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Abstract

C,H5CIN,0,, monoclinic, C2/c (no. 15), a = 25.4370(17) A,
b=6.9155(5) A, c=13.0629(7) A, B=110.558 (6)°, V = 2151.6 (3) A®,
Z =16, Ry(F) = 0.0552, WRye(F?) = 0.2177, T = 293 K.

CCDC no.: 2424717

The molecular structure is depicted in the figure. Table 1
summarizes the crystallographic data. The list of the atoms
including atomic coordinates and displacement parameters
can be found in the cif-file attached to this article.
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Table 1: Data collection and handling.

Crystal: Clear light white needle
Size: 0.50 x 0.16 x 0.13 mm
Wavelength: MoKa radiation (0.71073 A)
u: 0.62mm™

Diffractometer, scan mode:
Bmax, COMpleteness:
N(hkl)measureas N(MKD)uniques Rint: 10791, 1895, 0.056

Criterion for Iops, N(hkl)g¢: Iobs > 2 0(Iops), 1,641

N(param)refined: 173

Programs: Bruker,' Olex2,2 SHELX,>* Diamond®

Bruker Apex 2, ¢ and w scans
25.0°, 100 %

1 Source of materials

The title compound was synthesized starting from
1H-pyrazole-3-carboxylic acid (10 g, 89.30 mmol) dissolved in
acetic acid (100 ml). Concentrated HCl (11.17 ml) was added
dropwise under stirring at 40 °C in an oil bath for 15 min,
followed by the slow addition of an aqueous solution of sodium
chlorate (NaClOs3, 2.37 g in 20 ml H,0) over 30 min. The reaction
mixture was stirred at 40 °C for 5 h (monitored by TLC). After
completion, the mixture was concentrated under reduced
pressure, treated with ice-water (150 ml), and filtered under
vacuum. The resulting solid was washed with cold water and
dried to yield 4-chloro-1H-pyrazole-3-carboxylic acid as a white
crystalline solid (9.5184 g, 72.75 %). Single crystals were ob-
tained by slow evaporation using an ethyl acetate/methanol
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mixed solvent system. 'H-NMR (600 MHz, DMSO) & 13.63 (s, 2H),
7.94 (s, 1H).

2 Results and discussion

Pyrazole-carboxylic acid compounds serve as versatile mo-
lecular platforms,>*° where the synergistic combination of the
rigid conjugated system in the pyrazole ring and the strong
coordination capability of the carboxylic acid group provides
structural foundations for the controlled construction of metal
complexes while imparting unique physicochemical proper-
ties." ™ The derived metal-organic frameworks (MOFs) have
been extensively applied in environmental sensing and opto-
electronic devices, with their proton conductivity offering
novel insights for developing advanced energy materials.'**
Leveraging the site-tunability and conformational diversity of
pyrazole-carboxylic acid derivatives, this work reports a
compound incorporating this structural motif.

The asymmetric unit of the title compound comprises
two complete 4-chloro-1H-pyrazole-3-carboxylic acid mole-
cules linked via 04-H4---N1 (1.8549A) and N4-H4A.--03
(2.4830 A) hydrogen bonds. Structural analysis reveals C---N
bond lengths (C1-N2, C3-N3, C8-N4, and C5-N1) ranging
from 1.335A to 1.348 A, consistent with values reported for
4-bromopyrazole analogues.”’ The C-Cl bond length 0f 1.712 A
aligns with typical ranges for analogous compounds,”*
further supporting the structural integrity of the framework.
Intermolecular interactions dominate the extended archi-
tecture. Within the bc-plane, a two-dimensional grid is formed
through three distinct hydrogen-bonding motifs: (i) pyrazole
N---N interactions (N4-H4A.--N2, 2.1654 &), (ii) carboxyl O-
pyrazole N interactions (N3-H3.--03, 22106 A and N4-
H4A..-03, 2.48304), and (iii) carboxylic acid O---O in-
teractions (01-H1.--02, 1.8189 A). Adjacent two-dimensional
grids stack into a three-dimensional framework via N3-
H3.--04 hydrogen bonds (2.8014 A). These interactions, while
within expected van der Waals distances, highlight the role of
hydrogen bonding in stabilizing the supramolecular
assembly.

Author contributions: The authors have acknowledged full
accountability for the entirety of the content presented in
this submitted manuscript and have given their approval for
its submission.

Research funding: This work was supported by Jiangsu Ainaji
Neoenergy Science & Technology Co., Ltd. (8507040091), and
the National Natural Science Foundation of China (81703366).
Conflict of interest: The author hereby declares that there
are no conflicts of interest pertaining to this article.

DE GRUYTER

References

1. Dolomanov, 0. V.; Bourhis, L. J.; Gildea, R. J.; Howard, . A. K.;
Puschmann, H. OLEX2: A Complete Structure Solution, Refinement and
Analysis Program. J. Appl. Crystallogr. 2009, 42 (2), 339-341.

2. Sheldrick, G. SHELXT - Integrated Space-Group and Crystal-Structure
Determination. Acta Crystallogr. A 2015, 71 (1), 3-8.

3. Sheldrick, G. Crystal Structure Refinement with SHELXL. Acta Crystallogr.
Section C 2015, 71 (1), 3-8.

4. Brandenburg, K.; Putz, H. Diamond. Crystal Impact GbR, Bonn, Germany
2006.

5. Kumar Gupta, R.; Kallem, P.; Luo, G.-G.; Cui, P.; Wang, Z.; Banat, F.;
Tung, C.-H.; Sun, D. 1H-Pyrazole-4-carboxylic Acid-based metal-
organic Frameworks: Multifaceted Materials. Coord. Chem. Rev. 2023,
497, 215436.

6. Tokumasu, K.; Yazaki, R.; Ohshima, T. Direct Catalytic Chemoselective a-
Amination of Acylpyrazoles: A Concise Route to Unnatural a-Amino Acid
Derivatives. J. Am. Chem. Soc. 2016, 138 (8), 2664-2669.

7. Somakala, K.; Amir, M. Synthesis, Characterization and
Pharmacological Evaluation of Pyrazolyl Urea Derivatives as Potential
Anti-inflammatory Agents. Acta Pharm. Sin. B 2017, 7 (2), 230-240.

8. Wang, B.; Wang, H.; Liu, H.; Xiong, L.; Yang, N.; Zhang, Y.; Li, Z. Synthesis
and Structure-insecticidal Activity Relationship of Novel Phenylpyrazole
Carboxylic Acid Derivatives Containing Fluorine Moiety. Chin. Chem.
Lett. 2020, 37 (3), 739-745.

9. Utochnikova, V. V.; Abramovich, M. S.; Latipov, E. V.; Dalinger, A. I;
Goloveshkin, A. S.; Vashchenko, A. A.; Kalyakina, A. S.; Vatsadze, S. Z.;
Schepers, U.; Brase, S.; Kuzmina, N. P. Brightly Luminescent Lanthanide
Pyrazolecarboxylates: Synthesis, Luminescent Properties and Influence
of Ligand Isomerism. J. Lumin. 2019, 205, 429-439.

10. Utochnikova, V. V.; Latipov, E. V.; Dalinger, A. L; Nelyubina, Y. V.;
Vashchenko, A. A.; Hoffmann, M.; Kalyakina, A. S.; Vatsadze, S. Z.;
Schepers, U.; Brase, S.; Kuzmina, N. P. Lanthanide Pyrazolecarboxylates
for OLEDs and Bioimaging. J. Lumin. 2018, 202, 38-46.

1. Lin, C.-L.; Chen, Y.-F,; Qiu, L.-J.; Zhu, B.; Wang, X.; Luo, S.-P.; Shi, W.;
Yang, T.-H.; Lei, W. Synthesis, Structure and Photocatalytic Properties
of Coordination Polymers Based on Pyrazole Carboxylic Acid Ligands.
CrystEngComm 2020, 22 (41), 6847-6835.

12. Radi, S.; EI-Massaoudi, M.; Benaissa, H.; Adarsh, N. N.; Ferbinteanu, M.;
Devlin, E.; Sanakis, Y.; Garcia, Y. Crystal Engineering of a Series of
Complexes and Coordination Polymers Based on pyrazole-carboxylic
Acid Ligands. New J. Chem. 2017, 41 (16), 8232-8241.

13. Dahmani, M.; Et-Touhami, A.; Yahyi, A.; Harit, T.; Eddike, D.; Tillard,
M.; Benabbes, R. Synthesis, Characterization, X-Ray Structure and in
Vitro Antifungal Activity of Triphenyltin Complexes Based on
Pyrazole Dicarboxylic Acid Derivatives. J. Mol. Struct. 2021, 1225,
129137.

14. Scatena, R.; Massignani, S.; Lanza, A. E.; Zorzi, F.; Monari, M.; Nestola,
F.;; Pettinari, C.; Pandolfo, L. Synthesis of Coordination Polymers and
Discrete Complexes from the Reaction of Copper(Il) Carboxylates with
Pyrazole: Role of Carboxylates Basicity. Cryst. Growth Des. 2021, 22 (2),
1032-1044.

15. Yang, J. Pyrazole-3-carboxylates Assisted N-heterocyclic Carbene
Palladium Complexes: Synthesis, Characterization, and Catalytic
Activities Towards Arylation of Azoles with Arylsulfonyl Hydrazides.
Appl. Organomet. Chem. 2020, 34 (3), e5450.

16. Kumar, S.; Arora, A.; Kumar, A.; Tomar, K. An Unsymmetrical Tritopic
Pyrazole Carboxylate Ligand Based Porous Cd(II) MOF Sensor for
Acetone Molecule. Inorg. Chem. Commun. 2018, 96, 16-19.



DE GRUYTER

17.

18.

19.

Kumar, A.; Bains, O.; Langyan, R.; Kumar, R.; Kumar, V.; Chetti, P.;
Kamal, R.; Synthesis, C. Optoelectronic Properties and DFT Studies of
Novel 4,5-Diarylpyrazole-1-Carboxylates. ChemistrySelect 2024, 9 (4),
€202303934.

Yildiz, B.; Guzel, E.; Akyiiz, D.; Arslan, B. S.; Koca, A.; Sener, M. K.
Unsymmetrically pyrazole-3-carboxylic Acid Substituted
Phthalocyanine-based Photoanodes for Use in Water Splitting
Photoelectrochemical and dye-sensitized Solar Cells. Sol. Energy 2019,
191, 654-662.

Hegde, V.; Sreekala, C. O.; Kulkarni, N. V.; Mathew, ]. Bis(pyrazolyl)
methane Supported Cobalt (II) Complexes as Sensitizers in dye-

20.

21.

D.H. Du et al.: The crystal structure of C4H3CIN,0, —— 577

sensitized Solar Cells. J. Photochem. Photobiol., A: Chem. 2023, 449,
115389.

Foces-Foces, C.; Llamas-Saiz, A.; Elguero, J. Crystal Structures of Two 4-
bromopyrazole Derivatives. Z Kristallogr. Cryst. Mater. 1999, 214 (4), 237-241.
Rue, K.; Raptis, R. G. Low-Temperature Crystal Structure of 4-chloro-1H-
pyrazole. Acta Crystallogr. Section E Cryst. Commun. 2021, 77, 955-957.

22. Jatimovic, Zeljko; Kosovi¢, M.; Kastratovic, V.; Barta Holld, B.; Szécsényi,

K. M.; Szilagyi, I. M.; Latinovi¢, N.; Vojinovi¢-JeSi¢, L.; Rodi¢, M. Synthesis
and Characterization of Copper, Nickel, Cobalt, Zinc Complexes with
4-nitro-3-pyrazolecarboxylic Acid Ligand. J. Therm. Anal. Calorim. 2018,
133, 813.



	The crystal structure of 4-chloro-1H-pyrazole-3-carboxylic acid, C4H3ClN2O2
	1 Source of materials
	2 Results and discussion
	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


