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The synthesis and structure of the strontium
complex with anthranilic acid and triethanolamine
Abstract

Volume 3 Issue 4 - 2018

In the framework of the systematic studies of the mixed-ligand complexes formation
on the base of ethanolamines and aromatic carboxylic acids new strontium compound
with triethanolamine and anthranilic acid has been synthesized. The structure of
the obtained complex is determined by X-ray crystallography. In complex two
triethanolamine molecules are tetradentantly coordinated by the central atom, while
two molecules of anthranilic acid in the benzoate form are located in the outer sphere.
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Introduction
It is well known that biological activity of pharmaceutical
preparations may be significantly enhanced by metal complex
formation1,2 which is especially crucial in case of substances with
low activity. In this regard, we are carrying out a systematic study
of the metal complex formation of aromatic carboxylic acids and
ethanolamines demonstrating weak antimicrobial3 and growth
stimulating effects.4 These substances were selected due to their low
cost, availability and simplicity of the structure. Indeed, we have
succeeded essentially increase a growth stimulating action through
coordination complex formation of Cu with p-nitrobenzoic acid
and monoethanolamine.5 Earlier we have synthesized coordination
compounds of Cu and Ni with salicylic acid and triethanolamine.6 In
these compounds, not all four donor groups of triethanolamine are
involved to coordination because a transition metal atom tridentately
coordinates two molecules of triethanolamine leaving one hydroxyl
group unrelated. In order to place two tetradentantly coordinated
molecules of triethanolamine around the metal atoms ions with a
relatively large size such as alkali and alkaline earth metal ones are
required. To obtain complexes of this type, we tested the synthesis
in reaction media containing salts of target metals with a large
ionic radius and potential ligands. In the case of synthesis with the
participation of the Sr(NO3)2 salt, triethanolamine and salicylic acid
a crystalline product containing single crystals suitable for X-ray
diffraction analysis has been obtained. The structure determination
of this compound attests that in it an inner coordination sphere of
strontium ion contains two tetradentately coordinated triethanolamine
molecules as anticipated.7 It is of a great interest to know what kind
of the metal complex will be formed if to change salicylic acid to
anthranilic one. This article is devoted to the synthesis and structure
of such compound.

Objects and methods of research
To a solution of 0.105g (0.5mmol) of Sr (NO3)2 in 5 ml of a waterethanol mixture (1:1 by volume) a hot ethanol solution of 0.138g
(1mmol) of anthranilic acid was added. 132μl of triethanolamine was
added drop-wise to the resulting mixture with constant stirring. The
reaction mixture was kept in an ultrasonic bath (30kHz) for 10minutes.

Submit Manuscript | http://medcraveonline.com

Int J Petrochem Sci Eng .2018;3(5):125‒129.

The resulting solution was placed (20°C) in a loosely-closed vial.
After 14 days prismatic crystals are formed.
All reagents were readily available from commercial sources and
were used as received without further purification. Analyses of C, H
and N were performed on a German Elementar Vario EL instrument.
Data for the crystal structure determinations were collected at 293K
on an Oxford Diffraction Xcalibur-R CCD diffractometer (CuKαradiation, λ=1.54184 Å, ω-scan mode, graphite monochromator).
Experimental data were collected using the CrysAlisPro program.8An
absorption correction was applied by the multi-scan method using the
same program. The structures were solved by a direct method of the
SHELXS-97 program package9 and refined by full-matrix least squares
using the SHELXL-97 program.10 All none hydrogen atoms were
refined anisotropically. Hydrogen atoms were inserted at calculated
positions and constrained with isotropic thermal parameters, except
for the hydrogen atoms of some hydroxyl groups, which were located
in a Fourier-difference map and refined isotropically. The molecular
drawings were plotted by MERCURY program package.11,12 The
crystallographic data and details of structure refinement of the
compound are given in (Table 1).
Table 1 Basic crystallographic data and details of the structure refinement
Empirical formula

C12 H30 N2 O6 Sr, 2(C7H6NO2)

Formula weight

658.25

Crystal system

monoclinic

Space group

P21/c

a, Å

10.4253(3)

b, Å

23.0625(5)

c, Å

12.7209(3)

β, deg

103.668(3)

V, Å

2971.92(13)

3

Z

4

Dx, gcm-3

1.471
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Table Continued
Empirical formula

C12 H30 N2 O6 Sr, 2(C7H6NO2)

μ(CuKα), mm-1

3.041

T, K

293

Scan θ range, deg

3.8, 76.0

Range h,k,l

-9/12; -26/28; -15/14

Total data

12679

Independent data

6038

Rint
Observed data [F2≥2σ
(F2)]
Goodness-of-fit (F2)

0.029

R1, wR2(I>2σ (I))

0.0392, 0.1057

Δρmin/max, eÅ

-0.35, 0.89

-3

longer than the mean value. The remaining interatomic distances and
valence angles have the usual values for
 analogous compounds.

5120
Figure 1 An asymmetric part of the unit cell of the crystal and atom
numbering.

1.04

Results and discussion
The asymmetric part of the unit cell consists of 1 molecule of a
complex cation and 2 molecules of anthranilic acid (Figure 1). The
Sr+2 ion coordinates 2 molecules of triethanolamine through a nitrogen
atom and three oxygen atoms, i.e. the maximum possible tetradentate
method of coordination is realized due to the large ionic radius of the
central atom. The coordinating polyhedron is a two-capped trigonal
prism on the basis of which oxygen atoms are located while in the
“cap” position nitrogen atoms of ligand molecules are positioned.
The Sr-O bond lengths are in the range 2.542-2.606Å, the interatomic
distances of Sr-N1 and Sr-N2 are 2.775 and 2.747Å, respectively. An
analysis of the 16 analogous bond lengths of Cambridge Structural
Database (CSD)13 indicates that the Sr-O24 bond of 2.606Å by 0.054Å

In result of the occupation of the inner coordination sphere of
the central atom only by triethanolamine molecules the true mixedligand complex is not formed. Two molecules of anthranilic acid in a
benzoate form are placed in the outer sphere in order to compensate
the positive charge of the Sr ion. In other words, the supramolecular
compound consisting of the cation in the form of complex ion with
triethanolamine and anion of anthranilic acid in the benzoate form is
crystallized from the solutions.
There is a strong intramolecular H-bond between the amino
(donor) and carboxyl groups (acceptor) in molecules of anthranilic
acid which is formed due to the adjacent arrangement of these
groups. This bond is described by the graph-set S12 (6).14 There are
6 intermolecular H-bonds in the structure (Table 2) which combine
structural units in cycles of different dimensions, for example, in rings
with R44 (16)-graph-sets. These cycles are associated in chains parallel
to the direction [101] (Figure 2).

Table 2 Geometric parameters of intra- and intermolecular hydrogen bonds
Distance, Å
D–H

H···A

D···A

AngleD–H···A,
deg

Coordinates of
atom A

O1–H1···O2A

0.849(17)

1.841(16)

2.685(3)

172(3)

1-x,1-y,2-z

O2– H2···O1B

0.84(3)

1.92(3)

2.731(3)

162(3)

O3–H3···O1A

0.85(4)

1.80(4)

2.642(4)

175(5)

O4–H4···O2B

0.84(3)

1.86(3)

2.677(4)

164(4)

O5–H5···O2A

0.84(2)

1.87(2)

2.693(3

166(3)

O6–H6···O1B

0.844(14)

1.827(13)

2.650(3)

164(3)

N1B–H1BA···O2B

0.87(3)

1.97(4)

2.666(5)

137(4)

N1A–H1AA···O1A

0.86(3)

1.93(3)

2.679(5)

145(5)

Bond D-H-A

-x,1-y,1-z

Figure 2 Crystal structure of the complex.
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There are 4 strontium complexes with ref-codes RUQSUR,
AKEXET, GEGTOB and SUTZIQ in CSD in which the analogous
tetradentant coordination of 2 molecules of triethanolamine takes
place. However, in the outer sphere of these coordination compounds
different counter-ion molecules are situated. The identical structure
is also characteristic for complexes of other 7 metals, such as Ca, Pb,
Ba, Cd, Y, Eu and Yb.

Conclusion
In result of the synthesis carried out in solutions containing Sr
(NO3)2, triethanolamine and anthranilic acid a new compound in the
salt form is obtained. Inner coordination sphere of Sr is occupied
only by triethanolamine molecules, displacing the second ligand,
anthranilic acid, to the outer sphere. This type of structure of metal
complexes with triethanolamine is typical for alkali and alkaline earth
metals, i.e. for metals with a large ionic radius.
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