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Summary: The ansa-niobocene(IV) dichloride complex
[Me2Si(η5-C5H4)2]NbCl2 (1) has been prepared by the
reaction of NbCl4(THF)2 and [Me2Si(C5H4)2]Tl2 in THF.
The reduction of 1 by sodium amalgam in the presence
of an alkyne (2-butyne or diphenylacetylene) yielded the
ansa-niobocene(III) monochloride alkyne complexes [Me2-
Si(η5-C5H4)2]NbCl(RCtCR) (R ) Me (2), Ph (3)). Com-
pounds 1-3 were characterized by IR, ESR, and NMR
spectroscopy. In addition, the structure of 2 was deter-
mined by single-crystal X-ray diffraction.

The use of ansa-cyclopentadienyl ligands has recieved
wide attention in the chemistry of group 4 metals,1 due
mainly to its ability to impart on its complexes a high
and selective degree of catalytic activity.2
The synthesis of other metal complexes containing

ansa-cyclopentadienyl ligands has also been reported;

however, to date these are few and include ansa ligands
of chromium,3 molybdenum,4 tungsten,4 iron,5 and yt-
terbium6 complexes.
For group 5 metals, few such compounds are known.

The first ansa compounds, reported in 1980, contained
Me2Si-O-SiMe2 or CMe2CMe2 bridging groups.7 An
ansa-vanadocene complex has also been described.8
Recently, ansa complexes of niobium with a CMe2
bridging group9 and a monocyclopentadienyl-amido
system10 were reported.
The known niobocene complexes have in most cases

been restricted to conventional cyclopentadienyl ligands
such as C5H5, C5Me5, or C5H4SiMe3,11 and the chemistry
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X Abstract published in Advance ACS Abstracts, July 1, 1996.
(1) Comprehensive Organometallic Chemistry II; Abel, E. W., Stone,

F. G. A., Wilkinson, G., Eds.; Pergamon Press: Oxford, U.K., 1995;
Vol. 4.

(2) See: Rieger, B.; Jany, G.; Fawzi, R.; Steimann, M. Organome-
tallics 1994, 13, 647.

(3) Foo, D. M. J.; Shapiro, P. Organometallics 1995, 14, 4957.
(4) (a) Green, M. L. H. Pure Appl. Chem. 1995, 67, 249. (b) Labella,

L.; Chernega, A.; Green, M. L. H. J. Chem. Soc., Dalton Trans. 1995,
395. (c) Labella, L.; Chernega, A.; Green, M. L. H. J. Organomet.
Chem. 1995, 485, C18.

(5) Zechel, D. L.; Foucher, D. A.; Pudelski, J. K.; Yap, G. P. A.;
Rheingold, A. L.; Manners, I. J. Chem. Soc., Dalton Trans. 1995, 1893.

(6) Akhnoukh, T.; Müller, J.; Qiao, K.; Li, X.-F.; Fischer, R. D. J.
Organomet. Chem. 1991, 408, 47.

(7) (a) Lemenovskii, D. A.; Aleksandrov, A. V.; Fedin, V. P. Koord.
Khim. 1980, 6, 877 (Chem. Abstr. 1980, 93, 186497). (b) Lemenovskii,
D. A.; Fedin, V. P.; Aleksandrov, A. V.; Slovohotov, Yu. L.; Struchkov,
Yu. T. Organomet. Chem. 1980, 201, 257.

Volume 15, Number 15, July 23, 1996
© Copyright 1996

American Chemical Society

S0276-7333(96)00275-0 CCC: $12.00 © 1996 American Chemical Society

+ +

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 J

ul
y 

23
, 1

99
6 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
02

75
g



of the C5H4SiMe3 niobocene complexes has been devel-
oped by our group.12 We report here our first studies
on the synthesis and reactivity of new ansa-niobocene
complexes with the Me2Si(C5H4)2 ligand.
[Me2Si(η5-C5H4)2]NbCl2 (1) was prepared by the reac-

tion of NbCl4(THF)213 and [Me2Si(C5H4)2]Tl214 in THF
at room temperature,15 in a synthesis similar to that
previously used for the complexes (η5-C5H5)2NbCl2, (η5-
C5H4Me)2NbCl2, and (η5-C5H4SiMe3)2NbCl2.16 In the
present case a thallium reagent rather than a lithium
reagent was used, since use of the latter usually gives
diminished yields as a result of reduction processes. The
poor solubility of 1 in organic media required extraction
of the crude product several times with dichloromethane
in order to separate pure 1 from the thallium chloride
salt. Complex 1 was characterized by IR and ESR17

spectroscopy. Electrochemical studies gave results
similar to those obtained with the corresponding η5-
C5H5 or η5-C5H4SiMe3 derivatives.18 One oxidation
(0.54 V) and one reduction (-1.00 V) peak were observed
due to the practically reversible processes shown in
eq 1.

The niobium(III) complexes [Me2Si(η5-C5H4)2]NbCl-
(MeCtCMe) (2) and [Me2Si(η5-C5H4)2]NbCl(PhCtCPh)
(3) were prepared19 by the reduction of 1 by sodium
amalgam in the presence of the respective alkyne as
previously reported for (η5-C5H4SiMe3)2NbCl(L) (L )

alkyne) complexes.18 Both complexes were only slightly
soluble in hexane but highly soluble in toluene. Crys-
tals of 2 and 3 were obtained by recrystallization from
either hexane or a diethyl ether/toluene mixture. The
complexes were characterized by IR and 1H and 13C
NMR spectroscopy. The 1H NMR spectra showed the
expected signals for the SiMe2 group of the ansa-bridge
(two singlets at ca. 0.0 ppm). The symmetry of the
molecule in solution is such that there is only one plane
of symmetry and the methyl groups of SiMe2 become
inequivalent as do the cyclopentadienyl protons (Ha, Hb,
Ha′, and Hb′) (see Figure 1) and the alkyne protons (i.e.,
two singlets for MeCtCMe and two multiplets for
PhCtCPh).
In order to gain more insight into the structures of

these complexes the X-ray crystal structure of 2 was
carried out.20 The molecular structure, atomic number-
ing scheme, and selected bond lengths and angles for 2
are shown in Figure 2.
The structure shows the Me2Si(C5H4)2 ansa ligand

chelating the niobium center and is the first to be
determined of a group 5 ansa complex where both
cyclopentadienyl rings of the ansa ligand are bound to
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34.44 mmol). The reaction mixture was stirred at room temperature
for 16 h, after which the suspension was filtered. Solvent was removed
in vacuo from the filtrate to give the title complex 1. In order to
maximize the yield, the residue from the filtration was extracted
several times with dichloromethane, solvent was removed from the
extracts under reduced pressure, and the resulting brown solid was
dried under vacuum (7.78 g, 65%). Key data for 1: IR (Nujol mull)
1261 (νSi-Me), 1159, 1070, 824 (νC-C(Cp)), 263 (νNb-Cl); Anal. Calcd for
C12H14Cl2NbSi: C, 41.27; H, 4.04. Found: C, 40.93; H, 4.20.

(16) Hitchcock, P. B.; Lappert, M. F.; Milne, C. R. C. J. Chem. Soc.,
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(17) (a) The ESR spectra for the paramagnetic niobium(IV) complex
1 gives a value of giso ) 2.0034 with a hyperfine splitting 〈a93Nb〉 of
100.0 G, analogous to other niobocene(IV) complexes, with the unpaired
electron mainly located at the metal center. (b) Antiñolo, A.; Fajardo,
M.; de Jesús, E.; Mugnier, Y.; Otero, A. J. Organomet. Chem. 1994,
470, 127.

(18) Antiñolo, A.; Gómez-Sal P.; de Ilarduya, J. M.; Otero, A.; Royo,
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(19) (a) Synthesis of 2: [Me2Si(η5-C5H4)2]NbCl2 (1) (0.60 g, 1.71
mmol) was added to sodium amalgam (0.039 g, 1.71 mmol of Na). To
this mixture was added THF (ca. 100 mL). To this stirred solution
was added via microsyringe MeCtCMe (0.13 mL, 1.71 mmol), and the
reaction mixture was allowed to stir at room temperature for 3 h. The
solvent was removed under reduced pressure, and toluene (ca. 50 mL)
was added. The suspension was filtered and solvent removed in vacuo
from the filtrate yielding a yellow/green solid. This solid was recrystal-
lized from a diethyl ether/toluene to give yellow crystals of the title
compound (0.44 g, 70%). Key data for 2: IR (Nujol mull) 1697 (νCtC);
1H NMR (300 MHz, C6D6) δ 0.02 (s, 3H, SiMe2), 0.08 (s, 3H, SiMe2),
2.22 (s, 3H, MeCtCMe), 2.50 (s, 3H, MeCtCMe), 4.73 (2H), 5.16 (2H),
5.31 (2H), 6.13 (2H) (m, (C5H4)2(µ-SiMe2)); 13C{1H} NMR (300 MHz,
C6D6) δ -6.34, -5.52 (SiMe2), 11.83, 18.86 (tCMe), 98.36, 99.51 (C1),
100.40, 118.88, 125.80 (C5H4)2(µ-SiMe2), 126.71, 149.98 (tCMe). Anal.
Calcd for C16H20ClNbSi: C, 52.17; H, 5.48. Found: C, 51.83; H, 5.35.
(b) Synthesis of 3: This was carried out in a similar manner to the
synthesis of 2 [PhCtCPh (0.28 g, 1.57 mmol), 1 (0.55 g, 1.57 mmol),
sodium amalgam (0.036 g, 1.57 mmol of Na), yield of 3 (0.58 g, 75%)].
Key data for 3: IR (Nujol mull) 1738 (νCtC); 1H NMR (300 MHz, C6D6)
δ 0.03 (s, 3H, SiMe2), 0.06 (s, 3H, SiMe2), 5.22 (2H), 5.51 (2H), 5.59
(2H), 6.05 (2H) (m, (C5H4)2(µ-SiMe2)), 6.95-7.74 (m, 10H, PhCtCPh));
13C{1H} NMR (300 MHz, C6D6) δ -5.78, -5.38 (SiMe2), 98.50, 101.82
(C1), 108.35, 121.78, 122.07 (C5H4)2(µ-SiMe2), 141.03, 159.68 (tCPh),
140.08 (C1), 139.20 (C1), 131.82, 128.35, 128.94, 128.20, 128.06, 127.74,
127.56, 126.24 (tCPh). Anal. Calcd for C26H24ClNbSi: C, 63.41; H,
4.92. Found: C, 62.93; H, 4.94.

(20) Crystal data for 2: C16H20ClNbSi, monoclinic, P21/c; a )
11.5690(10), b ) 10.9508(7), c ) 14.3790(10) Å; â ) 108.910(11)°; V )
1723.4(12) Å3; Z ) 4; Dcalc ) 1.421 g‚cm-3; λ(Mo KR) ) 0.7107 Å; µ(Mo
KR) ) 0.91 mm-1; 293 K; Phillips PW 1100 diffractometer, graphite
monochromator, yellowish crystal (0.18 × 0.15 × 0.20 mm); 2833
collected reflections (2 e θ e 25), 2217 with I > 2σ(I). No absorption
correction was applied. The structure was solved by a combination of
direct methods and Fourier synthesis and then refined by full-matrix
least-squares (SHELXL-93). Non-hydrogen atoms were anisotropic,
and hydrogen atoms were included in their calculated positions as fixed
isotropic contributors. R ) 0.0666, Rw ) 0.1320, ratio data/parameters
) 2833/188, GOF ) 1.158, and largest difference peak and hole ) 0.605
and -0.581 e/Å3.

(1)

Figure 1.
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ously reported structures of ansa-niobocene complexes
where the cyclopentadienyl rings also exhibit σ bonding
to the metal.7,9 The cent(1)-Nb-cent(2) angle of 130.0-
(5)° (cent(1) is the centroid of C(41)-C(45), and cent(2)
is the centroid of C(51)-C(55)) is slightly greater than

that observed for (η5-C5H4SiMe3)2NbCl(PhCtCPh) (cent-
(1)-Nb-cent(2) angle of 128.4°).18 This indicates that
bridging the cyclopentadienyl rings of the ansa ligand
does not greatly affect their disposition with respect to
the metal center. In addition, a lengthening of the CtC
bond of the alkyne (C(11)-C(12) bond length of 1.271-
(11) Å) and a significant deviation from linearity of the
CsCtC angles (C(111)-C(11)-C(12) angle of 145.6(8)°
and C(112)-C(12)-C(11) angle of 146.1(8)°) with respect
to the free alkyne are observed similar to that reported
for (η5-C5H4SiMe3)2NbCl(PhCtCPh).18 This reflects the
effect of π-back-donation and indicates that the ligand
MeCtCMe behaves as a two-electron donor.
In conclusion, we describe in this paper a straight-

forward method for the preparation of a useful starting
material, an ansa-niobocene complex, and the first
determined X-ray structure of such a complex in which
the cyclopentadienyl rings are bound only in an η5-mode.
Work in order to develop this chemistry is presently in
progress.
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Figure 2. Structure of 2, showing the atom-labeling
scheme. Selected bond distances (Å) and angles (deg): Nb-
(1)-cent(1), 2.225(12); Nb(1)-cent(2), 2.272(12); average
Nb(1)-C(41-45), 2.5326; average Nb(1)-C(51-55), 2.572;
Nb(1)-Cl(2), 2.552(2); Nb(1)-C(11), 2.168(8); Nb(1)-C(12),
2.156(8); C(11)-C(12), 1.271(11); cent(1)-Nb(1)-cent(2),
130.0(5); cent(1)-Nb(1)-Cl(2), 100.7(3); cent(2)-Nb(1)-Cl-
(2), 105.7(3); cent(1)-Nb(1)-C(11), 115.1(5); cent(1)-Nb-
(1)-C(12), 103.1(5); cent(2)-Nb(1)-C(11), 110.6(5); cent-
(2)-Nb(1)-C(12), 103.0(5); C(11)-Nb(1)-Cl(2), 81.0(2);
C(12)-Nb(1)-Cl(2), 114.9(2); C(11)-Nb(1)-C(12), 34.2(3);
C(112)-C(12)-C(11), 146.1(8); C(111)-C(11)-C(12), 145.6-
(8); cent(1)-C(41)-Si(3), 160.3(11); cent(2)-C(5)-Si(3),
160.9(10); C(41)-Si(3)-C(51), 96.5(4) (cent(1) is the cen-
troid of C(41)-C(45), and cent(2) is the centroid of C(51)-
C(55)).
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