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Schiff base ligands: benzoic ac1d.(L ) and (E)-4-(Z.%-methoxy-Z-hydroxy-benzyhdeneammo)benzom acid (L),
.. . were synthesized and characterized by elemental analyses, FT-IR, NMR spectroscopy and
Diimine ligands; . . . : 1 . . D
N.O-donor licands: single-crystal X-ray diffraction analysis. The compound, L", was crystallized in the triclinic
— diffmcfion, ’ system, space group P — 1, with a = 4.9897(3) A, b = 6.9109(5) A, ¢ = 20.7694(15) A,
v ] a = 83.690(4)°, B = 84.855(4)°, v = 78.698(4)°, V = 696.35(8) A® and Z = 2.
Density Functional 5 . . . }
Theory (DFT) The compound L was crystallized in the orlahorhomblc system, non-centerosymmetric
’ space group, P212:21, with a = 4.7824(4) A, b = 10.2031(11) A, ¢ = 30.516(3) A,

V = 1489.0(3) A%, and Z = 4. Both L' and L? display a trans-configuration about

the C=N double bond. The Density Functional Theory (DFT) and the Time-Dependent

Density Functional Theory (TD-DFT) were used to study the ground state properties

(molecular orbitals), and interpret the absorption spectra of these ligands, respectively.

Electronic Difference Density Maps (EDDMs) were calculated from the TD-DFT study,

indicating the change of electron density in the singlet excited states.

(© 2015 Sharif University of Technology. All rights reserved.

1. Introduction ing pharmacological properties, i.e. toxicity against

. ) bacterial /fungal growth, and anticancer and antitumor
Schiff bases are among the most prevalent mixed donor activity [4-6]. Furthermore, they are also important

ligands in the field of coordination c.hemistryz which compounds in dye and plastic industries, as well as in
are normally formed by the condensation reaction of a the field of liquid crystal technology [7,8]. Schiff base
primary amine and a carbonyl group. Depending on ligands, derived from salicylaldehyde or substituted-

the‘ st.arting car.bo‘nyl compound, they are named as salicylaldehyde and mono-amino carboxylic acids, be-
aldimine or ketimine for aldehyde or ketone, respec- long to a family of coordinating ligands having po-

tively [1]. They show a variety of biological activity, tential coordination sites for donation involving O-
inchl'd%ng ant.ib.a(.zterial, antifungal, anticance.r, énd phenolic, N-iminic and carboxylate oxygen atoms,
herblfndal activities [2,3]. In the ﬁfeld of COOfdlIlatl.OIl which are potentially bidentate donor ligands. They
cl.lemlstry, they ‘are capable of fo.rmmg Complexes with have also attracted considerable attention because of
different transition and lanthanide metal ions, show- their application in photochromic lenses [9], rewritable
papers [10], photo-switching materials [11], and optical
% Corresponding author. Tel.: +98 21 66165952 data storage materials [12]. Among different Schiff
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Scheme 1. Preparation route for the ligands.

a color change from yellow to red upon irradiation
with UV light, and the reverse color change upon
exposure to visible light or heat, which is due to
the tautomerization between phenol-imine and keto-
amine forms [13]. Systematic studies in the structure-
properties relationship of SA derivatives have shown
that crystals with a non-planar molecular conformation
exhibit photochromic properties, and those with a
planar molecular conformation are non-photochromic
and exhibit thermochromic properties [14]. Another
important application of carboxylated Schiff base lig-
ands, based on their Cu(I) and Ru(II) complexes, is
in preparation of Dye-Sensitized Solar Cells (DSSCs)
by anchoring on the surface of TiOy nanoparticles for
so-called light harvesting applications in the conver-
sion of light to electricity [15-20]. Regarding these
various applications, herein, we report the synthesis,
spectroscopic characterization, computational studies,
and the crystal structure of two new 4-aminobenzoic
acid derived Schiff base ligands (Scheme 1).

2. Experimental

2.1. Materials and methods

All chemicals were of reagent grade and used without
further purification. Elemental analyses (C, H, and N)
were performed on a Leco CHNS-analyzer. 'H NMR
and C NMR spectra of ligands (E)-4-(3-ethoxy-2-
hydroxybenzylideneamino)benzoic acid (L!) and (E)-
4-(3-methoxy-2-hydroxybenzylideneamino)benzoic
acid (L?) were recorded on a BRUKER AVANCE
400 MHz spectrophotometer using DMSO-d® as
solvent. IR spectra were recorded on an IR Prestige-21
Shimadzu instrument as KBr pellets. The electronic
spectra of the ligands were recorded in chloroform on
a Cary 5A spectrophotometer.

2.2. Synthesis of L' and L?

L': 2-hydroxy-3-ethoxybenzaldehyde (3.32 g, 20 mmol)
was added to an ethanolic solution (50 mL) of 4-
aminobenzoic acid (2.75 g, 20 mmol) and the mixture
was refluxed for 1 h. The yellow precipitates of L!
were collected by filtration, washed with ethanol and
then dried in vacuo at room temperature. Yield 2.25 g
(~ 40%). Anal. Calc. for CigH15NOy4: C, 67.36; H,
5.30; N, 4.91. Found: C, 67.29; H, 5.33; N, 4.87%. IR
(KBr, cm™1): vagym (COOT) 1678, vgy, (COO™) 1423,
v (C=N) 1591, v (C-N) 1249. 'H NMR (DMSO-d6): §

(ppm) 12.87 (br, 1H, HY), 12.82 (br, 1H, HP), 8.91 (s,
1H, HY), 7.94 [d (8 Hz), 1H, H*], 7.41 [d (8 Hz) 1H, HY],
7.18 [d (8 Hz), 1H, H¢], 7.05 [d (8 Hz), 1H, H“] 6.82 [
(8 Hz), 1H, H"], 3.99 [q (7 Hz), 2H, H°], 1.27 [t (7 Hz),
3H, H™]. 13C {'*H} NMR (DMSO-d%): é (ppm) 166.8,
165.1, 151.8, 150.8, 147.0, 130.7, 128.8, 124.1, 121.5,
119.2, 118.8, 117.2, 64.1, 14.7.

L2: This ligand was prepared using the same method
as L1, except that 2-hydroxy-3-methoxybenzaldehyde
(3.05 g, 20 mmol) were used. The red precipitates of L?
were collected by filtration, washed with ethanol and
then dried in vacuo at room temperature. Yield 2.48 g
(~ 46%). Anal. Calc. for C;5H13NO4: C, 66.41; H,
4.83; N, 5.16. Found: C, 66.39; H, 4.85; N, 5.12%. IR
(KBr, cm™1): Vagym (COO™) 1683, vgym (COO™) 1425,
v (C=N) 1593, v (C-N) 1253. 'H NMR (DMSO-d6):
6 (ppm) 12.87 (br, 1H, H4), 12.75 (br, 1H, HP), 8.90
(s, 1H, HY), 7.93 [d (8 Hz), 1H, H®], 7.40 [d (8 Hz) 1H,
HY], 7.19 [d (8 Hz), 1H, H¢], 7.07 [d (8 Hz), 1H, H?],
6.84 [t (8 Hz), 1H, H"], 3.74 (s, 3H, H°). ¥ C{'H}-NMR
(DMSO-d®): 6 (ppm) 166.8, 164.9, 151.9, 150.5, 147.9,
130.7, 128.8, 123.8, 121.5, 119.2, 118.8, 115.8, 55.8.

2.3. Crystal structure analysis

The crystals suitable for X-ray crystallography were
grown by slow evaporation of ethanol of the ethanolic
solutions of L' and L2. Single crystal X-ray data for L!
and L2 were collected at 296(2) K on a Bruker SMART
APEXII CCD area detector diffractometer with Mo
Ko radiation (A = 0.71073 A). Cell parameters were
retrieved using SMART [21] software and refined using
SAINT [22] on all observed reflections. Data reduction
and correction for Lp and decay were performed using
SAINT Plus software. Absorption corrections were ap-
plied using SADABS [23]. The structure was solved by
direct methods and refined by the least squares method
on F? using the SHELXTL program package [24].
All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were positioned geometrically and
refined with a riding model approximation, with their
parameters constrained to the parent atom, with U,
(H) =12 or 1.5 Ugq (C) and Usso (H) = 1.5 Ueq (O)
for hydroxyl and carboxylic hydrogen atoms.

2.4. Computational details
For the ground state electronic structure calculations
the DFT method, with the Becke [25] three param-
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eter hybrid functional and Lee-Yang-Parr’s [26] gra-
dient corrected correlation functional (B3LYP), with
a basis set 6-31+G*, was used. The calculations
were performed with the Gaussian03 (G03) [27] pro-
gram. Time-Dependent Density Functional Theory
(TD-DFT) [28,29] calculations provided the excitation
energies of the ligands. The Conductor-like Polarizable
Continuum Model (CPCM) [30-32], with chloroform as
solvent, was used to calculate the electronic structure
and the excited states of the ligands in solution. From
the singlet ground state, optimized in the gas phase,
20 singlet excited states and corresponding oscillator
strengths were determined. The TD-DFT calculation
does not provide the electronic structure of the excited
states; however, electronic distribution and localization
of the singlet-excited states may be visualized using
the Electron Density Difference Maps (EDDMs) [33].
GaussSum 3 [34] was used for EDDMs calculations and
for the electronic spectrum simulation.

3. Results and discussion

3.1. 'H and 3C NMR spectra

Figures 1-4 depict the 'H and 3C NMR spectra for
L! and L2, respectively. In the 'H NMR spectrum
of the L' ligand (Figure 1), the signals at § = 12.87
and 6 = 12.82 ppm are assigned to the —OH proton of
carboxylic acid and the —OH proton of phenolic group,
respectively. Furthermore, the azomethine proton is
observed as a singlet at 6 = 8.91 ppm. The aromatic
protons of the ligand appeared at 6 = 6.80 — 7.95 ppm.
The H* signal is observed at 6 = 7.94 ppm as a doublet,
due to coupling with the HY, and the HY signal appears
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at 6 = 7.41 ppm as a doublet, due to its coupling
with H¢. The H€ signal is observed at 6 = 7.18 ppm
as a doublet, due to coupling with the H", and the
H* signal is observed at § = 7.05 ppm as a doublet,
due to its coupling with the HP. The HP appeared
at & = 6.82 ppm as a triplet, due to its coupling
with H* and H°. A quartet at § = 3.99 ppm [*J
(H,H) = 7.0 Hz] is assigned to the —OCHs—protons,
coupled with the —CHs protons, while a triplet at
6 = 1.27 ppm [*J (H,H) = 7.0 Hz] is assigned to
the —CHj protons, coupled with the —OCH, protons.
The 13C NMR spectrum of ligand L! (Figure 2) shows
the two carboxylic and iminic carbons C(1) and C(6)
resonances as functional group signals at 166.8 and
165.1 ppm, respectively. In the 'H NMR spectrum of
ligand L? (Figure 3), a signal at 6 = 12.97 ppm is
assignable to the —OH proton of carboxylic acid, while
a signal at 6 = 12.75 ppm is assigned to the —OH
phenolic proton. Furthermore, the azomethine proton
is observed as a singlet at 6 = 8.91 ppm. The aromatic
protons of the ligand appear at 6 = 6.82 — 7.94 ppm.
The H® signal is observed at 6 = 7.93 ppm as a doublet,
due to coupling with the Hy, and the H signal appears
at § = 7.70 ppm as a doublet, due to its couplings with
HY. The HC signal is observed at § = 7.19 ppm as
a doublet, due to coupling with the HP, and the H*
signal is observed at 6 = 7.07 ppm as a doublet, due
to coupling with the HP. The HP signal appears at
6 = 6.84 ppm as a triplet, due to its couplings with
H* and H®. The '3C NMR spectrum of the L? ligand
(Figure 4) shows the two carboxylic and iminic carbon,
C(1) and C(8), resonances, as functional group signals
at 166.8 and 164.9 ppm, respectively.
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Figure 1. "HNMR spectrum of L' with assignment of hydrogen atoms in the related scheme (the inset shows expansion).
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Figure 3. 'HNMR spectrum of L? with assignment of hydrogen atoms in the related scheme.

3.2. Electronic spectra

Figure 5 shows the overlay of UV-Vis spectra of L!
and L2. The electronic absorption spectra measured
in a chloroform solution at room temperature show
absorption bands, due to the transitions, 7 — 7%, n —

7*. The shoulders observed at 375 nm for L' and L? are
attributed to the 7 — 7* transition of the substituted
phenoxy ring to the imine and carboxyphenyl ring. The
absorption bands at 318 and 320 nm for L! and LZ2,
respectively are due to 7 — 7" and n — 7" transitions
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Figure 5. The UV-Vis spectra of L' and L? in CHCl3.

of aromatic rings and imine segments. The bands
at 225 and 227 nm are mainly due to the 7 — 7*
transitions of aromatic rings.

3.3. FT-IR spectra

The most characteristic absorptions of the Schiff base
ligands are summarized in the “Experimental” section.
The Vasym(—COO) and vy, (—COO) stretching vibra-
tions are observed at 1425, 1423 and 1683, 1678 ¢cm ™!
for L and L2 ligands, respectively. The v(C=N) bond
of L' and L? ligands presents at 1591 and 1593 cm 1,
respectively.

Figure 6. The molecular structure of L', showing 40%
probability displacement ellipsoids and the atomic
numbering. The dashed lines show the intramolecular

hydrogen bond.

3.4. Crystal structures of L' and L?

Figures 6 and 7 depict the molecular structures of L!
and L2, respectively. Crystal data and refinement
parameters are summarized in Table 1.  Selected
bond distances and bond angles are given in Table 2.
The details of the hydrogen bonds are summarized in
Table 3. Compound L! crystallizes in the triclinic
space group, P — 1, with one molecule in the asym-
metric unit. Compound L' shows trans conformation
around C8=N1 [1.275(2) A] double bond, which is
comparable to the bond length of the related Schiff
bases [35,36]. The hydrogen atom of the hydroxyl
group shows a strong intramolecular O—H. - -N hydro-
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Table 1. Crystal data and refinement parameters for L' and LZ.

L! L?
Empirical formula C16H15NO4 C15H13NO4.CH3OH
Formula mass 285.29 303.31
Crystal size (mm) 0.05 x 0.10 x 0.25  0.08 x 0.12 x 0.22
Crystal system triclinic orthorhombic
Space group P-1 P21212¢
Omax (°) 28.06 28.3
a (A) 4.9897(3) 4.7824(4)
b (A) 6.9109(5) 10.2031(11)
¢ (A) 20.7694(15) 30.516(3)
a (%) 83.690(4) 90
B8 (%) 84.855(4) 90
v (%) 78.698(4) 90
V (A®) 696.35(8) 1489.0(3)
7 2 4
Deate (Mg/m?) 1.361 1.353
p (mm™h) 0.099 0.101
F(000) 300 640
—-6<h<6 —-5<h<6
Index ranges —-9<k<9 -13< k<13
=271 <1<27 —40<1<40
No. of measured reflections 11653 14540
No. of independent reflections/ Rint 3337/0.047 3682/0.104
No. of observed reflections I > 20(I) 1712 1489
No. of parameters 193 206
Goodness-Of-Fit (GOF) 0.99 0.97
R (observed data) 0.0523 0.0669
wRy (all data)® 0.1314 0.1822

2 w=1/[c%(F2?) + (0.0553P)?] for L',
w=1/[c

Figure 7. The molecular structure of L? showing 40%
probability displacement ellipsoids and the atomic
numbering. The dashed lines show the intramolecular
hydrogen bond.

gen bond. The dihedral angle between the C9-C14
and C2-C7 benzene rings is 20.47(9)°, which shows
deviation from planarity. This deviation from planarity
can be due to the significant intermolecular O—H--- O
hydrogen bonds between the carboxylic groups and

2(F2) +(0.0644P)?] for L2 where P = (F2 +2F2)/3

Table 2. Selected bond lengths and angles of L' and L2

L! L2
C(8)-N(1) 1.275(2)  1.304(6)
C(8)-C(9) 1.445(2)  1.420(6)
C(10)-0(3) 1.344(2)  1.301(5)
C(1)-0(1) 1.272(2)  1.320(6)
C(1)-0(2) 1.259(2)  1.202(6)
0(3)-C(10)-C(9)  120.6(2) 122.9(4)
C(9)-C(8)-N(1)  122.2(2) 121.5(5)
C(8)-N(1)-C(5)  122.4(2) 123.8(4)
N(1)-C(5)-C(4)  116.2(2) 123.5(4)

the intermolecular C—H- - -

p interaction by one of the

hydrogen atoms of the ethoxy substituent [H15A], to

the centroid of the aromatic ring [Cg (centroid of the
ring) =C9/C10/C11/C12/C13/C14] of the neighboring
molecule [C15---Cg = 3.580(2) A, C15-H15A---Cg
= 148°)]. In the crystal packing of L', molecules are
connected together by pairs of centerosymmetric inter-
molecular O—H- - - O hydrogen bonds of the carboxylic
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Table 3. Parameters of hydrogen bonding in L' and L2.
D-H--- A H---A(A) D--'A(A) D-H.--A (°)
g1 OLHL- 02 1.82 2.624(2) 168
0O3-H3A---N1 1.86 2.589(2) 147
O1-H1--- 05 1.83 2.633(6) 165
L2 0O3-H3A.--N1 1.85 2.560(5) 144
05-H5- - - 034 1.99 2.773(5) 157
C8-H8. .- 02() 2.55 3.418(6) 155
Symmetry codes: (): 3 -z, 1 —y, —z; (D: 2 — gz, 1/2+y, 1/2 — z
(0. 140 —1 4y, z;and VD 1 —o —1/24y,1/2 — 2.
/™ »
PN \ A\ Nt ; = -4
~7 a; / \—" 1/ A\ f_ ~p
7~ \\/\‘ Wo =~ \a \x/\ i < \._/‘/'/' ,,\{\ /::——\f "”\_;fi‘ -
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Figure 8. The crystal packing of L' viewed down the = 5 P 4 \'\—//>'/\’\//
. . T . . . //\_!/-' = M—,,d{ e
a-axis showing individual dimer formation by pairs of L \MT Y78\ o
centerosymmetric O-H- - - O hydrogen bonds. ﬁ)é%v——u:/:\}:ﬂ? __f’ = __,__

A%

Lo
Figure 9. The crystal packing of L' viewed down the

a-axis showing column of molecules connected by C-H-- -«
interaction.

groups, forming individual dimers (Figure 8). The
crystal packing, depicting the intermolecular C-H...w
interaction of L;, is shown in Figure 9. Compound
L, crystallizes in the orthorhombic chiral space group,
P2,2,2¢, with one molecule in the asymmetric unit and
a methanol solvent of crystallization. Similar to Ly,
compound Ls also shows trans conformation around
C8=N1 [1.304(6)A] double bond. In the case of Ly, the

Figure 10. The crystal packing of L? viewed down the
a-axis showing connection of molecules into infinite
one-dimensional chain along the b-axis.

dihedral angle between the C9-C14 and C2-C7 benzene
rings is 6.4(2)A, which shows almost planarity. Also,
in this case, there are no O—H...O hydrogen bonds
between the carboxylic groups and significant inter-
molecular C—H...w interactions. The crystal packing
of Ly shows intermolecular O—H:.O hydrogen bonds
between the methanol solvent of crystallization, O—H
groups of the phenolic and carboxylic segments and
C—H...O interactions between iminic hydrogen and
oxygen atom of the carboxylic group, which form chain
of molecules along the b-axis of the unit cell (Figure 10).
Regarding the chiral space group of Lo, the Flack
parameter [37] could not be determined in the absence
of sufficient anomalous scattering.

3.5. Computational details

Selected important frontier molecular orbitals for L'
and L2 are depicted in Figure 11. Data for the com-
position of the most important occupied and virtual
orbitals, and the atomic orbital contributions for each
ligand (%) are listed in Table 4. In the frontier
region, neighboring orbitals are often closely spaced.
In such cases, consideration of only the HOMO and
LUMO may not yield a realistic description. For
this reason, Density Of State (DOS) diagrams, which
incorporate a degree of overlap between the curves
convoluted from neighboring energy levels, can give a
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Figure 11. Selected frontier molecular orbitals of L' and L.
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Table 4. G03/B3LYP calculated one-electron energy and percentage composition of selected frontier MOs of L' and L?

expressed in terms of component fragments.

MO Energy (eV) Character —PhCOOH (1) —Imine (2) —PhOEt (3)
79(V) -0.04 1 91 1 8
78(V) -0.68 3 7 1 92
T7(V) -1.03 3 7 3 90
L 76(V) -2.28 14243 43 32 25
75(0) -7.83 3 2 2 96
74(0) -6.00 1+3 38 13 49
73(0) -6.52 142+3 35 34 31
72(0) -7.36 1 100 0 0
MO  Energy (eV) Character —PhCOOH (1) —Imine (2) —PhOEt (3)
75(V) -0.09 3 1 5 94
T74(V) -0.63 1 93 0 7
73(V) -0.93 1 68 14 18
L T2(V) -2.34 1+2+3 40 34 26
71(0) -5.94 3 5 4 91
70(0) 6.45 1+3 30 14 56
69(0) 741 1 92 5 3
68(0) -7.46 142 29 55 16
Energy gap (AFE) = 5.5 and 3.60 eV (HOMO-LUMO), for 1 and 2, respectively.
9] —— PLCOOH — Pnooon
— bmine

Spectrum

Energy (eV)

Figure 12. The DOS spectrum of L' with the
contribution of different segments.

more representative picture. The density of state of L'
and L2, plotted as a function of orbital energy (eV), are
shown in Figures 12 and 13. Each ligand is divided into
three parts: for L': 1) the PhCOOH (phenylcarboxylic
segment, 1), 2) the imine group (segment 2), and 3)

Spectrum

Energy (eV)

Figure 13. The DOS spectrum of L? with the
contribution of different segments.

the -PhOEt (o-ethoxy-hyroxyphenyl segment 3) and
for L2, 1) the PhCOOH (phenylcarboxylic segment,
2) the imine group (segment 2) and 3) PhOMe (o-
methoxyhyroxyphenyl segment 3). Each part of the
percentage contributions are the sum of the atomic
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orbital coefficient squares. As shown in Figure 11,
the highest occupied orbitals (HOMO) in both ligands
have a predominant segment 1 (—=PhOEt in L' and
—PhOMe in L?) character, i.e. 96 and 90%, respec-
tively. The LUMO orbitals are primarily localized
on all three segments with 43, 32, and 25% for L,
and 40, 24, 36% for L2. Some higher-energy occupied
MOs (LUMO + 1 and LUMO + 2 in L') have the
predominant character of segment 3 (—PhOEt), but,
for L?, these orbital have the predominant character of
segment 1 (—PhCOOH).

The simulated optical absorption spectra of L!
and L2 shown in Figure 14, reproduce the main features

1.0+

0.54

Norm. Abs.

0'0 T T T T T T 1
200 250 300 350 400 450 500

A
Figure 14. The simulated UV-Vis spectra of L' (black)
and L? (red).
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of the experimental spectrum. TD-DFT computations
were performed to predict the electronic transition
energies and intensities of the 20 lowest energy singlet
transitions of the ligands. Selected low-lying singlet
excited states, together with their oscillator strengths
and assignment for L' and L2, are displayed in Table 5.
Electron Density Difference Maps (EDDMs) derived
from the TD-DFT calculations were used to show the
electron density changes between the ground and ex-
cited states, upon different electronic excitations (Fig-
ure 15). It represents a way for visualizing electronic
distribution for which one can subtract the ground-
state electron density (Sp) from the Franck-Condon
electron density of the excited state, thereby, providing
a picture of the redistribution of the electron density
after the vertical transition from the ground-state to
any of the Franck-Condon excited states. Visualization
of these difference density plots allows the changes to
the electronic features on the excited-state surface to be
more easily determined. They can provide an insight
into the subsequent geometric changes occurring on
the excited-state potential energy surface [38], and
determine what type of excitation is occurring. As
expected, the lower energy bands (the shoulder in 379
and 329 nm for L' and 393 and 336 for L?) in the
spectrum arise from transitions that are mainly 7 — 7*
and n — 7% of the substituted phenoxy ring to the
imine and carboxyphenyl ring and aromatic rings and
imine segment, respectively. The higher-energy bands

Figure 15. Electron Density leference Maps (EDDMs) for main transitions 1, 2, and 14 for L', and 1, 2, and 12 for L2
Red indicates a decrease in charge transfer, while green indicates an increase.

Table 5. Selected TD-DFT calculated excitation energies and compositions of the lowest lying singlet excited states for

L' and L2
States FE(eV)/A(nm) f Aexp Transition Assignment

1 3.26/379 0.104 375 H — L (92%) —

L* 2 3.76/329 1.01 318 H-1—L (8%) T—=r"n—7"
14 5.71/217 0217 225 H-3—L+1(21%), H—L+3 (46%) T
1 3.15/393 0.174 375 H — L (90%) T — "

L? 2 3.68/336 1.03 320 H-1—L 87%) T, n—n"
12 5.58/222 0.256 227 H — L+ 3 (60%) T

H and L refer to the highest-occupied and lowest-unoccupied molecular orbitals, respectively.
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are also due to the # — =* transitions of aromatic
rings.

4. Conclusion

Two mnew 4-aminobezoic acid derived Schiff base
ligands were synthesized by the condensation reac-
tion of 3-ethoxy and 3-methoxysalicyaldehyde with 4-
aminobenzoic acid, and characterized by spectroscopic
methods and X-ray diffraction analysis. The ground
and excited states of the new compounds were studied
by DFT and TD-DFT methods.

5. Supplementary materials

Crystallographic data (excluding structure factors)
for the structural analysis have been deposited with
the Cambridge Crystallographic Data Centre, CCDC
Nos. 895770 (L') and 895771 (L2%). Copies of
this information may be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html
or from The Director, CCDC, 12 Union Road, Cam-
bridge, CB2 1EZ, UK (fax: + 44-1223-336-033; e-mail:
deposit@cedc.ac.uk). The *CNMR of L! and L? are
included in the supplementary materials.
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