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Abstract
C15H8F4N2O3, monoclinic, P21/n (no. 14), a = 11.2759(7) Å,
b = 9.0182(5) Å, c = 14.2235(8) Å, β = 93.834(2)°,
V = 1443.13(15) Å3, Z = 4, Rgt(F ) = 0.0391, wRref(F 2) = 0.1067,
T = 273.15 K.

CCDC no.: 2302551

The molecular structure is shown in the figure (hydrogen
atoms are omitted for clarity). Table 1 contains crystallo-
graphic data and Table 2 contains the list of the atoms
including atomic coordinates and displacement parameters.

1 Source of materials

2,6-Difluorobenzamide (2 mol, 31.424 g) and oxalyl chloride
(1 mol, 12.693 g) were suspension in xylene (200 g).

The suspension liquid was stirred at 110 °C for 5 h. After
the reaction, the temperature was lowered to 0 °C and
filtered to obtain white solid. The white solid is N,N′-carbon-
ylbis(2,6-difluorobenzamide). The title crystals were obtained
by slow evaporation from mixed solvent (tetrahydrofuran:
acetonitrile = 1: 2) at room temperature.

2 Experimental details

Absorption corrections were performed by using multi-scan
program.1 The structure was solved with SHELX.3,4 Hydrogen
atomswere placed in their geometrically idealized positions.
Hydrogen atoms were constrained to ride on their parent
atoms.

3 Comment

Urea and urea derivatives have been deeply studied in
various fields and achieved good results, many have even
been used in our lives.5,6 Urea and urea derivatives can be
dopedwith TiO2 and other inorganic salts to forma variety of
nanocatalysts, which are used for catalytic reactions in
various fields.7,8 The nano-photocatalyst containing urea
and TiO2 can effectively photocatalyze the degradation
of Rhodamine B (RhB) in the environment to protect the
environment.9

The title molecule in the crystal structure is a flexible
molecule. Each title molecule contains two difluorobenzoyl

Table : Data collection and handling.

Crystal: Colourless block
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, OLEX, SHELX,
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groups and one urea groups. The C–C distances are in the
range of 1.364(5)–1.495(2) Å. The C–N distances are in
the range of 1.371(2)–1.396(2) Å.10 The C–O distances are
in the range of 1.201(2)–1.213(2) Å. The C–F distances are in
the range of 1.339(3)–1.355(2) Å.11 The title molecule was
assembled into a twisted structure by four hydrogen
bonds and four π⋯π interactions. First hydrogen bond is
N2–H2–O1, the distance of N2–H2 bond is 0.86 Å, the distance
of H2–O1 bond is 2.07 Å, the angle of N2–H2–O1 is 167°.
Second hydrogen bond is C12–H12–F2, the distance of
C12–H12 bond is 0.93 Å, the distance of H12–F2 bond is 2.46 Å,
the angle of C12–H12–F2 is 168°.12 Third hydrogen bond is
C13–H13–O1, the distance of C13–H13 bond is 0.93 Å, the
distance of H13–O1 bond is 2.49 Å, the angle of C13–H13–O1 is
148°. Fourth hydrogen bond is N1–H1–O3, the distance of
N1–H1 bond is 0.86 Å, the distance of H1–O3 bond is 1.92 Å,
the angle of N1–H1–O3 is 139°, this hydrogen bond is a
intramolecular hydrogen bond.13

First π⋯π-interaction present in Cg1 (the centroid of
ring C1–C6) and Cg1i (symmetry code i: 1 − x, 2 − y, 1 − z).
The shortest centre-to-centre distance of Cg1 and Cg1i

is 3.5828(11) Å. Second π⋯π-interaction present in Cg1
and Cg2ii (the centroid of ring C10–C15: symmetry code
ii: 1/2 − x, 1/2 + y, 3/2 − z). The shortest centre-to-centre
distance of Cg1 and Cg2ii is 3.9347(13) Å. Third π⋯π-inter-
action present in Cg2 and Cg1iii (symmetry code iii:
1/2 − x, −1/2 + y, 3/2 − z). The shortest centre-to-centre
distance of Cg2 and Cg1iii is 3.9347(13) Å. Fourth π⋯π-in-
teraction present in Cg2 and Cg2iv (symmetry code iv:
1 − x, −y, 2 − z). The shortest centre-to-centre distance of
Cg2 and Cg2iv is 3.9636(14) Å.14

All bond lengths are generally in the expected ranges.15

Author contribution: All the authors have accepted respon-
sibility for the entire content of this submitted manuscript
and approved submission.
Research funding: Cangzhou key research and development
plan project (No. 222109015) and Funded by Science Research
Project of Hebei Education Department, China (No.
QN2023124).
Comflict of interests: The authors declare no conflicts of
interest regarding this article.

References

1. Bruker. SAINT v8.37A; Bruker AXS Inc: Madison, Wisconsin, USA,
2015.

2. Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.;
Puschmann, H. OLEX2: a Complete Structure Solution, Refinement and
Analysis Program. J. Appl. Cryst. 2009, 42, 339–341.

3. Sheldrick, G. M. Crystal Structure Refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3–8.

4. Isabel, U.; Sheldrick, G. M. An Introduction to Experimental Phasing of
Macromolecules Illustrated by SHELX; New Autotracing Features. Acta
Crystallogr. 2018, D74, 106–116.

5. GRADE Study Research Group. Glycemia Reduction in Type 2 Diabetes-
Glycemic Outcomes. N. Engl. J. Med. 2022, 387, 1063–1074.

6. Li, K.; Grooms, G.M.; Khan, S. M.; Hernandez, A. G.; Witola,W. H.; Stec, J.
Novel Acyl Carbamates and Acyl/Diacyl Ureas Show In Vitro Efficacy
Against Toxoplasma Gondii and Cryptosporidium Parvum. Int.
J. Parasitol.: Drugs Drug Resist. 2020, 14, 80–90.

7. Liu, L.; Hang, W.; Ning, N.; Zhang, L. A Self-Healing Dielectric
Supramolecular Elastomer Modified by TiO2/Urea Particles. Chem. Eng.
J. 2019, 375, 121993.

8. Perulli, S.; Desai, O.; Ardevines, S.; Uygur, M.; Delgado–Hernández, S.;
García Mancheño, O. Hydrogen-Bonding Organocatalysis Enabled
Photocatalytic Intramolecular [2+2]-Cycloaddition Reaction. Adv. Synth.
Catal. 2024, 366, 751–756.

9. Xie, W.; Zhang, Y.; Xu, L.; Xie, D.; Jiang, L.; Dong, Y.; Yuan, Y. Degradation
of Organic Dyes by the UCNP/h–BN/TiO2 Ternary Photocatalyst. ACS
Omega 2023, 8, 48662–48672.

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

Atom x y z Uiso*/Ueq

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