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INTRODUCTION

Various amines are extensively distributed in natural world
and some of which are necessary for keeping life1,2. Polyamines
are important in biochemistry because they are present in the
cells of microorganisms and animal organisms and contribute
to the stabilization of the structure and activity of RNA and
DNA3,4. The amine groups have been found to be one of the most
efficient functional groups for heavy metal ion removal and
various adsorbents with the amine functional groups have been
developed from natural biopolymers5-7.

Complexes containing polydentate amine as ligand have
been widely reported in the literature8-13. Polydentate amine
ligands generally coordinate to transition metal ions using all
of the available nitrogen atoms as donors14. Transition metal
coordination involving tridentate amines as ligands have
attracted solid attention for their role as model compounds for
bioinorganic systems, as building blocks in supermolecule
assemblies and as catalysts15. 1,5-Diamino-3-oxapentane as
one of the classics of polyamines behave as tridentate ligand
that can form three coordinative bonds with a metal atom
through the long pair electrons on two nitrogen and an oxygen.
In this paper, we have prepared and investigated the spectral
properties and crystal structure of the Cd (II) complex with
the ligand of 1,5-diamino-3-oxapentane.

EXPERIMENTAL

All the starting compounds and solvents were used as
commercial products of analytical grade without any purifi-
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cation. C, H and N contents were determined using a Carlo
Erba 1106 elemental analyzer. The IR spectra were recorded
on the 4000-400 cm-1 region with a Nicolet FI-VER spectro-
meter using KBr pellets.

Synthesis of 3-oxapentane-1,5-diamine: 3-oxapentane-
1,5-diamine was synthesized by the known method16.
Elemental analysis (%): Found: C, 45.98; H, 11.50; N, 26.76.
Calcd.: C, 46.25; H, 11.54; N, 26.90. Selected IR data: (KBr
νmax, cm-1), 1120 (νC-O-C), 3340 (ν-NH2) stretching frequency,
respectively.

Preparation of the [Cd(L)(NO3)2]: To a stirred solution of
L (0.104 g, 1 mmol) in EtOH (10 mL) was added Cd(NO3)2·4H2O
(0.308 g, 1 mmol) in EtOH (5 mL). A white crystalline product
formed rapidly. The precipitate was filtered off, washed with
EtOH and in vacuo. The dried precipitate was dissolved in
DMF resulting in a colourless solution. The crystals suitable
for X-ray diffraction measurement were obtained by ether
diffusion into DMF after several days at room temperature.
Yield: 0.115 g (28 %). Elemental analysis (%): Found: C, 14.0;
H, 3.6; N, 16.5. Calcd.: C, 14.1; H, 3.5; N, 16.5.

X-Ray crystal structure determination: A suitable single
crystal was mounted on a glass fiber and the intensity data
were collected on a Bruker SMART APEX diffractometer with
graphite-monochromated MoKα radiation (λ = 0.71073 Å) at
296 K. Date reduction and cell refinement were performed
using SAINT programs17. The absorption corrections were
carried out by the empirical method. The structure was solved
by direct methods and refined by full-matrix least-squares
against F2 of data using SHELXTL software18,19. All H atoms
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were found in difference electron maps and were subsequently
refined in a riding-model approximation with C-H distances
is 0.97Å and Uiso(H) = 1.2 Ueq(C). A summary of parameters
for the data collections and refinements is given in Table-1.

Crystallographic data for the Cd(II) complex has been
deposited with the Cambridge Crystallographic Data Center
as supplementary publication No. CCDC 879804. Copies of
the data can be obtained free of charge on application to The
Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk).

TABLE-1 
CRYSTALLOGRAPHIC DATA AND DATA  

COLLECTION PARAMETERS FOR [Cd(L)(NO3)2] 

Formula C4H12N4O7Cd 
M 340.59 
system Monoclinic 
space group C2/c 
a(Å) 13.561(6) 
b(Å) 8.677(4) 
c(Å)  10.988(8) 
β/(°) 90 
V/Å3 126.048(4) 
Z 90 
ρcaled g/cm3 2.164 
Limiting indices -13,16/ -10,10/ -13,13 
Crystal size mm 
Absorption correction   

0.25 × 0.21 × 0.19 
Semi-empirical from equivalents 

Data/restraints/parameters 4985 / 6 / 396 
F(000) 168 
Final R indices [I > 2σ(I)] R1 = 0.0630, wR2 = 0.1871 
R indices (all data) R1 = 0.0632, wR2 = 0.1872 
∆ρ (max) and ∆ρ (min), (e Å-3) 2.495 and -2.750 
 

RESULTS AND DISCUSSION

The Cd(II) complex [Cd(L)(NO3)2] was prepared by
reaction of L with Cd(NO3)2·4H2O in ethanol. It is soluble in
polar aprotic solvents such as DMF, DMSO and MeCN, slightly
soluble in ethanol, methanol, ethyl acetate and chloroform and
insoluble in water, Et2O and petroleum ether. The elemental
analysis shows that its composition is [Cd(C4H12N2O)(NO3)2]
which was confirmed by the crystal structure analysis.

IR spectra: In the free ligand L, a strong band is found at
1120 cm-1 together along with a weak band at 3340 cm-1. By
analogy with the assigned bands, the former can be attributed
to ν(C-O-C), while the latter can be attributed to ν(-NH2). These
bands were shifted to the lower frequency ca. 40 cm-1 in the
complex, which implies direct coordination of the nitrogen
and oxygen atom to metal ions. Information regarding possible
bonding modes of the nitrate may also be obtained from the
IR spectra. The bands at 1440, 1329, 1062 cm-1 indicate that
the nitrate groups are bidentate coordination mode20-22. The
results agree with those determined by X-ray diffraction.

Crystal structure: The selected atomic distances and
bond angles of complex [Cd(L)(NO3)2] are listed in Table-2.
The ORTEP structure of [Cd(L)(NO3)2] with atom numberings
is shown in Fig. 1. The molecular structure consists of a ligand
L, two nitrate radicals and a Cd (II) atom. The Cd (II) in the
complex is N, O, N'-chelated by a L and four O atoms from
two nitrate anions. The coordination geometry of the Cd (II)
ion may be best described as distorted monocapped octahedral.
The equatorial plane is occupied by N1, N1A, O3, O3A, whereas

Fig. 1. Crystal structure of the complex [Cd(L)(NO3)2]. Hydrogen atoms
have been omitted for clarity

TABLE-2 

SELECTED ATOMIC DISTANCES Å AND BOND ANGLES (°) FOR THE Cd(II) COMPLEX 

Bond distances    

Cd(1)-N(1)#1 2.246(10) Cd(1)-N(1) 2.246(10) 
Cd(1)-O(7) 2.278(10) Cd(1)-O(1) 2.428(10) 
Cd(1)-O(3) 2.598(11) Cd(1)-O(3)#1 2.598(11) 
Cd(1)-O(6) 2.608(12)   
Bond angles    

N(1)#1-Cd(1)-N(1) 138.2(5) N(1)#1-Cd(1)-O(7) 108.8(2) 
N(1)-Cd(1)-O(7) 108.8(2) N(1)#1-Cd(1)-O(1) 75.0(2) 
N(1)-Cd(1)-O(1) 75.0(2) O(7)-Cd(1)-O(1) 162.3(4) 

N(1)#1-Cd(1)-O(3) 78.8(3) N(1)-Cd(1)-O(3) 125.3(3) 
O(7)-Cd(1)-O(3) 80.5(3) O(1)-Cd(1)-O(3) 83.4(3) 

N(1)#1-Cd(1)-O(3)#1 125.3(3) N(1)-Cd(1)-O(3)#1 78.8(3) 
O(7)-Cd(1)-O(3)#1 80.5(3) O(1)-Cd(1)-O(3)#1 83.4(3) 
O(3)-Cd(1)-O(3)#1   48.7(4) N(1)#1-Cd(1)-O(6) 94.2(3) 
N(1)-Cd(1)-O(6) 94.2(3) O(7)-Cd(1)-O(6)    52.4(4) 
O(1)-Cd(1)-O(6) 145.3(4) O(3)-Cd(1)-O(6) 127.5(3) 

O(3)#1-Cd(1)-O(6) 127.5(3)   
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the Cd(II) ion protrudes towards O5 by 0.525Å from the plane
of atoms N1/N1A/O3/O3A. In the case of the complex, the
axial positions are occupied by the O1 atom and another O7
atom. The distance between the axial O1 atom and the
equatorial plane is 1.891 Å, but the distance between the axial
O7 atom and the equatorial plane is 2.618 Å. The bond angle
of the two atoms through the metal center (O1-Cd1-O7) in
axial positions is 162.3(4)°. The capping atom, O6, lies 1.974
Å out of the N1/N1A/O7 trigonal plane23.

NH…O hydrogen-bonding interactions play important
roles in the crystal packing modes in the complex (Fig. 2).
The selected hydrogen bonds are listed in Table-2. The intro-
ductions of NH2 groups in the frameworks successfully lead
to the assembly of these monomeric units by intermolecular
hydrogen bonds. As illustrated in Fig. 2, one of the terminal
hydrogen of the N atom of the ligand is bound to one of the
oxygen atom of the nitrate radical, in which the two monomers
are nearly in the same plane and these interactions afford a
three-dimensional network structure of [Cd(L)(NO3)2]n.

Fig. 2. View of N-H-O hydrogen bonds interaction in the complex

Conclusion

In summary, 1,5-diamino-3-oxapentane and its Cd(II)
complex were synthesized and characterized based on X-ray
diffraction and other structural methods. The coordination
geometry can be described as distorted monocapped octa-
hedral. The complex is mainly stabilized by the intermolecular

hydrogen bond. The three intermolecular NH···O hydrogen
bonds, interlink the three adjacent units into a three-
dimensional network.
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