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Abstract
A rarely seen phenolato and azido-bridged polymeric cadmium(II) complex derived from the Schiff base ligand 2-bro-

mo-6-[(2-isopropylaminoethylimino)methyl]phenol (HL) has been prepared and characterized by elemental analysis,

IR spectroscopy, and single crystal X-ray diffraction. The Schiff base ligand coordinates to the Cd atom through the

NNO donor set. The Cd atom is hexa-coordinated in an octahedral geometry. Adjacent two Cd atoms are bridged by two

phenolato groups generating a dimer with Cd···Cd distance of 3.475(1) Å. The dimers are further linked via azido brid-

ges forming 2D sheets parallel to the bc plane. 
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1. Introduction

The self-assembly and construction of metal-orga-
nic frameworks is currently a hot research field due to
their fascinating structures and potential applications.1

Schiff bases have long been received much attention for
their preparational accessibilities, structural varieties and
biological properties.2 Tri-dentate salen-type Schiff bases
are capable of forming complexes with certain metal
atoms which can exhibit unusual coordination, high ther-
modynamic stability and kinetic inertness.3 Preparation of
one-, two- or three-dimensional polymeric network by
suitable metal and ligand coordination is the special area
of current research because of their interesting properties,
such as electrical conductivity, magnetism, host–guest
chemistry, molecular separation, gas storage, sensors and
catalysis.4 Among the various transition and non-transi-
tion metal atoms cadmium is an extremely toxic element
that is naturally present in the environment and also as a
result of human activities. The development of chelating
agents is essential for the treatment of cadmium intoxica-
tion. Schiff bases have been proved to be a kind of intere-
sting chelating agents for cadmium. A number of cad-
mium complexes with Schiff bases have been reported.5

Cadmium(II) due to its d10 electronic configuration, is
particularly suitable for the construction of coordination
polymers and networks. The spherical d10 configuration is
associated with a flexible coordination environment so
that geometries of these complexes can vary from tetrahe-
dral to octahedral and severe distortions in the ideal poly-
hedron occur easily.6 The terminal or blocking co-ligands,
which are usually used along with the bridging ligand to
complete the metal coordination sphere, can alter the su-
pramolecular assembly and consequently the type of
structure formed taking the advantage of the flexibility of
the coordination sphere.5a A detailed study of such com-
plexes indicates that thiocyanate ligand is readily coordi-
nate to the Cd atom, either through terminal mode or
through bridging modes.7 As a comparison, azide, a simi-

Scheme 1. The Schiff base HL. 
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lar pseudohalide group to thiocyanate, is rarely seen in the
Schiff base cadmium complexes.8 As a continuation of our
work on Schiff base complexes9 we report herein a rarely
seen phenolato and azido-bridged polymeric cadmium(II)
complex derived from the Schiff base ligand 2-bromo-6-
[(2-isopropylaminoethylimino)methyl]phenol (HL; Sche-
me 1).

2. Experimental

2. 1. Material and Methods
3-Bromosalicylaldehyde and N-ethylethane-1,2-dia-

mine were purchased from Fluka. Cadmium nitrate and
other reagents were analytical grade and used without
further purification. The Schiff base HL was prepared by
the condensation of equimolar quantities of 3-bromosa-
licylaldehyde with N-ethylethane-1,2-diamine in metha-
nol. Elemental (C, H and N) analyses were made on a Per-
kin-Elmer Model 240B automatic analyser. Infrared spec-
trum was recorded on an IR-408 Shimadzu 568 spectrop-
hotometer. X-ray diffraction was carried out on a Bruker
SMART 1000 CCD diffractometer. Thermal analysis was
performed on a Perkin-Elmer Pyris Diamond TG-DTA
thermal analyses system. 

Caution! Azido compounds of metal ions are poten-
tially explosive especially in presence of organic ligands.
Only a small amount of material should be prepared and it
must be handled with care. 

2. 2. Preparation of the Complex 

Schiff base HL (0.271 g, 1.0 mmol) was diluted by
methanol (20 mL), to which was added with stirring a
methanol solution (10 mL) of cadmium nitrate tetrahydra-
te (0.309 g, 1.0 mmol) and an aqueous solution (5 mL) of
ammonium thiocyanate (0.076 g, 1.0 mmol). The mixture
was stirred for 1 h at ambient temperature to give a color-
less solution. Colorless block-shaped single crystals sui-
table for X-ray diffraction were formed by slow evapora-
tion of the solution in air for a week. The crystals were fil-
tered off and washed with cold methanol. Yield 51% (ba-
sed on HL). Analysis calculated for C12H16BrCdN5O: C,
32.86; H, 3.68; N, 15.97%; found: C, 32.72; H, 3.77; N,
15.83%. Selected IR data (cm–1): 3266 (N–H), 2066 (N3),
1643 (C=N). 

2. 3. X-ray Diffraction 

Diffraction intensities for the crystal were collected
at 298(2) K using a Bruker Apex II diffractometer with
MoKα radiation (λ = 0.71073 Å). The collected data for
the complex was processed with SAINT10 and corrected
for absorption using SADABS.11 The absorption correc-
tion was applied with ψ-scans.12 Structure of the complex
was solved by direct method using the program SHELXS-

97, and was refined by full-matrix least-squares techni-
ques on F2 using anisotropic displacement parameters.13

All hydrogen atoms were placed at the calculated posi-
tions. Idealized H atoms were refined with isotropic dis-
placement parameters set to 1.2 (1.5 for methyl groups) ti-
mes the equivalent isotropic U values of the parent carbon
or nitrogen atoms. The C–H distances for CH2 and CH3

are constrained to 0.97 and 0.96 Å, respectively. The re-
maining C–H distances are constrained to 0.93 Å. The
crystallographic data for the complex are listed Table 1. 

Table 1. Crystal and structure refinement data for the complex

Empirical formula C12H16BrCdN5O

Colour; habit Block, colorless

Formula weight 438.6

Temperature (K) 298(2)

Crystal system Monoclinic

Space group P21/c
Unit cell dimensions

a (Å) 12.142(1)

b (Å) 12.492(1)

c (Å) 10.385(1)

β (°) 106.649(3)

V (Å3) 1509.2(3)

Z 4

Density (mg cm–3) 1.930

Absorption coefficient (mm–1) 4.097

Reflections collected 13740

Independent reflections 2816

Observed reflections [I > 2σ(I)] 2366

Parameters/restraints 183/0

R1, wR2 [I ≥ 2σ(I)]a 0.0394, 0.0916

R1, wR2 (all data)a 0.0523, 0.1017

Goodness-of-fit 1.078

a R1 = ∑||Fo|–|Fc||/∑|Fo|, wR2 = [∑w(Fo
2–Fc

2)2/∑w(Fo
2)2]1/2

3. Results and Discussion

3. 1. Description of the Crystal Structure 
of the Complex 

An ORTEP representation of the asymmetric unit of
the complex is shown in Figure 1, with selected bond di-
stances and bond angles listed in Table 2. The Schiff base
acts as a tridentate ligand and chelates the Cd atoms
through phenolate oxygen, imino nitrogen, and amino ni-
trogen, forming a five-membered chelate ring N1–Cd1–N2
and a six-membered chelate ring O1–Cd1–N1. The coordi-
nation mode of the Schiff base ligand is similar to the tri-
dentate Schiff bases we reported recently.9b,14 The phenola-
te group of the Schiff base ligand binds two Cd atoms, ge-
nerating a dinuclear subunit with Cd···Cd distance of
3.475(1) Å. The dinuclear subunits are further linked
through end-to-end azido bridges forming two-dimensio-
nal sheets parallel to the bc plane (Figure 2). The azido-
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bridged Cd···Cd distance is 6.559(2) Å. Adjacent four di-
nuclear subunits are linked via end-to-end azido bridges
forming a 20-membered ring with dimensions of 10.36 Å
× 6.66 Å (Figure 3). 

The Cd atoms are all six coordinated with distorted
octahedral geometry having N4O2 donor set. The equato-
rial plane of the octahedral geometry is formed by pheno-
lato oxygen (O1), imino nitrogen (N1) and amino nitro-
gen (N2) of the Schiff base ligand, and terminal nitrogen
(N5A) of bridging azido ligand. The two axial positions
are occupied by the phenolato oxygen (O1B) and terminal
nitrogen (N3) with a trans angle, N3–Cd1–O1B, of
164.42(16)°. The distortion of the geometry from regular
octahedron is evidenced from the respective cis- and
trans-angles about the metal center. The N–N–N bond an-

Table 2. Coordinate bond distances (Å) and angles (°) for the com-

plex

Bond lengths
Cd1–O1 2.269(3) Cd1–N1 2.304(4)

Cd1–N2 2.365(4) Cd1–N3 2.432(5)

Cd1–N5A 2.210(5) Cd1–O1B 2.455(3)

Bond angles

N5–Cd1–O1A 102.24(17) N5–Cd1–N1A 174.07(18)

O1–Cd1–N1 77.75(15) N5–Cd1–N2A 105.72(18)

O1–Cd1–N2 150.96(14) N1–Cd1–N2 75.25(16)

N5–Cd1–N3A 92.05(19) O1–Cd1–N3 91.63(17)

N1–Cd1–N3 82.04(18) N2–Cd1–N3 95.04(18)

N5A–Cd1–O1B 103.53(16) O1–Cd1–O1B 85.37(12)

N1–Cd1–O1B 82.39(14) N2–Cd1–O1B 80.68(13)

N3–Cd1–O1B 164.42(16)

Symmetry codes: A) x, ½ – y, –½ + z; B) 2 – x, 1 – y, – z.

Figure 1. ORTEP view of the complex with atom labels. Displace-

ment ellipsoids are shown at 30% probability level. The carbon

hydrogen atoms are omitted for clarity. Atoms labeled with the suf-

fix A are at the symmetry position: x, ½ – y, –½ + z. 

Figure 2. Crystal packing of the complex viewed along the a axis. 

Figure 3. The azido-bridged 20-membered chelate ring.

gle in the azido ligand is 178.1(6)°, slightly deviated from
the linearity. The Cd-O and Cd-N distances are within
normal ranges as compared to other Schiff base cadmium
complexes.7,8 As expected, the Cd–Nimino is shorter than
the Cd–Namino. 

3. 2. IR Spectrum of the Complex

The solid state infrared spectrum (Figure 4) of the
complex is consistent with its crystal structure result. The
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weak and sharp band at 3266 cm–1 is assigned to the N–H
vibration. The single and intense absorption band at 2066
cm–1 is assigned to the stretching vibrations of the azide
groups. The strong absorption band centered at 1643 cm–1

is assigned to the azomethine group, ν(C=N). The
ν(Cd–O) mode is present as a medium band at 1296 cm–1.
The vibrations of the Cd–O and Cd–N bonds are located
at the low wave numbers of 400–700 cm–1.7

4. Conclusion

A rarely seen phenolato and azido-bridged polymeric
cadmium(II) complex was obtained by reaction of 2-bro-
mo-6-[(2-isopropylaminoethylimino)methyl]phenol with
cadmium nitrate and sodium azide in methanol. The Schiff
base ligand coordinates to the Cd atom through the NNO
donor set, and the azido ligands bridge Cd atoms, to form a
polymeric structure. The complex is stable up to 190 °C. 

5. Supplementary Material

CCDC-945893 contains the supplementary crystal-
lographic data for this paper. These data can be obtained
free of charge at http://www.ccd.ccam.ac.uk/const/retrie-
ving.html or from the Cambridge Crystallographic Data
Centre (CCDC), 12 Union Road, Cambridge CB2 1EZ,
UK; fax: +44(0)1223-336033 or e-mail: deposit-
@ccdc.cam.ac.uk. 
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Povzetek
Predstavljamo redek primer polimernega kadmijevega(II) kompleksa z mostovnima fenolato in azido skupinama z upo-

rabo Schiffove baze 2-bromo-6-[(2-izopropilaminoetilimino)metil]fenola (HL) kot liganda. Kompleks smo okarakteri-

zirali z elementno analizo, IR spektroskopijo in monokristalno rentgensko difrakcijo. Schiffova baza je koordinirana na

Cd atom preko NNO donorskega seta. Cd atom je heksakoordiniran z oktaedri~no geometrijo. Sosednja dva Cd atoma

sta mostovno povezana preko dveh fenolatnih skupin, pri ~emer tvorita dimer s Cd···Cd razdaljo 3,475(1) Å. Dimeri so

nadalje povezani preko azido mostov in tvorijo 2D plasti vzporedne z bc ravnino. 




