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Abstract
C32H30N8O5, orthorhombic, P212121 (no. 19), a = 9.1258(4) Å,
b = 10.6225(5) Å, c = 30.1870(14) Å, V = 2926.3(2) Å3, Z = 4,
Rgt(F ) = 0.0367, wRref(F

2) = 0.0837, T = 200 K.

CCDC no.: 2045361

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

Approximately 0.1 mol o-phenylene diamine and 0.1 mol
tartaric acid were refluxed in 100 mL 4 M HCl in a round
bottomed flask for 1 h. The flask was allowed to cool to
room temperature and then the purple solution was
neutralized with conc. NH3 solution. The brown precipi-
tate was filtered off and recrystallised from a mixture of
water and ethanol. Brown crystals were formed.
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Table : Data collection and handling.

Crystal: Colourless rod
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [, ], SHELX [], WinGX/
ORTEP [], Mercury [], PLATON []
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Experimental details

Carbon-boundH atomswere placed in calculated positions
(C–H 0.95 Å for aromatic carbon atoms) and were included
in the refinement in the riding model approximation, with
U(H) set to 1.2Ueq(C). All oxygen- and nitrogen-bound H
atomswere located on a difference Fouriermap and refined
freely.

Comment

Chelate ligands have found widespread use in coordination
chemistry due to the increased stability of coordination
compounds they can form in comparison to monodentate
ligands. The stability of these compounds is enhanced
further if the denticity of the ligand is increased upon
incorporation of more and more potential donor sites [7].
Especially dicarboxylic acids are interesting in this aspect as
chemical factors such as pH values could influence on the
protonation/deprotonation of acidic functional groups
and fine-tune the denticity of the resulting ligand species.
Examples in this aspect are imidazole-dicarboxylic acids
that can be synthesized according to a published procedure
[8]. The structure of piperazine-1,4-diium bis(hydrogen
2-propyl-1H-imidazole-4,5-dicarboxylate) monohydrate has
been reported earlier and confirms the validity of the general
synthetic protocol [9]. In continuation of our studies of the

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

O . () . () . () . ()
O −. () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
HA . () . () . () . ()*
HB . () . () . () . ()*
HA . () . () . () . ()*
HA . () . () . () . ()*
HB −. () . () . () . ()*
HA −. () . () . () . ()*
HA . () . () . () . ()*
HA . () . () . () . ()*
HB . () . () . () . ()*
HA . () . () . () . ()*
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structures of polyfunctional carboxylic acids [10–13], we
attempted the synthesis of a novel imidazole-dicarboxylic
acid.

The structure solution shows a surprising result con-
firming that the synthesis reaction was interrupted too early
for the complete conversion of the starting materials.
The asymmetric unit contains two complete, neutral mo-
lecular species 1,2-bis(1H-benzo[d]imidazol-2-yl)ethane-1,2-
-diol and N-(2-aminophenyl)-3-(1H-benzo[d]imidazol-2-yl)-
2,3-dihydroxypropanamide. The latter can be expected as a
first step on the conversion pathway of the educts to the
intended product. C–N bond lengths in the symmetric mo-
lecular entity clearly show the distinctionbetween the imino
and the amino-type nitrogen atom with values of 1.312(3)
and 1.320(3) Å for the former and 1.352(3) and 1.350(3) Å for
the latter with regards to the bond towards the carbon atom
connected to both nitrogen atoms within each heterocyclic
moiety. These values also tally with the corresponding bond
lengths in the benzimidazole motif of the asymmetric sec-
ond molecular entity present in the asymmetric unit of the
crystal structures where values of 1.312(3) and 1.358(3) Å are
apparent. In each case, these values are in good agreement
with other benzimidazole derivatives whose molecular and
crystal structures were determined by means of diffraction
studies performed on single crystals and whose metrical
parameters have been deposited with the Cambridge
Structural Database. The C=O bond in the asymmetric ben-
zimidazol moiety present in the crystal structure is found at
1.237(2) Å. The least-squares planes as defined by the
respective non-hydrogen atoms of the two benzimidazole
systems present in the 1,2-bis(2-benzimidazyl)-1,2,-dihy-
droxyethane molecule intersect at an angle of 75.04(7)°
while the least-squares planes as defined by the respective
non-hydrogen atoms of the benzimidazole moiety on the
one hand and the non-hydrogen atoms of the aminophenyl
moiety on the other hand in the asymmetric molecule pre-
sent in the crystal structure intersect at an angle of 23.86(7)°
only.

In the crystal, classical hydrogen bonds of the O–H⋯O,
O–H⋯N, N–H⋯O and N–H⋯N type are present next to
C–H⋯Ncontactswhose range falls bymore than0.1Åbelow
the sum of van-der-Waals radii of the atoms participating in
them. All hydrogen atoms bonded to heteroatoms act as
donors while all imino-type nitrogen atoms as well as all
oxygen atoms act as acceptors. These classical hydrogen
bonds are established between the twomolecular entities of
the title compound as well as symmetry-generated equiva-
lents thereof. One intramolecular N–H⋯O hydrogen bond is
formed by the amino group of the aminophenyl moiety. The
C–H⋯N contact is supported by one of the hydrogen atoms
in ortho position to the heterocyclic five-membered ring in

the 1,1,2-bis(1H-benzo[d]imidazol-2-yl)ethane-1,2-diol
molecule. In terms of graph-set analysis [14], the
descriptor for these contacts is S(9)DDDDC1

1(5)C1
1(6) C1

1(7)
C1

1(9)C1
1(10). In total, the entities present in the asym-

metric unit are connected to sheets perpendicular to the
crystallographic c axis. Furthermore, a number of N–H⋯π
as well as C–H⋯π interactions could be discussed whose
metrical details have been tabulated.
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