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Abstract
C20H24ClNiN3O4, monoclinic, P21/c (no. 14),
a = 10.3831(7) Å, b = 17.0139(12) Å, c = 12.2649(9) Å,
β = 102.6230(10)°, V = 2114.3(3) Å3, Z = 4, Rgt(F ) = 0.0318,
wRref(F

2) = 0.1066, T = 298(2) K.

CCDC no.: 1870874

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

The title compound was synthesized by mixing 0.154 g
(0.5 mmol) (4E)-4- (2-hydroxybenzylideneamino)-1,2-dih-
ydro-2,3-dimethyl-1-phenylpyrazol-5-one) (LH), 0.6064 g
(2.5 mmol) NiCl2·H2O, 9 mL absolute methanol, 0.5 mL
dichloromethane and 0.5 mL trithylamine in a 25 mL poly-
tetrafluoroethylene-lined reactor. Then the reactor was
placed in an oven at 90 °C. After seven days, Green needle
crystals separated out with 80.60% yield. Elemental
AnalysisData (%,measured/theoretical): C, 51.71/ 51.66; H,
5.21/ 5.27; N, 9.03/8.98. IR spectrum (cm−1, KBr pellet):
3423(s), 3332(s), 1624(s), 1591(s), 1539(m), 1496(m),

Table : Data collection and handling.

Crystal: Green needle
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: θmax,
completeness:

.°, >%

N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [, ]
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1439(m), 1397(m), 1285(m), 1037(w), 901(w), 762(m),
571(w).

Experimental details

Comment

Nickel, as an essential trace element in organisms partici-
pates in the composition andmetabolism ofmany enzymes
in the human body, thus promoting iron absorption, the
growth of red blood cells and the synthesis of amino acids
[4, 5]. Schiff base complexes have a series of excellent
properties, such as bactericidal, antiviral and magnetic
properties, and have a wide application prospect in
bioengineering andmaterial research [6–10]. Because of its
rich spatial topology, binuclear metal complexes can be
used as artificial nuclease and have a good catalytic hy-
drolysis mechanism but there are few reports on the
structural characterization of 4-aminoantipyrine derivative
ligands and metal complexes. Therefore, it is of great sig-
nificance to study the synthesis and structure of suchmetal
complexes.

Each Ni(II) in the dinuclear title is coordinated by a
methanol molecule, a chlorine atom and three atoms from
two different L− ligands (a salicylidene hydroxyl oxygen
atom, an imino nitrogen atom, and a carbonyl oxygen
atom). In the complex, the Ni(II) center adopts a distorted
octahedral coordination (see the Figure). The chlorine
atom and the oxygen atom from the methanol molecule
are respectively above and underneath the plane defined
by the Ni atoms and the bridging ligands. Two different
hydroxyl oxygen atoms, the nitrogen atom in the imine and
the carbonyl oxygen atom in the pyrazole ring are in the
equatorial plane of the distorted octahedron. Each ligand
molecule coordinates two metal centers. The Ni–O bond
length is 2.0222(13)–2.1385(15) Å, which is slightly longer
than that reported in [11]; Ni(1)–Cl(1) bond length is
2.4263(7) Å, which is longer than that reported in [12]; Ni–N
bond length is 2.0317(17) Å. The distance of Ni1–Ni1a is
3.118(17) Å, and O2–O2a is 2.645(17) Å. The bond angle of
O2-Ni1-O2a is 80.61(6)°, Ni1-O2-Ni1a is 99.39(6)°. Each

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

Atom x y z Uiso*/Ueq

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

. . . .*
HBa

. . . .*
HCa

. . . .*
O′a . () . () . () . ()
H′a . . . .*
Ob

. () . () . () . ()
HAb

. . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

Cb
. () . () . () . ()

HDb
. . . .*

HEb . . . .*
HFb . . . .*

aOccupancy: .(), bOccupancy: .().
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dinuclear Ni could form a structurally stable six-membered
ring with a hydroxyl oxygen atom, an imine nitrogen atom
and three carbon atoms. It also formed a five-membered
ring with a carbonyl atom, an imine nitrogen atom and two
carbon atoms in the pyrazole ring. The remaining bond
lengths and bond angles are in the normal range [13].

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: Hubei Provincial Key Laboratory of
Green Materials for Light Industry and Collaborative
Innovation Center of Green Light-weight Materials and
Processing (no. 202007B14 and no. 201907A02), the State
Key Laboratory of Geological Processes and Mineral
Resources (no. GPMR202010).
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. SMART and SAINT; Bruker AXS Inc.: Madison, WI, USA,
2007.

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

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

4. Xu B., Shi P., Guan Q., Shi X., Zhao G. Synthesis, crystal structure,
and biological activity of a nickel(II) complex constructed by
2-phenyl-4-selenazole carboxylic acid and 1,10-phenanthroline.
J. Coord. Chem. 2013, 66, 2605–2614.

5. Xia Q., Sun H., Liu H. Effects of nickel exposure on encapsulation
rate of hemocytes of Spodoptera litura Fabricius larvae. J. Environ.
Entomol. 2014, 36, 718–723.

6. Kim M. S., Jo T. G., Yang M., Han J., Kim C. A fluorescent and
colorimetric Schiff base chemosensor for the detection of Zn2+

and Cu2+: application in live cell imaging and colorimetric test kit.
Spectrochim. Acta, Part A 2019, 211, 34–43.

7. Gopalakrishnan D., Srinath S., Baskar B., Bhuvanesh N. S. P.,
Ganeshpandian M. Biological and catalytic evaluation of Ru(II)
p-cymene complexes of Schiff base ligands: impact of ligand
appended moiety on photoinduced DNA and protein cleavage,
cytotoxicity and C–H activation. Appl. Organomet. Chem. 2019,
33, e4756.

8. Jana K., Das S., Puschmann H., Debnath S. C., Samanta B. C.
Supramolecular self-assembly, DNA interaction, antibacterialand
cell viabilitystudies of Cu(II) and Ni(II) complexes derived from NNN
donor Schiff base ligand. Inorg. Chim. Acta 2019, 487, 128–137.

9. Nazirkar B., Mandewale M., Yamgar R. Synthesis,
characterization and antibacterial activity of Cu(II) and Zn(II)
complexes of 5-aminobenzofuran-2-carboxylate Schiff base
ligands. J. Taibah Univ. Sci. 2019, 13, 440–449.

10. Al–Humaidi J. Y. Insitualkalinemedia: synthesis, spectroscopic,
morphology andanticancer assignments of some transitionmetal
ion complexes of 1-((2-aminophenylimino)methyl)naphthalen-
2-ol Schiff base. J. Mol. Struct. 2019, 1183, 190–201.

11. Jing L., Tao D., Hu R., Pang H. Crystal structure of tetraqua-bis(4-
(hydroxymethyl)benzoato-κO)nickel(II), C16H22O10Ni.
Z. Kristallogr. NCS 2019, 234, 523–525.

12. Mao R., Zou X., Yu Q., Ma L., Liu C., Pang H., Yuan X. Synthesis,
characterizationand properties of the antipyrine derivative metal
nickel(II) complex. J. Centr. China Normal Univ. (Nat. Sci.). 2017,
51, 184–187.

13. Pang H., He X., Feng X., Yuan X. Crystal structure of diaqua-
dichlorido- bis(µ2-2-(((1,5-dimethyl-3-oxo-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl) imino)methyl)phenolato-κ4O:
O,N,O’)dicobalt(II), C36H36Cl2N6O6CO2. Z. Kristallogr NCS 2019,
234, 563–565.

L. Gu et al.: Crystal structure of C20H24Cl N3O4Ni 559


	Crystal structure of dimethanol-dichlorido-bis( μ2-2-(((1,5-dimethyl-3-oxo-2- phenyl-2,3-dihydro-1H-pyrazol-4-yl)imino)meth ...
	Source of material
	Experimental details
	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 1
  /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


