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Abstract
C30H31N5O6S2, Triclinic, P1 (no. 2), a = 9.8856(3) Å,
b = 10.9499(4) Å, c = 14.5715(5) Å, α = 101.939(1)°, β = 92.80(1)°,
γ = 106.580(1)°, V = 1469.21(9) Å3, Z = 2, T = 200 K,
Rgt(F ) = 0.0495, wRref(F 2) = 0.1538.

CCDC no.: 2367001

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

1 Source of materials

All the reagents and solvents were used as obtained without
further purification. Bis((benzimidazol-2-yl)methyl) amine
(IDB) was prepared according to a slightly modified method
described by Adams et al.7 The ligand IDB (27.7 mg, 0.1 mmol)
and p-toluenesulfonic acid (34.4 g, 0.2 mmol) were thoroughly
mixed and dissolved in 10.0mL methanol solution. The

Table : Data collection and handling.

Crystal: Colorless block
Size . × . × .mm
Wavelength: Ga Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Bruker D VENTURE, 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,,, Diamond, Olex
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resulting clear solution was kept at ambient condition.
Colorless block crystals were obtained five days later at the
bottom of the vessel. For a better X-ray data collection crystals
selected have been immersed into perfluoroalkylether, which
was then cooled down to −73 °C during the measurement.

2 Experimental details

H atoms bound to carbon atoms were placed at their
geometrically idealized positions and constrained to ride on
their parent atoms with C–H = 0.95 Å (aromatic), 0.99 Å
(methylene), 0.98 Å (methyl), Uiso(H) = 1.2Ueq (aromatic and
methylene) and 1.5Ueq (methyl). Those H atoms bound with
N1–N5 atoms were found initially from the difference maps
with N–H distances being refined freely, and the Uiso values
being set 1.2 times of their respective parent atoms.

3 Comment

Bis(2-benzimidazylmethyl)amine (IDB) is a type of multi-
benzimidazole ligands which have been often used in the
synthesis of various metal-organic complexes used as
functionalmaterials.7 For instance, by employing a tripodal
bis(benzimidazole) ligand bis((benzimidazol-2-yl) methyl)
amine(IDB) and its derivative as the main ligand, a series of
nickel and copper complexes were synthesized which allow
a systematic investigation of a biomimetic chemistry.8 By

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

Atom x y z Uiso*/Ueq

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

Table : (continued)

Atom x y z Uiso*/Ueq

S . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
HC . . −. .*
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
S . () . () . () . ()
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using multi- or poly-benzimidazole derivatives, we can
improve the properties of a fiber such as reducing flame
shrinkage and oxidative resistance.9 In order to study the
flame retardancy of ligands with two benzimidazole, we
synthesized a new organic ligand and successfully obtained
its p-methylbenzene sulfonate. By introducing awide variety
of anions, we expect to be able to improve the ignition point
of the compound as a flame retardant material.

The titled compound was crystallized in the triclinic P1
space group with one IDB dication and two p-toluenesulfo-
nate anions in its asymmetric unit, forming a 1:2 organic salt.
The IDB molecule adopts a nearly planar conformation
which is reflected by the torsion angle of –N1–C1–C2–N3–
(177.6(1)°), –N1–C9–C10–N5 (−157.3(1)°) and the dihedral
angle between two benzimidazole groups (6.1(1)°) which is
similar to some analogs.10–13 The bonds C2–N2 (1.335(1)), C2–
N3 (1.333(1)), C10–N4 (1.335(1) and C10–N5 (1.331(1)) are
almost equal to each other, indicating the protonation of
the benzimidazole nitrogen atoms. What’s more, all the
nitrogen-bonded hydrogen atoms can be clearly found from
the difference maps, which also indicates that the proton-
ation positions are at the benzimidazole nitrogen atoms,
instead of the amine N1 atom. Due to the deprotonation of
the two p-toluenesulfonic acids, the three S–O bond dis-
tances in the two anions are also very close to each other, in a
range of 1.445(1)–1.472(1) Å.

In the crystal packing, the ions are linked into a three-
dimensional network. In order to simplify the analysis of
the crystal packing, it can be introduced in terms of three
aspects. Firstly, the IDB cations and p-toluenesulfonate
anions are linked together via four N–H⋯O hydrogen
bonds, forming the one-dimensional chain running along
the [100] axis. Meanwhile, one π/π stacking interaction
was observed between symmetry-related benzene ring
(C3–C8) and imidazole ring (N2/N3/C2/C3/C4) with the
centroid-to-centroid distance of 3.511(1) Å. Secondly, these
adjacent [100] hydrogen chains are linked by one other
π/π stacking interaction between symmetry-related ben-
zene ring (C11–C16) and imidazole ring (N2/N3/C2/C3/C4)
with the centroid-to-centroid distance of 3.523(1) Å, forming
a two-dimensional layer structure parallel to the (001)
plane. Finally, by analysis using PLATON14 those neigh-
boring two-dimensional (001) layer structures are linked by
weak C–H/π interaction originating from the methyl
group (C23) and benzene ring (C4–C8) with the nearest C⋯C

distance being 3.475(1) Å, giving the final three-dimensional
network.
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