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Zwitterionic Group IVB metallocenes (see, for in�
stance, reviews1—4) hold considerable promise for cataly�
sis due to their high electrophilicity and, as a rule, suffi�
ciently good solubility in nonpolar solvents, viz., aro�
matic hydrocarbons. Recently,4—6 we have described the
first zwitterions of this type, which can catalyze cat�
ionic ring�opening polymerization. The reaction of the
zwitterionic paramagnetic trivalent titanium complex
Cp[η5�C5H4B(C6F5)3]Ti with an excess of CCl4 at
20 °C afforded the zwitterionic compound
Cp[η5�C5H4B(C6F5)3]TiCl (1) containing the
B(C6F5)3�substituted η5�Cp ring and exhibiting catalytic
activity in polymerization of THF and ε�caprolactone.5,6

These data are indicative of high electrophilicity of the
positively charged titanium atom in molecule 1, which
may be used for performing other reactions catalyzed or

promoted by Lewis acids. In the present study, we report
a new reaction of zwitterion 1, which demonstrates its
high electrophilicity.

We found that exposure of a toluene solution of com�
pound 1 to water vapor at 20 °C under Ar leads to rapid
protolytic cleavage of one B—C6F5 bond in the tris(penta�
fluorophenyl)borane group giving rise to pentafluoro�
benzene and the titanocene chloride hydroxide complex
Cp[η5�C5H4B(C6F5)2]TiCl(µ�OH) (2), which was iso�
lated from the mixture in 78% yield (Scheme 1). Com�
pound 2 is also gradually formed during storage of solid
zwitterion 1 in air. One may assume that the observed
reaction proceeds through coordination of a water mol�
ecule to the positively charged titanium center in the
starting zwitterion (see Scheme 1). Apparently, complex�
ation with titanium sharply increases the acidity of water,
resulting finally in protolysis of the B—C6F5 bond. There�
fore, zwitterion 1 behaves in the reaction with water as
typical strong Lewis acids, whose ability to increase the
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acidity of water due to complexation with the latter is well
known.7 It should be noted that the B—C6F5 bond in
tris(pentafluorophenyl)borane B(C6F5)3 is very inert to
water (after 18 days, the yield of pentafluorobenzene at
20 °C is lower than 3%).8 In this case, the process virtu�
ally ceases at the step of formation of the corresponding
complexes, viz., (C6F5)3B(OH2), [(C6F5)3B(OH2)]•H2O,
and [(C6F5)3B(OH2)]•2H2O.9,10 It is known that the bo�
ron—carbon bond in tetraarylborates is also stable to water
at 20 °C, whereas in polyfluorine�containing tetra�
arylborates ([B(C6F4)4]–, {B[3,5�(CF3)2C6H3]4}–, etc.),
it is not cleaved under ambient conditions even with aque�
ous solutions of mineral acids.11

Complex 2 is a red�orange crystalline solid (m.p.
219 °C under Ar) stable at 20 °C under an Ar atmosphere.
The structure of complex 2 (as a solvate with two toluene
molecules) was established by X�ray diffraction (Fig. 1).

The crystals of 2 at 120 K are triclinic: space group Р
–
1, a =

11.173(1) Å, b = 12.768(1) Å, c = 13.104(2) Å, α = 65.360(3)°,
β = 73.375(3)°, γ = 77.086(3)°, V = 1616.6(3) Å3, Z = 2 (Z´ = 1),
dcalc = 1.559 g cm–3. X�ray diffraction data were collected on a
Smart 1000 CCD diffractometer. The final R factors were
R1 = 0.0588 (for 3934 reflections with I > 2σ(I )), wR2 = 0.1492,
GOOF = 1.066 (for 6107 independent reflections with θ > 52°).

An interesting structural feature of complex 2 is the
presence of the Ti—O—B bridge (Ti(1)—O(1), 2.040(2) Å;
B(1)—O(1), 1.540(4) Å) the formation of which leads to a
deviation of the boron atom from the plane of the Cp ring
by 0.69 Å toward the titanium atom and a decrease in the
C(1)—B(1)—O(1) bond angle to 93.5(2)°. Other angles at
the boron atom are close to the tetrahedral angle. The
dihedral angle between the planes of the substituted and
unsubstituted C5 rings in molecule 2 is 45.9°. The tita�
nium atom and the O(1) and Cl(1) atoms coordinated to
Ti (O(1)—Ti(1)—Cl(1), 97.48(7)°; Ti(1)—O(1)—B(1),
107.6(2)°) lie approximately in the bisector plane of
this dihedral angle. The Ti(1)—Cl(1) bond length in
complex 2 (2.358(1) Å) is similar to the correspond�
ing distance (2.364(3) Å) in titanocene dichloride12 but
is substantially larger than that in the starting zwitter�
ion 1 (2.302(1) Å).5,6 This result can be explained by a
decrease in the positive charge on the titanium atom
in complex 2 compared to that in zwitterion 1, which
should lead to a less efficient donation of the chlorine
lone electron pair to the unoccupied orbital of titanium
and, consequently, to an elongation of the Ti—Cl bond.
The hydroxide hydrogen atom in compound 2 forms a
shortened intramolecular contact with the F(5) atom
(H(10)—F(5), 2.24 Å).

Earlier, complex 2 has been obtained13 in a small
amount on recrystallization of boryl�substituted titanocene
dichloride Cp[η5�C5H4B(C6F5)2]TiCl(µ�Cl) from di�
chloromethane. Apparently, traces of water present in the
solvent serve as a source of the hydroxide group in the
reaction product.

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 05�03�
32515).
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Scheme 1

Fig. 1. Molecular structure of complex 2.

B(1)
C(1)

O(1)

H(10)

F(5)

Ti(1)

Cl(1)



Strunkina et al.176 Russ.Chem.Bull., Int.Ed., Vol. 55, No. 1, January, 2006

5. L. I. Strunkina, M. Kh. Minacheva, K. A. Lyssenko, O. I.
Khaustova, V. V. Burlakov, U. Rosenthal, and V. B. Shur,
Izv. Akad. Nauk, Ser. Khim., 2003, 737 [Russ. Chem. Bull.,
Int. Ed., 2003, 52, 773].

6. L. I. Strunkina, M. Kh. Minacheva, K. A. Lyssenko, V. V.
Burlakov, W. Baumann, P. Arndt, B. N. Strunin, and V. B.
Shur, J. Organomet. Chem., 2006, 691, 557.

7. Friedel�Crafts and Related Reactions, Ed. G. A. Olah,
Interscience Publishers, John Wiley and Sons, New
York—London, 1963.

8. A. G. Massey and A. J. Park, J. Organomet. Chem.,
1966, 5, 218.

9. A. A. Danopoulos, J. R. Galsworthy, M. L. H. Green,
S. Cafferkey, L. H. Doerrer, and M. B. Harsthouse, Chem.,
Commun., 1998, 2529.

10. T. Beringhelli, D. Maggioni, and G. D’Alfonso, Organo�
metallics, 2001, 20, 4927.

11. O. I. Kachurin, A. P. Zaraiskii, L. I. Velichko, N. A.
Zaraiskaya, N. M. Matvienko, and Z. A. Okhrimenko, Izv.
Akad. Nauk, Ser. Khim., 1995, 1895 [Russ. Chem. Bull., 1995,
44, 1815 (Engl. Transl.)].

12. A. Clearfield, D. K. Warner, C. H. Saldarriaga�Molina, and
R. Ropal, Can. J. Chem., 1975, 53, 1622.

13. S. J. Lancaster, S. Al�Benna, M. Thornton�Pett, and
M. Bochmann, Organometallics, 2000, 19, 1599.

Received November 14, 2005



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


