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Abstract: Two tetranuclear SnPh3 residue containing adducts have 
been synthesized and characterized by infrared and Mössbauer 
spectroscopies. The structure are both discrete, the sulphate anion and the 
tetramethyl NN’ urea (TMU) acting as tetracoordinating ligands, the 
environment around the tin IV centres being trans trigonal bipyramidal. 
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INTRODUCTION 
 
The antitumor activity of PhCO2SnPh3 found by Gielen et al. [1] has brought many 
research groups to focus on obtaining new SnPh3 residue compounds [2 – 8]. Interesting 
results on anti malaria tests and cardio-vascular properties have been reported for some 
SnPh3 residue containing compounds [9 – 11]. The adduct NN’ tetramethyl 
urea·SnMe2Cl2 in which the ligand is behaving as a monocoordinating oxygen donor, 
has been reported [12]. In the framework of our research work on organotin (IV)  
chemistry, seeking for new SnPh3 residue containing compounds, we have yet published 
several papers including SnPh3NCS and SnPh3Cl adducts [13, 14]  and initiate here the 
study of the interactions between (Me4N)2SO4·H2O and SnPh3NCS in one side, NN’ 
tetramethyl urea (TMU) and SnPh3Cl in the other side. These interactions have yielded 
two new tetranuclear adducts, infrared and Mössbauer studies of which have been 
carried out, and structures suggested on the basis of spectroscopic data. 
 
 
EXPERIMENTAL 
 
(Me4N)2SO4·H2O has been obtained on neutralizing completely sulphuric acid with a 
20% aqueous solution of Me4NOH. The powder obtained after water evaporation has 
been recrystallized from EtOH. % Calculated (% found) C = 36.62 (36.50);   H = 9.99 
(10.00); N = 10.68 (10.52).      
SnPh3NCS has been obtained as a powder on mixing SnPh3Cl with KSCN both as 
ethanolic solutions, filtering off the KCl precipitate and allowing a slow solvent 
evaporation. On allowing (Me4N)2SO4·H2O and SnPh3NCS to react both as ethanolic  
solutions in ratio 1/1 a clear solution is obtained; after  a slow solvent evaporation a 
powder [A] is obtained. When ethanolic solutions of TMU and SnPh3Cl are mixed in 
ratio 1/2, [B] is obtained as powder after a slow solvent evaporation. The elemental 
analyses {% calculated (% found) C = 53.76 (53.83); H = 4.51 (4.85); N = 4.48 (4.42); 
Sn = 25.30 (25.22) for [A]; C = 55.78 (55.59); H = 4.38 (4.32); N = 1.69 (1.67); Cl = 
8.55 (8.45); Sn =28.64 (28.45) for [B]} has allowed to suggest (Me4N)2SO4·4SnPh3NCS 
and NN’tetramethyl urea·4SnPh3Cl as formulae. The IR spectra have been obtained at 
the University of Padova (Italy) on a PE580 and a Bruker FTIR spectrometers, the 
sample being as Nujol mulls, the windows being CsI or polyethylene while the 
Mössbauer spectra have been obtained as yet reported in [15].  
The IR data are given in cm-1, the Mössbauer ones in mm·s-1. Infrared abbreviations: 
strong doublet (sd), very strong (vs), medium (m), weak (w), shoulder (sh). Mössbauer 
abbreviations: IS = isomer shift; QS = quadrupole splitting; Г = width at half height. 
The elemental analyses were performed by the CNRS “Service Central d’Analyses” 
Vernaison –France. All the chemicals were obtained from Aldrich or Merck companies 
and used without any further purification. 
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RESULTS AND DISCUSSION  
 
Let us consider the main IR bands with their assignments:  
[A]: νCN = 2091 vs, ν2SO4

2- = 441 sh, ν3SO4
2- = 1232 s, 1130 vs, ν4SO4

2- = 632 m, 607 
m, νasSnC3 = 276 vs, νsSnC3 = 212 w, νSnN = 240 m, νSnO = 201 m;  
[B]: νCO = 1651sd, νCN2 =1155 m, νasSnC3 =273 vs, νsSnC3 =214 w, νSnO = 202 m  
and Mössbauer data of the two adducts; [A]: IS = 1.31 mm·s-1, QS = 3.36 mm·s-1, Г = 
0.93 mm·s-1 and [B]: IS = 1.26mm·s-1; QS = 2.85 mm·s-1; Г = 0.98 mm·s-1. The non 
splitting of ν3SO4

2- or ν4SO4
2-and the absence of ν1SO4

2- are indications of a Td 
symmetry of the sulphate anion according to Group Theory [16] while the values of the 
quadrupole splitting indicate the presence of trans coordinated SnPh3 residues in the two 
adducts according to Platt et al. [17]. The structures consistent with these spectroscopic 
data are discrete and contain both tetracoordinating ligands - sulphate and TMU -
(Figures 1 and 2). 
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                         Figure 1.                  Figure 2. 

                                             
The coordination of SCN- in SnPh3NCS through N bond has been found in the 
complex-anion [SnPh3(NCS)2]- which have yet been obtained by several authors and in 
mononuclear SnPh3NCS adducts reported by Prasad and Smith [18], Kemmer et al. 
[19], Gabe et al. [20]. 
 
 
CONCLUSION 
 
The two tetranuclear adducts studied have discrete structure, the sulphate and the NN’ 
tetramethylurea behaving as a tetracoordinating ligand, SnPh3Cl and SnPh3NCS being 
monocoordinated, the environment around the tin centre being in all cases trigonal 
bipyramidal.    
 
 
 



OKIO and DIOP 
 

 
482                                                                                                                             St. Cerc. St. CICBIA  2010 11 (4) 

ACKNOWLEDGEMENTS 
 
We thank Professor M.Vidali - University of Padova - Italy for infrared equipment 
support and Professor K.C. Molloy - University of Bath - UK for performing the 
Mössbauer spectra. 
 
 
REFERENCES 
 
1. Gielen, M., Bouhdid, A., Kayser, F., Biesemans, M., de Vos, D., Mahieu, B., Willem, R.: Appl. 

Organomet. Chem., 1995, 9, 251; 
2. Khoo, L.E., Hazell, A.: Acta Cryst. Sect. E, Structures Reports E61 m865 2005; 
3. Haiduc, I., Mahon, M.F., Molloy, K.C., Venter, M.M.: J.Organomet.Chem.,, 2001, 627, 6; 
4. Alvarez-Boo, P., Casas, J.S., Couce, M.D., Farto, R., Fernandez-Moreira, V., Freijanes, E., Sordo, 

J., Vasquez-Lopez, E.: J. Organomet. Chem., 2006, 691, 45; 
5. Basu Baul, T.S., Masharing, C., Bau, S., Lycka, A., de Vos, D., Linden, A.: J. Organomet. Chem., 

2006,  691, 952; 
6. Beckmann, J., Dakternieks, D., Duthie, A., Mitchell, C., Ribot, F., d’Espinosa de la Caillerie, J.P., 

Revel, B.:  Appl. Organomet. Chem., 2004,  18, 353; 
7. Marchetti, F., Pallei, M., Pettiniari, C., Pettinari, R., Rivalora, F., Santini, C., Skelton, B., White, 

A.: J. Organomet. Chem., 2005, 690, 1878; 
8. Hill, M., Mahon, M.F., Mc Ginley, J.M.G, Molloy, K.C.: Polyhedron, 2001, 20, 1995; 
9. Eng, G., Whitmyer, C., Sina, B., Oguriru, N.: Main Group Met., 1999, 22, 311;  
10. Oguriru, N., Duong, Q., Song, X., Eng, G.: Main Group Met. Chem., 2001, 24, 775;  
11. Eng, G., Song, X., Duong, Q., Strickman, D., Glass, J., May, L.: Appl. Organomet. Chem., 2000, 

17, 218; 
12. Valle, G., Calogero, S., Russo, U.: J.Organomet.Chem., 1982, 228, C79; 
13. Diop, C.A.K., Qamar Kane, H., Cissé, I., Diop, L., Russo, U.: Main Group Met. Chem. 1999, 22, 

1, 41; 
14. Okio, K.Y.A., Diop, L., Barry, A.H., Jouini, T., Ortega, S.H.: Appl. Organomet. Chem., 2003, 17, 

317; 
15. Molloy, K.C., Purcell, T.G., Quill, K., Nowell, I.: J. Organomet. Chem., 1984,  267, 237; 
16. Nakamoto, F.: Infrared and Raman Spectra of Inorganic and Coordination Compounds, 4th.ed., J. 

Wiley and Sons, New York, 1986; 
17. Bancroft, G.M., Platt, R.H.: “Mössbauer Spectra of Inorganic Compounds” : Structure and  

Bonding in Advanced Inorganic Chem. and Radio Chem., 15, Ed. by H. T. Emeleus and A. G. 
Sharpe, Acad. Press, New York, 1972, 112; 

18. Prasad, L., Smith, F.E.: Acta Cryst. Sect B: Struct. Crystallogr. Cryst. Chem., 1982, 38, 1815; 
19. Kemmer, M., Bisemans, M., Gielen, M., Martins, J.C., Gramlich, V., Willem, R.: Chem. Eur. J., 

2001, 7, 4686; 
20. Gabe, E.J., Lee, F.L., Khoo, L.E., Smith, F.E.: Inorg. Chim. Acta, 1986, 112, 41.  
 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


