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The salt (�5-pentamethylcyclopentadienyl){bis(pentafluorophenyl)thiomethylphenylphosphine-
�2S,P )chloroiridium(III) tetrafluoroborate, [(�5-C5Me5)IrCl{�2S,P -(C6F5)2PC6H4SMe-2}]BF4, 
crystallizes as a conglomerate in the orthorhombic crystal system in space group P212121 with 
unit cell parameters a = 9.9621(9) Å, b = 16.7793(15) Å, c = 18.5040(16) Å, V = 3093.1(5) Å3, 
Z = 4, dcalc = 2.014 g �cm–3. The structure of the SIr, SS stereoisomer reveals three-legged piano 
stool geometry about Ir, with Cp*—Ir, Ir—P, Ir—S and Ir—Cl distances of 1.847(5), 
2.2791(14), 2.3451(13) and 2.3840(12) Å respectively. 
 
K e y w o r d s: conglomerate, �5-pentamethylcyclopentadienyl, iridium, X-ray structure. 

 
Intramolecular dehydrofluorinative coupling of pentamethylcyclopentadienyl and phosphines 

bearing polyfluoroaryl substituents occurs readily in cationic complexes of rhodium [ 1, 2 ] and iri-
dium [ 2, 3 ], especially in cases where the phosphine moiety is a component of a chelating ligand.  
A number of the products are chiral, with some crystallizing as conglomerates, for example the salts 
comprising cations of tethered ligands [{�5,�P,�P-C5Me4CH2-2-C5F3N-4-P(C6F5)CH2CH2PPh2} �  
�RhCl][BF4] [ 4 ] and [{�5,�P-C5Me4CH2-2-C6F4P(C6F5)CH2P(C6F5)2}RhCl2] [ 5 ]. Here we report the 
structure of an iridium complex, [(�5-C5Me5)IrCl{�P,�S-(C6F5)2PC6H4SMe-2}]BF4 (1), which under-
goes intramolecular dehydrofluorinative coupling [ 3 ], and which also crystallizes as a conglomerate. 

Experimental. Crystals of compound 1 [ 3 ] were grown from dichloromethane. Diffraction data 
of a single crystal were collected at 153(2) K on a Bruker SMART diffractometer using the SAINT-NT 
[ 6 ] software with graphite-monochromated MoK� radiation. Crystallographic and refinement data are 
given in Table 1. Lorentz and polarization corrections were applied. Empirical absorption corrections 
were applied using SADABS [ 8 ]. The structure was solved using direct methods and refined with the 
programme package SHELXTL [ 9 ]. The non-hydrogen atoms were refined with anisotropic thermal 
parameters. Hydrogen atom positions were added, and idealized positions and a riding model with 
fixed thermal parameters (Uij) 1.2Ueq for the atom to which they are bonded (1.5 for CH3)) were used 
for subsequent refinements. The function minimized was �[w(|F0|2 – |Fc|2)]. CCDC 221314 contains 
the supplementary crystallographic data for this paper. These data can be obtained free of charge via 
www.ccdc.cam.ac.uk/data_request/cif, or by emailing data_request@ccdc.cam.ac.uk, or by contacting 
The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 
1223 336033. 
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T a b l e  1  

Crystallographic data and refinement parameters for compound 1 

Parameter Value 

Empirical formula C29H22BClF14IrPS 
Molecular mass 937.96 
Wavelength, Å 0.71073 
Crystal system Orthorhombic 
Space group P212121 
a, b, c, Å 9.9621(9), 16.7793(15), 18.5040(16) 
V, Å3;  Z 3093.1(5);  4 
dcalc, g �cm–3  2.014 
�, mm–1 4.629 
F (000) 1808 
Crystal size, mm 0.36	0.28	0.24 

 data collection range, deg. 1.64—25.00 
Intervals of reflection indices –11 � h � 11,  –19 � k � 19,  –22 � l � 22 
Measured / Independent reflections 24995 / 5418 [R(int) = 0.0459]   
Observed reflections [I > 2�(I )] 5130 
Parameters 439 
Goodness of fit on F 2, S 0.959 
R indices [I > 2�(I )] R1 = 0.0276,  wR2 = 0.0532 
R indices (all data) R1 = 0.0301,  wR2 = 0.0542 
Weighting scheme w–1 = [�2|F0|2 + (0.0280	{|F0|2 + 2|Fc|2}/3)2] 
Residual electron density (max / min), e/Å–3 –0.630 / 0.846 
Flack parameter [ 7 ] –0.022(5) 

 
Results and discussion. Salt 1 crystallized as a conglomerate in the non-centrosymmetric space 

group P212121. The structure of the SIr, SS stereoisomer was determined (Fig. 1). The cation shows the 
expected three-legged piano stool geometry about the iridium atom, which is a stereogenic centre. The  
 

       
 

 

Fig. 1. Molecular structure 
of the SIr, SS stereoisomer 

of salt 1 
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sulphur atom is also a stereogenic centre, and as for [{�5,�P,�S-C5Me4CH2C6F4-2-P(C6F5)C6H4SMe-
2}RhCl]BF4, 2, [ 1 ] the methyl substituent of the sulphur atom is syn to the chlorine atom, presumably 
for steric reasons. (The Cl—M—S—C(Me) torsion angle is –34.7(2) for 1 cf  3.1(2) for 2.) The same 
conformation is adopted in solution [ 3 ]. 

The Cp*—Ir, Ir—P and Ir—Cl distances of 1.847(5), 2.2791(14) and 2.3840(12) Å respectively 
lie within the ranges of those reported for complexes of formulation [(�5-C5Me5)IrCl(PS)]0/1+ [ 10—
13 ]. The Ir—S distance is shorter, being closest to those of the neutral complexes [(�5-
C5Me5)IrCl(�2S,P-L)] L = 1-PPh2-2-S-1,2-dicarba-closo-carborane (2.3529(12) Å) [ 12 ] and L = 
= 3-PPri2-2-S-indene (2.3566(9) Å) [ 13 ]. The angles at iridium are within the ranges of those reported 
for [(�5-C5Me5)IrCl(PS)]0/1+, except for Cp*—Ir—P (136.7(2)), which is slightly larger. 

There is a significant distortion of the pentamethylcyclopentadienyl ring from C5 symmetry about 
the Ir—C5(centroid) axis. The data suggest slight ring slippage from cyclopentadienyl to ��3,�2-enyl-
ene� coordination [ 14, 15 ] with C(2) the centre of the allyl functionality. The ene functionality is ap-
proximately trans to the phosphorus atom (the P—Ir—Cp*—ene(centre) torsion angle is 177.8(2)), 
which exerts a greater trans influence than chloride or thiolate. The ene Ir—C(4) and Ir—C(5) dis-
tances of 2.240(5) and 2.246(5) Å respectively are longer then the three enyl Ir—C distances, which lie 
in the range 2.199(5) to 2.227(5) Å. Consistent with this the C(4)—C(5) distance of 1.418(7) is signifi-
canctly shorter than the other C—C bond distances, which lie in the range 1.434(7) to 1.472(8) Å. 
However, the internal ring C—C—C angles are virtually identical, lying in the range 107.4(5) to 
108.6(5). 

The structural parameters of the (C6F5)2PC6H4SMe-2 ligand of complex 1 are similar to the rele-
vant parameters of complex 2 [ 1 ]. In particular the respective P—C, S—C, C—F and the C—C dis-
tances are identical within experimental error with the exception of the PC—CCH2 distance of 2, 
1.424(7) Å, which is longer than the PC—C(ArF) distances of 1 and 2 (1.383(5) to 1.396(7) Å).  
A similar lengthening of the PC—C bond is observed on going from [(�5-C5Me5)RhCl{�P,�P-
(C6F5)2PCH2CH2P(C6F5)2}]+ to [{�5,�P,�P-C5Me4CH2C6F4-2-P(C6F5)C2H4P(C6F5)2}RhCl]+ [ 1 ]. The 
angles at phosphorus are similar for the two complexes, but the M—S—C angles are slightly larger for 
2. The P—C—C, S—C—C, C—S—C and C—C—C angles of the C6H4 moiety of 1 are identical  
to those of 2. The C—C—C angles of the C6F5 rings of 1 are similar to those of 2. For both complexes 
the C—C(P)—C angles are ca. 115 and the C(P)—C—C angles greater than 120. For the C6F4  
moiety of 2 the C—C(P)—C angle is similarly small (117.0(4)) and the C(P)—C(F)—C angle large 
(123.2(4)), but the C(P)—C(C)—C angle is 118.2(4). There is one larger and one smaller P—C—C 
angle for each C6F5 ring of 1 and 2 (124.4(3) and 120.3(3)), and likewise for the C6F4 moiety of 2 
(122.8(3) and 120.2(3)), but the difference in 2 is less pronounced than in 1, indicative of less steric 
crowding. 

REFERENCES 

1. Bellabarba R.M., Nieuwenhuyzen M., Saunders G.C. // Organometallics. – 2002. – 21. – P. 5726 – 5737.  
2. Atherton M.J., Fawcett J., Holloway J.H. et al. // J. Chem. Soc., Dalton Trans. – 1996. – P. 3215 – 3220. 
3. Bellabarba R.M., Saunders G.C. // Polyhedron. – 2004. – 23. – P. 2659 – 2664. 
4. Bellabarba R.M., Nieuwenhuyzen M., Saunders G.C. // Organometallics. – 2003. – 22. – P. 1802 – 1810. 
5. Marr A.C., Nieuwenhuyzen M., Pollock C.L. et al. // Organometallics. – 2007. – 26. – P. 2659 – 2671. 
6. SAINT-NT ; Bruker AXS Inc.: Madison, WI, 1998. 
7. Flack H.D. // Acta Crystallogr. – 1983. – A39. – P. 876 – 881 
8. Sheldrick G.M. SADABS. – Germany, Univ. Göttingen, 1996. 
9. Sheldrick G.M. SHELXTL. Version 5. – Bruker AXS Inc., 1998. 

10. Valderrama M., Contreras R., Boys D. // Polyhedron. – 1997. – 16. – P. 1811 – 1817.  
11. Gorol M., Roesky H.W., Noltemeyer M., Schmidt H.-G. // Eur. J. Inorg. Chem. – 2005. – P. 4840 – 4844.  
12. Huo X.-K., Su G., Jin G.-X. // Dalton Trans. – 2010. – 39. – P. 1954 – 1963.  
13. Hesp K.D., McDonald R., Ferguson M.J., Stradiotto M. // J. Amer. Chem. Soc. – 2008. – 130. – P. 16394 – 

16404.  
14. Mingos D.M.P., Minshall P.C., Hursthouse M.B. et al. // J. Organomet. Chem. – 1979. – 181. – P. 169 – 182. 
15. Rigby W., Lee H.B., Bailey P.M. et al. // J. Chem. Soc., Dalton Trans. – 1979. – P. 387 – 394. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


