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Experimental 

 

All reagents, unless stated otherwise were purchased from commercial suppliers without further 

purification. Elemental analyses were performed by Stephen Boyer at the London Metropolitan 

University. 1H, 11B, 13C{H} and 31P{H} NMR spectra were recorded on Bruker Av-400, DRX-400 or 

Av-500 spectrometers. Pseudo-triplets which occur as a result of identical J-value coupling to two 

chemically inequivalent protons are assigned as dd (doublet of doublets) and are recognised by the 

inclusion of only one J-value. Chemical shifts are reported in ppm using the residual proton impurities 

in the solvents. Mass spectra were recorded on a Micromass Autospec Q spectrometer by Mr J. 

Barton and Mr G. Tucker of the Department of Chemistry, Imperial College, London. Infrared 

absorption spectra were collected as KBr discs using a Perkin Elmer RX FT-IR spectrometer. 3-[2-

(diphenylphosphinyl)phenyl]pyrazole, pzphos(O), was synthesised as reported previously.1 

 

1. Synthesis of potassium tetrakis{3-[2-(diphenylphosphinyl)phenyl]pyrazolyl}borate, 

K[Tkpphos(O)] 

Under an atmosphere of nitrogen, a finely ground mixture of pzphos(O) (3.000 g, 8.7 mmol) and 

potassium borohydride (0.094 g, 1.74 mmol) was stirred and gradually heated using a heating mantle. 

At approximately 160°C a pale brown melt had formed which appeared to bubble gently. At 260°C 

the temperature remained constant and the mixture was stirred for two hours and the melt did not 

change greatly in appearance and no precipitation was observed. Addition of ethanol (50 ml) gave a 

brown solution which was filtered and concentrated to dryness to give a pale brown powder. 1H NMR 

spectroscopy showed the product to be contaminated by some unreacted pzphos(O). Recrystallisation of 

the crude solid from hot THF gave pure K[Tkpphos(O)] as a white solid. Yield = 1.405 g (56 %). 1H 

NMR (+25°C, CDCl3, 400 MHz), δ = 7.68 [dd (3JHH = 7.3 Hz, 4JHH = 4.0 Hz), 4H, 6-Ph], 7.62 [dd 

(3JHP = 11.9 Hz, 3JHH = 7.2 Hz), 16H, o-Ph], 7.55 [dd (3JHH = 7.6 Hz), 4H, 5-Ph], 7.43 [t (3JHH = 6.9 

Hz), 8H, p-Ph], 7.33 [ddd (3JHH = 7.6 Hz, 3JHH = 7.4 Hz, 4JHH = 2.6 Hz), 16H, m-Ph], 7.27 [m, 4H, 4-

Ph], 7.19 [dd (3JHP = 14.1 Hz, 3JHH = 7.3 Hz), 4H, 3-Ph], 6.49 [d (3JHH = 2.2 Hz), 4H, 5-pz], 6.03 [d 

(3JHH = 2.2 Hz), 4H, 4-pz]. 11B NMR (+25°C, CDCl3, 128 MHz), δ = 0.7 [s]. 31P{H} NMR (+25°C, 
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CDCl3, 162 MHz), δ = 30.9 [s]. 13C{H} NMR (+25°C, CDCl3, 126 MHz), δ = 152.1 [s, 3-pz], 141.1 

[s, 1-Ph], 135.7 [s, 5-pz], 133.9 [d (2JCP = 12.7 Hz), 3-Ph], 133.1 [d (3JCP = 9.9 Hz), 6-Ph], 133.1 [d 

(1JCP = 133.1 Hz), i-Ph], 131.8 [m, o-Ph + 4-Ph], 131.4 [s, p-Ph], 130.1 [d (1JCP = 103.0 Hz), 2-Ph], 

128.2 [d (3JCP = 12.1 Hz), m-Ph], 126.6 [d (3JCP = 12.8 Hz), 4-Ph], 107.1 [s, 4-pz]. IR (KBr disc), 

ν/cm−1 = 3055m, 1636w, 1590w, 1482s, 1438s, 1426m, 1259w, 1137w, 1192s, 1116s, 1071m. 

MS(ESI -ve), m/z = 1383 [Tkpphos(O)]-. 

 

2. Synthesis of Tl[Tkpphos(O)] 

A solution of thallium nitrate (0.034 g, 0.13 mmol) in a mixture of THF (2 ml) and water (2 ml) was 

added to a solution K[Tkpphos(O)] (0.150 g, 0.11 mmol) in a mixture of THF (20 ml) and DCM (20 ml) 

and stirred for one hour. The solution was extracted into DCM (80 ml), dried over magnesium 

sulphate, filtered and concentrated to dryness in vacuo to give Tl[Tkpphos(O)] as a white solid. Yield = 

0.120 g (70 %). Single crystals suitable for X-ray analysis were grown by slow diffusion of pentane 

vapour into a solution of the product in chloroform. Anal. (%): Calc. (found) for C84H64BN8O4P4Tl: C, 

63.5 (63.4); H, 4.06 (3.97); N, 7.05 (6.96). 1H NMR (+25°C, CDCl3, 400 MHz), δ = 8.00 [dd (3JHH = 

7.3 Hz, 4JHH = 4.1 Hz), 4H, 6-Ph], 7.65 [dd (3JHP = 11.7 Hz, 3JHH = 7.4 Hz), 16H, o-Ph], 7.57 [m, 12H, 

p-Ph + 5-Ph], 7.40 [ddd (3JHH = 7.7 Hz, 3JHH = 7.7 Hz, 4JHH = 2.8 Hz), 16H, m-Ph], 7.20-7.30 [m, 6H, 

4-Ph + 3-Ph], 6.49 [d (3JHH = 2.2 Hz), 4H, 5-pz], 6.03 [d (3JHH = 2.2 Hz), 4H, 4-pz]. 11B NMR (+25°C, 

CDCl3, 128 MHz), δ = 0.3 [s]. 31P{H} NMR (+25°C, CDCl3, 162 MHz), δ = 30.3 [s]. IR (KBr disc), 

ν/cm−1 = 3055m, 1636w, 1591w, 1482m, 1438m, 1385w, 1340w, 1260w, 1186s, 1116s, 1071m. 

MS(ESI -ve), m/z = 1383 [Tkpphos(O)]-.  

 

3. Synthesis of [EuTkpphos(O){NO3}][NO3] 

A solution of K[Tkpphos(O)] (0.075 g, 0.05 mmol) in methanol (5 ml) was added to a solution of 

europium(III) nitrate pentahydrate in methanol (2 ml) and stirred for two hours. Despite no 

precipitation, the 31P NMR of the reaction solution indicated formation of a new species. The 

solution was concentrated to dryness in vacuo, extracted into DCM (80 ml) leaving some insoluble 

white solid, filtered through celite and concentrated to dryness in vacuo to give a white solid. Yield = 

75 mg (90 %). Single crystals suitable for X-ray analysis were grown by slow diffusion of ether 

vapour into a solution of the product in methanol. Anal. (%): Calc. (found) for C84H64BEuN10O10P4: 

C, 60.8 (60.7); H, 3.89 (3.99); N, 8.44 (8.35). 1H NMR (+25°C, CDCl3, 400 MHz) (all peaks 

paramagnetically broadened), δ = 8.91 [s], 8.24 [m], 7.89 [m], 7.70 [t], 7.41 [m], 7.28 [m], 7.03 [s], 

3.64 [s], 2.43 [s], 2.19 [s], 1.78 [s]. 11B NMR (+25°C, CDCl3, 128 MHz), δ = -12.9 [s]. 31P{H} NMR 

(+25°C, CDCl3, 162 MHz), δ = 37.1 [s], -11.3 [s(br)]. IR (KBr disc), ν/cm−1 = 2964m, 1636w, 
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1485m, 1437m, 1384m, 1356w, 1262s, 1177m, 1147s, 1091s, 1025s. MS(ESI +ve), m/z = 1581 

[EuTkpphos(O){NO2}]+.  

 

 

 

X-Ray Crystallography 

 

Crystal data for Tl[Tkpphos(O)]: [C84H64BN8O4P4Tl]·3.5CHCl3·0.5C5H12, M = 2042.35, triclinic, 

    P1  (no. 2), a = 14.6110(3), b = 19.0394(3), c = 19.8132(4) Å, α = 62.012(2), β = 73.056(2), γ = 

85.878(2)°, V = 4642.07(15) Å3, Z = 2, Dc = 1.461 g cm–3, μ(Mo-Kα) = 2.164 mm–1, T = 173 K, 

colourless blocks, Oxford Diffraction Xcalibur 3 diffractometer; 21105 independent measured 

reflections, F2 refinement, R1 = 0.043, wR2 = 0.085, 14291 independent observed absorption-corrected 

reflections [|Fo| > 4σ(|Fo|), 2θmax = 58°], 1165 parameters. CCDC 653717. 

 

Crystal data for [EuTkpphos(O){NO3}][NO3]: [C84H64BN9O7P4Eu](NO3)·4MeOH, M = 1788.27, 

monoclinic, P21/c (no. 14), a = 25.0529(2), b = 13.1352(1), c = 26.4601(2) Å, β = 106.560(1)°, V = 

8346.19(11) Å3, Z = 4, Dc = 1.423 g cm–3, μ(Cu-Kα) = 6.686 mm–1, T = 173 K, colourless blocks, 

Oxford Diffraction Xcalibur PX Ultra diffractometer; 16144 independent measured reflections, F2 

refinement, R1 = 0.034, wR2 = 0.092, 14231 independent observed absorption-corrected reflections 

[|Fo| > 4σ(|Fo|), 2θmax = 143°], 1093 parameters. CCDC 653718. 

 

 

The structure of Tl[Tkpphos(O)] revealed disorder in the C(75) phenyl ring; two orientations were 

identified of ca. 67 and 33% occupancy, and only the non-hydrogen atoms of the major occupancy 

orientation were refined anisotropically. The included chloroform solvent was found to be distributed 

across four distinct sites. At two of these sites the solvent molecule was both full occupancy and 

ordered. The third site was also full occupancy, but the molecule was found to be disordered across 

three orientations of ca. 40, 34 and 26% occupancy; the chlorine atoms of all three orientations were 

the only atoms refined anisotropically. The fourth site is adjacent to a centre of symmetry and so has a 

maximum occupancy of 50%; the molecule in this site is ordered and was refined anisotropically. The 

included pentane solvent was found to be adjacent to an independent centre of symmetry and 

disordered; two orientations were identified of ca. 27 and 23% occupancy, and both were refined 

isotropically. 

The non-coordinated nitrate anion in the structure of Eu[Tkpphos(O){NO3}][NO3] was found to be 

disordered; three orientations were identified of ca. 51, 25 and 24% occupancy, and they were all 
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refined isotropically. The included methanol solvent molecules were found to be located at four full 

occupancy sites. Two of these are ordered, but at the other two the molecules were found to be 

disordered.  At one of these sites two orientations were identified of ca. 60 and 40% occupancy, with 

the non-hydrogen atoms of the major occupancy orientation being refined anisotropically. At the other 

disordered site three orientations were identified of ca. 42, 39 and 19% occupancy, and they were all 

refined isotropically. 

 

Table S1. Selected bond lengths (Å) and angles (°) for Tl[Tkpphos(O)]. 

Tl–O(1) 2.541(2)  Tl–N(1) 2.536(3) 
Tl–N(3) 2.587(3)  B–N(2) 1.547(4) 
B–N(4) 1.561(5)  B–N(6) 1.513(5) 
B–N(8) 1.524(5)    

O(1)–Tl– 74.78(8)  O(1)–Tl– 83.30(9) 
N(1)–Tl– 75.72(9)  N(2)–B–N(4) 113.2(3) 
N(2)–B–N(6) 109.1(3)  N(2)–B–N(8) 107.3(3) 
N(4)–B–N(6) 107.7(3)  N(4)–B–N(8) 108.5(3) 
N(6)–B–N(8) 111.1(3)    

 

Table S2. Selected bond lengths (Å) and angles (°) for Eu[Tkpphos(O){NO3}][NO3]. 

Eu–O(1) 2.303(2)  Eu–O(2) 2.299(2) 
Eu–O(3) 2.2710(19)  Eu–N(1) 2.608(2) 
Eu–N(3) 2.529(2)  Eu–N(5) 2.546(2) 
Eu–O(101) 2.442(2)  Eu–O(102) 2.664(3) 
B–N(2) 1.549(4)  B–N(4) 1.548(4) 
B–N(6) 1.565(4)  B–N(8) 1.525(4) 

O(1)–Eu–O(2) 126.32(7)  O(1)–Eu–O(3) 116.45(7) 
O(1)–Eu–N(1) 72.79(8)  O(1)–Eu–N(3) 79.81(7) 
O(1)–Eu–N(5) 139.99(7)  O(1)–Eu–O(101) 81.21(9) 
O(1)–Eu–O(102) 68.75(8)  O(2)–Eu–O(3) 113.58(7) 
O(2)–Eu–N(1) 139.12(7)  O(2)–Eu–N(3) 73.34(7) 
O(2)–Eu–N(5) 73.40(7)  O(2)–Eu–O(101) 97.15(9) 
O(2)–Eu–O(102) 70.50(7)  O(3)–Eu–N(1) 75.96(7) 
O(3)–Eu–N(3) 141.16(8)  O(3)–Eu–N(5) 72.55(7) 
O(3)–Eu–O(101) 71.80(8)  O(3)–Eu–O(102) 119.96(8) 
N(1)–Eu–N(3) 76.19(7)  N(1)–Eu–N(5) 72.26(7) 
N(1)–Eu–O(101) 122.91(9)  N(1)–Eu–O(102) 141.48(8) 
N(3)–Eu–N(5) 73.51(7)  N(3)–Eu–O(101) 146.99(8) 
N(3)–Eu–O(102) 98.64(8)  N(5)–Eu–O(101) 135.14(8) 
N(5)–Eu–O(102) 143.77(7)  O(101)–Eu– 49.05(8) 
N(2)–B–N(4) 108.0(3)  N(2)–B–N(6) 109.5(2) 
N(2)–B–N(8) 112.7(2)  N(4)–B–N(6) 112.1(2) 
N(4)–B–N(8) 108.3(2)  N(6)–B–N(8) 106.3(3) 
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Fig. S1 The molecular structure of Tl[Tkpphos(O)] (30% probability ellipsoids). 

 

Fig. S2 The molecular structure of Eu[Tkpphos(O){NO3}][NO3] (30% probability ellipsoids). 

 

 

 
Fig. S1 
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Fig. S2 

 

 



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

7 

References 
 
1. S. Kealey, N. J. Long, P. W. Miller, A. J. P. White, P. B. Hitchcock and A. Gee, Dalton 

Trans., 2007, 2823. 
 
 



<<
  /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


