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Synthesis and structures of germanium�containing tungsten
carbyne complexes Ph3GeC≡≡≡≡≡W(CH2But)3 and Ph3GeC≡≡≡≡≡W(CH2SiMe3)3
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New germanium�containing tungsten carbyne complexes Ph3GeC≡W(CH2R)3 (R = But or
SiMe3) were synthesized by the reaction of the alkoxy derivative Ph3GeC≡W(OBut)3 with
alkyllithium reagents RCH2Li. The new compounds were isolated in individual form as crystals
in 95 and 90% yields, respectively, and were characterized by elemental analysis, 1H and
13C NMR spectroscopy, and X�ray diffraction. X�ray diffraction study showed that the
coordination environment of the W and Ge atoms in the Ph3GeC≡W(CH2But)3 and
Ph3GeC≡W(CH2SiMe3)3 complexes can be described as a distorted tetrahedron.
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Nowadays, olefin metathesis catalyzed by transition
metal carbene complexes is widely used in organic syn�
thesis.1—6 Metathesis of acetylenic hydrocarbons medi�
ated by transition metal carbyne complexes is much less
well studied and is used to a lesser extent.4—6 The tung�
sten carbyne complexes RC≡W(OR´)3 (R and R´ = Alkyl
or Aryl) are most efficient catalysts for metathesis of acety�
lenic hydrocarbons.4 The catalytic activity of complexes
was found4 to be to a large extent determined by the
nature of alkoxy groups. The influence of the nature of
the substituent R bound to the carbyne carbon atom is
much less well known. Recently,7,8 we have synthesized
the tungsten carbyne complexes Ph3EC≡W(OBut)3 and
Ph2E[C≡W(OBut)3]2 (E = Si, Ge, or Sn) containing
organosilicon, �germanium, and �tin substituents at the
carbyne carbon atom. The resulting carbyne complexes
exhibit high catalytic activity in metathesis of hept�3�yne
(as a test substrate). The catalytic activity of tin�contain�
ing derivatives is substantially higher than that of silicon�
containing complexes, and the trinuclear complexes
Ph2E[C≡W(OBut)3]2 are more efficient catalysts than the
dinuclear complexes Ph3EC≡W(OBut)3.9 In this connec�
tion, it was of interest to elucidate how the catalytic activ�
ity of silicon�, germanium�, and tin�containing tungsten
carbyne complexes changes when the alkoxy groups are
replaced by other ligands, in particular, by alkyl groups.

It is known that the tert�butoxy groups in the tungsten
carbyne complexes RC≡W(OBut)3 (R = Alk or Ar) are
readily replaced by alkyl groups in the reactions with
alkyllithium compounds or Grignard reagents.10 In the
present study, we used this method for the replacement of
the tert�butoxy group in the germanium�containing tung�

sten carbyne complex by the neopentyl and trimethyl�
silylmethyl substituents.

Results and Discussion

It was demonstrated that the tungsten triphenylgermyl
carbyne complex Ph3GeC≡W(OBut)3 (see Ref. 7) readily
reacts with neopentyllithium and trimethylsilylmethyl�
lithium to give new alkyl�containing carbyne complexes
Ph3GeC≡W(CH2But)3 and Ph3GeC≡W(CH2SiMe3)3, re�
spectively (Scheme 1).

Scheme 1

Ph3GeC≡W(OBut)3 + 3 RCH2Li  

  Ph3GeC≡W(CH2R)3 + 3ButOLi

R = CMe3 (1), SiMe3 (2)

Reaction conditions: diethyl ether, 0 °C.

Both complexes were isolated in individual form as
crystals in 95 and 90% yields, respectively. The 1H and
13C NMR spectra are consistent with the formulas of
these compounds. The signals for the carbyne α�carbon
atoms are observed at δ 321.7 and 325.1 and are shifted
downfield by 49 and 52.6 ppm, respectively, compared to
the corresponding signal of the tris(alkoxy)carbyne com�
plex Ph3GeC≡W(OBut)3.7 The spin�spin coupling con�
stants 1JCα�183W for complexes 1 and 2 are 210.1 and
192.9 Hz, respectively.
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X�ray diffraction study demonstrated that complexes
1 and 2 (Figs 1 and 2, respectively) are structurally simi�
lar to the tert�butoxy�containing carbyne complexes
Ph3EC≡W(OBut)3 (E = Ge or Sn) studied earlier.8 The
tungsten and germanium atoms in complexes 1 and 2
have a distorted tetrahedral coordination. The Ph and
CH2But substituents in molecule 1 are in a staggered con�
formation with respect to each other, which minimizes
their mutual repulsion. Both eclipsed and staggered con�

formations are observed in molecule 2 due to disorder of
the Ph and SiMe3 groups.

The W—Cα and Ge—Cα distances are 1.763(4) and
1.923(4) Å, respectively, in 1 and 1.749(2) and 1.921(2) Å
in 2. In the Ph3GeC≡W(OBut)3 complex,8 the correspond�
ing W—Cα distances are 1.758(7) and 1.757(6) Å and the
Ge—Cα bond lengths are 1.898(7) and 1.927(6) Å. How�
ever, it is impossible to correctly compare the bond lengths
in molecules 1, 2, and Ph3GeC≡W(OBut)3 due to large
experimental errors in the determination of the distances
in the tris(alkoxy)carbyne complex.

To summarize, alkyl�containing tungsten carbyne
complexes with organogermanium substituents at the
carbyne carbon atom were synthesized in high yields and
structurally characterized. Studies of the catalytic proper�
ties of the compounds in metathesis of acetylenic hydro�
carbons are presently underway.

Experimental

All operations were carried out in evacuated sealed am�
poules with the use of the standard Schlenk technique. The
solvents were thoroughly dried and degassed. The starting com�
plex Ph3GeC≡W(OBut)3 (see Ref. 7) and alkyllithium deriva�
tives were synthesized according to known procedures.11 The 1H
and 13C NMR spectra of all compounds were recorded on a
Bruker DPX�200 spectrometer (200 MHz for 1H and 50 MHz
for 13C). The chemical shifts are given on the δ scale relative to
Me4Si as the internal standard.

The X�ray diffraction data sets were collected on an auto�
mated Smart APEX diffractometer (graphite monochromator,
Mo�Kα radiation, ϕ—ω scanning technique, λ = 0.71073 Å). All
structures were solved by direct methods using the SHELXTL
program package12 and refined by the least�squares method
against F 2

hkl with anisotropic displacement parameters for all
nonhydrogen atoms. All hydrogen atoms were placed in geo�
metrically calculated positions and refined using a riding model.
Absorption corrections were applied using the SADABS pro�
gram.13 Selected bond lengths and bond angles are given in
Table 1. Principal crystallographic data and details of X�ray
diffraction study are listed in Table 2. In complexes 1 and 2, all
Ph and SiMe3 groups are disordered over two positions. It should
be noted that the triclinic unit cell of complex 2 can be trans�
formed into the trigonal unit cell with the parameters a = b =
10.3071(4) Å, c = 57.021(3) Å, α = β = 90°, γ = 120°, which are
similar to the unit cell parameters of complex 1. However, we
failed to solve and refine the structure of 2 in the trigonal system.
Apparently, disorder in the crystals of 2 reduces the symmetry
system to triclinic.

Triphenylgermylmethylidyne�tris(neopentyl)tungsten (1).
A solution of LiCH2But (0.29 g, 3.72 mmol) in diethyl ether
(5 mL) was added to a colorless solution of Ph3GeC≡W(OBut)3
(0.88 g, 1.22 mmol) in diethyl ether (10 mL) at 0 °C. Slow
heating of the reaction mixture to room temperature was ac�
companied by the appearance of a yellow�brown color of the
solution. The diethyl ether was removed by evaporation in vacuo.
The residue was extracted with pentane (2×10 mL). The pen�
tane extracts were combined and the solvent was removed. TheFig. 2. Molecular structure of molecule 2.
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Fig. 1. Molecular structure of molecule 1.
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Table 2. Crystallographic data and characteristics of the struc�
ture refinement for complexes 1 and 2

Parameter 1 2

Molecular formula C34H48GeW C31H48GeSi3W
Molecular weight 713.16 761.40
Crystal dimensions/mm 0.13×0.08×0.08 0.48×0.36×0.34
T/K 293(2) 100(2)
Space group R3

–
P1

–

a/Å 10.1800(3) 10.2841(5)
b/Å 10.1800(3) 10.3301(5)
c/Å 56.871(2) 19.0070(9)
α/deg 90 79.358(1)
β/deg 90 82.230(1)
γ/deg 120 62.773(1)
V/Å3 5104.0(3) 1761.6(2)
Z 6 2
dcalc/g cm–3 1.392 1.435
µ/cm–1 42.79 42.34
Absorption correction SADABS SADABS
Tmin/Tmax 0.6062/0.7259 0.2357/0.3270
F(000) 2148 764
2θmax/deg 58 58
Number of measured/inde� 18108/3020 12802/8994

pendent reflections (Rint) (0.0202) (0.0196)
R1 (based on F for

reflections with I > 2σ(I )) 0.0278 0.0345
wR2 (based on F 2 for all 0.0703 0.0875

reflections)
Number of parameters 146 520

in refinement
GOOF 1.115 1.035
Residual electron density

peaks (min/max), e Å–3 –0.252/1.983 –1.320/2.772

Table 1. Selected bond lengths (d/Å) and bond angles (ω/deg) in complexes 1 and 2

Bond d/Å Angle ω/deg Angle ω/deg

1 1 2
W(1)—C(6) 1.763(4) C(6)—W(1)—C(1A) 106.93(7) C(13)—W(1)—C(5) 104.2(1)
W(1)—C(1A) 2.086(2) C(6)—W(1)—C(1) 106.93(7) C(13)—W(1)—C(1) 104.5(1)
W(1)—C(1) 2.086(2) C(1A)—W(1)—C(1) 111.89(6) C(5)—W(1)—C(1) 115.49(8)
W(1)—C(1B) 2.086(2) C(6)—W(1)—C(1B) 106.93(7) C(13)—W(1)—C(9) 104.1(1)
Ge(1)—C(6) 1.923(4) C(1A)—W(1)—C(1B) 111.89(6) C(5)—W(1)—C(9) 115.18(7)
Ge(1)—C(7) 1.948(3) C(1)—W(1)—C(1B) 111.89(6) C(1)—W(1)—C(9) 111.78(9)
Ge(1)—C(7A) 1.948(3) C(6)—Ge(1)—C(7) 109.5(1) C(14)—Ge(1)—C(20) 111.63(9)
Ge(1)—C(7B) 1.948(3) C(6)—Ge(1)—C(7A) 109.5(1) C(14)—Ge(1)—C(13) 110.7(1)

2 C(7)—Ge(1)—C(7A) 109.5(1) C(20)—Ge(1)—C(13) 110.41(8)
W(1)—C(13) 1.749(2) C(6)—Ge(1)—C(7B) 109.5(1) C(14)—Ge(1)—C(26) 110.26(8)
W(1)—C(5) 2.082(2) C(7)—Ge(1)—C(7B) 109.5(1) C(13)—Ge(1)—C(26) 105.9(1)
W(1)—C(1) 2.087(2) C(7A)—Ge(1)—C(7B) 109.5(1) W(1)—C(13)—Ge(1) 179.1(2)
W(1)—C(9) 2.099(2) W(1)—C(6)—Ge(1) 180.0
Ge(1)—C(14) 1.948(1)
Ge(1)—C(20) 1.947(1)
Ge(1)—C(13) 1.921(2)
Ge(1)—C(26) 1.957(1)

Ph3GeC≡W(CH2But)3 compound was obtained as bright�yel�
low crystals (0.83 g, 95%). Found (%): C, 57.19; H, 6.73.
C34H48GeW. Calculated (%): C, 57.26; H, 6.78. 1H NMR (tolu�
ene�d8), δ: 1.03 (s, 27 H, CMe3); 1.15 (s, 6 H, CH2); 7.17—7.15
(m, 9 H, H(3), H(4)); 7.84—7.87 (m, 6 H, H(2)). 13C NMR
(toluene�d8), δ: 33.8 (CH3), 34.6 (CMe3), 105.8 (CH2But,
1JC�183W = 92.4 Hz), 128.2 (CH(3)), 128.9 (CH(4)), 135.6
(CH(2)), 139.6 (C(1)), 321.7 (W≡C, JC�183W = 210.1 Hz).

Triphenylgermylmethyl idyne�tr is(tr imethyls i ly lme�
thyl)tungsten (2). The synthesis and isolation of the
Ph3GeC≡W(CH2SiMe3)3 complex were performed as described
above. The Ph3GeC≡W(CH2SiMe3)3 compound was prepared
from Ph3GeC≡W(OBut)3 (1.01 g, 1.40 mmol) and LiCH2SiMe3
(0.40 g, 4.25 mmol) as bright�yellow crystals (0.96 g, 90%).
Found (%): C, 48.83; H, 6.31. C31H48GeSi3W. Calculated (%):
C, 48.90; H, 6.35. 1H NMR (C6D6), δ: 0.3 (s, 27 H, SiMe3),
1.4 (s, 6 H, CH2), 7.30—7.38 (m, 9 H, H(3), H(4)); 8.04—8.07
(m, 6 H, H(2)). 13C NMR (C6D6), δ: 2.5 (CH3), 78.1
(CH2SiMe3, 1JC�183W = 79.9 Hz), 128.4 (CH(3)), 129.2 (CH(4)),
135.7 (CH(2)), 140.3 (C(1)), 325.1 (W≡C, 1JC�183W = 192.9 Hz).
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NSh�58.2003.3 and NSh�1652.2003.3).

References

1. M. Schuster and S. Blechert, Angew. Chem., Int. Ed. Engl.,
1997, 36, 2036.

2. R. H. Grubbs and S. Chang, Tetrahedron, 1998, 54, 4413.
3. R. R. Schrock, Tetrahedron, 1999, 55, 8141.



Synthesis of tungsten carbyne complexes Russ.Chem.Bull., Int.Ed., Vol. 55, No. 2, February, 2006 221

4. R. R. Schrock, Chem. Rev., 2002, 102, 145.
5. J. W. Herndon, Coordination Chem. Rev., 2003, 243, 3.
6. D. Astruc, New J. Chem., 2005, 29, 42.
7. L. N. Bochkarev, A. V. Safronova, V. I. Shcherbakov, N. E.

Stolyarova, G. V. Basova, S. Ya. Khorshev, Yu. A. Kurskii,
and G. A. Abakumov, Izv. Akad. Nauk, Ser. Khim., 2002, 3,
510 [Russ. Chem. Bull., Int. Ed., 2002, 51, 552].

8. A. V. Safronova, L. N. Bochkarev, N. E. Stolyarova, I. K.
Grigorieva, I. P. Malysheva, G. V. Basova, G. K. Fukin,
Yu. A. Kurskii, and S. Ya. Khorshev, and G. A. Abakumov,
Izv. Akad. Nauk, Ser. Khim., 2003, 10, 2028 [Russ. Chem.
Bull., 2003, 52, 2140].

9. A. V. Safronova, L. N. Bochkarev, V. I. Shcherbacov, I. K.
Grigorieva, N. E. Stoliarova, I. P. Malysheva, G. V. Basova,
G. K. Fukin, Yu. A. Kurskii, S. Ya. Khorshev, and G. A.

Abakumov, Abstr. 14th Int. Symposium on Homogeneous Ca�
talysis, Munich, Germany, 2004, 253.

10. M. H. Chisholm, J. C. Huffman, and J. A. Klang, Poly�
hedron, 1990, 9, 1271.

11. R. R. Schrock and J. D. Fellmann, J. Am. Chem. Soc., 1978,
100, 3359.

12. G. M. Sheldrick, SHELXTL v. 6.12, Structure Determination
Software Suite, Bruker AXS, Madison, Wisconsin,
USA, 2000.

13. G. M. Sheldrick, SADABS v. 2.01, Bruker/Siemens Area De�
tector Absorption Correction Program, Bruker AXS, Madison,
Wisconsin, USA, 1998.

Received April 21, 2005;
in revised form November 23, 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


