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Abstract

C4H,6C1,N,0,, monoclinic, P2,/n (no. 14), a = 10.2264(4) A, b =
16.1772(6) A, ¢ = 13.8429(6) A, B = 102.463(5)°, V = 2236.13(16) A
Z =4, Ry(F) = 0.0574, WRe(F?) = 0.1588, T = 220(2) K.

CCDC no.: 2415848

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
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Table 1: Data collection and handling.

Crystal: clear light yellow block
Size 0.14 x 0.12 x 0.11 mm
Wavelength: Cu Ka radiation (1.54178 A)
u: 2.96 mm™’'

Diffractometer, scan mode:
Bmax cOmMpleteness:
N(hkl)measured; N(hkl)unique: Rint:
Criterion for Iops, N(hkl)gy:
N(param)refined:

Programs:

Rigaku SuperNova, ¢ and w scans
68.2°, 100 %

8,922, 4,093, 0.041

Iobs >2 U(Iobs): 2’842

307

Rigaku,’ SHELX*®, WinGX and ORTEP*

the atoms including atomic coordinates and displacement
parameters.

1 Source of material

All chemicals were purchased from commercial sources and
used as received without further purification. The 4,4-dichloro
benzil (1mmol, 0.279g), furan-2-carbohydrazide (2 mmol,
0.252 g) and diphenyltin dichloride (0.1 mmol, 0.034 g) were
dissolved in MeOH (30 mL). The mixture was refluxed for 2 h.
Finally, the title crystal was precipitated by controlling
slowly at room temperature.

2 Experimental details

All H-atoms bonded to C atoms were placed geometrically
and refined using a riding model with common isotropic
displacement factors Uiso(H) = 1.2 or 1.5 Uq(parent C-atom).

3 Comment

Salen-like ligands are important organic ligands that are
widely used because of their good coordination ability. This
type of ligand can provide multiple coordination sites in the
molecule and can form stable complexes with many metal
ions, such as Thav),® cu(lD),® Zn(1),” and LndI),? etc. In
addition, salen-like ligands also have excellent electronic and
spatial effects, which can effectively regulate the activity and

8 Open Access. © 2025 the author(s), published by De Gruyter. [[(c<) 2| This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/ncrs-2025-0023
mailto:wangjn@gxtcmu.edu.cn
https://orcid.org/0009-0003-1639-3937
https://orcid.org/0000-0002-1659-2210

404 —— W.Tian et al.: The crystal structure of Co4H16Cl,N40,4

Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

X y z Uiso*/Ueq
cn 0.38084 (12) 0.87448 (6) 0.62069 (9) 0.0675 (3)
Cl2 0.73401 (11) 0.42855 (7) 0.97656 (7) 0.0680 (3)
01 0.0556 (3) 0.25394 (15) 0.6202 (2) 0.0581 (7)
02 —-0.1401 (2) 0.43382 (14) 0.62561 (18) 0.0419 (5)
03 0.2594 (3) 0.26742 (15) 0.4151 (2) 0.0583 (7)
04 0.0631 (3) 0.27878 (18) 0.2408 (2) 0.0619 (8)
N1 0.0729 (3) 0.41528 (15) 0.6032 (2) 0.0368 (6)
H1 0.132757 0.379458 0.594477 0.044*
N2 0.0999 (3) 0.49795 (15) 0.60094 (19) 0.0360 (6)
N3 0.2367 (3) 0.40537 (17) 0.4415 (2) 0.0395 (6)
H3A 0.193187 0.450932 0.423258 0.047*
N4 0.3323 (3) 0.40051 (16) 0.52807 (19) 0.0362 (6)
al —0.0545 (3) 0.2986 (2) 0.6280 (3) 0.0406 (7)
c2 —-0.1515 (4) 0.2480 (2) 0.6438 (3) 0.0545 (10)
H2 —-0.236980 0.263718 0.651862 0.065*
a —-0.1009 (5) 0.1670 (2) 0.6462 (4) 0.0674 (12)
H3 —0.145861 0.118044 0.655707 0.081*
Cc4 0.0235 (5) 0.1736 (2) 0.6321 (4) 0.0707 (13)
H4 0.081358 0.128726 0.630659 0.085*
c5 —0.0469 (3) 0.3886 (2) 0.6191 (2) 0.0364 (7)
cé 0.2207 (3) 0.51796 (19) 0.5955 (2) 0.0350 (7)
7 0.2588 (3) 0.60564 (19) 0.6004 (2) 0.0358 (7)
8 0.3797 (3) 0.6308 (2) 0.5798 (2) 0.0396 (7)
H8 0.437031 0.591321 0.561144 0.048*
o] 0.4172 (3) 0.7135 (2) 0.5863 (3) 0.0446 (8)
H9 0.499578 0.729743 0.572515 0.053*
Cc10 0.3334 (4) 0.7710 (2) 0.6128 (3) 0.0482 (9)
11 0.2119 (4) 0.7482 (2) 0.6336 (3) 0.0549 (10)
H11 0.155160 0.788235 0.651770 0.066*
12 0.1750 (4) 0.6658 (2) 0.6274 (3) 0.0476 (9)
H12 0.092698 0.649967 0.641529 0.057*
C13 0.3284 (3) 0.45395 (18) 0.5958 (2) 0.0337 (7)
14 0.4317 (3) 0.44784 (18) 0.6889 (2) 0.0362 (7)
c15 0.3946 (3) 0.4628 (2) 0.7782 (2) 0.0403 (7)
H15 0.306246 0.478908 0.778217 0.048*
c16 0.4862 (3) 0.4544 (2) 0.8670 (3) 0.0458 (8)
H16 0.460111 0.463138 0.927291 0.055*
c17 0.6161 (4) 0.4330 (2) 0.8660 (3) 0.0459 (8)
18 0.6549 (3) 0.4171 (2) 0.7786 (3) 0.0479 (9)
H18 0.743608 0.401601 0.779145 0.057*
Cc19 0.5623 (3) 0.4242 (2) 0.6901 (3) 0.0435 (8)
H19 0.588106 0.412937 0.630259 0.052*
C20 0.2133 (3) 0.3344 (2) 0.3851 (3) 0.0418 (8)
Cc21 0.1278 (3) 0.3470 (2) 0.2867 (3) 0.0450 (8)
c22 0.1033 (4) 0.4128 (3) 0.2277 (3) 0.0559 (10)
H22 0.134916 0.466908 0.242567 0.067*
23 0.0207 (5) 0.3854 (4) 0.1386 (3) 0.0772 (14)
H23 —-0.010631 0.417448 0.081717 0.093*
C24 —0.0050 (4) 0.3059 (4) 0.1496 (3) 0.0738 (14)
H24 -0.061279 0.273012 0.102126 0.089*
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selectivity of reactions. Recent studies have found that orga-
notin(IV) complexes based on salen-like ligands can kill cancer
cells through multiple mechanisms of action.” Therefore, the
synthesis and crystal structure of the title compound are
important significance for the study of the application.

The asymmetric unit of the title compound is one
N',N"-[1,2-bis(4-chlorophenyl)ethane-1,2-diylidene]bis(furan-
2-carbohydrazide) molecule. The ORTEP diagram is pre-
sented in Figure. Bond lengths and angles are all in the
expected ranges.'” The bond length of N2=C6 and N4=C13 are
1.294(4) A and 1.282(4) A, respectively. Which is similar to
those reported in the literature.”™* The bond length of
C6-C13 is 1.511(4) A, shorter than normal C-C single bonds,
which is similar to those reported in the literature.

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.

Research funding: This work were supported by Middle-
aged and Young Teachers’ Basic Ability Promotion Project of
Guangxi (N0.2022KY0291), Innovation Team for Research
and Development of Characteristic Pharmaceutics of Zhuang
& Yao Medicine (No.GZCX20231203), Natural Science Foun-
dation General Project of Guangxi University of Chinese
Medicine (N0.2022MS016).

References

1. Rigaku, 0. D. CrysAlis"; Rigaku Oxford Diffraction Ltd: Yarnton,
Oxfordshire, England, 2017.

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. Farrugia, L. J. WinGX and ORTEP for Windows: an Update. J. Appl. Cryst.
2012, 45, 849-854.

5. Jiang, W.-J.; Li, W.; Tang, M.-H.; Tan, Y.-X.; Nan, X.-L.; Tan, Y.-L.;
Syntheses, Crystal Structures and Quantum Chemistry of Two Th(IV)
Complexes Based on the Diacylhydrazone Ligand. J. Mol. Struct. 2021,
1244, 130972.

6. Jancsé, A.; Paksi, Z.; Mikkola, S.; Rockenbauer, A.; Gajda, T. Iron(Il)- and
Copper(II) Complexes of an Asymmetric, Pentadentate Salen-like
Ligand Bearing a Pendant Carboxylate Group. J. Inorg. Biochem. 2005,
99, 1480-1489.

7. Liu, P.-P.; Wang, C.-Y.; Zhang, M.; Song, X.-Q. Pentanuclear Sandwich-
type ZnII-LnlII Clusters Based on a New Salen-like Salicylamide Ligand:



DE GRUYTER

10.

Structure, Near-Infrared Emission and Magnetic Properties. Polyhedron
2017, 129, 133-140.

. Yue, Y.; Hou, G; Yao, X.; Li, G. Single Molecular Magnet of Lanthanide

Coordination Polymer with 1D Helical-like Chain Based on Flexible
Salen-type Ligand. Polyhedron 2017, 129, 157-163.

. Tian, W.; Zhong, W.; Yang, Z.; Chen, L.; Lin, S.; Li, Y.; Wang, Y.; Yang, P.;

Long, X. Synthesis, Characterization and Discovery of Multiple
Anticancer Mechanisms of Dibutyltin Complexes Based on Salen-like
Ligands. J. Inorg. Biochem. 2024, 251, 112434,

Zhang, Z,; Jiang, W.; Zhang, F.; Li, A. Crystal structure of N',N"-((1£,2£)-1,2-
diphenylethane-1,2-diylidene)bis(4-methylbenzohydrazide)-water-
methanol (1/1/1). Z. Kristallogr. - New Cryst. Struct. 2022, 237, 1043-1045.

1.

W. Tian et al.: The crystal structure of C;4Hy¢Cl,N,O, =—— 405

Xiao,Z.; Wang, T.; Deng, X,; Jiang, W.; Tan, Y. The Crystal Structure of N N-
bis((E)-3-(tert-butyl)-2-Hydroxybenzylidene) oxalohydrazide, C;4H30N4O4.
Z. Kristallogr. - New Cryst. Struct. 2023, 238, 367-369.

. Basu Baul, T. S.; Hlychho, B.; Das Pramanik, S.; Ly¢ka, A.; Roy, P.;

Mahmoud, A. G.; Guedes da Silva, M. F. C. Organotin(IV) Complexes
Derived from 2,6-diacetylpyridine Bis(2-Hydroxybenzoylhydrazone) as
Prospective Anti-proliferative Agents: Synthesis, Characterization,
Structures and In Vitro Anticancer Activity. J. Inorg. Biochem. 2024, 261,
112693.

. Lépez-Torres, E.; Mendiola, M. A,; Pastor, C. J.; Pérez, B. S. Versatile

Chelating Behavior of Benzil Bis(thiosemicarbazone) in Zinc, Cadmium,
and Nickel Complexes. Inorg. Chem. 2004, 43, 5222-5230.



	The crystal structure of N′,N″-[1,2-bis(4-chlorophenyl)ethane-1,2-diylidene]bis(furan-2- carbohydrazide), C24H16Cl2N4O4
	1 Source of material
	2 Experimental details
	3 Comment
	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


