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Abstract
C28H29AsCl2Ru, monoclinic, P21/n (no. 14), a = 15.4135(9) Å,
b = 9.2514(5) Å, c = 35.444(2) Å, β = 97.000(3)°, V = 5016.5(5) Å3,
Z = 8, Rgt(F ) = 0.0537, wRref(F 2) = 0.1127, T = 100 K.

CCDC no.: 2417739

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

All manipulations were carried out using Schlenck tech-
niques under an inert atmosphere of argon. A solution of
[Ru(η6-p-cymene)Cl2]2 (0.254 g, 0.106 mmol) and AsPh3
(0.320 g, 0.001 mmol) in CH2Cl2 (20 ml) were refluxed for
15 h. The solventwas removed under reduced pressure. The
residue was washed with hexane (3 × 10 ml) to afford an
orange-red solid. The ruthenium complex was crystallized

Table : Data collection and handling.

Crystal: Red hexagonal
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

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

Programs: Bruker, SHELX, Olex
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

x y z Uiso*/Ueq

C . () . () . () . ()
HA . . . .*

HB . . . .*

HC . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
HA . . . .*

HB . . . .*

HC . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
HA . . . .*

HB . . . .*

HC . . . .*

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

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

Table : (continued)

x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
HA . . . .*

HB . . . .*

HC . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
C . () . () . () . ()
H . . . .*

C . () . () . () . ()
H . . . .*

C . () . () . () . ()
HA . . . .*

HB . . . .*

HC . . . .*

C . () . () . () . ()
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by slow diffusion of petroleum ether 40–60 °C into a
concentrated dichloromethane solution at ambient tem-
perature. Red hexagonal crystals were obtained overnight.
Yield (0.276 g, 86 %).

2 Experimental details

Intensity data was determined on a Bruker D8 Quest
Microfocuswith a Photon III detector diffractometer at 173 K.
Data reduction was carried out using the SAINT-Plus version
6.02.6 software program, and SADABS was used to process
empirical absorption correction.1 The aromatic H atoms were
placed in geometrically idealised positions and constrained to
maintain fixed distances relative to their parent carbon
atoms, with a specified C–Hbond length of 0.93 Å for aromatic
C–H bonds with Uiso(H) = 1.2Ueq(C) or Uiso(H) = 1.5Ueq(C).2 The
structure was solved in the Olex2-1.5 suite of programs, using
charge flipping and refined with SHELXL-2019/3 refinement
package.3,4 Diagrams and publication material were gener-
ated using ORTEP-3.5

3 Discussion

Drug resistance to cancer and malaria poses a significant
challenge concerning therapeutic interventions. Recent in-
vestigations into the anticancer and antimalarial properties
of half-sandwich ruthenium(II)-arene complexes have
highlighted the efficacy of this class of complexes against
various cancers and malaria.6,7 Notably, p-cymene ruth-
enium(II) complexes exhibit potential as therapeutic agents
due to their unique properties and mechanisms of action.8,9

In this paper, we report the crystal structure of the ruthe-
nium complex, [RuCl2(η6-p-cymene)(AsPh3)].

The asymmetric unit contains two molecules (Ru1 and
Ru2) which both exhibit a pseudo-octahedral structure. In

this arrangement, the ruthenium centre is coordinated with
two chloride ions, a triphenylarsine ligand and a hexahapto
p-cymene ligand. The molecular structures of the two
ruthenium complexes are nearly identical, with minor
differences. The η6-p-cymene ring is planar, while the C=C
bonds within the ring have slightly unequal bond lengths,
ranging from 1.403 Å to 1.431 Å and 1.404 Å to 1.435 Å for
complexes Ru1 and Ru2 respectively. The p-cymene ligand is
asymmetrically bonded to ruthenium, with Ru1–C(Arene)
bond lengths in the range 2.173–2.223 Å, to accommodate the
sterically demanding AsPh3 ligand. The Ru–Arene(centroid)
distance was also measured as 1.686 Å and 1.688 Å for Ru1
and Ru2 complexes, respectively, which is within the range
of similar reported structures in literature.8 These mea-
surements indicate favourable proximity that allows for
adequate overlap between the metal d-orbital and the
π-system of the cymene ligand, which is crucial for stabi-
lizing the overall structure.10 The Ru–As bond lengths are
measured at 2.4430(5) Å and 2.4424(5) Å for Ru1 and Ru2
complexes, respectively. The average Ru–Cl bond length is
2.417 Å for both complexes, and falls within the range of
2.2971–2.4357 Å for previously reported complexes of this
type.11,12 Furthermore, the Cl–Ru–Cl angles measured at
88.29(4)° and 88.23(4)° for Ru1 andRu2, respectively, supports
the pseudo-octahedral geometry assigned to the molecule
and is comparable to values reported for similar
complexes.13,14

Weak intramolecular non-covalent interactions were
identified in the structure, including hydrogen bonds and
T-type intermolecular π–π stacking. The structural analysis
reveals that the coordination environment around the
ruthenium centre is influenced by both steric and elec-
tronic factors, contributing to the overall stability of the
complex. The bond distances and angles are in agreement
with previously reported data for ruthenium(II)–arene
complexes.

References

1. Bruker. APEX-5, SAINT-Plus (Version 8.8.4.0, Including XPREP) and
SADABS (Version 2016); Bruker AXS Inc.: Madison,Wisconsin. USA, 2019.

2. Sheldrick, G. M. Crystal Structure Refinement with SHELX. Acta
Crystallogr. 2015, C71, 3–8.

3. 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.

4. Bourhis, L. J.; Dolomanov, O. V.; Gildea, R. J.; Howard, J. A.; Puschmann,
H. The Anatomy of a Comprehensive Constrained, Restrained
Refinement Program for the Modern Computing Environment – Olex2
Dissected. Acta Crystallogr. A: Found. Adv. 2015, A71, 59–75.

5. Farrugia, L. J. ORTEP-3 for Windows (Version 2020.1). J. Appl. Crystallogr.
2012, 45, 849–854.

Table : (continued)

x y z Uiso*/Ueq

H . . . .*

C . () . () . () . ()
H . . . .*

As . () . () . () . ()
As . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Ru . () . () . () . ()
Ru . () . () . () . ()

Z. Morerwa and H.S. Clayton: The crystal structure of C28H29AsCl2Ru 421



6. Graux, L. V.; Giorgi, M.; Buono, G.; Clavie, H. [RuCl2(η
6-p-cymene)]

Complexes Bearing Phosphinous Acid Ligands: Preparation,
Application in C–H Bond Functionalization and Mechanistic
Investigations. Dalton Trans. 2016, 45, 6491–6502.

7. Ma, X.; Guillet, S. G.; Peng, M.; Van Hecke, K.; Nolan, S. P. A Simple
Synthesis of [RuCl2(NHC)(p-cymene)] Complexes and Their Use in
Olefin Oxidation Catalysis. Dalton Trans. 2021, 50, 3959–3965.

8. Latiş, S.; Marschner, C.; Baumgartner, J.; Prince, S.; Biswas, S.;
Chakraborty, S.; Garcia, K. G.; Heeren, R. M. A.; Van Nuffel, S.; Blom, B.
Synthesis and In Vitro Anticancer Studies of Arene Ruthenium(II) and
Arene Osmium(II) Complexes Bearing Arsine and Stibine Co-Ligands on
Breast Cancer Cell-Lines. J. Organomet. Chem. 2023, 1001, 122891–122901.

9. Elsegood, M. R. J.; Smith, M. B.; Sanchez-Ballester, N. M. Dichloro(η6-p-
Cymene)(Triphenylphosphine)Ruthenium(II). Acta Crystallogr. 2006,
E62, m2838–m2840.

10. Betanzos-Lara, S.; Habtemariam, A.; Clarkson, G. J.; Sadler, P. J.
Organometallic cis–Dichlorido Ruthenium(II) Ammine Complexes. Eur.

J. Inorg. Chem. 2011, 3257–3264. https://doi.org/10.1002/ejic.
201100250.

11. Adeniyi, A. A.; Ajibade, P. A. Exploring the Ruthenium–Ligands Bond
and Their Relative Properties at Different Computational Methods.
J. Chem. 2016, 672062.

12. Kang, L.; Wang, B.; Thetford, A.; Wu, K.; Danaie, M.; He, Q.; Gibso, E. K.;
Sun, L. D.; Asakura, H.; Catlow, C. R. A.; Wang, F. R. Design,
Identification, and Evolution of a Surface Ruthenium(II/III) Single Site
for CO Activation. Angew Chem. Int. Ed. Engl. 2021, 60, 1212–1219.

13. Rafols, L.; Josa, D.; Aguilà, D.; Barrios, L. A.; Roubeau, O.; Cirera, J.; Soto-
Cerrato, V.; Pérez–Tomás, R.; Martínez, M.; Grabulosa, A.; Gamez, P.
Piano-Stool Ruthenium(II) Complexes with Delayed Cytotoxic Activity:
Origin of the Lag Time. Inorg. Chem. 2021, 60, 7974–7990.

14. Allison, M.; Caramés-Méndez, P.; Hofmann, B. J.; Pask, C. M.; Phillips,
R. M.; Lord, R. M.; McGowan, P. C. Cytotoxicity of Ruthenium(II) Arene
Complexes Containing Functionalized Ferrocenyl β-Diketonate Ligands.
Organometallics 2023, 42, 1869–1881.

422 Z. Morerwa and H.S. Clayton: The crystal structure of C28H29AsCl2Ru

https://doi.org/10.1002/ejic.201100250
https://doi.org/10.1002/ejic.201100250

	The crystal structure of dichlorido(η6-p-cymene)(triphenylarsine)ruthenium(II), C28H29AsCl2Ru
	1 Source of materials
	2 Experimental details
	3 Discussion
	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


