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Abstract
C28H36N4O12, triclinic, P1 (no. 2), a = 7.4922(11) Å,
b = 8.3435(12) Å, c = 12.1563(18) Å, α = 75.207(2)°,
β = 81.618(2)°, γ = 78.579(2)°, V = 716.53(18) Å3, Z = 1,
Rgt(F ) = 0.0461, wRref(F

2) = 0.1335, T = 296(2) K.

CCDC no.: 2212009

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 displace-
ment parameters.

Source of material

An acetonitrile solution (20 mL) of the macrocylic L
(0.100 g, 0.5 mmol) (L = 1,4,8,11-tetraazacyclotetradecane)

was added to a methanol solution of trimesic acid (0.210 g,
1 mmol). Crystals of the title compound were obtained by
slow evaporation.

Experimental details

The structure was solved using direct methods, which
yielded the positions of all non-hydrogen atoms. All the
hydrogen atoms of the ligand were placed in calculated
positions with fixed isotropic thermal parameters and
included in the structure factor calculations in the final
stage of full-matrix least-squares refinement. The Uiso

values of the hydrogen atoms of methyl groups were set to
1.5 Ueq(C) and the Uiso values of all other hydrogen atoms
were set to 1.2 Ueq(C, N).

Table : Data collection and handling.

Crystal: Colorless prism
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 [, ], Diamond []
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Comment

Trimesic acid with the alpha-polymorph structure with
three carboxylate groups was first reported in 1969 [5] and
is still an important building block for the construction of
hydrogen-bonded organic frameworks due to its predict-
able honeycomb crystal lattice structure formation [6–9].
In the absence of a co-crystal template, trimesic acid

constructs infinite two-dimensional hydrogen-bonded
networks through eight-member hydrogen bond synthons
with hexagonal apertures.

The title compound was synthesized by the reaction of
trimesic acid with macrocylic L. X-ray crystal structural
analysis reveals that the asymmetric unit of the title
structure contains half L2+ and one [C9H5O6]

−.
Two macrocylic L2+ and two 3,5-dicarboxybenzoate

anions are interconnected to form a tetragonal holes
through O–H⋯O hydrogen bonding interactions. The
tetragonal holes further interacted with each other to form
two-dimensional hydrogen-bonded networks.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: This work was financially supported by
the Scientific Research Fund of Hunan Provincial
Education Department (20A210) and the construct
program of applied characteristic discipline in Hunan
University of Science and Engineering.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. APEX3, SAINT–Plus, XPREP; Bruker AXS Inc.: Madison,
Wisconsin, USA, 2016.

2. Sheldrick G. M. SHELXTL – Integrated space-group and crystal-
structure determination. Acta Crystallogr. 2015, A71, 3–8.

3. Sheldrick G. M. Crystal structure refinement with Shelxl. Acta
Crystallogr. 2015, C71, 3–8.

4. Brandenburg K. DIAMOND. Visual Crystal Structure Information
System. Ver. 4.0; Crystal Impact: Bonn, Germany, 2015.

5. Duchamp D. J., Marsh R. E. The crystal structure of trimesic acid
(benzene-l, 3, 5-triearboxylic acid). Acta Crystallogr. 1969, B25, 5–19.

6. Hosseini M.W., Cian A. D. Crystal engineering: molecular networks
based on inclusion phenomena. Chem. Commun. 1998, 727–734;
https://doi.org/10.1039/a707355k.

7. Zaworotko M. J. Superstructural diversity in two dimensions:
crystal engineering of laminated solids. Chem. Commun. 2001,
1–9; https://doi.org/10.1039/b007127g.

8. Robinson J. M. A., Philip D., Harris K. D. M., Kariuki B. M. Weak
interactions in crystal engineering-understanding the recognition
properties of the nitro group. New J. Chem. 2000, 24, 799–806.

9. Ou G. C., Wang Q., Zhou Q., Wang X. F. Phenol derivatives as
co-crystallized templates to modulate trimesic-acid-based
hydrogen-bonded organic molecular frameworks. Crystals 2021,
409, 409.

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

Atom x y z Uiso*/Ueq

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