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Abstract
C23H24N3O4ReS, orthorhombic, Pbca (no. 61), a = 15.1264(4) Å,
b = 15.1167(5) Å, c = 20.1500 Å, V = 4607.5(2) Å3, Z = 8,
T = 150(2) K, Rgt(F ) = 0.0416, wRref (F 2) = 0.0691.

CCDC no.: 2259028

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 displacement
parameters.

1 Source of materials

The title complex was synthesized using the starting pre-
cursor, fac-[NEt4]2 [Re(CO)3Br3], as explained by Albert et al.
[6], Manicum et al. [7, 8]. fac-[NEt4]2 [Re (CO)3Br3], (201.1 mg,
0.336 mmol) was dissolved in 5 mL of acidic water (pH = 2.2)
and stirred at room temperature for 10min. AgNO3 (134.4 mg,
0.7912 mmol) was added to the solution and stirred for 24 h
at room temperature. The precipitate, AgBr, was separated
and weighed. N-(cyclohexyl(methyl)carbamothioyl) benza-
mide (N–CyHMCB) bidentate ligand (72.11 mg, 0.336mmol)
was added to the filtrate and the reactionmixture was stirred
at room temperature for 24 h. The light-yellow precipitate
(fac-[Re(N–CyHMCB)(CO)3(OH2)]) was filtered off and dried.
fac-[Re(N–CyHMCB)(CO)3(OH2)], (74.5 mg, 0.132mmol) was
dissolved in methanol (5mL), and pyridine (0.07mL)
was added. The solution was first stirred for 24 h at room
temperature. The light-yellow solid (product) was obtained by
evaporation of the solvent and the precipitate was recrystal-
lized from ethylacetate:hexane (8:2). Yield = 71.52 mg, 86%, IR
(KBr, cm−1): vCO 2103, 2007, 1879.

2 Experimental details

All the hydrogen atoms were positioned geometrically and
refined using a riding model with fixed C–HAromatic = 0.97 Å;
C–Hmethyl = 0.96 Å. The H atoms isotropic displacement

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: XtaLAB Synergy R, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl )unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: CrysAlispRO [], Olex [], WinGX [],
SHELX [, ]
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parameters were fixed; Uiso(H) = 1.2Ueq (C) for aromatic and
Uiso(H) = 1.5Ueq (C) for methyl, allowing them to ride on the
parent atom. The graphics were obtained by using the MER-

CURY program with 50 % probability ellipsoids. All the
hydrogen in the structure was omitted for clarity.

3 Comment

Organometallic rhenium(I) compounds have shown great
promise for the development of new anticancer agents
in recent years [8, 9]. A variety of tricarbonyl complexes
containing mono- and bidentate ligands with nitrogen,
oxygen, selenium, and phosphorus donors were discovered
to have significant cytotoxic effects on various cancer cell
lines [9–12]. However, the tricarbonyl precursor is particu-
larly appealing not only for its potential use in biological
applications but also for its flexibility of M(CO)3 to accom-
modate different ligands, which has led to the development
of several strategies to saturate the coordination spherewith
ligands from a single ligand to a combination of two or more
ligands [13–15].

The molecular structure of the title complex comprises
three facial tricarbonyl ligands, a thiourea bidentate ligand
(S,O) in the equatorial plane which is trans to the two of
the carbonyl ligands and N-coordinated pyridine ligand
(monodentate) in the axial position as shown in the Figure.
The complex was obtained by using the [2 + 1] mixed ligand
approach on fac-[M(CO)3(O2H)3]+ moiety. In particular,
the [2 + 1] approach provides a combination strategy of a
bidentate and a monodentate ligand to yield a unique
asymmetric tailoring of the complex that affects its (bio)
chemical properties such as charge, lipophilicity, and
stability [16, 17]. The structure of the titled complex possesses
a distorted octahedral geometry around the rhenium
metal center as seen with the bond angles C1—Re—O4
and C3—Re—N1, reported as 175.27(14)° and 175.88(14)°,
respectively. The bite angle distortion of the structure
was 85.96(7)°, which is similar to that of other rhenium
metals coordinated with thiourea ligands [18–20]. The bond
length between the three carbons from the carbonyl
ligands and rhenium metal, Re—C1, Re—C2, and Re—C3
were found as 1.897(4), 1.914(4), and 1.929(4) Å, respectively.

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

Atom x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

Re . () . () . () . ()
S . () . () . () . ()
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The bond distances Re—S1, Re—N1, and Re—O4 were
arranged in decreasing order 2.471(10), 2.220(3), and
2.138(3) Å, respectively. The bond length obtained in
this study agrees with the other rhenium and rhodium
structures that were reported previously [21–23]. There are
three intramolecular hydrogen bonds in the titled complex
that stabilizes the complex further from C16—H16⋯N2
which has the bond length of 2.768(5) Å, C17—H17A⋯S1with
a bond length of 2.992(5) Å, and C8—H8⋯O4 with a bond
length of 2.986(5) Å.

Author contributions: All the authors have accepted respon-
sibility for the entire content of this submitted manuscript
and approved submission.
Research funding: We would like to thank the National
Research Foundation of South Africa (Grant No. 129468),
Tshwane University of Technology, and the University of
Pretoria for institutional and financial support. The authors
would like to express their gratitude towards NCP
Chlorchem for financial assistance.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. System C. S. Rigaku Oxford Diffraction. CrysAlis PRO; Software System:
Yarnton, UK, 2021.

2. Dolomanov O. 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.

3. Farrugia L. J. WinGX suite for small-molecule single-crystal
crystallography. J. Appl. Crystallogr. 1999, 32, 837–838.

4. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3–8.

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

6. Alberto R., Schibli R., Waibel R., Abram U., Schubiger A. P. Basic
aqueous chemistry of [M(OH2)3(CO)3]

+ (M = Re, Tc) directed towards
radiopharmaceutical application. Coord. Chem. Rev. 1999, 190,
901–919.

7. Manicum A. E., Schutte-Smith M., Malan F. P., Visser H. G. Steric and
electronic influence of Re(I) tricarbonyl complexes with various
coordinated β-diketones. J. Mol. Struct. 2022, 1264, 133278.

8. ManicumA. E., Schutte-SmithM., Visser H. G., Pretorius C., Roodt A. The
crystal structure tetraethyl ammonium factricarbonyl
(hexafluoroacatylacenato-κ2O,O′)-(nitrato-κO) rhenium(I),
C16H21N2F6Re. Z. Kristallogr. N. Cryst. Struct. 2016, 231, 263–266.

9. Collery P., Desmaele D., Vijaykumar V. Design of rhenium compounds
in targeted anticancer therapeutics. Curr. Pharm. Des. 2019, 25,
3306–3322.

10. Bauer E. B., Haase A. A., Reich R. M., Crans D. C., Kühn F. E.
Organometallic and coordination rhenium compounds and their
potential in cancer therapy. Coord. Chem. Rev. 2019, 393, 79–117.

11. Leonidova A., Gasser G. Underestimated potential of organometallic
rhenium complexes as anticancer agents. ACS Chem. Biol. 2014, 9,
2180–2193.

12. Murphy B. L., Marker S. C., Lambert V. J., Woods J. J., MacMillan S. N.,
Wilson J. J. Synthesis, characterization, and biological properties of
rhenium(I) tricarbonyl complexes bearing nitrogen-donor ligands.
J. Organomet. Chem. 2020, 901, 121064.

13. Jurisson S. S., Lydon J. D. Potential technetium small molecule
radiopharmaceuticals. Chem. Rev. 1999, 99, 2205–2218.

14. Liu G., Hnatowich D. J. Labeling biomolecules with radiorhenium: a
review of the bifunctional chelators. Anti Cancer Agents Med. Chem.
2007, 7, 367–377.

15. Papagiannopoulou D. Radiopharmaceutical applications of
organometallic technetium and rhenium complexes. Curr. Inorg. Chem.
2012, 2, 228–247.

16. Abram U., Abram S., Alberto R., Schibli R. Ligand exchange reactions
starting from [Re(CO)3Br3]

2− synthesis, characterization and structures
of rhenium(l) tricarbonyl complexes with thiourea and thiourea
derivatives. Inorg. Chim. Acta 1996, 248, 193–202.

17. Hayes T. R., Powell A. S., Barnes C. L., Benny P. D. Synthesis and stability
of 2+1 complexes of N,N-diethylbenzoylthiourea with [MI(CO)3]

+ (M =
Re, 99mTc). J. Coord. Chem. 2015, 68, 3432–3448.

18. Komane W. K., Mokolokolo P., Vatsha B., Manicum A. The crystal
structure of fac-tricarbonyl (N′-benzoyl-N,N-
diphenylcarbamimidothioato-κ2S,O)-(pyrazole-κN)rhenium(I)-
methanol(1/1) C26H23O4N4SRe. Z. Kristallogr. N. Cryst. Struct. 2021, 236,
767–769.

19. Ramoba V. L., Alexander T. O., Visser H. G., Manicum A. The crystal
structure of fac-tricarbonyl (1,10-phenanthroline-κ2N,N′)-(pyrazole-κN)
rhenium(I)nitrate, C18H12O3N4Re. Z. Kristallogr. N. Cryst. Struct. 2020,
235, 1203–1205.

20. Schmitt B., Gerber T. I. A., Hosten E., Betz R. Monomeric/dimeric
complexes of fac-[Re(CO)3]+ with benzoylthiourea derivatives. Inorg.
Chem. Commun. 2012, 24, 136–139.

21. Moremi M. J., Alexander O. T., Vatsha B., Makgopa K., Manicum A. The
crystal structure of fac-tricarbonyl(4,4-dimethyl 2,2-dipyridyl-κ2-N,N
′)(pyrazole-κN)rhenium(I) nitrate, C18H12O3N4Re. Z. Kristallogr. N. Cryst.
Struct. 2020, 236, 33–35.

22. 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,O–BdiPT or N,O-ox)(CO)(PR1 R2 R3)] complexes. Eur. J. Inorg.
Chem. 2018, 2018, 3615–3625.

23. Wei L., Zubieta J. fac–Bromotricarbonyl[2-(2-pyridylmethyl)-
2,3-dihydro-1H-isoindol-1-one]rhenium(I) methanol solvate. Acta
Crystallogr. 2005, C61, m95–m97.

L. Makhakhayi et al.: The crystal structure of C23H24N3O4ReS 699


	The crystal structure of fac-tricarbonyl(N-benzoyl-N,N-cyclohexylmethylcarbamimidothioato-κ2S,O)-(pyridine-κN)rhenium(I), C ...
	1 Source of materials
	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


