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ABSTRACT. A potentially tetradentate Schiff base ligand, 2-((2-((pyridin-2-ylmethylene)amino)ethyl)amino)ethan-1-ol (PMAE),
and its cadmium(II) complex, [Cd(PMAE)I2] (1), were prepared and characterized by elemental analysis, FT-IR, Raman, 1H
and 13C NMR spectroscopies and single-crystal X-ray diffraction. In the crystal structure of 1, the cadmium atom has a slightly
distorted square-pyramidal geometry and a CdN3I2 environment in which the PMAE acts as an N3-donor. In the crystal pack-
ing of the complex, the alcohol and amine groups of the coordinated ligands participate in hydrogen bonding with iodide ions
and form R2

2(14) and R2
2(8) hydrogen bond motifs, respectively. In addition to the hydrogen bonds, the crystal network is sta-

bilized by π–π stacking interactions between pyridine rings. The thermodynamic stability of the isolated ligand and its cad-
mium complex along with their charge distribution patterns were studied by DFT and NBO analysis. 
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INTRODUCTION

β-Amino alcohols exhibit a broad spectrum of biolog-
ical activities such as anti-hypertensive,1 antibacterial agents2

and HIV protease inhibitors.3 β-Amino alcohols have been
used as intermediates and chiral auxiliaries in organic syn-
thesis,4 as well as organocatalysts.5 Amino alcohols such
as mono- and diethanolamine are known to fix CO2 and
are used as absorbents for the chemical absorption of
CO2.6 Chiral amino alcohol Schiff base ligands7 comprise
of a group of ligands that are widely employed in asym-
metric transformations such as asymmetric oxidations,8

asymmetric alkynylations9 and enantioselective trimeth-
ylsilyl-cyanations.10 An example of such ligands is 2-((2-
((pyridin-2-ylmethylene)amino)ethyl)amino)ethan-1-ol
(PMAE, Scheme 1) which is potentially tetradentate ligand.
In this work, in order to extend the chemistry of this class
of compounds, microwave assisted preparation, charac-
terization (elemental analysis, FT-IR, Raman, 1H and 13C
NMR spectroscopy) of PMAE ligand and its cadmium(II)
complex is presented along with the X-ray structure and
theoretical studies. 

EXPERIMENTAL

All chemicals and solvents were reagent or analytical
grade and used as received. The infrared spectra of KBr

pellets in the range 4000–400 cm–1 were recorded with a
FT-IR TENSOR 27 spectrometer. 1H and 13C NMR spec-
tra were recorded on Bruker Aspect 3000 instrument. The
carbon, hydrogen and nitrogen contents were determined
by a Thermo Finnigan Flash Elemental Analyzer 1112 EA.
The melting points were determined with a Barnsted Elec-
trothermal 9200 electrically heated apparatus. The micro-
wave-assisted synthesis of compound was carried out using
a Microwave Laboratory Systems MicroSYNTH, Mile-
stone s.r.l. Raman spectrum was obtained using a Nicolet
Model 910 Fourier-transform spectrometer.

Synthesis of 2-((2-((pyridin-2-ylmethylene)amino) ethyl)

amino)ethan-1-ol, PMAE

A mixture of 1.07 g (10 mmol) pyridine-2-carbaldehyde

Scheme 1. Structures of the PMAE ligand.
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and 1.04 g (10 mmol) 2-((2-aminoethyl)amino)ethan-1-ol
was irradiated inside a microwave oven for 10 min under
reflux condition with a power up to 1000 W. After micro-
wave irradiation a brown oily liquid was obtained. All
volatile components were removed by rotary evaporation
and the resultant was dissolved in water (15 mL) and then
washed three times with chloroform (15 mL). The iso-
lated water layer was evaporated to dryness. A viscous
brown oil was obtained. Yield 1.00 g, 52%. Anal. calcd for
C10H15N3O (193.25): C 62.15, H 7.82, N 21.74; found C
63.04, H 7.98, N 22.15%. IR (KBr): 3325 (ν O−H), 3254
(ν N−H), 3063 (ν C−H)ar, 2939 (ν C−H), 1613 (ν C=N),
1574 (ν C=N)py, 1471 (ν C=C), 1435 (δas CH2), 1366 (δs

CH2), 1227 (ν C−O), 1142 (ν C−N), 779 and 664 (γ py)
cm−1. 1H NMR (250 MHz, CDCl3, atom numbering as in
Scheme 1): δ = 8.33 (d, 1H, C1H), 8.10 (s, 1H, C6H), 6.99–
7.49 (m, 3H, C2H−C4H), 5.55 (s, 1H, OH), 2.55–3.43 (m,
9H, C7H–C10H, N3H) ppm. 13C NMR (63 MHz, CDCl3): δ
= 122.8–159.0 (C1–C6), 82.8 (C10), 53.2–60.20 (C7−C9) ppm. 

Synthesis of [Cd(PMAE)I2]

0.19 g (1 mmol) of PMAE dissolved in EtOH (15 mL)
was added with stirring to a solution containing 0.37 g (1
mmol) of CdI2 in ethanol (25 mL). The reaction mixture

was refluxed for 6 h and then filtered. Yellow crystals suit-
able for X-ray diffraction were obtained from the solution
after standing for four days. Yield 0.47 g, 84%; m. p. 208 °C.
Anal. calcd for C10H15CdI2N3O (559.47): C 21.47, H 2.70,
N 7.51; found C 21.22, H 2.70, N 7.82%. IR (KBr): 3328
(ν O−H), 3301 (ν N−H), 3063 (ν C−H)ar, 2939 (ν C−H),
1651 (ν C=N), 1589 (ν C=N)py, 1443 (δas CH2), 1373 (δs

CH2), 1219 (ν C−O), 1126 (ν C−N), 772 and 661 (γ py) cm−1.
Raman: 3073 (ν C−H)ar, 2978 (ν C−H), 1630 (ν C=N),
1332 (δs CH2), 1166 (ν C−N), 677 (γ py), 553 (ν Cd−N),
132 (ν Cd−I) cm−1. 1H NMR (300 MHz, [D6]-DMSO,
atom numbering as in Scheme 1): δ = 8.85 (s, 1H, C6H),
7.83–8.67 (m, 4H, C1H−C4H), 4.80 (s, 1H, OH), 2.82–3.89
(m, 9H, C7H–C10H, N3H) ppm.

Computational Details

All structures were optimized with the Gaussian 09
software11 and calculated for an isolated molecule using
Density Functional Theory (DFT)12 at the B3LYP/6-31G(d,p)
level of theory for ligand and B3LYP/LanL2DZ for com-
plex as well as for NBO analysis. The coordination from
the cif file of complex 1 was used as input file for theo-
retical calculations.

Table 1. Crystal data and structure refinement for complex 1

Empirical formula C10H15CdI2N3O

Formula weight, g mol−1 559.45

Crystal size, mm3 0.11 × 0.1 × 0.06

Temperature, K 150

Crystal system monoclinic

Space group P21/n

Unit cell dimensions (Å, deg)

a 7.9869(3)

b 15.8553(5)

c 12.2474(4)

β 102.071(3)

Volume, Å3 1516.65(8)

Z 4

Calculated density, g cm−3 2.505

Absorption coefficient, mm−1 6.171

F(000), e 1048.0

2θ range for data collection (deg) 4.26–58.68

h, k, l ranges −9 ≤ h ≤ 10, −12 ≤ k ≤ 20, −10 ≤ l ≤ 15

Reflections collected / independent / Rint 7122 / 3494 / 0.0326

Data / ref. parameters 3494 / 155

Goodness-of-fit on F2 1.018

Final R indexes [I > = 2σ (I)] R1 = 0.0399, wR2 = 0.1041

Final R indexes [all data] R1 = 0.0452, wR2 = 0.1087

Largest diff. peak / hole, e Å–3 1.26 / −2.68
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Crystal Structure Determination and Refinement

Diffraction data were collected at 150 K on a Rigaku Oxford
Diffraction Gemini Ultra diffractometer. Data processing
and absorption correction was carried out using Crysalis
Pro.13 The structures were solved with direct methods and
refined with least squares using the OLEX2 package.14 All
hydrogen atoms were placed at their calculated positions.
Selected crystallographic data are presented in Table 1.
Diagrams of the molecular structure and unit cell were
created using Ortep-III15 and Diamond.16 Selected bond
lengths and angles are displayed in Table 2 and hydrogen
bond geometries in Table 3.

CCDC 981063 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

RESULTS AND DISCUSSION

The PMAE formed in the reaction between 2-((2-ami-
noethyl)amino)ethan-1-ol and pyridine-2-carbaldehyde under
solvent free conditions using microwave irradiation.17

The reaction between an ethanolic solution of CdI2 with
PMAE afforded yellow crystals of 1, which are air-stable
and soluble in DMF and DMSO. A study of the literature
revealed, that a similar structure to complex 118 has been
reported previously using a different method than used in
this study. We prepared the ligand using microwave irra-
diation and then used it for preparation of the complex
while Purkait et al.18 prepared the complex by a template
reaction without isolating the ligand. Also full spectroscopic

data of the ligand and its cadmium complex have not been
reported previously and are present at this paper. The tem-
perature of the X-ray data collection in our report (150 K)
is different than the previous work (room temperature).

Spectroscopic Characterization

In the FT-IR spectrum of the ligand (Supplementary
Materials), frequencies above and under 3000 cm−1 which
can be assigned to the stretching vibration of the C−H
bonds, reveal the aromatic and aliphatic moieties in these
structures, respectively. Frequencies near 3300 and 3250
cm−1 can be attributed to the stretching vibrations of the
ν(O−H) and ν(N−H), respectively. After complexation, no
significant shift was observed for ν(O−H) while ν(N−H)
shifted 47 cm−1 to higher frequencies, confirming the coor-
dination of the amine moiety of the ligand. In the FT-IR
spectra of the ligand and complex, two peaks are observed
near 1600 cm−1 which can be assigned to the ν(C=N) vibra-
tions of the imine and pyridine units. The ν(C=N) of the
imine and pyridine in 1 is shifted 38 and 15 cm−1, respectively,
to the higher frequencies than the free ligand. Based on
these observations we may infer that the PMAE acts as
N3-donor towards the cadmium atom. The ring wagging
vibrations of the pyridine ring are also observed at near
770 and 660 cm−1 in both spectra.17b,19

Information about the low frequency metal-ligand vibra-
tions was obtained by Raman spectroscopy. In this spec-
trum, the Cd–N stretching vibration appeared at 553 cm−1.
The presence of a band at 132 cm−1 can be attributed to the
terminal Cd−I stretching vibrations (100−200 cm−1 for
M−Iterminal).20

Table 2. Selected bond lengths (Å) and angles (deg) for complex 1 with estimated standard deviations in parentheses

Bond lengths (Å) Angles (°)

1 1
opt

1 1
opt

Cd1–N1 2.443(4) 2.483 N1–Cd1–N2 68.8(1) 68.15

Cd1–N2 2.320(4) 2.385 N2–Cd1–N3 72.7(1) 71.23

Cd1–N3 2.395(3) 2.507 N3–Cd1–I2 114.87(9) 99.99

Cd1–I1 2.839(4) 2.810 I2–Cd1–I1 110.54(1) 129.26

Cd1–I2 2.757(4) 2.814 I1–Cd1–N1 96.8(9) 96.07

Table 3. Hydrogen bond dimensions (Å and deg) in complex 1

D–H···A d(D–H) d(H···A) <(DHA) d(D···A) Symmetry code on A atom

O(1)–H(1)···N(2) 0.82 2.49 119 2.97(5) 2−x, 1−y, 2−z

N(3)–H(3)···I(2) 0.91 2.96 143 3.73(3) 2−x, 1−y, 2−z

O(1)–H(1)···I(1) 0.82 3.00 148 3.72(3) 1−x, 1−y, 2−z

C(2)–H(2)···I(1) 0.93 3.16 160 4.04(5) 1−x, 1−y, 1−z

C(6)–H(6)···I(1) 0.93 3.36 100 3.65(5) 1+x, y, z

C(7)–H(7A)···I(2) 0.97 3.33 123 3.95(5) 1−x, 1−y, 1−z
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In the 1H NMR spectra of the ligand and 1 (see Scheme
1 for numbering), the peaks are observed in three regions,
7−9 ppm for aromatic and imine protons, 5 ppm for the
alcohol unit and 2.5−4 ppm for aliphatic and amine moi-
eties. Comparison of the 1H NMR spectra of ligand and
complex revealed that all peaks of the ligand are shifted to
lower magnetic field after complexation. Among them,
the proton of the imine shows the highest shift by 0.75 ppm.
In the 13C NMR spectrum of the ligand, the imine and aro-
matic carbon atoms are observed at 120–160 ppm and oth-
ers at 50−80 ppm. Among the aliphatic carbon atoms, the
C10 atom which was attached to the alcohol moiety is
observed at the lowest chemical shift. 

Description of the Crystal Structure

In the crystal structure of 1 (Fig. 1), the cadmium atom
has a Cd(Npy)(Nimine)(Namine)(Iterminal)2 environment and is
coordinated by one N3-donor PMAE ligand and two iodide
ions with coordination number of five. A penta-coordi-
nate geometry of 1 may adopt either a square pyramidal or
a trigonal bipyramidal structure which is determined by
applying the formula of Addison et al..19,21 The angular
structural parameter, τ = (β – α)/60, was calculated to be 0.05
for the cadmium atom indicating a slightly distorted square-
pyramidal geometry. Searching the Cambridge Structural
Database (CSD)20a for analogues of 1 containing Cd(Npy)
(Nimine)(Namine)(Iterminal)2 environments with two five mem-
bered chelate rings revealed that there are five examples22

(one structure containing one five-membered and one six-
membered chelate rings18 was omitted for precise com-
parison). The average geometrical parameters for these
structures were calculated and are presented in Scheme 2.
Comparison of these data with those of 1 revealed that, all
geometrical parameters in 1 are comparable with the CSD
averages, except that the Cd1−I1 bond length is 0.092 Å

longer than the average and also I−Cd−I bond angle in 1 is
6.33° smaller than the average. A study of the crystal packing
of 1 revealed that the longest Cd−I has more interactions
with adjacent molecules than the other one. For all ana-
logues of 1, the τ value was calculated to be in the range of
0.07−0.32, showing that 1 is closer to ideal square-pyra-
midal geometry than its analogues. 

The PMAE ligand forms two five-membered planar and
non-planar chelate rings. This ligand does not have a chi-
ral center, but upon coordination a new chiral center at N3
is produced. Although complex 1 has one chiral center,
the crystals are racemic.17b,c

Each tridentate ligand can coordinate to a metal center
in facial or meridional forms. In the mer form there are two
angles of 90° and one of 180°, in the fac form there are
three angles of 90°.17a,20b In 1, two of the relevant bond
angles of PMAE deviate slightly from 90° due to the che-
lating bite angle, whilst the third one is 141.4(1)° and thus
consistent with the mer form (135° is exactly half way
between fac and mer).

In the packing of 1, there are C–H···I, N–H···I, O–H···I
and O–H···N interactions (Fig. 2). Among them, the O–
H···I hydrogen bonds participate in the formation of R2

2(14)
hydrogen bond motifs (two acceptors, two donors with
degree of 14)17f between two molecules of 1. Another hydro-
gen bond motif (R2

2(8)) is formed between two adjacent
complexes connected by two N–H···I hydrogen bonds. In
addition to the hydrogen bonds, the network is stabilized
by π–π stacking interactions between pyridine rings of the
ligands of adjacent complexes. The pyridine rings are exactly
parallel to each other (dihedral angle between planes: 0°)
and nitrogen atoms of the pyridine rings have anti direction.
The centroid–centroid distance and the perpendicular dis-
tance between the pyridine planes are 3.719 and 3.527 Å,
respectively. Thus the slippage of pyridine rings was cal-
culated to be 1.180 Å.23

Scheme 2. CSD average for the Cd(Npy)(Nimine)(Namine)(Iterminal)2

environment.

Figure 1. The ortep diagram of the molecular structure of 1. The
ellipsoids are drawn at the 25% probability level. 
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The total intermolecular interactions energy24 for one
complex unit of 1 was calculated using the CSD-materi-
als tool in Mercury25 (Fig. 3).26 For this aim, the sum of
intermolecular interactions energies in a molecular pack-

ing shell containing 100 molecules around one molecule
of 1 was calculated to be −293.3 kJ/mol. In 1, 56 and 95 %
of the calculated stabilization energy corresponds to the
interactions with 6 and 18 surrounding molecules, respec-
tively.

Computational Studies

For comparing the structure of the complex 1 in solid
state with an isolated one, DFT calculations were per-
formed and optimized structures are presented in Fig. 4.
For the optimized structure 1opt, the τ was calculated to
0.17, showing that the square-pyramidal geometry in solid
phase is different from that in an isolated molecule. Com-
paring the geometrical parameters of 1 with 1opt revealed
that in solid phase, the coordinated bond lengths formed
by donor atoms that do not participate in hydrogen bonding
(N1, N2) are similar to those of the isolated ones (Table 2)
while others are different. In 1opt, similarly to 1, two of the
coordinated bond angles of the PMAE deviate slightly
from 90°, whilst the third one is 139.37° and thus in the mer

form. In the optimized structure of the ligand, the PMAE
has E configuration and all nitrogen atoms have same
direction as observed in the structure of the complex.

For studying the charge distribution pattern of ligand
before and after coordination an NBO analysis was per-
formed (Table 4). The results reveal that the calculated
charge on the carbon atom of the imine moiety is positive
while other carbon atoms have a negative charge. Among
the three nitrogen atoms, the amine nitrogen has higher
electronegativity than the others. In the complex, the cal-
culated charge on the metal atom (+1.07) is lower than the
formal charge (+2) owing to electron donation of the ligand
upon complexation. After coordination of the PMAE, the
variation of charge on the hydrogen atoms is not signif-

Figure 2. Packing of the 1, showing the hydrogen bonds. 

Figure 3. Variation diagram of total intermolecular interactions
energy (E) for 1 with increasing number of surrounding molecules.

Figure 4. Optimized structures of the PMAE and its cadmium complex.
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icant while the charges on the carbon atoms are positive
compared to the free ligand as well as iodide ligands, show-
ing that these atoms play an important role in electron
donation toward metal atom and decreasing the charge of
it. The nitrogen atoms of the ligand show the highest charge
variation after coordination. The charge on these atoms
are negative compared to the free ligand and the nitrogen
atom of the imine moiety has the highest variation.

In the optimized structure of PMAE, the LUMO is mainly
delocalized on the aromatic and imine portions whilst the
HOMO is delocalized on the aliphatic and partially on the
imine unit (Table 5). In 1opt, the LUMO has similar pattern
with PMAE while the HOMO delocalized on the iodide
ions. The cadmium atom does not have any quota in the
frontier orbitals of the complex. DFT calculations reveal
that the HOMO/LUMO energy gap in complex is 4.73 eV
higher than the free ligand (Table 5).

CONCLUSION

In this work, a Schiff base ligand, 2-((2-((pyridin-2-
ylmethylene)amino)ethyl)amino)ethan-1-ol (PMAE), and
its cadmium complex, [Cd(PMAE)I2] (1), were synthesized
and their spectral (IR, Raman, 1H and 13C NMR) and struc-
tural properties were investigated. In the structure of 1, the
cadmium atom has slightly distorted square-pyramidal
geometry and CdN3I2 environment by coordination of the
one mer-(Npy)(Nimine)(Namine)-donor PMAE and two non-

bridging iodide ions. The complex contains one chiral
center on an amine nitrogen atom with racemic mixture of
isomers. In the crystal packing of the complex, the alcohol
and amine groups along with the iodide ions have import-
ant roles in the hydrogen bonding map. The O–H···I and
N–H···I hydrogen bonds form R2

2(14) and R2
2(8) hydro-

gen bond motifs, respectively. In addition to the hydrogen
bonds, the crystal network is stabilized by π–π stacking
interactions between pyridine rings of the PMAE ligands
on the adjacent complexes. The DFT calculations revealed
that among different atoms of the ligand, the carbon atoms
have significant role in electron donation toward cadmium
atom. Based on the theoretical studies, the HOMO/LUMO
energy gap in complex is 4.73 eV higher than the free ligand.
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