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Abstract A series of Schiff bases (L1, L2 and L3) were
prepared by refluxing aromatic aldehydes with N-
Aminopyrimidine derivatives in methanol and ethanol. The
structures of synthesized compounds were characterized by
FTIR, 1H NMR, 13C NMR and microanalysis. The electro-
chemical behaviors of the Schiff base ligands were also
discussed. Moreover, the evaluation of absorption and emis-
sion properties of the structures were carried out in five
different solvents. The products show visible absorption max-
ima in the range of 304–576 nm, and emission maxima from
636 to 736 nm in all solvents tested.
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Introduction

Schiff bases are known to be very important class of organic
compounds because of their ability to form stable complexes
with many different transition metal and rare-earth metal ions in
various oxidation states and have the potential to be used in
different areas such as catalysis, metallic deactivators, separation
processes, electrochemistry, bioinorganic and environmental

chemistry [1–5]. Moreover they have increasingly importance
in the pharmacological, dye, and plastic industries as well as in
the field of liquid crystal technology [6–10]. Pyrimidine is a
very important group of compounds that has been extensively
studied due to their occurrence in the living systems [11].
Pyrimidines are reported to have broad spectrum of biological
activities. Some are endowedwith antitumor [12], antiviral [13],
anti-inflammatory [14], antipyretic [15], antimicrobial [16], and
antifungal [17] properties. During last few decades there has
been great interest in the chemistry of transition metals associ-
atedwith nitrogen, oxygen and sulfur donor ligands, such as five
and six membered heterocyclic pyrazoles, pyridazines and
pyrimidines [18–21].

In this work the Schiff bases containing a pyrimidine
ring were synthesized, characterized and their fluorescence
features were determined in different solvents. The com-
pounds were characterized by elemental analysis, FT-IR, 1H
and 13C NMR techniques. Moreover, the electrochemical
properties of the Schiff bases were investigated.

Results and Discussion

The present work involves the spectroscopic investigation
of the Schiff base ligands (L1, L2 and L3) derived from
pyrimidine amine. The synthesis protocol of Schiff base
ligands has been shown in Fig. 1.

The IR spectra of the L3 ligand exhibit several bands in
the region of 400–4,000 cm−1. The IR spectrum of the
ligand showed a ν(C=N) peak at 1,599 cm−1 and the
absence of ν(C=O) at ~1,680 cm−1 and ν(NH2) peaks
around 3,250–3,300 cm−1 is because of Schiff base
condensation. The absorption band at 1,643 cm−1 is
assigned to benzoyl ν(C=O) moiety. Pyrimidine ring
showed characteristic stretching absorption bands at the
3,064 cm−1[22].
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The 1H NMR and 13C NMR spectra of the Schiff base
ligand were carried out at room temperature in CDCl3 and
DMSO-d6, respectively (Figs. 2 and 3).

The 1H NMR spectrum of ferrocenyl Schiff base (L3)
showed the singlet at 8.99 ppm and 8.48 ppm were due to
azomethine proton and pyrimidine ring (C–H) proton in the
spectrum of the ligand, respectively. The multisignals cor-
responding aromatic protons appeared between at 7.80–
7.33 ppm [23, 24]. The spectrum of ferrocenyl Schiff base
exhibited cyclopentadienyl ring proton signals between at
4.40 and 4.84 ppm [25].

13C NMR spectrum (Fig. 3) displayed characteristic signals
at 192.1, 170.9 and 170.5 ppm due to the (OC-Ar), (C=O,
pyrimidine) and (−C6, pyrimidine ring) of the L3 ligand, respec-
tively. The singlet peaks at 151.8 ppm was due to azomethine
carbon of the ligand [24]. On the other hand, the spectrum of the
ligand showed peaks in the region of 137.5–115.6 ppm, due to
aromatic carbons. The observed signals between 75.2 and
69.7 ppm belongs to cyclopentadienyl ring carbons [26].

Fluorescence Features

The absorption and emission properties of the Schiff bases,
L1, L2 and L3 were studied at different solvents with different
polarities of acetonitrile, methanol, ethanol, tetrahydrofuran
and toluene and data obtained are presented in Table 1. The
first absorption band of the compounds at λmax between 304
and 418 nm may correspond to the π–π* transition of the
azomethine group C=N while the second band between 383
and 576 nm may correspond to the n–π* transitions. As the
polarity of the solvent is increased, while the absorption
maxima of L3 is red shifted, the absorption maxima of L2

and L1 are blue shifted, except for L1 in toluene.
While the solvent polarity has nearly negligible effect on

the emission maxima of the compounds, one interesting
result is that only in ethanol the emission maxima of all
the compounds is red shifted in comparison to all other
solvents studied, presumably due to intramolecular proton
transfer from the solvent to each derivative or hydrogen

Fıg. 1 Synthesis protocol of Schiff base ligands
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Fıg. 2 1H NMR spectrum of L3

Schiff base

Fıg. 3 13C NMR spectrum of
L3 Schiff base
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bonding. The longest wavelength emission maxima are
observed for L3 in the range of 714 and 731 nm, while L2

and L1 fluorescent nearly in the similar wavelength range,
except for L1 in ethanol (Fig. 4).

The compounds exhibited moderate Stokes’ shift values
ranging from 64 to 272 nm, which confers to the advantage
of better spectral resolution in emission based studies.

The fluorescence quantum yields of compounds were
determined by using Rhodammine 101 as a standard sam-
ple in ethanol. The highest quantum yield value was
obtained for L3 in tolune, for L2 in ethanol and for L1 in
tetrahydrofuran (Table 1).

The photostability of the derivatives in dimethylformamide,
acetonitrile, methanol, ethanol, tetrahydrofuran and toluene
was determined with a steady-state spectrofluorimeter in
time-based mode. The data were acquired at their maximum
emission wavelengths. According to the data collected after
1 h, there was no change in the fluorescence intensities of the
compounds (Fig. 5).

Electrochemical Analysis

The electrochemical properties of the present compounds
were investigated by Cyclic voltammetric (CV) and on a
glassy carbon electrode in dimethylformamide (DMF) con-
taining 0.1 M tetrabutylammonium perchlorate (TBAP), in
the concentration of 1×10−3 M vs. Ag/AgCl. The electro-
chemical data in peak potentials are reported in Table 2.

In the cathodic direction from +1.5 V to −2.3 V at scan
rate of 100 mV s−1, the CV of L1 is characterized by three
cathodic waves (Ic, IIc and IIIc at about −1.84, −1.41 and
−1.17 V, respectively) and anodic waves were not observed
as depicted by CV given in Fig. 6a. These peaks were
irreversible. At higher scan rates (> 100 mV s−1) the oxi-
dation process peaks became more intense (Fig. 7a).

The electrochemical behavior of the L2 is presented in
Fig. 6b. In the CV measurements upon scanning cathodi-
cally at the negative potential side (from +1.5 to −2.3 V at
100 mV s−1), the CVof L2 is characterized by one cathodic

Table 1 Adsorption and
fluorescence emission data for
compounds L1, L2 and L3

Compound Solvent λabs.max
1 λabs.max

2 εmax
1 εmax

2 λ emis.
Max Δλ Φ

L3 Acetonitrile 346 460 3800 700 713 253 0,0132

Methanol 346 478 50900 10100 715 237 0,0004

Ethanol 348 480 3700 1800 731 251 0,0054

Tetrahydrofuran 358 470 22600 5300 715 245 0,0013

Toluene 360 470 2100 400 714 244 0,3732

L2 Acetonitrile 348 468 8200 2700 655 187 0,0041

Methanol 352 453 20000 7200 657 204 0,0144

Ethanol 344 464 9200 1200 687 223 0,0312

Tetrahydrofuran 342 475 5700 700 655 180 0,0247

Toluene 304 383 43000 16400 656 273 0,0123

L1 Acetonitrile 376 424 14900 7000 640 216 0,0040

Methanol 348 440 41000 7900 639 199 0,0030

Ethanol 352 464 9600 2700 736 272 0,0021

Tetrahydrofuran 367 443 9700 1000 642 199 0,1920

Toluene 418 576 14100 1900 640 64 0,0382

Fıg. 4 Fluorescence spectra of L1 (····), L2 (–) and L3 (– · –) compounds
in ethanol

L1

L2

L3

Fıg. 5 Photostability test results of L1, L2 and L3 in tetrahydrofuran
after 1 h of monitoring
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peak (Ic at about −1.99 V) and one anodic wave (Ia’ at
about +0.74 V) (Fig. 6b). At higher scan rates (≥
200 mV s−1) three new cathodic waves were located at
about −1.65, −0.65 and −0.30 V (IIc, IIIc and IVc,
respectively) and a new anodic peak was observed at
about IIIa (at ca . −0.40 V) (Fig. 7b). ΔE p for IIIa/IIIc
from this redox couple was also found to be 250 mV.
This is a indication of a quasi-reversible electron trans-
fer in the electrode reaction.

The voltammograms of L3 compound were investi-
gated under the same experimental conditions (from +
1.5 V to −2.3 V at 100 mVs−1 in Fig. 6c), three
cathodic waves (Ic, IIc, and IIIc at about −1.36, −1.62
and −2.05 V, respectively) and one anodic wave (Ia’ at
about +1.42 V). At higher scan rates (≥ 200 mVs−1) the
oxidation process Ia became more intense (Fig. 7c).
However, at higher scan rates (≥ 400 mVs−1) the IIIc
peak wasn’t observed (Fig. 7c).

It was found that the initial oxidation peak current ofL1,L2

and L3 gradually increased and a negative shift in the peak
potential existed with increasing scan rate by using the CVs
(Fig. 7). A plot of logarithm of peak current significantly
correlated with the logarithm of scan rate for all L1, L2 and
L3 with slopes between 0.45, 0,48 and 0.52, respectively
(correlation coefficient between 0.987, 0.976 and
0.991). by using the CV results obtained between 10
and 1,000 mVs−1. These results showed that the redox

processes were predominantly diffusion controlled in the
whole scan rate range studied.

Taking into account the reported data concerning
electrochemical behavior of recently synthesized pyrim-
idine compounds such as 1-amino-5-benzoyl-4 phenyl-
1H-pyrimidine-2-one [27] and 2-iminopyrimidines or 2-
thioxopyrimidine [28], N-(5-benzoyl-2-oxo-4-phenyl-2H-
pyrimidin-1-yl)-oxalamic acid or malonamic acid [29,
30] at hanging mercury drop and glassy carbon elec-
trodes, respectively, the electron-donating groups
lowered the oxidation potentials, while electron-
withdrawing groups had the opposite effect [31] There
was a mechanism involving self-protonation reactions in
the electrochemical reduction of the imine or thio, and car-
bonyl groups in pyrimidines in the 2-iminopyrimidines and 2-
thioxopyrimidine [28].

Functional groups of (C=S) and/or (C=O) are probably
reduced in the compounds. In all these compounds, the
common functional group is imin (C=N) group. If reduc-
tion was over imin (C=N) group which is common in all
compounds, there would not be a distinctive difference
among reduction potentials of three compounds. However,
we think the fact that L1 has more positive reduction
potential can only be explained this way. Furthermore,
L1, L2 and L3 compounds have the same functional
groups. However, since L1 has (C=S) functional group,
in which the sulfur atom is a softer as a difference from

Table 2 Voltammetric results at
scan rate of 100 mVs−1 vs. Ag/
AgCl. Ec: cathodic potential,
Ea: anodic potential

Compound Ec Ea

L1 Ic: -1.84, IIc: -1.41, IIIc: -1.17

L2 Ic: -1.99, IIc: -1.65, IIIc: -0.65, IVc:-030 Ia′:+0.74 IIIa:-0.40

L3 Ic: -1.36, IIc: -1.62, IIIc: -2.05 Ia′ :+1.42

Fig. 6 Cyclic voltammogram of A (L1), B (L2) and C (L3) compounds (1×10−3 M) at 100 mVs−1 scan rate on glassy carbon electrode in DMF/TBAP
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the others, its reduction potential is more positive than
the others.

Experimental

Reagents and General Techniques

All chemicals are commercially available and were used
without further purification. All reagents and solvents were
of reagent grade quality and were obtained from com-
mercial suppliers. All solvents were dried by refluxing
with appropriate drying agents and distilled before use.
The homogeneity of the products was tested in each
step by TLC (SiO2). Ferrocenecarboxaldehyde, 4-t -bu-
tyl-2,6-diformylphenol were purchased from Aldrich
Chem. Co. 1-Amino-5-benzoyl-4-phenyl-1H -pyrimi-
dine-2-thione, 1-Amino-5-benzoyl-4-phenyl-1H -pyrimi-
dine-2-one [32] and 2,6-diformyl-4-methylphenol [33]
were synthesized according to the method described in
literature.

The elemental analyses (C, H, N, S) were performed
by using Leco CHNS model 932 elemental analyzer.
FT-IR spectra were obtained using KBr pellets (4,000–
400 cm−1) on Bio-Rad-Win-IR Spectrophotometer. The
1H NMR and 13C NMR spectra of the Schiff bases
were taken on a Bruker 300 MHz Ultrashield TM
NMR instrument. UV/visible absorption spectra were
recorded with Schimadzu UV-1601 spectrophotometer
(Tokyo, Japan). All fluorescence measurements were
undertaken by using Varian-Carry Eclipse spectrofluorimeter
(Mulgrave, Australia).

Synthesis of Schiff Base Ligands

2,6-bis((E)-((5-Benzoyl-2-oxo-4-Phenylpyrimidin-1(2H)-yl)
Imino)Methyl)-4-(Methyl)Phenol (L1)

Synthesis and structural characterisations were described
previously [34].

2,6-bis((E)-((5-Benzoyl-2-oxo-4-Phenylpyrimidin-1(2H)-yl)
Imino)Methyl)-4-(Tert-Butyl)Phenol (L2)

Synthesis and structural characterisations were described
previously [35].

(2-(((5-Benzoyl-2-oxo-4-Phenylpyrimidin-1(2H)-yl)Imino)
Methyl)Cyclopenta-1,3-Dien-1-yl)(Cyclopenta-1,3-Dien-1-yl)
Iron (L3)

The Schiff base ligand (L3) was prepared by 1:1 condensation
reaction between N-aminopyrimidine-2-one and ferrocene-
carboxaldehyde. Ferrocenecarboxaldehyde (0.214 g, 1 mmol),
N-aminopyrimidine-2-one (0.291 g, 1 mmol) and hot metha-
nol solution (30 mL) containing few drops of HCl were mixed
slowly with a constant stirring (Fig. 1). Then the mixture was
refluxed for 2 h. A red precipitate was formed. The isolated
solid precipitate was filtered off, washed with hot methanol
and diethylether and then dried in vacuum over P2O5. Claret
red, yield was 380 mg (78 %), Mp 215 °C. Anal. Calc. for
C28H21FeN3O2 (487,33 g/mol): C, 69.01; H, 4.34; N, 8.62.
Found: C, 68.77; H, 4.24; N, 8.53 %. Selected IR data (KBr, ν
cm−1): 3064 ν(C–Hpyrimidine), 1643 ν(C=O), 1599 ν(C=
Nazomethine).

1H NMR (300 MHz, CDCl3): δ=8.99 (s, 1H),

Fig. 7 Cyclic voltammograms of A (L1), B (L2) and C (L3) compounds (1×10−3 M) at on glassy carbon electrode in DMF/TBAP at various
scan rates (10, 25, 50, 100, 200, 400, 600, 800 and 1,000 mVs−1)
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8.48 (s, 1H), 7.80 (d, J=7.4 Hz 2H, ArH), 7.54 (t, J=7.4 Hz,
1H, ArH), 7.45 (t, J=6.6 Hz, 2H, ArH), 7.40–7.33 (m, 5H,
ArH), 4.84 (quasitriplet, J=1.7 Hz, 2H, FerroceneH), 4.68
(quasitriplet, J=1.7 Hz, 2H, FerroceneH), 4.40 (bs, 5H,
FerroceneH) ppm. 13C NMR (75 MHz, DMSO-d6): δ =192.1,
170.9, 170.5, 151.8, 149.2, 137.5, 137.4, 133.8, 131.0, 130.1,
129.1, 129.0, 128.7, 115.7, 75.2, 72.8, 70.3, 69.7 ppm.

Electrochemical Assay

Electrochemical experiments were performed with an
Autolab PGSTAT 128 N potentiostat, (The Netherlands)
using a three electrode system, glassy carbon as a working
electrode (Φ: 3 mm, BAS), platinum wire as an auxiliary
electrode and Ag/AgCl (NaCl 3 M, Model RE-1, BAS,
USA) as a reference electrode. The reference electrode
was separated from the bulk solution by a fritted-glass
bridge filled with the solvent/supporting electrolyte mix-
ture. Before starting each experiment, the glassy carbon
electrode was polished manually with alumina (Φ:
0.01 μm). CV experiments were recorded at room temper-
ature in extra pure DMF, and ionic strength was maintained
at 0.1 mol L−1 with electrochemical grade TBAP as the
supporting electrolyte. Solutions were deoxygenated by a
stream of high purity nitrogen for 10 min prior to the
experiments, and during the experiments nitrogen flow
was maintained over the solution.
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