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1. Comments on the reactivity of L towards [(1,3-R,R'-η3-C3H3)Pd(μ-

Cl)]2  R= H, R' = Me; R = H, R' = Ph; R = R' = Me; R = R' = Ph; 
 

The reaction of [Pd(1-Me-η3-C3H4)(μ-Cl)]2 with (L) in the presence of NH4PF6 gives 

the cationic complex [(1-Me-η3-C3H4)Pd(L)](PF6) (5)  which exists as two isomers as 

shown by its 31P {1H}NMR spectrum. The spectrum showed three broad resonances at 

δP 113.0, 110.7 and 109.3 ppm at 293 K. At 183 K, these were partially resolved into 

two sets of resonances which could be assigned to syn- and anti- isomers of the 

cationic complex (5).  The relative abundance of the anti- isomer (~ 40 %) is higher 

than that observed for the related palladium allyl complex of [(1-Me-η3-C3H4)Pd(P-

P)]PF6, (P-P) = [MeN{P(OR)2}2], (R = C6H3Me2-2,6) reported recently.[1] However, 

catalytic studies could not be carried out using the cationic complex (5) owing to its 

instability. 

 The diphosphazane ligand (L) did not react with di-μ-chloro-bis(1,3-dimethyl-η3-

allyl)dipalladium [Pd(1,3-Me-η3-C3H4)(μ-Cl)], di-μ-chloro-bis(1-phenyl-η3-

allyl)dipalladium [Pd(1-Ph-η3-C3H4)(μ-Cl)]2 and  di-μ-chloro-bis(1,3-diphenyl-η3-

allyl)dipalladium [Pd(1,3-Ph-η3-C3H4)(μ-Cl)]2 under analogous reaction conditions. 

The free ligand resonance (δP: 151.0 ppm, s) was intact even after stirring the reaction 

mixture for 24 h in acetone at 298 K. On the other hand, heating the reaction mixture 
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under reflux produced considerable amount of ligand monoxide (δP: 144.0 d, −1.7 d, 
2JPP = 49 Hz).  

 

2. A discussion on the torsion angles observed in dinuclear Pd(I) 

complexes of diphosphazanes 
 

Besenyei et. al.  have noted that the metal–metal bond lengths in dipalladium complexes 

bearing bridging diphosphines decrease with an increase in the dihedral angle between 

the two metal coordination planes.[2]  Selected structural data for complexes (2), (6) and 

other dinuclear Pd(I) complexes containing bridging diphosphazane ligands are given in 

Table S1. With the lone exception of Pd2Cl2{(P(OCH2CF3)2)2NMe}2 (φ = 2.8°), the 

dihedral angle between the two coordination planes around the palladium atoms 

approaches the ideal value of 45°, which minimizes repulsive interaction of the out-of-

plane metal dπ orbitals on adjacent metal centers. Although rotation around the metal-

metal bond is restricted by the bridging nature of the 'P-N-P' ligand, the steric repulsions 

of ligands cis to the M–M bond is presumably less in the case of diphosphonite ligands 

owing to oxygen spacers which link the phenyl rings to the 'P-N-P' skeleton. Complexes 

(2) and (6) cannot be compared with the other complexes listed in Table S1 because they 

contain only one 'P-N-P' ligand bridging the two metal centers. The large steric bulk of 

the ligand L precludes the formation of a complex containing two bridging 

diphosphazane ligands. The available data on 'P-N-P' based systems is insufficient to 

derive any relationship between φ and the metal-metal bond length. 
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Table S1  Selected bond lengths and torsion angles in Pd complexes containing a 

bridging diphosphazane ligand 

 

 

3. The crystal structure analysis of [Pd(μ-
Cl){P(O)(OR)2}{P(OR)2(NHEt)}]2,        (4) 

 
The molecular structure of complex (4) is shown in Figure S1. Selected bond distances 

and bond angles are listed in Table S2. Complex (4) is a neutral, chloride bridged 

dinuclear Pd(II) species, formed by the loss of both the allyl fragments of the precursor 

complex [Pd(η3-C3H5)(μ-Cl)]2. Two molecules of the ligand [EtN{P(OC6H3(Pri)2-

2,6)2}2] (L) have undergone hydrolytic cleavage of the P−N bond to give 

P(O)((OC6H3(Pri)2-2,6))2 and P(NHEt)(OC6H3(Pri)2-2,6)2 moieties which are bonded to 

the two Pd centers in such a way that they are oriented trans to each other across the 

Pd2(μ-Cl)2 unit. The Pd−Cl bond lengths (2.394(3)−2.445(3) Å) fall within the range of 

values observed for similar complexes with a Pd2(μ-Cl)2 core.[5] The average P−O aryl 

bond distance (1.604(8) Å) is slightly shorter than that (1.650(5) Å) observed for the free 

ligand L. The P(4)−O(10) (1.482(8) Å) and the P(2)−O(5) (1.477(8) Å) bond distances 

are considerably shorter as would be expected for a P=O bond and are close to that 

observed for P=O bond (1.458 (2) Å) in the ligand monoxide (L'). The short N(1)…O(5) 

and N(2)…O(10) separations (2.684 Å, 2.673 Å) suggest the presence of  an 

Entry Compound Pd−Pd Pd−Pb Pd−Cl  (φ) c 
1 Complex 2 2.531(1) 2.164[2]    − 46.3 

2 Complex 6 2.576(1) 2.198[1] 2.316(1) 40.6 

3 Pd2Cl2(dppa)2 .CH3CNa 2.635(1)  2.287[2] 2.398[2] b 42.6 

4 Pd2Cl2(dppa)2.CH3COCH3
a 2.638(1)  2.279[1] 2.407 [1]b 36.8 

5 Pd2Cl2{(P(OPh)2)2NPh}2
a 2.620(1) 2.260[2] 2.374[2] b 37.0 

6 PdCl2{(P(OCH2CF3)2)2NMe}2
a  2.629(1) 2.259[2] 2.395[2] b 2.8 

aFor details see ref [3, 4]; dppa = HN(PPh2)2.  bAverage distance of all Pd−P/ Pd−Cl bonds; 

cDihedral angle between the two metal coordination planes. 
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intramolecular N−H…O hydrogen bond (∠N(1)−H(1)…O(5) = 128.0°; ∠ 

N(2)−H(2)…O(10) = 135.1° ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Figure S1.The ORTEP plot of complex (4); the atoms are represented by their vibrational  
ellipsoids of 30% probability. 
 

2. The crystal structure analysis of ligand monoxide 

[EtN{PIII(OC6H3(Pri)2-2,6)2}{ PV(O)(OC6H3(Pri)2-2,6)2}]  (L') 
 

The solid-state structure of ligand (L') is shown in Figure S2. Selected bond distances 

and angles are listed in Table S2. The geometry around the nitrogen atom is trigonal 

planar with a P–N–P angle of 120.81(9)° which is much larger than that (109.5(5)°) 

observed for the free ligand L.[6]  The P–N and P–O bond distances are consistent with 

the literature reports.[1, 3, 6] The ligand adopts a conformation in which the lone pair on the 

PIII(OR)2 phosphorus is oriented trans to the ethyl group on the nitrogen atom whereas 

the P=O oxygen of the PV(O)(OR)2 fragment is cis to it. The PIII−N and PV−N distance 

bond distances are 1.706(2) Å and 1.661(2) Å respectively in (L'), whereas the P−N bond 

distance in the unoxidized ligand (L) is 1.674(5) Å. This difference in P−N bond lengths 

in (L') can be explained on the basis of the “negative hyperconjugation” model.[7] The 
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two phenyl rings on each phosphorus atom are almost orthogonal (~ 85°) to each other 

owing to the steric bulk of the isopropyl substituents at the ortho positions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2. The ORTEP plot of ligand monoxide (L'); the atoms are represented by their  
vibrational ellipsoids of 30% probability. 
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Table S2. Selected bond distances (Å) and angles (°) for (4) and (L')  

 
 
 
 

 
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

[Pd(μ-Cl){P(O)(OR)2}{P(OR)2(NHEt)}]2, (4) 

Bond Lengths (Å) 
Pd(1)…Pd(2) 3.551 P(2)–O(4) 1.610(8) 
Pd−Cl <> 2.419[3] P(2)–O(5) 1.477(8) 
Pd−P <> 2.253[3] P(3)–O(6) 1.610(8) 
P(1)–N(1) 1.611(9) P(3)–O(7) 1.601(8) 
P(3)–N(2) 1.602(10) P(4)–O(8) 1.605(8) 
P(1)–O(1) 1.597(7) P(4)–O(9) 1.606(8) 
P(1)–O(2) 1.599(8) P(4)–O(10) 1.482(8) 
P(2)–O(3) 1.603(8) N(1)...O(5) 2.678 
  N(2)...O(10) 2.685 
Bond Angles (°) 
N(2)–H(2)...O(10) 135.1 P(1)– Pd(1)–P(2)  90.78(11) 
N(1)–H(1)...O(5) 128.0 P(4)–Pd(2)–P(3)  91.32(11) 

[EtN{PIII(OC6H3(Pri)22,6)2}{ PV(O)(OC6H3(Pri)22,6)2}]  (L') 
Bond Lengths (Å) 
P(1) −O(1) 1.6534(15) C(25) −N(1) 1.510(2) 
P(1) −O(2) 1.6415(16) P(2) −O(3) 1.5891(15) 
P(1) −N(1) 1.7062(18) P(2)−O(4) 1.5979(15) 
P(2) −N(1) 1.6614(17) P(2)−O(5) 1.4577(15) 
Bond Angles (°) 
O(1) −P(1) −O(2)   96.20(8) O(5) −P(2) −O(3)  118.48(8) 
O(3) −P(2) −O(4)   100.43(8) O(5) −P(2) −O(4)  113.54(9) 
  P(1) −N(1) −P(2)   120.81(9) 



Electronic Supplementary Information for Dalton Transactions 
This journal is © The Royal Society of Chemistry 2007 
 

 7

 

 

References 
 
 
[1] S. K. Mandal, T. S. Venkatakrishnan, A. Sarkar and S. S. Krishnamurthy, J. 

Organomet. Chem. 2006, 691, 2969. 
 
[2] G. Besenyei, L. Parkanyi, E. Gacs-Baitz and B. R. James, Inorg. Chim. Acta 

2002, 327, 179. 
 
[3] M. Ganesan, S. S. Krishnamurthy and M. Nethaji, J. Organomet. Chem. 2005, 

690, 1080. 
 
[4] M. S. Balakrishna, S. S. Krishnamurthy, R. Murugavel, M. Nethaji and I. I. 

Mathews,  Chem. Soc., Dalton Trans. 1993, 477; R. Uson, J. Fornies, R. Navarro, 
M. Tomas, C. Fortuno, J. I. Cebollada and A. J. Welch, Polyhedron 1989, 8, 
1045; S. C. Browning, D. H. Farrar, D. C. Frankel and J. J. Vittal, Inorg. Chim. 
Acta 1997, 254, 329. 

 
[5] E. E. Nifant’ev, T. S. Kukhareva, M. Y. Antipin, T. Struchkov and E. I. 

Klabunovsky, Tetrahedron 1983, 39, 797. 
 
[6] G. Prabusankar, N. Palanisamy, R. Murugavel and R. J. Butcher, Dalton Trans. 

2006, 2140. 
 
[7] A. E. Reed and P. v. R. Schleyer, J. Am. Chem. Soc. 1990, 112, 1434. 
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


