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Abstract
C60H68O4N12Br2Cl8Zn, triclinic, P1 (no. 2), a = 9.0149 (13) Å,
b = 13.671 (2) Å, c = 15.168 (2) Å, α = 92.280 (3)°, β = 97.441
(2)°, γ = 107.862 (2)°,V = 1758.0 (4) A3, Z = 1,Rgt (F ) = 0.0417,
wRref (F

2) = 0.1005, T = 296 (2) K.

CCDC no.: 1060432

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.

Table : Data collection and handling.

Crystal: Stick, colourless
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω-scans
θmax, completeness: .°, >%
N (hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker programs [], SHELX
[–], DIAMOND []
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Source of material

The (E )-(RS)-1-(2,4-dichlorophenyl)-4,4-dimethyl-2-(1,2,4-
triazol-1-yl)pent-1-en-3-ol (0.653 g, 0.200 mmol) was
dissolved in methanol (10 mL). Then, Zinc bromide
(0.225 g, 0.100 mmol) was added. Reaction was allowed to
stir at room temperature for 2 h. Colorless stick crystal of
the title compoundwas obtained by slow evaporation from
propanone.

Experimental details

Hydrogen atoms were placed in their geometrically ideal-
ized positions and constrained to ride on their parent
atoms, with C–H = 0.96 Å (methyl), Uiso(H) = 1.5 Ueq(C),
C–H = 0.98 Å (methine), Uiso(H) = 1.2 Ueq(C), C–H = 0.93 Å
(aromatic and alkenyl), Uiso(H) = 1.2 Ueq(C), and
O–H = 0.82 Å (hydroxyl), Uiso(H) = 1.5 Ueq(O).

Comment

As a broad spectrum systemic 1,2,4-triazole fungicide,
diniconazole (E)-(RS)-1-(2,4-dichlorophenyl)-4,4-dimethyl-
2-(1H-1,2,4-triazol-1-yl) pent-1-en-3-ol, has been widely used
to control various fungi inmany kinds of crops by inhibiting

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

x y z Uiso*/Ueq

Zn . . . . ()
Br . () −. () . () . ()
Cl . () −. () . () . ()
Cl . () −. () −. () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
N . () −. () . () . ()
N . () −. () . () . ()
N −. () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
O . () . () . () . ()
HA . . . .*
O . () . () . () . ()
HA . . . .*
C . () −. () . () . ()
H . −. . .*
C −. () −. () . () . ()
H −. −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . −. . .*
HB . . . .*
HC . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
C . () −. () . () . ()
H . −. −. .*
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()

Table : (continued)

x y z Uiso*/Ueq

C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
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steroid demethylation [6, 7]. Complexation of pesticides
with transition metals is a valuable way to improve bioac-
tivity of original pesticides [8–16]. Zinc is a transition metal
essential to the life of crops. Many triazole fungicides zinc
complexes have been reported [13–19], the complexes syn-
thesized shows better antifungal activities than the ligand
[13–16]. In this paper, a new diniconazole Zn(II) complex is
described.

The asymmetric unit of the title structure contains a half
Zn(II) cation, one bromine anion and two diniconazole
molecules to construct a mononuclear complex. The Zn(II)
cation is six-coordinated by two bromine anions and nitro-
gen atoms of triazole cycles of four organic ligands. The Zn–
N length (Zn–N1= 2.136 (2) Å, Zn–N4= 2.159 (2) Å) andZn–Br
length (Zn–Br = 2.7257 (4) Å), the N1–Zn–N4, N1–Zn–N4i,
N1–Zn–Br, N4–Zn–Br, N1–Zn–Bri, and N4–Zn–Bri bond
angles of 90.27 (9)°, 89.73 (9)°, 92.61 (7)°, 89.49 (7)°, 87.39
(7)°, and 90.51 (7)°, respectively (symmetry code:
(i) −x, −y, −z + 1). Zn(II) cation is located in a special position
at center of symmetry, so the bond angle of N1–Zn–N1ii, N4–
Zn–N4ii, and Br–Zn–Brii is 180°. This is in agreement with
closely related Zn(II) complexes reported [20]. The complexes
are bound by O1–H1A…Brii (dO1…Br = 3.248 (2) Å, 166.4°), and
O2–H2A…Brii (dO2…Br = 3.290 (2) Å, 171.5°), (symmetry code:
(ii) −x + 1, −y, −z + 1) hydrogen bonds forming a one-
dimensional (1D) chain along the a-axis.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: The work was supported by National
Natural Science Foundation of China (22003055, 22163012),
Key Laboratory Project Foundation of Shaanxi Provincial
EducationDepartment in China (20JS158), Joint Fund of the
Yulin University and the Dalian National Laboratory for
Clean Energy (YLU-DNL Fund 2021007), Nanhu Scholars
Program for Young Scholars of the Xinyang Normal
University.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. APEX2, SAINT and SADABS; Bruker AXS Inc.: Madison,
Wisconsin, USA, 2009.

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. Sheldrick G. M. A short history of SHELX. Acta Crystallogr. 2008,
A64, 112–122.

5. Brandenburg K. DIAMOND; Crystal Impact GbR: Bonn, Germany,
2006.

6. Funaki Y., Ishiguri Y., Kato T., Tanaka S. Structure-activity
relationships of vinyl triazole fungicides. J. Pestic. Sci. 1984, 9,
229–236.

7. Takano H., Oguri Y., Kato T. Mode of action of (E)-1-
(2,4-dichlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)-1-penten-
3-ol (S-3308) is ustilago maydis. J. Pestic. Sci. 1983, 8, 575–582.

8. Li J., Ren G.-Y., Zhang Y., Yang M.-Y., Ma H.-X. Two Cu(II)
complexes of 1,2,4-triazole fungicides with enhanced antifungal
activities. Polyhedron 2019, 157, 163–169.

9. Li J., Liu H., Guo Z., Yang M., Song J., Ma H. Two Cu(II)-triadimenol
complexes as potential fungicides: synergistic actions and DFT
calculations. RSC Adv. 2018, 8, 2933–2940.

10. Li J., Zhang Y., Yang M., Ma H. Two novel Co(II) and Ni(II)
complexes of tebuconazole with enhanced antifungal activities.
RSC Adv. 2017, 7, 33364–33372.

11. Li J., Teng X., Yan B., YangM., Song J., Ma H. Two Cu(II) complexes
of triadimefon: crystal structure, antifungal activities and
structure–activity relationship. New J. Chem. 2015, 39,
6997–7003.

12. Li J., Teng X., Yan B., Guan Y., Yang M., Song J., Ma H. Synergistic
actions between tebuconazole ligand and Cu(II) cation: reasons
for the enhanced antifungal activity of four Cu(II) complexes
based on the fungicide tebuconazole. New J. Chem. 2015, 39,
9550–9556.

13. Li J., Xi T., Yan B., YangM.-Y., Ma H.-X., Song J.-R. Crystal structure
and antifungal activities of a new Zn(II) complex based on
triadimenol. Chin. J. Struct. Chem. 2015, 34, 1825–1829.

14. Ren G.-Y., Li J., Zhou J.-H., Yan B., Ren Y.-H., Sun X.-H., Ma H.-X.
Enhanced antifungal activities of four Zn(II) complexes based on
uniconazole. Appl. Organomet. Chem. 2018, 32, e4169.

15. Ren G.-Y., Li J., Wei X.-Z., Zhou J.-H., Yan B., Guo Z.-Q., Ren Y.-H.,
Sun X.-H., Ma H.-X. The enhanced biological activities of three
Zn(II) complexes based on different 1,2,4-triazole fungicides.
Appl. Organomet. Chem. 2018, 32, e4474.

16. Chen X., Yang C. Synthesis, controlled release properties, and
increased antifungal activities of novel cis- and trans-racemate
complexes of propiconazole. J. Agric. Food Chem. 2009, 57,
2441–2446.

17. Gao J.-S., Ma D.-S., Ma Z.-G., Chen G.-R., Hou Y.-J., Ye L. The
syntheses and characterizations for zinic diniconazole
complexes. J. Mol. Sci.(Chin.) 2001, 17, 17–22.

18. Evans P. D., Schmalzl K. J., Forsyth C. M., Fallon G. D., Schmid S.,
Bendixen B., Heimdal S. Formation and structure of metal
complexes with the fungicides tebuconazole and propiconazole.
J. Wood Chem. Technol. 2007, 47, 120–127.

19. Nie X.-L., Song X.-Y., Huang C.-G., Gong L., Shang-Guan X.-C.
Synthesis and crystal structures of complexes of zinc, silver,
copper assembled by uniconazole. J. Chem. Crystallogr. 2017, 27,
243–256.

20. Bourne S. A., Kilkenny M., Nassimbeni L. R. One- and two-
dimensional coordination polymers of zinc(II) with pyrazine.
Solid state reactions and decomposition kinetics of the
interconversion reactions. J. Chem. Soc., Dalton Trans. 2001, 2001,
1176–1179.

J. Li et al.: Crystal structure of C60H68O4N12Br2Cl8Zn 1131


	Crystal structure of dibromido-tetra((E)-(RS)-1-(2,4-dichlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)pent-1-en-3-ol-κ1N) ...
	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 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


