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Abstract
C45H47N13O4, triclinic, P1̄ (no. 2), a = 10.242(6) Å, b = 14.766(15)
Å, c = 15.503(8) Å, α = 70.91(2)°, β = 88.052(16)°, γ = 74.13(3)°,
V = 2127(3) Å3, Z = 2, Rgt(F ) = 0.0411, wRref(F 2) = 0.1059,
T = 120(2) K.

CCDC no.: 2224443

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

1 Source of material

The target compound was synthesized in three synthetic
steps. Fistly, a solution of tris(2-aminoethyl) amine (0.7 g,

4.79 mmol) in 15 mL of THFwas added dropwise to a solution
of p-nitroisocyanate(2.15 g, 13.10 mmol) in THF (15 mL). After
refluxing under intensive stirring for 4 h, the precipitatewas
filtered off and washed several times with THF and diethyl
ether and then dried in vacuum to yield analytically pure
1,1′,1″-(nitrilotris (ethane-2,1-diyl))tris(3-(4-nitrophenyl)urea)
(La) as a yellow solid. Secondly, hydrazine monohydrate
(11 mL)was added dropwise to the suspension of La and Pd/C
10 % (0.2 g, cat.) in ethanol (70 mL). After refluxing under
stirring for 12 h, the solid was filtered off via suction filtra-
tion and dissolved in DMF (10 mL) andfiltered through Celite
to remove Pd/C. The DMF solution was poured in water
(150 mL), and the precipitate thus obtained was filtered off,

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × .mm
Wavelength:
μ:

Mo Kα radiation (. Å)
.mm−

Diffractometer, scan mode:
θmax, completeness:

Bruker APEX-II, φ and ω
.°, >%

N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Bruker, SHELX,– Diamond
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

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

Table : (continued)

Atom x y z Uiso*/Ueq

HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
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washed several times with ethanol and diethyl ether and
dried to give analytically pure 1,1′,1″-(nitrilotris(ethane-
2,1-diyl))tris(3-(4-aminophenyl)urea) (Lb) as a white solid.
Lastly, 2-pyridylaldehyde was added to a solution of Lb in
5 mL of DMSO stirring at room temperature for 12 h. Sub-
sequently, the precipitate was filtered, and washed several
times with acetonitrile and diethyl ether, and dried over
vacuum to get the target compound (L) as a yellow solid
(0.48 g, 0.59 mmol, 80 %). At room temperature, yellow
block crystals of L were obtained by ether diffusion
method.

2 Experimental details

Hydrogen atoms were placed in their geometrically
idealized positions and constrained to ride on their parent
atoms, with C–H = 0.96 Å (methyl), Uiso (H) = 1.5 Ueq(C),
C–H = 0.98 Å (methine), Uiso(H) = 1.2 Ueq(C), C–H = 0.93 Å
(aromatic and alkenyl), Uiso(H) = 1.2 Ueq(C), and O–H = 0.82 Å
(hydroxyl), Uiso(H) = 1.5 Ueq(O).

3 Comment

Over the past few decades, tripodal urea derivatives have
been proved to be a class of excellent anion receptors since
the tripodal framework offers a greater opportunity for the
spatially adaptive encapsulation of anions with size- and
shape-complementarity than linear receptors.6–14 Such re-
ceptors typically contain three or six urea units, which can
effectively bind with anions through multiple hydrogen
bonds, making them valuable in various applications
including anion extraction,8,9 anion recognition10–12 and
transmembrane transport.13 In this study, a novel imine-
pyridine-functionalized tripodal tris(urea) receptor was
prepared and its structure confirmed by single crystal
X-ray diffraction.

The asymmetric structural unit contains one title
molecule (see left part of the figure) and one lattice water
molecule. In the tripodal structure, NH groups on two urea
units point towards the outside of the cavity, while NH
groups on the other urea unit point towards the inside
of the cavity. The two urea groups pointing in the same
direction form two intramolecular hydrogen bonds of
N7–H7···O1(dN7···O1 = 3.020 Å, 148.49°), and N8–H8···O1(dN8···
O2 = 2.854 Å, 159.04°). Moreover, there are six intermolecular
hydrogen bonds formed by three urea units and the water
molecule. Among them, O4 atom from lattice water takes

part in four intermolecular hydrogen bonds with three urea
units, viz. N3ii – H3ii···O4, N4ii – H4ii···O4, O4–H4C···O3ii and
O4–H4B···N2iii (symmetry code: (ii) x, y + 1, z; (iii) −x + 2,
−y + 1, −z + 1). Meanwhile, O2 atom from one urea unit takes
part in two intermolecular hydrogen bonds with another
urea unit from the adjacent molecule, viz. N11i – H11i···O2
and N12i –H12i···O2 (symmetry code: (i) −x + 2, −y + 1, −z + 1).
The distance of N7···O1 is in the range of 2.702–2.984 Å and
the angle of the intermolecular hydrogen bonds is in the
range of 148.91–177.43°. The intermolecular hydrogen bonds
contribute to the formation of a one-dimensional chain in
the crystal structure (right part of the structure).
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