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ABSTRACT: A binuclear macrocyclic ligand containing dissimilar N(amine),0, and N(imine).0;
coordination sites sharing two phenolic oxygen atoms, was prepared by cyclic condensation of
dialdehyde precursor L*H; with 1,3-diaminopropane. The ligand includes two propionitrile pendant
arms on the amine nitrogen atoms. The homobimetallic complex [ZnL?Zn(OAc)]PFs was synthesized
by one step procedure. Heterobimetallic complexes [ZnL2M(OAc)]PFs that M= Cu(ll) and Ni(ll),
were prepared by a trans-metallation reaction. The prepared complexes were characterized
on the basis of molar conductance measurement, elemental analysis, IR, NMR and UV-Vis
spectroscopy techniques. Characterization results showed that the nitrogen atoms of propionitrile
pendant arms are not involved in the coordination to the metal center and also the two metal ions
are bridged by two phenolic oxygen atoms and an acetate group.
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INTRODUCTION

Dinuclear ligands and their metal complexes
have been attracted attention of many researchers in recent
years due to their interesting catalytic properties [1],
ability to stabilize unusual oxidation states [2] and importance
in biomimetic studies of binuclear metalloproteins [3].
Extensive studies have been carried out on the chemistry
of mono and bimetallic complexes of dicompartmental

ligands. The compartmental ligands are containing two
metal binding sites, that are unsymmetrical with respect
to the cavity size, coordination number, geometric
requirement, or the nature of the donor atoms [4,5].
Among the various types of dicompartmental ligands,
special focus was on the phenol base compounds
with the general structure of A shown in Scheme 1.
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Scheme 1: Dicompartmental ligands.
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Okawa and coworkers investigated the compartmental
ligands with inactive pendant arms that provide
two unsymmetrical tetra-coordination sites [6,7].
Researches conducted by Bosnich [8,9], Busch [10], and
Golchoubian [11,12] shown have that by suitable design
of the ligands with active pendant arms, dicompartmental
ligand with hexa- and tetra coordinated sites can be
achieved. These ligands potentially can provide bimetallic
complexes with one coordinatively saturated and another
unsaturated metal. Some types of mono and bimetallic
complexes of macro -cyclic and -acyclic ligands
have been prepared and their structures and reactivities
were investigated in our laboratory [13-16]. In this work
we prepared homo- and heterobimetallic complexes with
an unsymmetrical phenol based dicompartmental ligand
containing two propionitrile pendent arms as shown
in type B in Scheme 1. This macrocyclic ligand is able
to coordinate two metal ions in its different N(amine).O:
and N(imin),0, compartments. Nitrile group is
potentially able to coordinate to the metal ions such as
Co(Il), Ni(I1), and Cu(ll) in macrocyclic complexes [17-19]
and this coordination can be study by the changes of
C=N stretching frequency in the IR spectra [20].
The objective of this work is to investigate the influence
of 1,3-diaminopropane linker (n = 3 in scheme 1)
on the structure of the resultant dinuclear complexes.

EXPERIMENTAL SECTION
Materials and measurements

All of the chemicals were of analytical grade and used
without any purification. Conductance measurements
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were made at 25°C with a Jenway 400 conductance meter
on 1.0x10° mol L samples in acetonitrile solution.
'H NMR and *3C NMR spectra were measured with Bruker
500 and 400 DRX Fourier Transform Spectrometers
at room temperature. Infrared (IR) spectra were recorded
in KBr by a single beam Bruker VECTOR22 FTIR
in the range of 400-4000 cm™. Electronic spectral
meagerments were carried out using UV-Vis spectrophotometer
in the range of 200-800 nm. C, H, N analyses were performed
on a LECO 600 CHN elemental analyzer. All samples
were dried to a constant weight under high vacuum prior
to analysis. The compound 2-hydroxy-3-chloromethyl-5-
methylbenzaldehyde was prepared by published method [21].

N,N’-bis-(2-cyanoethyl)-1,3-diaminopropane

To a methanolic solution (2mL) of
1,3-diaminopropane (20 mmol) acrylonitrile (40 mmol)
was added dropwise during 40 min at room temperature.
The solvent was then removed under vacuum. The desired
product was obtained as a pale yellow liquid (1.74g, 97%).
FT-IR (v/em™): 2246 (C=N str), 3311 (b, NH str).
H NMR (400 MHz in CD3;0D) & (ppm); 1.56 (br s, 2H,
N-H), 1.67 (quint, 4H, CH,-CH2-CH>), 2.52 (t, 4H,CH>-
CN), 2.73 (t, 4H, CH,-CH,CN), 2.91 (t, 4H, NCH2CH>-
CH2-N). 3C NMR § (ppm); 18.7 (CH2-CN); 29.7 (CH2-
CH,-CHy); 45.1 (CH,-CH2CN); 47.8 (NCH2CH,-CH»-N),
118.8(C=N).

Dialdehyde ligand, L'H:

2- Hydroxy -3- chloromethyl -5- methylbenzaldehyde
(0.92 g, 5.0 mmol), was dissolved in 1,4-dioxane (25 mL)
and anhydrous K,COs (1.38 g, 2.7 mmol) was added.
To the resulting mixture, N,N~-bis-(2-cyanoethyl)-1,3-
diaminopropane (0.48 g, 2.50 mmol) was then added.
The reaction mixture was stirred at reflux temperature for 6 h,
and was then filtered through Celite after cooling
to the room temperature. Dioxane was removed in vacuum
to give a thick orange-brown oil, which was treated with
an aqueous solution of HCI (15%) to reach pH=1.
The yellow suspension was then extracted by CHCl;
(3x20 mL). The aqueous layer was adjusted to pH=7.0
with aqueous NaOH (40%) and then to pH = 8.4 by
the addition of a saturated aqueous solution of NaHCO:s.
The oily mixture was extracted with CH,Cl, (4x20 mL) and
the combined organic extracts were dried over anhydrous
Na,SO4. Filtration and concentration under reduced
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pressure gave essentially pure L'H; (0.77 g, 65%) as a
pale brown oil. FT-IR (v/em): 2248 (C=N str), 1650
(C=0 str), 3421 (OH str). *H NMR (400 MHz in CD;0D)
& (ppm); 1.7 (m, 2H), 2.3 (s, 6H), 2.53 (t, 4H), 2.62
(t, 4H), 2.80 (t, 4H), 3.7 (s, 4H),7.30 (s, 2H), 7.39 (s, 2H),
9.94 (s, 2H). ¥C NMR § (ppm); 16.1 (CH.CN), 20.3
(Ar-CHas), 24.8 (Ar-CH:N), 38.1(NCH.CH.CN), 49.2
(NCH2CH,CH2N), 51.5 (CH:CH.CH,), 119.0 (CN),
120.7 (Ar), 125.7 (Ar), 129.0 (Ar), 131.8 (Ar), 138.3
(Ar), 157.9 (Ar), 195.5 (C=0).

Metal complexes
[ZnL?Zn(u-OAc)]PFs

To a solution of ligand L*H,, (0.48 g, 1.0 mmol) in
ethanol (20 mL), EtsN (3 mL, 2.0 mmol) and
Zn(OAC)22H,O (0.45g, 2.0 mmol) was added, and
the reaction mixture was stirred for 3h. Then a solution
of 1,3-diaminopropane (0.09 ml, 1.05 mmol) and acetic acid
(0.12 mL, 2.09 mmol) in ethanol were added to the
resulting solution dropwise. After stirring for one day,
a saturated solution of NH4PFs in ethanol was added
and the resulting yellow solid was collected and washed
with ethanol (2x5 mL), ether (2x5 mL), and pentane
(2x5 mL). (yield: 0.3 g, 36%). Anal. Calc. for
C32H40F6NGO4PZH2 (MW = 848.44 g.mol'l): C, 45.30; H,
4.75; N, 9.91%. Found: C, 45.23; H, 4.74; N, 9.50%. FT-
IR (v/em™): 2259 (C=N str),1628 (C=N str), 558, 848
(PF¢). THNMR (400 MHz in DMSO) & (ppm); 2.5 (m,
2H), 2.2 (s, 6H), 2.7 (t, 4H), 3.0 (s, 4H), 3.3 (t, 4H), 3.9
(t, 4H), 7.1 (s, 2H),7.2 (s, 2H), 8.3 (s, 2H).1*C NMR §
(ppm); 8.5, 19.9, 20.2, 23.7, 29.4, 44.8, 54.4, 57.3, 62.7,
119.2, 120.3, 124.4, 124.6, 137.3, 137.8, 164.1, 171.8,
177.3.

[ZnL2Cu(p-OAc)]PFs

A solution of Cu(OAc),.H.0 (0.23 g, 1.2 mmol) in
ethanol (10 mL) was added to a solution of
[ZnL2Zn(OAC)]PFs (0.84 g, 1.0 mmol) in CHsCN (10 mL).
The green reaction mixture was stirred for 1 h. The
solution was partially concentrated at room temperature
to reduce CH3CN content. Ethanol was then added
in portions of (2x5 mL) and the solution was stirred
overnight. The dark green solid was collected and washed
with ethanol (2x5 mL), ether (2x5 mL), and pentane (2x5
mL). (0.25 g, 30%). Anal. Calc. for Cs2HsCuFsNsOsPZn
(Mw = 846.6 g / mol): C, 45.40; H, 4.76; N, 9.93%.
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Found: C, 45.13; H, 4.65; N, 9.49%. FT-IR (v/em):
2255 (C=N str), 1633 (C=N str), 846, 559 (PF).

[ZnL2Ni(u-OAc)]PFs

This complex was prepared by the same method
described for [ZnL2Cu(u-OAc)]PFs  except that
Ni(OAC)2:4H,0 was used in place of Cu(OAc),-H,0.The
product was obtained as a pale green solid (yield: 24%).
Calc. for CsHaoNiFsNgO4PZn (My, = 841.7 g.mol?): C,
45.66; H, 4.79; N, 9.98%. Found: C, 45.93; H, 4.65; N,
10.22%. IR(v/cm-1): 2260 (C=N str), 1631 (C=N str),
843, 559 (PF¢).

RESULTS AND DISCUSSION

Syntheses

The amine moiety of the dialdehyde ligand LH;
was prepared by reaction of 1 shown in Scheme 2.
This diamine compound was obtained in a high yield by
condensing one part of 1,3-diaminopropane and two parts
of acrylonitrile at room temperature. Reaction of one
diamine molecule with two molecules of 3-chloromethyl-
2-hydroxy-5-methylbenzaldehyde, in 1,4-diaxane at
reflux temperature resulted in the formation of the
precursor dialdehyde acyclic ligand L*H; as a viscous oil
(Scheme 2, Reaction 2).

The macrocyclic homobimetallic complex
[ZnL?Zn(u-OACc)]PFs was synthesized by condensation
of the dialdehyde ligand L'H; with 1,3-diaminopropane
in the presence of a metal(ll) ion. This complex
was separated as solid from solution by the addition
of saturated NH4PFes. The heterobimetallic complexes
[ZnL?Cu(u-OAc)]PFs and [ZnL2Ni(u-OAc)]PFs were
synthesized by trans-metallation reaction [7,16].
The reaction was carried out by the addition of M(OAC),,
[M= Cu(ll) and Ni(ll)] to the bimetallic complex
[ZnL?Zn(u-OAc)]PFs at room temperature. The synthetic
route for the bimetallic complexes is shown in Scheme 3.

Characterization
NMR spectra

The NMR spectra of the ligand shows a signal at 9.94
ppm and 1955 ppm in !HNMR and 3¥C NMR,
respectively correspond to the aldehyde proton and
aldehyde carbon. Absence of these signals and
appearance of a signal at 8.3 ppm in *HNMR is
associated to the iminic proton and that of 177.3 ppm
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Scheme 2. Preparation of diamine (reaction 1) and dialdehide (reaction 2) precursors.
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Scheme 3. Synthesis scheme for preparation of dinuclear complexes.
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Table 1: Molar conductivity values of the complexes in
acetonitrile solution.
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Compound Am of the complexes, (Q*cm?mol?, at 25°C)
[ZnL?Zn(u-OAc)]PFs 136
[ZnL?Cu(u-OAc)]PFs 127
[ZnL2Ni(u-OAc)]PFs 134

1:1 electrolytes 120-160
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Fig. 1: The electronic absorption spectra of the

heterodinuclear complex.

in 3CNMR belongs to the iminic carbon of [ZnL?Zn(p-
OAC)]PFs . These results indicate complete closure
of the ligand. 'HNMR and *CNMR of this complex
show the signals corresponding to half of the molecule
that is indicative of a symmetrical structure.

Conductometric data

Conductometric data of the synthesized bimetallic
complexes in acetonitrile at 25°C are presented in
Table 1. The molar conductance, An of all these
complexes are in agreement with expected range of the
value for two-ion electrolytes. The results are consistent
with their formulas [22] and confirm the present of one
acetate ion in the inner coordination sphere and one PFe
ion in the secondary coordination sphere of the
complexes. This characterization in agreement with our
pervious results with ethylenediamine link in place of
1,3-diaminopropan [16].

Vol. 33, No. 3, 2014

Infrared spectra

The IR spectra of acyclic ligand LH, show the C=0
and C=N stretching bands at 1650 cm™ and 2248 cm™,
respectively. The vibration at 1650 cm™ shifts to 1630
cm® due to transformation of C=0 aldehyde band to
C=N imin band in the cyclic complexes [23,24]. The IR
spectra of the complexes are nearly identical. Two sharp
bands at 550 and 840 cm™ in these complexes, attributed
to the anti- symmetric stretching and anti-symmetric
bending vibration of PFg, respectively [25,26]. The C=N
stretching band in the complexes appears approximately
in the same position as the free ligand indicating that
the nitrogen atoms of the propionitrile pendant arms
are not involved in coordination to metal center. In the dinuclear
complexes anti-symmetric and symmetric vibration of the
acetate group appears at 1580 and 1440 cm?,
respectively. The small separation between the two
vibration modes (less than 150 cm™) indicates bridging
acetate in the complex [16, 27].

Electronic absorption spectra

The Electronic absorption spectra of the synthetic
complexes were recorded in acetonitrile solutions over
the range of 200-800 nm (Fig. 1). This region includes
d-d transitions and some metal-ligand charge transfers.
The visible spectrum of the complex [ZnL2Cu(u-OAc)]PFs
shows a band at about 600 nm assigned to the d-d
transition of the copper center. The d-d transition of
nickel(ll) in [ZnL2Ni(u-OAc)]PFs complex causes a
broad peak in this region. The observed bands at 270 nm
and round 350-370 nm in the binuclear complexes are
attributed to the azomethine linkage [28,29] and
intraligand n-n” transition, respectively [29].

CONCLUSIONS

The dicompartmental macrocyclic ligand containing
N(amine),O, and N(imine).O, coordination sites with
two propionitrile pendant arms were synthesized by
a stepwise method and the homo and heterobimetallic
complexes were prepared. Characterization results show
that the -CN moieties of the pendant arms are not
participate in binding to the metal ions. All attempts
to obtain single crystals of the desired quality for X-ray
crystallography to determine their structure have been failed.
However, the comparison of the characterization
results with those analogous complexes that their
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structures were established by x-ray crystallography
confirms the structure shown in Scheme 3 (see
supplementary materials Figs. S1-S8).
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