The red needle crystals were obtained in chloroform by recrystallization. The typical yield
was 79%. Anal. calc. for C3oH30CoN3Os: C: 66.79, H: 5.60, N: 7.79. Found: C: 66.89, H: 5.52, N: 7.90.

Selected IR data (KBr, cm'l): 1623 (\o=n), 1449 (v—n), 1322 (v—o0).

2.4.4. Copper (II) complex CuL,
Dark green crystals were collected by filtration. The green flat crystals were obtained in chloroform by
recrystallization. The typical yield was 91%. Anal. calc. for Cy0H20CuN,O,: C: 62.57, H: 5.25, N: 7.30.

Found: C: 62.70, H: 5.19, N: 7.36. Selected IR data (KBr, crn'l): 1621 (e=n), 1472 (ve—N), 1328 (—o0).



2.4.5. Zinc (II) complex ZnL,

The resultant clear yellow solution was allowed to stand overnight. After concentration at room
temperature, dark yellow crystals were collected by filtration. Appropriate single crystals for X-ray
crystallography were obtained directly from the reaction mixture. The typical yield was 83%. Anal.
calc. for CooHpyoN2O»Zn: C: 62.27, H: 5.23, N: 7.26. Found: C: 62.43, H: 5.16, N:7.33. Selected IR data

(KBr, cm™): 1625 (—n), 1433 (), 1323 (o). The '"H NMR and "*C NMR spectral data are given

in Table 1.

3. Results and discussion

The yellow Schiff base HL, obtained by the self-condensation reaction between allylamine and
salicylaldehyde in absolute methanol or chloroform as solvent at ambient temperature reported in
Scheme 1, is a yellow oil, stable in air and moderately soluble in the most common organic solvents.
Vanadium(IV), Copper(Il) and Zinc(II) Schiff-base complexes where obtained by treating VO(acac),,
CuCl,.2H,0 and Zn(NO3),:6H,O with two molar equivalents of the ligand in the presence of
triethylamine in room temperature, respectively (Scheme 2). Cobalt(III) Schiff-base complex obtained
by adding CoCl,.6H,O with three molar equivalents of the ligand in the presence of triethylamine in
room tempreture (Scheme 2). All complexes were characterized by elemental analysis (CHN), FT-IR
spectroscopy and single crystal X-ray diffraction technique. Also, The Schiff base ligand and its

Zinc(IT) Schiff base complex were investigated by NMR techniques.

3.1. IR spectra
In the FT-IR spectrum of the ligand, a sharp band appeared at 1627 cm™, which is attributed to the

C=N vibrations of the imine group [35-38]. In the FT-IR spectra of the Schiff base complexes this band



appeared at 1622, 1623, 1621 and 1625 cm’! for Vanadium(IV), Cobalt(III), Copper(Il) and Zinc(II),
respectively [22-30].

The spectrum of free ligand shows strong band in 1328 and 1475 cm™, assigned to the C—O and C—N
stretching of the ligand. However, after complexation of C—O and C—N group via oxygen and
nitrogen to the metal ion, these bands were observed at the region of 1329 and 1473 cm™ for
Vanadium(IV), 1322 and 1449 cm’ for Cobalt(1II), 1328 and 1472 cm’! for Copper(IT) and 1323 and
1433 cm™ for Zinc(I) complex. In complexes, absence of the phenolic O—=H vibration indicates that
ligand is deprotonated in complexes.

Monomeric five coordinated vanadyl complex shows a band around 970 cm™ whereas in polymeric six
coordinated vanadyl complexes with linear (polymeric) ...V=0...V=0... units this band shifts to lower
wave numbers and appears around 860 cm™' [39-42]. Thus the sharp band at 977 cm™ in the FT-IR
spectrum of the vanadium(IV) Schiff base complex, VOL,, is attributed to V=0 vibrations, indicating
the monomeric form of the L,V=0 Schiff base complex in the solid state, as confirmed by the single

crystal X-ray diffraction.

3.2.NMR spectra

The diamagnetic Zinc(Il) complex, ZnL,, was studied by 'H and °C NMR experiments (Table 1). The
'H and ">C NMR: were run immediately after solution in CDCl; and gave the expected simple
spectrum, indicating the integrity of the complexes. The spectra obtained after 12, 24 and 120 h were
similar to the initial spectra indicating that the complexes are stable in solution.

The 'H NMR spectrum of the complex is almost similar to that of the ligand with slight shift to lower
fields. The signal for the imine proton in the zinc complex appears at 8.17 and this is shifted downfield
with respect to the corresponding signal in the free ligand, indicating that the metal-nitrogen bond is

retained in solution. No signal corresponded to hydroxyl protons at 11.1 ppm, suggested that the



hydroxyl groups are fully deprotonated and the oxygen is most likely coordinated to the metal ions.
The *C NMR spectrum shows 10 signals for ZnL, complex. The peak at 171.5 ppm, assignable to the

imine carbon atoms, confirms the presence of the Schiff base in the complex [35].

3.3.Description of the crystal structures

3.3.1. Structure description of ZnL;

The molecular structure of ZnL; is shown in Figure 1. Selected bond distances and angles are listed in
Table 3. The molecular structure of the ZnL, complex is revealed to be'a monomeric complex with an
approximately planar configuration about the central zinc centre. The salicylaldiminato ligands are
arranged with respect to each other in a trans orientation such that one allyl substituent lies above the
[CuO2N2] plane and the other below.

The Zn-O distances of 1.8865(17) and 1.8933(18) A and the Zn-N bond lengths of 1.9999(19) and
2.0111(19) A are similar to those seen in related complexes [16, 43-45]. For instance, distances of
1.8967(19) and 2.001(2) A for the Zn~O and Zn-N bonds, respectively, are found in a related bis{2-
[(1H-pyrrol-2-yl)methyliminomethyl] phenolato- &N,0 } zinc(IT) complex derived from (1H-pyrrol-
yl)methanamine and salicylaldehyde [45]. The C=C distances in ZnL, are 1.295 (4) A (C9=C10) and
1.293 (4) A (C19=C20), are well within the range expected for double bonds found in allyl derivatives.
The C=N bond distances are 1.288 (3) A (N1=C7) and 1.285 (3) A (N2=C17), which are consistent
with a slight elongation of the C—N double bond when coordinated to a late metal center [16]. The allyl
groups are approximately centrosymmetric to one another but no significant interaction with a metal
center is observed, thereby allowing access for covalently bond on an insoluble support as
heterogeneous catalysts [18-21].

As we know, non-covalent interactions are at the core of most chemical and biological processes and

hence knowledge of their nature, strength, occurrence and consequences is of paramount importance



[46]. The weak non-covalent interactions such as C-H...X (X = O, N, S, halogen) and mmstacking,

while weaker than the classical H-bonds, also play notable roles in conformation, crystal packing,
supramolecular assembly and physicochemical properties and thus have implications in drug design,
material design and supramolecular synthesis [46-52].

Although there are no classical hydrogen bonds in the structure, but two intramolecular C-H...O
contacts are observed in the solid State (Table 4). Intramolecular hydrogen bond occurs between
C(8)—H(8B)...0(2) [2.785(3) A] atoms and C(18)—H(18A)...0(1) [2.771(3) A] atoms (Fig. 1). The
intramolecular C-H...O hydrogen bonds result in the formations of the five membered rings
(0O2/Zn1/N1/C8/H8B and O1/Zn1/N2/C18/H18A) having envelope conformations with H8B and H18A
atoms displaced by 0.605 and 0.606 A, respectively, from the planes of the other ring atoms.

Another interesting feature of the ZnL, complex; is the presence of w..mand C-H...mwinteractions
(Figures 2 and 3; Tables 5 and 6). C—H...medge-to-face interactions are present between CH groups
with H...mdistance of 2.90 A for C(10)—H(10A)...Cg(4) and 2.95 A for C(15)—H(15)...Cg(2) [Cg(2)
is centroid for C(11)/C(16) ring and Cg(4) is centroid for Zn(1)/O(2)/C(11)/C(16)/C(17)/N(2) ring]
(Fig. 2). Also, m..winteractions are exist between Cg(1)...Cg(2) with centroid—centroid distance of
3.7361(15) and 3.8016(15) A, in which Cg(1) and Cg(2) are centers of

Zn(1)/O(1)/C()/C(6)/C(7)/N(1) and C(1)/C(6) rings, respectively (Scheme 4, Fig. 3 and Table 6). This
continuum of 7. .minteractions runs parallel to the bc plane.

Reaction of 2-allylsalicylideneimin with Zn(OAc),.2H,0 in reflux condition, named ZSB, has
previously been reported by Johnson et al [16]. Single crystal X-ray diffraction studies reveal that this
complex to be a dimer with bridging salicylaldiminato ligands resulting in a distorted trigonal

bipyramidal geometry around each zinc centre (Scheme 3). Difference in kind of product can be

resulted by two reasons: kind of metal ion [(Zn(NOs3),.6H,O or Zn(OAc),.2H,0O)] and reaction



condition (reaction under reflux or in room temperature). For investigation of reaction conditions in
kind of product (dinuclear or mononuclear complex), we react the Schiff base ligand with
Zn(NO3),.6H,O in reflux condition. The result was mononuclear complex. From this test we
understand that change in reaction condition don’t change the kind of products. As a result;, in
comparison with the previously reported zinc dinuclear Schiff-base complex, the formation of the
mononuclear zinc complex may be caused only by influence of the used metal ion [Zn(NO3),.6H,O

instead of Zn(OAc),.2H,0].

3.3.2. Structure description of VOL;

An ORTEP view of VOL; with the atom-numbering scheme is shown in Fig. 4. In this complex, the
oxidovanadium(IV) unit is coordinated to two bidentate Schiff base ligands with the two nitrogen and
two phenolate oxygen atoms in equatorial positions and one oxygen in the axial position to complete
the distorted tetragonal pyramidal N2O3 coordination sphere. The bond angles within the coordination
sphere range from 84.57(15)° for O(2)-V(1)-N(1) to 164.03(16)° for O(2)-V(1)-N(2), which indicates
a significant distortion of the tetragonal pyramid. The V—O [1.909(3) and 1.899(3) A] and V—N
[2.089(4) and 2.106(4) A] bond distances in VOL, agree well with the same distances and angles in
other oxidovanadium(IV) Schiff base complexes [29, 39, 53-57]. The vanadyl (V=0) bond length,
1.583(3) A, is similar to this bond in other oxidovanadium(IV) Schiff base complexes [29,39,58] and
gives a strong absorption in the FT-IR spectrum at 977 cm™. The two Schiff base ligands coordinate to
the vanadium center in a trans geometry with respect to each other. As shown in Fig. 4 and Table 4,
there are three intramolecular nonclassical C(8)—H(8A)...0(2), C(9)—H(9)...0(3) and C(18)—
H(18B)...0(1) hydrogen bonds in VOL,. In the molecular packing of VOL,, two molecules are
connected by intermolecular non-classical C(17)-H(17)...0(3) [2.715(3) A] hydrogen bonds (Fig. 5).

Also, in the lattice, the monomeric VOL; moieties are linked to parallel chain through C—H---w stacking



interactions (Figure 6). These C-H:--n edge-to-face interactions are present between CH group of
phenyl rings with Cg(1) with H---m distances of 3.657(6)1& [Cg(1): C(3)—H(3)...Cg(1)]. Additionally,
the sum of the weak non-covalent interactions seems to play an important role in the crystal packing

and the formation of the framework.

3.3.3. Structure description of CoL;

The molecular structure of CoLj3 is shown in Figure 7. Selected bond distances and angles are listed in
Tables 3. The X-ray structural study reveals that the complex crystallizes in the monoclinic system with
P2,/c space group. The coordination sphere about cobalt consists of three phenolato oxygens and three
imino nitrogen atoms from three Schiff base ligands, then the cobalt(Ill) ion adopts a distorted
octahedral geometry. Each Schiff base ligand acts as a chelate using a phenolato oxygen and an imino
nitrogen. In this complex, the equatorial plane is formed by the coordination of three imino nitrogen
atoms [N(1), N(2) and N(3)] from three Schiff base ligands and one phenolato oxygen atom [O(1)]
from one Schiff base ligand. The apical positions are occupied by two phenolic oxygen atoms [O(2)
and O(3)] from two Schiff base ligands. Average bond length of Co—N (~1.94 A) is slightly longer
than the average bond length of Co—O (~1.90 A). The average bond angles of cis-N-Co-O, cis-O-Co-
O and cis-N-Co-N angles and the bond angles of trans-N-Co-O, trans-O-Co-O and trans-N-Co-N
angles are similar to those reported for Co(Ill) complex derived from 5-bromo-2-hydroxybenzyl-2-
furylmethyl)-imine as bidentate schiff base ligand (Table 3) [59].

As depicted in Fig. 8, in the crystal packing of CoL3, adjacent molecules are assembled through week
C—H...=w stacking interaction. These C—H---w stacking interactions are present between CH groups and
aromatic rings with H--m distances of 2.93 A and 2.97 A for C(2—H(2)...Cg(5) and C(17)—

H(17)...Cg(6), respectively, in which Cg(5) is the centroid for the C(11)/C(16) ring and Cg(6) is the



centroid for the C(21)/C(26) ring (Fig. 8 and Table 5). These C—H---x interactions form a layer structure

along the crystallographic bc plane [011].

3.3.4. Structure description of CulL,

Cul; complex has previously been synthesized in reflux condition by Johnson ez al with copper
acetate as metal ion and the molecular structure of that has been described [16].As part of this study,
we synthesized this complex again in room temperature with copper chloride dihydrate for
understanding the effect of these two elements (kind of metal ion and reaction condition) in kind of
product. As we said about zinc complex in above, we can go from binuclear zinc(Il) complex to
mononuclear zinc(Il) complex with change of metal ion [Zn(OAc),.2H,0 instead of Zn(NO3),.6H,O].
However, for Cu(Il) complex, different metal ions and different reaction condition don’t have any
influence on the product and the products in different conditions are identical.

An ORTEP view of Cul, with the atom-numbering scheme is presented in Fig. 9 and the
crystallographic data and selected bond lengths and angles are collected in Tables 2 and 3. The
crystallographic data reveal that the metal center are four-coordinated by two phenolate oxygen and
two imine nitrogen atoms of two Schiff base ligands. The ligands coordinate to the Cu(Il) center in
trans geometry with respect to each other. The geometry around the metal center is a distorted square-
planar, with P2;/c space group, as indicated by the unequal metal-ligand bond distances and angles.
Similar to ZnL, complex, two non-classical intramolecular hydrogen bonds of the type C—H...O are
formed between the C—H in the CH, group as donors and O in the salicylal moiety as acceptors (Fig.

9, Table 4). Similar to ZnL, complex, there are two intermolecular C-H...minteractions in Cul;
complex (Figures 10 and 11; Tables 5 and 6). C—H...wedge-to-face interactions are present between

CH groups with H...ndistance of 2.98 A for C(5)—H(5)...Cg(1) and 2.90 A for C(20)—H(20)...Cg(3)



[Cg(1) 1s centroid for Cu(1)/O(1)/C(1)/C(6)/C(7)/N(1) ring and Cg(3) is centroid for C(1)/C(6) ring]
(Fig. 10).

As depicted in Fig. 11, in the crystal packing of CuL,, adjacent molecules are assembled through n—n
stacking interaction and extended along b-axis. Centroid—centroid distances between two. rings are

3.748(2) and 3.803(2) A, a typical distance for systems held by m..mstacking interactions [60].

4. Conclusion

In conclusion, we have synthesized four macroacyclic Schiff base V(IV), Co(IlI), Cu(Il) and Zn(II)
complexes derived from an asymmetric bidentate Schiff-base ligand (HL) at ambient temperature.
Ligand and all complexes were characterized by the elemental analysis (CHN) and FT-IR
spectroscopy. Also, 'H and C NMR techniques were employed for characterization of the ligand
(HL) and diamagnetic complex ZnL,. The structures of all complexes have been established by using
single crystal X-ray diffraction analysis. The Zn(II) and Cu(II) atoms are coordinated by two phenolic-
O atoms and two azomethine-N atoms to form a square-planar geometry. In the structure of Co(III)
complex, the coordination sphere about Cobalt(III) consists of three phenolato oxygens and three imino
nitrogen atoms from three Schiff base ligands, then the cobalt(IlI) ion adopts a distorted octahedral
geometry. The Vanadium(IV) complex crystallizes in the monoclinic system, with space group P2/,
having one symmetry-independent V* ion coordinating in an approximately square pyramidal N>O3
geometry by two imine nitrogen, two phenolato oxygen atoms from two Schiff base ligands in a square

plane and one oxygen atom in an apical position.
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Appendix A. Supplementary data

Crystallographic data for the structures in this paper have been deposited with the Cambridge
Crystallographic Data Centre as the supplementary publication no. CCDC 1021989, 1021987, 1021988
and 1021986 for ZnlL,, CuL,, VOL; and ColLs3, respectively. Copies of the data can be obtained, free
of charge, on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (Fax: +44 1223 336033

or e-mail: deposit@ccdc.cam.ac.uk).
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Scheme 2. Synthetic routes for the preparation of the complexes
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Scheme 3. Simplified scheme showing synthesis of the Zinc(II) Schiff-base complexes with Zn(OAc),

in reflux condition [16] and with Zn(NO3); in reflux condition and ambient temperature.
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Scheme 4 Schematic representation of geometrical parameters for definition of n—n stacking between
two rings (M= Zn(II) and Cu(II).



Fig. 1. ORTEP representation of ZnL,. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are shown as small spheres of arbitrary radii. Hydrogen bonds are shown as dashed lines.
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Fig. 3. A side view representation of ZnL, showing intermolecular «...w stacking interaction between
Cgl1—Cg2 with centroid—centroid distance of 3.736(15) A and 3.8016(15) A.



€20

Fig. 4. ORTEP representation of VOL,. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are shown as small spheres of arbitrary radii. Hydrogen bonds are shown as dashed lines.



Fig. 5. Crystal packing of VOL,. Dashed lines represent the nonclassical hydrogen bonds

Fig. 6. Illustration of C—H...7 interactions in molecular structure of VOL,



Fig. 7. ORTEP representation of CoL3. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are shown as small spheres of arbitrary radii.

Fig. 8. lllustration of C—H...minteractions in molecular structure of CoL;



Fig. 9. ORTEP representation of Culi,. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are shown as small spheres of arbitrary radii. Hydrogen bonds are shown as dashed lines.
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Fig. 11. A side view representation of Cul, showing intermolecular «...n stacking interaction between
Cg2—Cg4 with centroid—centroid distance of 3.748(2) A and 3.803(2) A.



Table 1. '"H NMR and ">C NMR data for ZnL, complex

C 1 13
2 4\05 HNMR CNMR
3
| I H; 8.17(s) Cy 171.5
C C
N N, H; 7.32(t) C 165.7
Hooa (|) Hl H;s 726(dofd) G 135.1
Z ~
L Ts H, 6.86(d) Cy 135.8
9~
\ -
o Zn Coxe H, 6.62(t) Cs 1332
bHg \\s \ 10
N H 5.85 C 123.1
N O 9 (m) 4
Hga
° | ", Hiop 5.20(d) C, 119.6
Hy
Hio 5.08(d) Cs 118.5
He Hy HgHgy  4.32(d) Cio 1145
N Cs 62.8

s, singlet; d, doublet; t, triplet; m, multiplet



Table 2 Crystal data and structure refinement.

ZHL2 VOL2 COL3 Clle
Empirical formula CQ()HQ()NQOZZH C20H20N203V C30H30N303C0 C20H20N202Cll
Formula weight 385.75 387.32 539.50 383.92
Temperature 298(2) K 298(2) K 298(2) K 298(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A 0.71073 A
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2,/c P2,/c P2,/c P2,/c
Unit cell dimensions a=10.780(2) A a=9.808(2) A a=92121(18) A a=10.795(2) A

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Theta range for data
collection

Index ranges

Reflections collected
Independent
reflections

Data Completeness
Refinement method

Data / restraints /
parameters
Goodness-of-fit on F>
Final R indices [I>2c

(D]
R indices (all data)

Largest diff. peak and
hole

b =7.4988(15) A
c=22.375(5) A
B =103.04(3)°
1762.1(6) A®

4

1.454 Mg/m®
1.409 mm™

800

2.87 to 25.00°

-12<h<I2
0<k <8

0<1<26

3095

3095 [Ryiny = 0.0408]

99.8 %
Full-matrix least-

squares on F*
3095/07/226

0.937
R, =0.0287

wR, = 0.0776
R; =0.0363
wR, =0.0788

0.200 and -0.490 e. A
3

b=28.8710(18) A
c=22.065(4) A
B =99.64(3)°
1892.6(7) A®

4

1.359 Mg/m’
0.545 mm’!

804

2.48 to 25.00°

-11<h<II
-10<k <10
-26<1<24

11041

3335 [Rny = 0.1060]

99.9 %
Full-matrix least-
squares on F
3335/3/235

0.877
R; =0.0418

wR, = 0.0708
R,=0.1512

wR, = 0.0829

0.418 and -0.237 e.A”®

b=19.438(4) A
c=15.275(3) A
B =96.14(3)
2719.6(9) A®

4

1.318 Mg/m’
0.666 mm"
1128

2.49 t0 25.00°

-10<h <10

-23<k <0

-18<1<18

8830

4780 [R(int) = 00725]

99.9 %
Full-matrix least-
squares on F’ .
4780/8/363

0.969
R, =0.0369

wR, = 0.0567

R, =0.1496

wR, = 0.0652

9.209 and -0.284 e A-

b=7.5114(15) A
¢ =22.420(5)A
B=102.91(3)
1772.0(6) A®

4

1.439 Mg/m’
1.248 mm’!

796

2.97 to 25.00°

-12<h<I2
-8<k <8

-26<1<26

9898

3108 [Ryyy = 0.0798]

99.8 %
Full-matrix least-
squares on F’ >
3108 /07226

0.954
R; =0.0312

wR, = 0.0355

R, =0.1015

wR, = 0.0426

9.237 and -0.328 e.A




Table 3. Selected bond distances (A) and angles (°) for ZnL,, VOL,, NiL; and CoL;.

ZHLZ VOL2 CULZ COL3
M(1)*—0O(1) 1.8865(17) 1.909(3) 1.902(2) 1.905(3)
M(1)—O(2) 1.8933(18) 1.899(3) 1.896(2) 1.893(3)
M(1)—N(1) 1.9999(19) 2.089(4) 2.014(3) 1.935(3)
M(1)—N(2) 2.0111(19) 2.106(4) 2.003(3) 1.944(3)
M(1)—O0(@3) 1.583(3) 1.910(3)
M(1)—NQ3) 1.947(3)
O(1)-M(1)-0(2) 176.49(9) 127.30(16) 176.45(14) 86.56(12)
O(1)-M(1)-N(1) 92.62(8) 87.22(16) 91.11(13) 89.99(15)
O(2)-M(1)-N(1) 88.17(8) 84.57(15) 88.14(13) 90.47(15)
O(1)-M(1)-N(2) 88.04(8) 87.11(14) 88.44(12) 176.18(15)
O(2)-M(1)-N(2) 91.23(8) 164.03(16) 92.38(12) 90.82(14)
N(1)-M(1)-N(2) 178.63(8) 164.03(16) 178.61(13) 92.82(17)
C(1)-O(1)-M(1) 129.78(15) 133.5(3) 130.3(3) 118.9(3)
C(17)-N(2)-M(1) 123.98(16) 126.3(3) 122.9(3) 121.4(3)
C(18)-N(2)-M(1) 120.67(15) 115.0(3) 120.6(2) 120.8(3)
C(11)-0(2)-M(1) 130.04(16) 134.3(3) 130.1(2) 121.3(3)
C(7)-N(1)-M(1) 123.24(16) 126.5(4) 123.9(3) 122.0(3)
C(8)-N(1)-M(1) 121.46(14) 118.1(3) 120.2(3) 119.7(3)
O(2)-M(1)-0(3) 175.31(13)
O(1)-M(1)-0(3) 91.29(12)
O(3)-M(1)-N(1) 85.35(15)
O(2)-M(1)-N(2) 90.82(14)
O(3)-M(1)-N(2) 91.52(15)
O(1)-M(1)-N(3) 86.10(14)
O(3)-M(1)-N(3) 93.20(15)
N(1)-M(1)-N(3) 175.81(16)
N(2)-M(1)-N@3) 91.15(16)
C(21)-0(3)-M(1) 122.77(3)
C(27)-N(3)-M(1) 121.7(3)
C(28)-N(3)-M(1) 119.4(3)

* M= Zn for ZnL,, V for VOL,, Ni for NiL,, Co in case of CoL3



Table 4. Intramolecular hydrogen bond geometries (A,C’) for ZnL,, Cul; and VOL,

D—H...A D—H H..A D...A D—H...A
Zl‘le

C(8)—H(8B)...0(2) 0.97 2.38 2.785(3) 104

C(18)—H(18A)...0(1)  0.97 2.37 2.771(3) 104
CllL2

C(8)—H(8A)...0(2) 0.97 2.35 2.766(5) 105

C(18)—H(18B)...0(1)  0.97 2.35 2.777(5) 106
VOL,

C(8)—H(8A)...0(2) 0.97 247 3.009(7) 115

C(9)—H(9)...0(3) 0.93 2.40 3.179(8) 141

C(18)—H(18B)...0(1)  0.97 2.40 3.012(7) 121




Table 5 Analysis of X—H...Cg(Pi-Ring) Interactions (H...Cg < 3.0 Ang) for ZnL,, CuL,, VOL; and

COL3

X—H()...Cg(J)* H...Cg X...Cg X—H...Cg
ZIIL2

C(10)—H(10A) ...Cg4) 2.90 3.760(3) 154
C(15)—H(15)...Cg(2) 2.95 3.717(3) 140
CllL2

C(5)—H(5)...Cg(1) 2.98 3.735(4) 140
C(20)—H(20A)...Cg(3) 2.90 3.768(5) 156
VOL,;

C(@3) —H(3)...Cg(1) 2.84 3.657(6) 147
COL3

C(2)—H(2)...Cg(5) 2.93 3.815(6) 159
C(17)—H(17)...Cg(6) 2.97 3.825(5) 154

* For ZnL, Cg(4): C(11)/C(16) ring; Cg(2): Zn(1)/0(2)/C(11)/C(16)/C(1T)N(2) ring; for CuL, Cg(1):
Cu(1)/0(1)/C(1)/C(6)/C(T)/N(1) ring; Cg(3): C(1)/C(6) ring. For VOL3 Cg(1): V(1)/0(1)/C(1)/C(6)/C(7)/N(1); For CoLs;
Cg(5): C(11) /C(16) ring; Cg(6): C(21) /C(26) ring.



Table 6 Aromatic interaction parameters (A and °) for description of 7— interaction in ZnL; and

CllL2
Cg(H—-Cg(d) B,y* Symmetry
codes

Zan

Cg(1)...Cg3) 3.7361(15) 3.30(10) 23.89,26.58 3.3413(8), 1.513,1.672 -X-Y,-Z
3.4161(10)

Cg(3)...Cg(1) 3.8016(15) 3.30(10) 25.09,26.61 3.3989(8), 1.612,1.703 -X.1-Y,-Z
3.4428(10)

CllL2

Cg(2)...Cg4) 24.18,26.62 3.3506(12), 1.679,1.536 -X,1-Y,-Z
3.4188(17)

Cg(2)...Cg4) 25.23,26.61 3.3998(12), « 1.366,1.703 -X,2-Y,-Z

3.4398(16)

* Centroid—centroid distance. ® Dihedral angle between the ring plane. ¢ Offset angles: angle between Cg(I)-Cg(J) vector and
normal to plane I, angle between Cg(I)-Cg(J) vector and normal to plane J.(B =y when a = 0). ¢ Perpendicular distance of
Cg(D) on ring J and perpendicular distance of Cg(J) on ring I. ° Horizontal displacement between Cg(I) and Cg(J), two
values if the two rings are not exactly parallel (o # 0). For ZnL, Cg(1): centroid of Zn(1)-O(1)-C(1)-C(6)-C(7)-N(1);
Cg(2): centroid of C(1)-C(2)-C(3)-C(4)-C(5)-C(6). For CulL, Cg(2): centroid of Cu(1)-O(2)-C(11)-C(16)-C(17)-N(2);

Cg(4): centroid of C(11)~C(12)-C(13)-C(14)-C(15)-C(16).



Highlights
A bidentate Schiff base ligand (HL) was synthesized and characterized by different spectroscopic
techniques.

VOL;, CoLs3, Cul; and ZnL; complexes were synthesized with the bidentate Schiff base ligand.

All the complexes were characterized by elemental analysis (CHN), FT-IR spectroscopy and single
crystal X-ray diffraction technique.

ZnL; complex was investigated by NMR techniques.



