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Experimental Details and Characterization Data: 

General Considerations. All work was performed under anaerobic and anhydrous 

conditions by using Schlenk-line and glovebox techniques. Solvents were carefully 

dried from the appropriate drying agents and distilled prior to use. [AlMe3] and 9-

Borabicyclo[3.3.1]nonane (9-BBN) were purchased from Aldrich and used without 

further purification. [{TiCp*(μ-O)}3(μ3-CH)] (1) was synthesized according to the 

published procedure.[1] Elemental analysis (C, H, N) were performed with a Heraeus 

CHN-O-RAPID. NMR spectra were recorded on Varian NMR System spectrometers: 

Gemini-200, Unity-300 or Mercury-VX, and infrared spectra were acquired for samples 

in KBr pellets on a FT-IR Perkin-Elmer SPECTRUM 2000 spectrophotometer.  

Synthesis of [{Me3Al}{(μ3-O)(μ-O)2(TiCp*)3(μ3-CH)}] (2): 0.49 mmol of 1 (0.30 g) 

was dissolved in 30 mL of hexane in an amber-stained 100-mL Carious tube with 

Young-valve, and an excess (0.29 mL, 2.0 M in hexane, 0.58 mmol) of [AlMe3] was 

dissolved in 10 mL of the same solvent in a second flask. The trimethylaluminium 

solution was then slowly combined with the alkylidyne solution. The resulting mixture 

was stirred for one day at room temperature, followed by filtration, concentration and 

cooling at –20ºC; 0.24 g of a orange microcrystalline solid were obtained (70%). 1H 

NMR (300 MHz, [D6]benzene, 25ºC, TMS): δ = -0.17 (s, 9H, AlMe3), 1.82 (s, 15H, 

C5Me5), 1.94 (s, 30H, C5Me5), 13.14 (s, 1H, μ3-CH); 13C{1H} NMR (75 MHz, 

[D6]benzene, 25ºC, TMS): δ = -2.6 (AlMe3), 11.9, 12.5 (C5Me5), 121.8., 123.4 (C5Me5), 

401.2 (μ3-CH); IR (KBr, cm-1): ⎯ν = 2913 (vs), 1436 (s), 1377 (s), 1262 (w), 1175 (m), 

1023 (m), 791 (m), 680 (vs), 627 (vs), 435 (w); EI-MS EI mass spectrum: m/z (%) 610 

(28) [M+-AlMe3]; elemental analysis calcd (%) for C34H55AlO3Ti3 (682.41): C 59.83, H 

8.12; found C 60.37, H 7.57. 
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Synthesis of [{C8H14B}(μ-H){(μ3-O)(μ-O)2(TiCp*)3(μ3-CH)}] (4): To a stirred hexane 

solution (30 mL) of 1 (0.4 g, 0.65 mmol) placed in a 100-mL Carious tube with Young-

valve, was added 9-BBN (0.08 g, 0.65 mmol) dissolved in 10 mL of the same solvent. 

The reaction mixture was stirred at room temperature overnight. The solution was 

filtered, concentrated and cooled at -20ºC, giving yellow crystals identified as 3 (0.38 g, 

79%); 1H NMR (300 MHz, [D6]benzene, 25ºC, TMS): δ = 0.80-2.70 (m, CH and CH2 in 

9-BBN), 1.86, 1.88, 1.98 (s, 15H, C5Me5), 13.35 (s, 1H, μ3-CH); 13C{1H} NMR (75 

MHz, [D6]benzene, 25ºC, TMS): δ = 12.01, 12.17, 12.62 (C5Me5), ), 24.5-26.5 (vb, 

CH2CHB), 25.9, 26.2, 31.6, 34.1, 35.2, 36.2 (CH2CHB), 119.7, 120.3, 122.0 (C5Me5), 

384.6 (μ3-CH); (IR (KBr, cm-1): ⎯ν = 2979 (w), 2944 (m), 2910 (vs), 2859 (vs), 2819 

(m), 1820 (w), 1786 (w), 1752 (w), 1485 (m), 1434 (s), 1375 (s), 1339 (m), 1312 (m), 

1282 (m), 1262 (m), 1203 (s), 1024 (m), 935 (s), 865 (s), 795 (s), 747 (m), 679 (vs), 650 

(s), 632 (m), 624 (m), 618 (m), 559 (s), 428 (s); EI mass spectrum: m/z (%) 610 (29) 

[M+-9-BBN]; elemental analysis calcd (%) for C39H61BO3Ti3, (732.33): C 63.96, H 

8.40; found C 63.79, H 8.77. 

X-ray structure determination of 3·C6H14 and 4. X-ray quality crystals of both 

compounds were grown from saturated hexane solutions at -20ºC, removed from the 

Schlenks and covered with a layer of a viscous perfluoropolyether (Fomblin®Y). A 

suitable crystal was selected with the aid of a microscope, attached to a glass fiber, and 

immediately placed in the low temperature nitrogen stream of the diffractometer. The 

intensity data sets were collected at 200K on a Bruker-Nonius KappaCCD 

diffractometer equipped with an Oxford Cryostream 700 unit. Crystallographic data for 

all the complexes are presented in Table 1. The structures were solved, using the 

WINGX package,2 by direct methods (SHELXS-97)3 and refined by least-squares 

against F2 (SHELXL-97).3  
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Elemental analysis for the complex 3·C6H14 revealed the existence of one 

molecule of hexane. The solvent presented severe disorder and it was not possible to get 

a chemical sensible model for it, so Squeeze4 procedure was used to remove its 

contribution to the structure factors. Finally, all non-hydrogen atoms were 

anisotropically refined and the hydrogen atoms were positioned geometrically and 

refined by using a riding model, except those of the methylidyne moiety and the 

bridging hydroxo fragment, which were located in the Fourier difference map and 

isotropically refined. 

All non-hydrogen atoms of compound 4 were anisotropically refined and the 

hydrogen atoms were positioned geometrically and refined by using a riding model 

except the hydrogen atom bridging the boron and titanium atoms, which was located in 

the Fourier difference map and refined isotropically. 
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Table 1.- Crystallographic data for complexes 3 and 4. 

Compound 3·C6H14 4 

Empirical formula  C63H97AlO8Ti6·C6H14 C39H61BO3Ti3 

Formula weight  1382.96 732.33 

Temperature  200(2) K 200(2) K 

Wavelength  0.71073 Å 0.71073 Å 

Crystal system  Monoclinic Monoclinic 

Space group  C2/c P21/c 

a(Å) 24.039(7) 11.313(3) 

b(Å); β(°) 26.797(7);101.57(5) 19.171(17); 105.61(3) 

c(Å) 13.441(8) 19.088(12) 

Volume 8482(6) Å3 3987(4) 

Z 4 4 

Density (calculated) 1.083 Mg/m3 1.220 Mg/m3 

Absorption coefficient 0.590 mm-1 0.619 mm-1 

F(000) 2936 1560 

Crystal size 0.30 x 0.25 x 0.23 mm3 0.20 x 0.20 x 0.20 mm3 

Theta range for data collection 3 to 25° 3 to 25° 

Index ranges -28 to 28, -31 to 31, -15 to 15 -13 to 13, -22 to 22, -22 to 22 

Reflections collected 84262 48845 

Independent reflections 7496 [R(int) = 0.076] 6984 [R(int) = 0.134] 

Reflections [I>2σ(I)] 4750 4126 

Completeness to theta = 25° 99.1 %  99.3% 

Goodness-of-fit on F2 1.031 1.047 

Final R indices [I>2σ(I)] R1 = 0.070, wR2 = 0.180 R1 = 0.067, wR2 = 0.141 

R indices (all data) R1 = 0.106, wR2 = 0.199 R1 = 0.134, wR2 = 0.176 

Largest diff. peak and hole (e.Å-3) 0.456 and -0.451  0.451 and -0.373 
 
 



<<
  /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


