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Abstract

Cy6H,30,N,SRe, triclinic, P1 (no. 2), a = 9.9192) A,
b = 11.7523) A, ¢ = 127173) A, a = 111.098(7)°,
B = 94.467(7)°, y = 98.295(7)°, V = 1354.9(5) A°, Z = 2,
Rg((F) = 0.0342, WR,(F?) = 0.0843, T = 102.0(2) K.

CCDC no.: 2068004

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.
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Table 1: Data collection and handling.

Crystal: Yellow cuboid

Size: 0.32 % 0.17 x 0.06 mm
Wavelength: Mo Ka radiation (0.71073 A)
e 4.61mm™*

Diffractometer, scan mode:
Bmax, cOmpleteness:
N(hkl)measuredr N(hkl)unique’ Rint:
Criterion for lops, N(hkl)g::
N(param)reﬁned:

Programs:

Bruker APEX-II, ¢ and w
28.4°,>99%

28,629, 6727, 0.067

Iobs > 2 0(lgps), 6176

352

Bruker [1], SIR97 [2], Olex2 [3],
SHELX [4], Diamond [5]

Source of material

Fac-[Re(S,0)(CO);(H,0)] (S,0 = N’-benzoyl-N,N-diphe-
nylcarbamimidothioate 20 mg, 0.029 mmol) was dis-
solved in methanol (3 ml) and pyrazole (3.29 mg,
0.00571 mmol) dissolved in (2 ml) methanol was added.
The solution was then stirred for 30 min and then refluxed
for 24 h at room temperature and the light yellow solution
was left to crystallize. (Yield = 15.25 mg, 84%; FTIR (cm™)
v(CO): 2015, 1889.

Experimental details

All hydrogen atoms were positioned geometrically
and refined discernibly using a riding model, with fixed
C-Haromatic = 0.97 A. The H atoms isotropic displacement
parameters were fixed; Uiso(H) = 1.2U4(C) for aromatic,
allowing them to ride on the parent atom. The graphics
were obtained using the DIAMOND program with 50%
probability ellipsoids. All the H-atoms of the title structure
were omitted for clarity.

Comment

The chemistry of fac-[Re(CO);]" precursor has recently
drawn attention of several research groups because of its
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

X y z Uiso*/ueq
Rel 0.15615(2) 0.26486 (2)  0.61077 (2) 0.02059 (6)
S1 0.13423 (10) 0.46874 (10) 0.74707 (10)  0.0256 (2)
04 0.3664 (3) 0.3055 (3) 0.6821(3)  0.0266 (6)
02 —0.1446 (3) 0.2264 (3) 0.5100 3)  0.0363 (8)
01 0.1892 (4) 0.0175(3) 0.4294 (3) 0.0473 (10)
N3 0.4193 (3) 0.5187 (3) 0.7938(3)  0.0232(7)
03 0.0642 (4) 0.1328 (4) 0.7692 (3)  0.0426 (9)
N1 0.2368 (4) 0.3666 (4) 0.5072(3)  0.0263 (8)
N4 0.3080 (3) 0.6801 (3) 0.8412(3)  0.0214(7)
09 0.5471 (4) 0.1927 (4) 0.4341(4) 0.0519 (10)
N2 0.3377 (4) 0.3371 (4) 0.4425(4)  0.0357 (9)
2 -0.0301 (4) 0.2388 (4) 0.5471(4)  0.0243 (8)
C32 0.6289 (4) 0.2788 (4) 0.7371(4)  0.0238(8)
H32 0.566938 0.210060 0.682115 0.029*
c3 0.0987 (5) 0.1825 (4) 0.7086 (4)  0.0287 (9)
33 0.7604 (5) 0.2659 (4) 0.7690 (4)  0.0285 (9)
H33 0.788788 0.188586 0.735104 0.034*
c7 0.4436 (4) 0.4044 (4) 0.7505(3)  0.0212(8)
31 0.5870 (4) 0.3918 (4) 0.7851(3)  0.0207 (8)
C11 0.1889 (4) 0.7385 (4) 0.8419(3)  0.0204 (8)
34 0.8517 (5) 0.3657 (5) 0.8506 (4)  0.0325 (10)
H34 0.941648 0.356410 0.873265 0.039*
C16 0.1444 (5) 0.7616 (4) 0.7470 (4)  0.0279 (9)
H16 0.190542 0.738956 0.681836 0.034*
c8 0.2972 (4) 0.5551 (4) 0.7921 (3)  0.0202 (8)
C1 0.1771 (4) 0.1104 (4) 0.4981 (4)  0.0295 (9)
C12 0.1242 (5) 0.7729 (4) 0.9379 (4)  0.0296 (9)
H12 0.157561 0.758404 1.003213 0.036*
35 0.8098 (5) 0.4785 (5) 0.8982(5) 0.0376 (11)
H35 0.872351 0.547556 0.952203 0.045*
C36 0.6770 (5) 0.4915 (4) 0.8675 (4) 0.0311 (10)
H36 0.647750 0.568217 0.902636 0.037*
C4 0.1875 (5) 0.4534 (5) 0.4804 (5) 0.0365 (11)
H00Q 0.114482 0.491746 0.512520 0.044*
C15 0.0303 (5) 0.8188 (5) 0.7490 (4) 0.0378(12)
H15 -0.001597 0.835238 0.684432 0.045*%
c5 0.2571 (6) 0.4808 (5) 0.3988(5) 0.0424 (12)
HO0S 0.241245 0.538965 0.365348 0.051*
c21 0.4346 (4) 0.7584 (4) 0.9072 (4)  0.0243(9)
C14 -0.0360 (5) 0.8513 (5) 0.8423(5) 0.0400 (12)
H14 -0.114006 0.889657 0.842126 0.048*%
C26 0.4815 (5) 0.7536 (4) 1.0109 (4) 0.0305 (10)
H26 0.431680 0.696680 1.037661 0.037*
€22 0.5071 (4) 0.8416 (4) 0.8684 (4)  0.0287 (9)
H22 0.475438 0.845396 0.797456 0.034*
C13 0.0100 (5) 0.8288 (5) 0.9381(5) 0.0365 (11)
H13 -0.036551 0.851448 1.003008 0.044*
c6 0.3530 (6) 0.4059 (5) 0.3774(5) 0.0458 (13)
HooY 0.418534 0.402692 0.326200 0.055*
€25 0.6010 (5) 0.8318 (5) 1.0752 (4) 0.0356 (11)
H25 0.633182 0.828552 1.146242 0.043*
c9 0.5515 (7) 0.0657 (6) 0.3820(6) 0.0563 (16)
H93 0.627847 0.055567 0.336982 0.084*
H91 0.464686 0.022111 0.332147 0.084*
H92 0.565101 0.031071 0.440745 0.084*
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Table 2: (continued)
X y z Uiso*/ueq
C23 0.6269 (5) 0.9196 (5) 0.9345(5) 0.0393(12)
H23 0.676935 0.977127 0.908576 0.047*
C24 0.6735 (5) 0.9144 (5) 1.0366 (5) 0.0393 (12)
H24 0.755806 0.967739 1.080758 0.047*
HOOB 0.394 (6) 0.287 (6) 0.457 (5) 0.049 (17)*
H94 0.624(12) 0.254(12) 0.494 (10) 0.16 (5)*

potential use as a therapeutic radiopharmaceutical. This
has led to an increased investigation of rhenium metal
complexes for their potential use as therapeutic and diag-
nostic agents [6—9]. Our research group is focusing on the
synthesis of rhenium(I) tri- and dicarbonyl complexes for
both diagnostic (depending on the type of the bidentate
ligand used) and therapeutic applications [10-14]. This is
done by coordinating a series of bi- and monodentate
ligand systems to a rhenium metal center using a [2+1]
mixed ligand approach. These coordinating ligands for the
structure reported comprises of donor atoms such as sulfur
and oxygen.

The molecular structure of the title complex comprises
of three facial tricarbonyl ligands, a thiourea bidentate ligand
in the equatorial plane which is trans to two of the carbonyl
ligands and an N-coordinated pyrazole monodentate ligand
in the axial position. The molecular structure has a guest
molecule (methanol solvent) which is omitted for clarity. The
bond distances between rhenium and the three carbons of the
carbonyl ligands range between 1.894(4) and 1.917(5) A,
whereas Rel-04, Re1-N1 and Rel-S1 were arranged in an
increasing order as follows: 2.123(3), 2.196(4) and 2.452(12) A,
respectively. The results obtained correlate well with other
structures already reported in literature by our research group
[10, 11] and Warsink [15]. The polyhedron geometry of the
complex reveals an octahedral distortion around the rhenium
metal center. This distortion is more evident in the bond an-
gles C3-Rel-N1 and C2-Rel-04 which were reported as
175.64(16)° and 176.38(14)° respectively. The bite angle of the
title structure was found to be 87.67(8)° and deviated slightly
from the bite angle of a similar bidentate ligand coordinated
to rhodium reported by Warsink (91.1(1)°) [15].

The molecules are arranged in a head-to-head manner
and are stabilized by couple of intra- and intermolecular
hydrogen bonds.

Acknowledgements: We would like to acknowledge
Tshwane University of Technology for Institutional support.
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.



DE GRUYTER

Research funding: The authors would like to express the
gratitude towards NRF (Thuthuka grant specific number
113629) for financial assistance.

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. SAINT-Plus (version7. 12) and SADABS (Version 2004/1);
Bruker AxS Inc.: Madison, Wisconsin, USA, 2004.

2. Altomare A., Burla M. C., Camalli M., Cascarano G. L.,
Giacovazzo C., Guagliardi A., Moliterni A. G. G., Polidori G.,
SpagnaR. SIR97: a new tool for crystal structure determination and
refinement. J. Appl. Crystallogr. 1999, 32, 115-119.

3. Dolomanov 0. V., Bourhis L. J., Gildea R. J., Howard J. A. K.,
Puschmann H. OLEX2: a complete structure solution, refinement
and analysis program. J. Appl. Crystallogr. 2009, 42, 339-341.

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

5. Brandenbug K., Putz H. DIAMOND. Visual Crystal Structure Information
System. Ver. 3.0c; Crystal Impact GbR: Bonn, Germany, 2005.

6. Brink A., Helliwell J. R. New leads for fragment-based design of
rhenium/technetium radiopharmaceuticals agents. /UCr/ 2017, 3,
283-290.

7. Aimene Y., Eychene R., Mallet-Ladeira S., Saffon N., Winum J. Y.,
Nocentini A., Supuran C. T., Benoist E., Seridi A. Novel Re(l)
tricarbonyl complexes based on 2-prydiyl-1,2,3-triazole
derivatives bearing a 4-amino-substituted benzenesulfonamide
arm: synthesis, crystal structure, computational studies and
inhibitory activity against carbonic anhydrase |, Il and IX isoforms.
J. Enzym. Inhib. Med. Chem. 2019, 34, 773-782.

10.

11.

12.

13.

14.

15.

W.K. Komane et al.: Crystal structure of C;¢H,30,N,SRe =—— 769

. Zobi F. A different spin on rhenium chemistry. synthetic

approaches and perspectives of 17-electron rhenium complexes.
Chem. Rev. 2010, 4, 259-265.

. Lepareur N., Lacoeuille F., Bouvry C., Hindre F., Carcion E.,

Cherel M., Noiret N., Garin E., Knapp F. F. Rhenium-188 labelled
radiopharmaceuticals: current clinical applications in oncology
and promising perspectives. Front. Med. 2019, 6, 132 (19
pages).

Ramoba L. V., Alexander O. T., Visser H. G., Manicum A. The crystal
structure of fac-tricarbonyl (1.10-phenanthroline-i®N, \*)-(pyrazole-kN)
rhenium(nitrate, CigH:160sN,Re. Z. Kristallogr. NCS 2020, 235,
1203-1205.

Moremi M. J., Alexander O. T., Vatsha B., Makgopa K., Manicum A.
The crystal structure of fac-tricarbonyl(4,4-dimethyl-
2,2-dipyridyl-k>-N,N)(pyrazole-kN)rhenium(l)nitrate,
CagH1,03N,Re. Z. Kristallogr. NCS 2020, 236, 33-35.

Manicum A. E., Schutte-Smith M., Visser H. G. The synthesis and
structural comparison of fac-[Re (CO)s]* containing complexes
with altered B-diketone and phosphine ligands. Polyhedron 2018,
145, 80-87.

Manicum A. E., Schutte-Smith M., Kemp G., Visser H. G.
Illustration of the electronic influence of coordinated B-diketone
type ligands: a kinetic study. Polyhedron 2015, 85, 190-195.
Manicum A. E., Schutte-Smith M., Visser H. G, Pretorius C.,
Roodt A. The crystal structure tetraethyl ammonium fac-
tricarbonyl(hexafluoroacatylacenato- kK°0,0”)-(nitrato-kO)
rhenium(l), C;¢H,1N>FgRe. Z. Kristallogr. NCS 2016, 231,
263-266.

Warsink S., Riekert K., Janse Van Rensburg J. M., Venter J. A.,
Otto S., Botha E., Roodt A. Kinetic-mechanistic and solid-state
study of the oxidative addition and migratory insertion of
iodomethane to [Rhodium(S,0-BdiPT or N,0-0x)(CO) (PR'R*R®)]
complexes. Eur. J. Inorg. Chem. 2018, 2018, 3615-3625.



	The crystal structure of fac-tricarbonyl (N′-benzoyl-N,N-diphenylcarbamimidothioato-κ2S,O)-(pyrazole-κN)rhenium(I) — methan ...
	Source of material
	Experimental details
	Comment
	Acknowledgements
	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


