DE GRUYTER Z. Kristallogr. - N. Cryst. Struct. 2025; 240(4): 637-639 a

Qutaiba Abu-Salem*, Haitham Al-Sa’doni and Helmar Gorls
The crystal structure of 2-acetylpyridine-ortho-
fluoro-phenylhydrazone, C;4H1,FN5O
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Abstract

C14H;,FN30, monoclinic, P2,/n (no. 14), a = 7.4339(2) A,
b =19.1864(5) A, ¢ = 8.6861(3) A, B = 105.705(1)°, V = 1192.65(6)

Table 1: Data collection and handling.
&, Z = 4, Ry(F) = 0.0367, WR,(F?) = 0.0486, T = 133(2) K.
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1 Source of materials

The Schiff base was prepared by mixing equimolar amounts
of 2-acetyl-pyridine (10 mmol, 1.21 g) with 2-fluoro-carboxylic
acid hydrazide (10 mmol, 1.54 g) in ethanol. The mixed so-
lution was refluxed for 3h and then was cooled to ambient
temperature. The solvent was evaporated under reduced
pressure to produce the final compound which was crys-
tallized from ethanol-chloroform (1:4 V/V) as colorless prism-
shaped crystals. 1H NMR (DMSO-dg): § (ppm) 1.9 (3H, CH3),
7.28-7.32 (4H, m, Ph), 7.56-7.62 (4H, m, PY), 9.97, 10.1 (1H, d,
NH (N-H---F)); 13C NMR (DMSO-dg): § (ppm) 21.1, 116.63,
116.84, 122.74, 122.89, 125.05, 125.27, 130.62, 133.39, 133.48,
158.49, 160.97, 163.52, 168.68. Anal. Calc. for I: C14 H1,FN30 (%)
(Mr =257.27): C, 65.36; H, 4.70; N, 16.33. Found: C, 65.34; H, 4.68;
N, 16.32.

2 Experimental details

All chemicals and solvents were used as purchased without
further purifications. The high resolution NMR spectra were
recorded at room temperature in DMSO-dg solution by a
Bruker DRX 400 NMR spectrometer (1H 400 MHz; 13C
100 MHz, using TMS as external standard). The intensity data
for the compound were collected on a Bruker—Nonius
Kappa-CCD diffractometer equipped with a MoKa IuS
microfocus source and an Apex2 CCD detector. Data were
corrected for Lorentz and polarization effects; absorption
was taken into account on a semi-empirical basis using
multiple-scans." The structure was solved by Direct
Methods (SHELX?) and refined against F,* (SHELX-2018).° All
hydrogen were located by difference Fourier synthesis and
refined isotropically. All non-hydrogen atoms were refined
anisotropically.” MERCURY® was used for structure
representations.

3 Comment

Acylhydrazones, (-C(0)-NH-N=CH-), and their metal
complexes have been proved to possess biological activity,
antioxidant activity, luminescent properties and catalytic
properties, which makes the study of this class of compounds
receive considerable attention.”"* Non-covalent interactions
such as hydrogen bonding, n---m stacking and C-H---rr in-
teractions could be employed to assemble interesting supra-
molecular networks of some hydrazone ligands and their
metal complexes.®'*™* Therefore, in continuation to our in-
terest in acylhydrazones and supramolecular chemistry, we
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have explored the involvement of H-bonds, halogen bonds (e.g.
X---X and C-H:--X (X = halogen) and 7---m) interactions be-
tween aromatic systems in the formation of supramolecular
assemblies of new fluorinated phenylhydrazone compounds.
We believed that the existence of F atom would increase the
acidity of the C-H aromatic ring, promoting its role in H-bonds
and the formation of .- stacking interactions assisted by
halogen bonds (X:--X), which are not observed in similar
compounds.”* From this perspective, the crystal structure
(see top part of the figure, 50 % probability ellipsoids) of a
new fluorinated acylhydrazone compound, derived from the
condensation reaction of 2-acetyl-pyridine with 2-fluoro-
carboxylic acid hydrazide is reported, was explored to un-
derstand the role of halogen-based bonds in building new
mixed “phenyl pyridyl” embraces in its supramolecular
architecture.

The bond distances and angles of the Schiff base mole-
cule of the compound fall in normal ranges.>*>"* The crystal
structure exhibits intramolecular hydrogen bond between
the hydrazone N-H group and the F atom, N1-HI1.--F1
[1.982(1) A, 134.97(3)], and forms the six-membered ring
motif (see top part of the figure). The molecule is twisted with
dihedral angle between the pyridine and the fluorinated
phenyl rings of 2.93(5) . The molecule has a trans configura-
tion with respect to the methylidene unit with torsion angle
C6-N2-N1-C7 of 177.73(1). The double C6-N2 bond
[1.290(2) A] is within the normal range of similar com-
pounds,®'**, The N1-C7 bond [1.366(2) A] is significantly
longer than the double C6-N2 bond, which is expected for
sp™hybridized C-N bonds, indicating conjugation over the
hydrazone moiety. The carbonyl oxygen atom is deviated
[0.410(1) A] out of the mean plane passing through the fluo-
rinated phenyl, pyridine rings and the acylhydrazone group,
as a result of weak intermolecular hydrogen bond in-
teractions as discussed later on.

The supramolecular self-assembled structure formed
through C-H---N intermolecular hydrogen bond between
the azomethine —-C=N-N- and the methyl groups, resulting
in symmetrical R,%(8) rings. 7r---7 stacking interactions are
observed between the fluorinated phenyl...pyridine rings
connected the centrosymmetric molecules into dimers
with centroid-to-centroid distance being 3.692(2) A and
with an inter-plane angle of 2.934(3)". Each centrosym-
metric dimer is further connected via longer stacked in-
teractions [3.783(1) A; —x, 1 - y, 1 — z] leading to chains of
stacked molecules along a-axis. All the aryl...aryl in-
teractions are in the offset-face-to-face motif, see bottom
part of the figure. These interactions between each two
centrosymmetric dimers are further supported by weak
hydrogen bonds of the type C14-H14B---01 [2.679(1) A,
152.37(1)", —=x, 1 -y, 1 - z]. Due to the high polarity of the C-F
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bond, the dimeric supramolecules are also involved in
other interactions via two types of F---F [2.914(3) &; C13-F1-
F1106.15(1)"; -x, 1 — ¥, —z] and Cypenyi—H---F [C12-H12.--F1;
2.562(6) A; 132.59(1)% -x, 1 — y, —z] intermolecular in-
teractions, and therefore, the dimeric supramolecules,
“aryl embraces”, are largely controlled by fluorine inter-
action effects, in the c-direction (see bottom part of the
figure), forming layers in ac plane. The formed layers (in
the ac plane) are interconnected (in the b direction) in a
zigzag assembly through C=0---H-Cypeny interactions.
Considering these non-classical intermolecular hydrogen
bonding and stacking interactions, the molecules are ar-
ranged in a 3D extended structure.

Acknowledgments: The authors thank Al al-Bayt University
for financial support. We thank late Dr. Abdulaziz Ajlouni
for assistance with the NMR measurements, University of
Science and Technology, Jordan.

Author contributions: All the authors have accepted re-
sponsibility for the entire content of this submitted manu-
script and approved submission.

Conflict of interest: The authors declare no conflicts of in-
terest regarding this article.

References

1. COLLECT, Data Collection Software; Nonius B. V.: Netherlands, 1998.

2. Otwinowski, Z.; Minor, W.; Carter, C. W.; Sweet, R. M., Eds. Processing of
X-Ray Diffraction Data Collected in Oscillation Mode. Methods Enzymol.
Macromolecular Crystallography, Part A, 1997, 276, 307-326.

3. Krause, L.; Herbst-Irmer, R.; Sheldrick, G. M.; Stalke, D. SADABS 2016/2.
J- Appl. Cryst. 2015, 48, 3-1.

4. Sheldrick, G. M. Crystal structure solution with ShelXT. Acta Cryst. 2015,
A71,3-8.3.

5. Sheldrick, G. M. Crystal structure refinement with SHELXL. Acta Cryst.
2015, (71, 3-8.

6. Mercury; Macrae, C. F.; Edgington, P. R.; McCabe, P.; Pidcock, E.;
Shields, G. P.; Taylor, R.; Towler, M.; van de Streek, J. / Appl. Cryst. 2006, 39.

7. Ajlouni, A. M.; Abu-Salem, Q.; Taha, Z. A,; Hijazi, A. K.; Al Momani, W.
Synthesis, Characterization, Biological Activities and Luminescent
Properties of Lanthanide Complexes with [2-thiophenecarboxylic Acid,
2-(2-pyridinylmethylene)hydrazide] Schiff Bases Ligand. J. Rare Earth
2016, 34, 986-993.

8. Taha, Z. A; Ababneh, T. S,; Hijazi, A. K.; Abu-Salem, Q.; Ajlouni, A. M,;
Ebwany, S. Synthesis, Density Functional Theory Calculations and

10.

17.

18.

20.

Q. Abu-Salem et al.: The crystal structure of C4H,FN3O = 639

Luminescence of Lanthanide Complexes with 2,6-bis[(3-
methoxybenzylidene)hydrazinocarbonyl] Pyridine Schiff Base Ligand.
Luminescence 2017, 33, 79-88.

. Taha, Z. A,; Hijazi, A. K. Structural and Photophysical Properties of

Lanthanide Complexes with N’-(2- methoxybenzylidene)-2-
pyridinecarbohydrazide Schiff Base Ligand:

Catalyzed Oxidation of Anilines with Hydrogen Peroxide. J. Mol. Struct.
2021, 1238.

Taha, Z. A.; Ababneh, T. S.; Hijazi, A. K.; Al-Aqtash, S. M.; Al Momani,
W.; Mhaidat, I. Synthesis, Spectral Characterization, Thermal,
Computational and Antibacterial Studies of Lanthanide

Complexes with 2-fluorobenzoic acid-(5-R-2-hydroxy-benzylidene)
hydrazide (R = Chloro or Bromo). J. Saudi Chem. Soc. 2022, 26,
101400-101417.

. Hijazi, A. K;; Taha, Z. A;; Issa, D. K.; Alshare, H. M.; Al Momani, W.;

Elrashidi, A.; Barham, A. S. Synthesis, Characterization and Catalytic/
Antimicrobial Activities of Some Transition Metal Complexes Derived
from 2-Floro-N-((2-Hydroxyphenyl)Methylene)Benzohydrazide.
Molecules 2024, 29, 5758.

. Taha, Z. A,; Hijazi, A. K.; Abul-Futouh, H.; Al Momani, W.; Alziqili, B. M.;

Liebing, P.; Weigand, W. Synthesis, Characterization, and Biological
Activity of Some Lanthanide Complexes with (E)-N'-(3,5-di-tert-butyl-2-
hydroxybenzylidene) Picolinohydrazide: Solid-State Molecular
Structure of [DyL(NO3)DMFI,. /. Mol. Struct. 2024, 1316.

. Sadhukhan, D.; Ray, A,; Pilet, G.; Rizzoli, C.; Rosair, G. M.; Goomez-

Garcia, C. J.; Mitra, S.; Bellg, S. Weak Interactions Modulating the
Dimensionality in Supramolecular Architectures in Three New
Nickel(II)-Hydrazone Complexes, Magnetostructural Correlation, and
Catalytic Potential for Epoxidation of Alkenes Under Phase Transfer
Conditions. Inorg. Chem. 2011, 50, 8326-8339.

. Sadhukhan, D.; Maiti, M.; Pilet, G.; Bauza, A.; Frontera, A.; Mitra, S.

Hydrogen Bond, -, and CH-rt Interactions Governing the
Supramolecular Assembly of Some Hydrazone Ligands and Their MnII
Complexes - Structural and Theoretical Interpretation. Eur. J. Inorg.
Chem. 2015, 11,1958-1972.

. Xu, C.-B.; Wang, Z.-G.; Nan, Y.; Yuan, L.; Wang, R.; Zhang, S.-X. 2-

Fluoro-N"-(2-methoxybenzylidene)-benzohydrazide. Acta Cryst. 2011,
E67, 070.

. Xu, C.-B.; Wang, Z.-G.; Nan, Y.; Yuan, L.; Wang, R.; Zhang, S.-X. 2-

Fluoro-N'-(2-hydroxybenzylidene)-benzohydrazide. Acta Cryst. 2010,
E67, 069.

Wang, D.-Y.; Meng, X.-F.; Ma, J.-J. 2-Fluoro-N"-[(2-hydroxynaphthalen-1-
yl)-methylidene]benzohydrazide. Acta Cryst. 2011, E68, 021.

Yang, J.-G.; Pan, F.-Y. 2’-(2-Fluorobenzylidene)-2-
hydroxybenzohydrazide. Acta Cryst. 2004, £60, 02009.

. Wen, J.; Liu, L,; Tang, W.; Liu, B. The Crystal Structure of (E)-4-fluoro-

N’-(1-(4-hydroxyphenyl)propylidene)benzohydrazide, Ci¢H15FN,0,.
Z. Kristallogr. - N. Cryst. Struct. 2023, 238 (6), 1205-1207.

Li, X.; Zhao, X.; Tang, W. The Crystal Structure of (£)-4-fluoro-N"-(1-(2-
hydroxyphenyl)propylidene)benzohydrazide, C;gH;5FN,0,.

Z. Kristallogr. - N. Cryst. Struct. 2023, 238 (4), 809-811.



	The crystal structure of 2-acetylpyridine-ortho-fluoro-phenylhydrazone, C14H12FN3O
	1 Source of materials
	2 Experimental details
	3 Comment
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


