
INTRODUCTION

The design and synthesis of metal complexes with carbo-
xylate ligands have attracted intense attention in recent years
owing to their potential practical applications, such as mole-
cule-based magnets, luminescence, biological properties1-3.
Transition metal complexes with carboxylate ligands have been
extensively investigated4-6. To the best of our knowledge, the
magnesium(II) complexes with carboxylate ligands have been
much less extensively studied than other complexes. In this
paper, we report the synthesi and X-ray crystal structure of
[Mg(H2O)6]·(L)2·(H2O)2 [L = N-p-tolysulfonyl-glycinate].

EXPERIMENTAL

The following A.R. grade chemicals were used for
the preparation of the studied compound: magnesium
chloride hexahydrate, p-tolysulfonyl chloride, glycine, sodium
hydroxide.

The carbon, hydrogen and nitrogen content in the newly
synthesized compound were determined on a Elementar Vario
III EL elemental analyzer. Infrared spectrum (4000-400 cm-1)
was recorded with KBr optics on a Nicolet AVATAR 360 FTIR
spectrophotometer. The crystal data was collected on a Bruker
smart CCD Area Detector.

Synthesis of the ligand: 10 mmol (0.7507 g) of glycine
and 20 mmol (0.8 g) of sodium hydroxide were dissolved in
100 mL of water at room temperature and added drop by drop
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10 mmol (1.9065 g) of p-tolysulfonyl chloride by stirring at
room temperature. The reaction solution was kept running for
4 h, then acidified with the solution of hydrochloric acid (v:v
= 1:1) to pH = 2. The white solid precipitation were collected
by filtration, washed and dried under vacuum. Yield may reach
up to over 65 %. Elementary analysis: calcd. (%) for
C9H11NSO4: C, 47.16; H, 4.80; N, 6.11; found (%): C, 47.58;
H, 4.52; N, 6.39. IR (KBr, νmax, cm-1):  (C=O): 1719, 1436,
(N-H): 3248.

Synthesis of Mg(II) complex: 1.0 mmol (0.229 g) of
N-p-tolysulfonyl-glycine and 1.0 mmol (0.04 g) of sodium
hydroxide were added to the 10 mL of CH3CH2OH/H2O (v:v
= 5:1) solution. After being dissolved, 0.5 mmol (0.1015 g) of
magnesium chloride hexahydrate was added to the solution.
The mixture was continuously stirred for 3 h at refluxing
temperature. The mixture was cooled at room temperature and
was collected by filtration. By evaporation in air at room
temperature, the single crystal suitable for X-ray determination
was obtained from methanol solution after 7 days. Yield: 56
%. Elementary analysis: calcd. (%) for C18H36N2O16S2Mg: C,
34.62; H, 5.77; N, 4.49; found (%): C, 34.58; H, 5.69; N, 4.72.
IR (KBr, νmax, cm-1):  (C=O): 1718, 1435,  (N-H): 3247, (H2O):
3423, (Mg-O): 423.

X-Ray crystallography: A colourless block single crystal
was placed on a glass fiber and mounted on a CCD area
detector. Diffraction data were collected by ϕ~ω scan mode
using a graphite-monochromatic MoKα radiation (λ = 0.71073
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Å) at 293 (2) K. A total of 5430 reflections were collected in
the range 3064-25.00º, of which 2503 were unique (Rint =
0.049) and 1900 were observed with I > 2σ(I). The data were
corrected for Lp factors. The structure was solved by direct
methods and refined by full-matrix least-squares techniques
on F2. The structure was solved by direct methods7 using
SHELXL-97 and expanded using Fourier techniques. All non-
hydrogen atoms and hydrogen atoms were refined anisotro-
pically and isotropically, respectively. The final refinement by
full-matrix least squares method was converged at R = 0.0668
and wR = 0.1863 (w = 1/[δ2(Fo2) + (0.1209P)2 + 0.0218P], P
= (Fo2 + 2Fc2)/3, S = 1.104, (∆/σ)max = 0.001). The largest
peak in the final difference Fourier map is 0.466 e/Å3 and the
minimum peak is -0.511 e/Å3. Molecular graphics were drawn
with the program package SHELXTL-97 crystallographic
software package8. The most relevant crystal data for complex
are quoted in Table-1 and the selected bond distances and
angles are listed in Table-2.

TABLE-1 
CRYSTALLOGRAPHIC DATA FOR Mg(II) COMPLEX 

Formula C18H36MgN2O16S2 
Formula weight 624.92 
Crystal system Triclinic 
Space group P-1 
a (Å) 5.7192(11) 
b (Å) 5.7717(12) 
c (Å) 22.564(5) 
α (º) 91.90(3) 
β (º) 96.28(3) 
γ (º) 104.04(3) 
Z 1 
F(000) 330 
Temperature (K) 293(2) 
V (Å3) 716.8(2) 
Calculated density (g cm-3) 1.448 
µ (mm-1) 0.281 
Limiting indices -6 ≤ h ≤ 6, -6 ≤ k ≤ 6, -26 ≤ l ≤ 26 
Reflections collected/unique 5430/2503 
R1, wR2 [all data] 0.0788, 0.1981 
R1, wR2 [I > 2σ(I)] 0.0668, 0.1863 
Largest diff. peak and hole (e Å-3) 0.466, -0.511 

 
RESULTS AND DISCUSSION

In the infrared spectra, the ν(COOH) vibrations of the
free ligand are at 1719 and 1436 cm-1. For the complex, the
vibration observed at 1718 cm-1 is assigned as νas(COO–) and
that at 1435 cm-1 as νs(COO–). Which indicate that the carboxy-
late oxygen atoms of N-p-tolysulfonyl-glycinate ligand do not
involve in the coordination with magnesium atoms9. The bands
of the -SO2-NH- groups at 3248, 1320 and 1155 cm-1 show
that there are uncoordinated atoms of the groups, because
compared with the free ligand the strong absorption bands are
not shifted. The new IR band appearing at 423 cm-1 is assigned
to ν(Mg-O) vibration. In addition, the band at 3423 cm-1 shows
that the complex contains water molecules, which are accor-
dance with the results of elemental analysis.

Structure description: Perspective view of the molecule
in a unit cell and molecular packing arrangement are shown in
Figs. 1 and 2, respectively. It can be seen that the coordination

TABLE-2 
SELECTED BOND LENGTHS (Å) AND 

ANGLES (º) FOR Mg(II) COMPLEX 
Mg1-O2W 1.938 (2) S1-O3 1.393 (3) 
Mg1-O2Wi 1.938 (2) S1-O4 1.429 (3) 
Mg1-O1Wi 2.052 (2) S1-N1 1.499 (3) 
Mg1-O1W 2.052 (2) S1-C3 1.916 (4) 
Mg1-O3W 2.191 (2) O2-C1 1.307 (5) 
Mg1-O3Wi 2.191 (2) N1-C2 1.444 (5) 
O2W-Mg1-O2Wi 180.00 (13) O1Wi-Mg1-O3Wi 85.12 (10) 
O2W-Mg1-O1Wi 90.45 (11) O1W-Mg1-O3Wi 94.88 (10) 
O2Wi-Mg1-O1Wi 89.55 (11) O3W-Mg1-O3Wi 180.00 (2) 
O2W-Mg1-O1W 89.55 (11) O3-S1-O4 121.3 (2) 
O2Wi-Mg1-O1W 90.45 (11) O3-S1-N1 101.13 (19) 
O1Wi-Mg1-O1W 180.00 (1) O4-S1-N1 105.16 (17) 
O2W-Mg1-O3W 94.56 (10) O3-S1-C3 110.96 (18) 
O2Wi-Mg1-O3W 85.44 (10) O4-S1-C3 106.97 (17) 
O1Wi-Mg1-O3W 94.88 (10) N1-S1-C3 110.85 (17) 
O1W-Mg1-O3W 85.12 (10) C2-N1-S1 117.1 (3) 
O2W-Mg1-O3Wi 85.44 (10) O1-C1-O2 123.9 (3) 
O2Wi-Mg1-O3Wi 94.56 (10) O1-C1-C2 110.8 (4) 
N1-C2-C1 109.9 (3) O2-C1-C2 125.3 (3) 
Symmetry codes: (i) -x, -y, -z + 2. 

 
environment of the Mg(II) atom consists of six oxygen atoms
from the coordinated water molecules, making up a distorted
octahedral environment. In the complex molecule, the
N-p-tolysulfonyl-glycinates do not take part in coordination
with Mg(II), they exists in the molecules through intramole-
cule and intermolecule hydrogen bonds. The hydrogen bonds
between the oxygen atoms of N-p-tolysulfonyl-glycinate
and the oxygen atoms of coordinated water molecules
are as following: O(1W)-H(1WA)···O(2) [0.2864(4) nm,
167(3)], O(1W)-H(1WB)···O(1) [0.3121(5) nm, 159(2)],
O(1W)-H(1WB)···O(2) [0.2987(4) nm, 113(3)], O(2W)-
H(2WA)···O(1) [0.2642(4) nm, 170(4)], O(2W)-
H(2WB)···O(2) [0.2931(4) nm, 107(3)] and O(3W)-
H(3WA)···O(2) [0.2822(4) nm, 168(3)], the distances of
the Mg (1)-O bonds are in the range of 1.938 (2)-2.191 (2) Å,
which are similar to the Mg-O bond lengths reported
previously10.

Fig. 1. Molecular structure of the complex

The complex forms one dimensional chain structure by
intramolecule and intermolecule hydrogen bonds and π-π
stacking (Fig. 3).
Conclusion

In summary, a new complex [Mg(H2O)6]·(L)2·(H2O)2 [L
= N-p-tolysulfonyl-glycinate] was synthesized and structurally
characterized. The complex comprises a six-coordinated
magnesium(II) center, with a O6 distorted octahedron coordi-
nation environment. The molecules are connected by hydrogen
bonds and π-π stacking to form one dimensional chain
structure.
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Fig. 2. Molecular packing arrangement

Fig. 3. One dimensional chain of the complex
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