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Synthesis and Characterization of new D-%-D Type
Schiff Base Ligands by 1,10-Phenanthroline Derivatives
and its Complexes with Ruthenium(II)
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The Schiff base ligands L, and L, with D-wt-D type have been synthe-
sized from the reaction of 5-amino-1,10-phenanthroline and 5,6-diamino-
1,10-phenanthroline with 2-(hexyloxy)benzaldehyde. The ruthenium(II)
complexes of these ligands were prepared and characterized. The ligands
L, L, and ruthenium complexes have been characterized by FTIR, UV-
visible, '"H NMR and fluorescence spectra, as well as, elemental analyses
and mass spectra.
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INTRODUCTION

The past few decades have witnessed an explosion in the field of organic-based
conjugated materials. The structural moiety provides a rigidly planar 1,10-phenan-
throline and 2,2'-bipyridyl unit with in the molecular backbone. The derivatives of
1,10-phenanthroline, which have excellent hole blocking and electron transporting
properties, are likely to have interesting value in the construction of such molecular
device too. Moreover, 1,10-phenanthroline compounds have been regarded as excellent
fluorescent materials because of their ability to achieve high thermal stability as
well as high photoluminescence efficiency. The photochemical and photophysical
properties of compounds containing platinum d° configuration metals, particularly
those based on Ru(Il), continue to receive considerable attention'*.

As known, Schiff bases are a special class of ligands with a variety of donor atoms
exhibiting coordination modes towards various metals. Schiff bases are reagents
which are becoming increasingly important in the pharmaceutical, dye and plastic
industries as well as for liquid-crystal technology. Schiff bases with donors (N, O,
S) have structural similarities with natural biological systems and rasemination
reaction in biological systems due to presence of imines (-N=CH-) group’'°.

Moreover, Schiff base compounds have been regarded as excellent fluorescent
materials because of their ability to achieve high thermal stability as well as high
photoluminescent efficiencies. Conjugated Schiff base systems that contain electro-
nically coupled photo- and/or redox-active sites across an unsaturated organic bridge
are of considerable current interest'" .
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Many complicated factors can affect the Two-Photon Excitation (TPA) properties
of organic materials. So it is important to investigate the structure and the TPA
effect relationships of organic materials. However, most of these compounds employ
C=C bonds as the conjugation bridge, the compounds with C=N structure such as
Schiff bases are less studied to our knowledge™*°.

In this report, new synthetic procedures for the preparation of such multifunc-
tional 1,10-phenanthrolines derivatives with different fluorescent characteristics
with good yield are described. We have focused on the preparation of a new family
of conjugated Schiff bases with D-7t-D type, in which 1,10-phenanthroline unit are
linked together by imine. In this paper, the synthesis and characterization of new
Schiff base ligands are reported. The structure of the ligands were determined by
elemental analysis, FTIR, UV-visible, 'H NMR and LC-MS spectrometry. The fluore-
scence properties of the ligands were also examined.

EXPERIMENTAL

All chemicals were of the highest grade available. FTIR spectra were recorded
as KBr disks on a Mattson 1000 FTIR spectrometer. 'H NMR spectra were recorded
on a Brucker AC-200 MHz (CDClI;) spectrometer. Absorption spectra were recorded
with an Agilent 8453 UV-visible spectrophotometer. The elemental analyses and
mass spectra (LC-MS) were determined in the TUBITAK Laboratory (Center of
Science and Technology Research of Turkey). Fluorescence spectra were measured
on a PTI time master C71 fluorescence spectrophotometer. Melting points were
obtained with a BUCHI melting point B-540 apparatus in open capillaries.

The starting compounds, 5-nitro-1,10-phenanthroline, 5-amino-1,10-phenan-
throline, 5-nitro-6-amino-1,10-phenanthroline, 5,6-diamino-1,10-phenanthroline,
2-(hexyloxy)benzaldehyde and Ru(pby).Cl, were prepared according the reported
procedures'™.

Synthesis of L;: A solution of 5-amino-1,10-phenanthroline (0.050 g, 0.250
mmol) in 20 mL dry ethanol was added dropwise to a solution of 2-(hexyloxy)-
benzaldehyde (0.04 g, 0.040 mmol) in 10 mL of dry ethanol and the mixture was
stirred under argon for 9 h at 80 °C and progress of the reaction was monitored by
TLC on silica, ethyl acetate/chloroform 1:2. The solvent was evaporated to half of
the initial volume and petroleum ether was added at room temperature. A yellow
precipitate was obtained when the solution was cooled to room temperature. It was
filtered off and then recrystallized from 1:2 n-hexane/ethyl acetate. Yield: 55 %,
m.p. 203-205 °C. IR(KBT, Vinax, cm™, discs): 3060-3032 (Ar, w), 2915-2852 (-CHs-,
m), 1642 (C=N,en, 8), 1624 (HC=N, s). '"H NMR data (DMSO): 6 9.3 (s, H, HC=N),
9.0-8.4 (m, 7 H, Arphen-H), 7.8-7.2 (m, 4 H, Ar-H), 3.3 (t, 2H, CH»), 2.8 (m, 8 H,
CH,) 1.8 (m, 3H, CH3). LC-MS (APCI) m/z: 355.41 (M"). (C2sH2N50). Found: C
78.32; H 6.57; N 10.58. Anal. calcd. for: C 78.56; H 6.85; N 10.57 %.

Synthesis of L,: A solution of 5,6-diamino-1,10-phenanthroline (0.05 g, 0.250
mmol) in 20 mL dry ethanol was added dropwise to a solution of 2-(hexyloxy)-
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benzaldehyde (0.04 g, 0.250 mmol) in 10 mL dry ethanol and the mixture was
stirred under argon for 12 h at 80 °C and progress of the reaction was monitored by
TLC on silica, ethyl acetate/chloroform 1:2. The solvent was evaporated to half of
the initial volume and petroleum ether was added at room temperature. A yellow
precipitate was obtained when the solution was cooled to room temperature. It was
filtered off and then recrystallized from 2:1 n-hexane/ethyl acetate. Yield 45 %,
m.p. 244-245 °C. FTIR (KBr, Vinax, cm™): 3042-3064 (Ar, w), 2912-2855 (-CH;-, m),
1640 (C=Nypen, 8), 1620 (HC=N, s), 'H NMR data (CDCI;): §9.5-9.4 (d, 2H, HC=N),
9.1-8.3 (m, 7 H, Arpnen-H), 7.7-7.1 (m, 4 H, Ar-H), 3.5 (m, 4H, CH,), 2.5 (s, 16H,
CH,), 1.5 (s, 6H, CH3). LC-MS (APCI) m/z: 586.33 (M*), (C3sHN4O»). Found: C,
77.81; H, 7.15; N, 9.73 %. Anal. calcd. for: C, 77.78; H, 7.21; N, 9.55 %.
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Li-Ru(IT) complex: In order to prepare the Ru(Il) complex, the L; ligand (0.02 g,
0.022 mmol) was dissolved in dry ethanol (20 mL) and Ru(pby)-Cl, (0.015 g, 0.022
mmol) in 10 mL of dry ethanol was added to this solution. After addition of 0.01 M
KOH solution in ethanol to raise the pH to 7.0-7.5 the mixture was stirred at 80 °C
for 5 h. A dark-yellow precipitate was obtained when the solution was cooled room
temperature. It was filtered off, washed with diethyl ether. Yield 0.025 g. (35 %);
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m.p. > 350 °C. IR (KBr, Vi, cm™): 1608 (H-C=Nipine), 1622 (C=Nppen), 2955-2878
(CH.iipn), 1155 (-C-N). C4sH4N;OCLRu (867.82): Found: C, 62.30; H, 4.72; N,
11.41 %. Anal. calcd. for: C, 62.28; H, 4.76; N, 11.30 %.

L,-Ru(II) complex: The above procedure was applied using Ru(pby).Cl, (0.02
g, 0.023 mmol) at pH to 7.0-7.5. Yield 0.021 g (40 %); m.p. > 350 °C. IR (KB, Vax
cm™): 1620 (H-C=Ninine), 1598 (C=Nppen), 2950-2884 (CHuipn), 1158 (-C-N).
CssHssCLNgO,Ru (1071.10): Found: C, 65.06; H, 5.44; N, 10.63 %. Anal. calcd.
for: C, 65.04; H, 5.46; N, 10.46 %.

RESULTS AND DISCUSSION

The new Schiff base ligands was synthesized from the reaction of 5-amino-
1,10-phenanthroline and 5,6-diamino-1,10-phenanthroline with 2-(hexyloxy)benzal-
dehyde, in a good yield. The IR spectra of the L, and L, ligands showed a strong
band in the region 1642 phen)- 1624 imine) and 1640 pnen)-1620imine) assignable to v(C=N),
respectively. This band disappeared completely in the new complexes indicating the
absence of only -C=Nnen) group, because if coordination of the ligand has occurred
through the 1,10-phenanthroline nitrogen then this band will undergo a bathochromic
shift of 35-30 cm™ and not completely disappear. The absorption band at 1635 cm™
of the C=0 in the 2-(hexyloxy)benzaldehyde disappeared in the infrared spectrum
of the ligand, which indicate that the condensation has occurred. The alkyl and
aryl bands of the ligands are observed at 2910-2850, 1470-1365 and 1155-1150,
respectively.

The Schiff bases L; and L, are subjected to elemental analyses. The results of
obtained are in good agreement with those calculated for the suggested formula.
The 'H NMR spectrum of the ligands L, and L, in DMSO solutions confirmed the
proposed structure. The 'H NMR spectra of the free ligands, showed besides the
aromatic proton signals appearing at 7.2-7.8 and 7.1-7.7 ppm, the assignments of
the protons are highly complicated in the region 2.2-2.6 ppm, where the signals are
due to the protons of the alkyl, the azomethine proton at 9.3 and 8.5-8.2 ppm, in
case of ligands L, and L,, respectively”” .

The ligands are stable at room temperature but hygroscopic. The ligands are
soluble in common polar organic solvents, such as ethanol, methanol and chloroform
but partially soluble in non-polar organic solvents such as, benzene and hexane.
The absorption spectrum of L, and L, extended into the visible region shown typical
CT band around 250-290 nm and broad 7-7* transition band around 350-450 nm
is a result of extended conjugation of the 1,10-phenanthroline moiety. The peaks
recorded in the spectrum are broadened and slightly red-shifted”>.

In the mass spectra, the molecular ion peaks of the L, appeared at m/z 397.51
[M*] in the LC/MS-APCI spectra. The most intense peaks at m/z 314.12, 298.23,
222.10 and 181.07 correspond to the fragments [CyH;sN;O]*, [C1oH;3sN;0],
[C1sH1iIN;]F, [Ci2HsN»]. The molecular ion peaks m/z 586.33 [M™] of the L, ligand
are present in the LC/MS-APCI spectra and support the proposed structures. The
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most intense peaks at m/z 419.15, 387.16, 209.09 correspond to the fragments
[Ca6H16NLO,]*, [CasHieN4**, [C12HNL]*, respectively. Mass spectral data confirmed
the proposed structure of Schiff base ligands (Fig. 1).
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Fig. 1. Suggested structure of the [Ru(L,)(bpy).]ClL, and [Ru(L,)(bpy).]Cl. complexes

The solvents used in the fluorescence studies were spectrophotometric grade
and were checked by fluorescence spectroscopy to make sure that they contain no
fluorescence impurities before use. As a result of several experimental optimum
fluorescence emissions of the L; and L, were obtained in ethanol, methanol and
chloroform at room temperature. The emission band maxima of the L; were 580 nm
in chloroform, 595 nm in methanol, 605 nm in ethanol. The emission band maxima
of the L; were 585 nm in chloroform, 590 nm in methanol, 610 nm in ethanol. The
lifetime of the L, and L, is measured in ethanol and selected excited-state lifetimes
found to be 7.4 and 8.2 ns, respectively. It was found”*'** that the optimum interval
of concentration was between 1 x 10* and 1 x 10° M.

In conclusion, this report has described synthetic routes for the preparation of
novel multifunctional 1,10-phenanthroline derivatives. The two compounds have
different light-emitting characteristics but are both functional charge transporting
materials. Further studies for the two compounds to be used as metal coordination
ligand for multifunctional molecular materials are under investigation.
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