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Abstract

New silyl substituted monocyclopentadienyl complexes of Z{IV) were synthesized from the precursor [Zr{n*-CsH ,(SiMe,CD}Cl,]
(1). The reaction of 1 with the lithium benzamidinate salt Li[C(Ph){N(SiMe,)},] leads to the complex [Zr{n®-
CsH (SiMe,CDHC(Ph)[N(SiMe;)],)C1,] (2), which decomposes slowly in solution with elimination of SiMe,Cl. Complex 1 reacts with
alkyl, amido and alkoxo transfer reagents (4 equiv.) to afford complexes [Zr{n>-CsH (SiMe,X)}X;] (X = NMe, (3), OSiMe; (4),
CH,CMe,Ph (5), C4H; (6), C4Fs (7) and CH,SiMe; (8)) in good yields. Compounds 6 and 7 retain diethyl ether used as solvent but
decompose as soon as they are desolvated under high vacuum conditions. Reaction of 1 with Mg(CH,Ph), - 2THF (4 equiv.) yields the
tetrabenzyl complex [Zr{n’-CH ,(SiMe,CH,Ph)}(CH,Ph),] (9). The 'H and *C NMR data of the latter compound are discussed in
terms of the non-classical coordination mode of the CH,Ph ligand. The molecular structure of [Zr{n’-CsH (SiMe,CH,Ph)}(CH,Ph),] 9
has been determined by X-ray diffraction methods. The coordination geometry around the zirconium atom shows a substituted
n°-cyclopentadienyl ring and three different benzyl ligands: a distorted 1%-benzyl group; a normal n'-benzyl group; and a benzyl ligand
with an intermediate coordination mode. The benzyl fragment bonded to silicon points away from the metal center. 9 crystallized in
monoclinic space group P2, /c with a = 11.268(3) A, b= 10.846(3) A, ¢ = 27.734(6) A, B =100.29(1)°, V = 3334.9(15) A® for Z=4.
The tetraalkylated compounds 6, 7 and 9 are excellent precursors for the preparation of the chloro derivatives. Reactions of these
complexes with 3 equiv. of HCI gave the corresponding trichloro [Zr{n®-CsH ,(SiMe,R)}C1;] (R = C4H; (10), C4F; (11), CH,Ph (12)).
The monochloro [Zr{n*-C sH ,(SiMe,CH,Ph)}(CH,Ph),Cl1] (13) and the dichloro derivative [Zr{n>-CsH 4(SiMe,CH,Ph)}(CH,Ph)Cl,]
(14) are observed, at 60°C and 90°C, respectively, by NMR experiments in deuterated chloroform. Complexes 10 and 11 also retain
coordinated solvent, decomposing slowly when it is removed. 1 and 12 in the presence of MAO as cocatalyst, at 25°C and 1 atm of
monomer pressure, cause the polymerization of ethylene with moderate activities, while under similar conditions, polymerization of
propylene and styrene proceeds giving only traces of atactic materials. © 1997 Elsevier Science S.A.
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1. Introduction is probably the most important [1-5]. However, the
formal 12-electron monocyclopentadienyl group 4 metal
complexes also play a role as catalysts in both organic
synthesis and olefin polymerization [6~12]. Their reac-
tivity profile differs considerably from those shown by
their metallocene counterparts for both steric and elec-
tronic reasons. Monocyclopentadienyl complexes have
been less extensively studied because fewer practical
T Comesponding author. synthetic approaches exist for their_ preparation. .Four

! X-ray diffraction studies. different methods have been used in order to find a

% Also corresponding author. convenient preparative route for group 4 metal com-

The chemistry of metallocene derivatives of group 4
metals and lanthanides has been extensively studied
with a view to understanding the oligomerization and
polymerization processes of unsaturated monomers. Of
these processes, Ziegler—Natta a-olefin polymerization

0022-328X /97 /$17.00 © 1997 Elsevier Science S.A. All rights reserved.
PII S0022-328X(97)00443-9



288 G. Ciruelo et al. / Journal of Organometallic Chemistry 547 (1997) 287-296

pounds of type [M(n’-C;H, R,)Cl,] (see Scheme 1).
Route A involves the metathetical reaction of MCl,
with the appropriate main group metal cyclopentadi-
enide in equimolar ratio [13—18]. This procedure works
well for sterically crowded cyclopentadienyl groups but
is found to fail for non or less bulky substituted Cp
rings for which the corresponding metallocene dichlo-
ride derivatives are obtained. The second approach (route
B) is based on the photo-induced chlorination reaction
of [M(n°-C5H;_,R,),CL,] in chlorinated solvents pro-
ducing, normally, very poor yields owing to the inabil-
ity to control the extent of the reaction [19,20}. Route C
is based on the reaction of MCl, with 1 equivalent of
the appropriate silylated cyclopentadiene ligand. This
procedure represents a particularly efficient method for
the synthesis of trichloro monocyclopentadienyl tita-
nium derivatives and seems to work quite well for the
zirconium and hafnium complexes with sterically de-
manding Cp rings. As with route A, the use of less
hindered Cp ligands affords a mixture of mono and
dicyclopentadienyl compounds [21,22]. Recently, a con-
venient method for the synthesis of these monocy-
clopentadienyl complexes via ligand redistribution reac-
tions, mixing MCl, and [M(7’-CH, R ,),Cl,] in an
equimolar ratio (route D), has been reported [23].

We describe in this paper the reactivity of the previ-
ously reported chlorodimethylsilyl-substituted monocy-
clopentadienyl zirconium trichloride complex [Zr{n’-
C,H ,(SiMe,CD}Cl,] [24] with alkyl, alkoxo or amido
reagents. These reactions give substitution of the chlo-
rine ligands bonded to the zirconium atom and involve a
different and efficient approach to the synthesis of new
silyl substituted monocyclopentadienyl zirconium
derivatives by introducing side chain functionalities in
the cyclopentadienyl ring. This allows for a comparison
in the behaviour between the zirconium compound with
the observed for the analogous titanium complex [Ti{»n’-
C,H,(SiMe,CD}Cl,] [24-26].

Route C

R
\®<51Me3
=~/ H

Scheme 1.

2. Results and discussion

2.1. Synthesis of [Zr{n’-CsH,(SiMe,Cl)}-
{C(Ph)[N(SiMe,)],}Cl,] (2) and [Zr{n°-
CsH,(SiMe, X)}X;] (X = NMe,, OSiMe,,
CH,CMe, Ph, C4H;, CsF;, CH,SiMe;, CH, Ph) (3~9)

The reaction of [Zr{n*-CH (SiMe,CD}Cl,] (1) with
the lithium benzamidinate salt Li{C(Ph}{N(SiMe,)},] in
1:1 molar ratio in diethyl ether at room temperature
gave the corresponding [Zr1{n -
C;H (SiMe,CDHC(Ph)[N(SiMe;)],}C1,] (2) as white
crystals in 60% yield. This compound is moisture sensi-
tive but thermally stable in the solid state. It can thus be
stored under an inert atmosphere for long periods as a
solid, but decomposes slowly in solution at room tem-
perature to unidentified materials via SiMe;Cl libera-
tion. This behaviour contrasts with the higher stability
shown by the analogous complex [Zr{n°-
CH ,(SiMe,CDHN(SiMe;),}C1,] which does not de-
compose even at reflux in toluene [25,26], probably due
to the greater steric hindrance of the benzamidinate
ligand in 2.

Treatment of 1 with 4 equivalents of the amido or
alkoxo lithium salts LiNMe, or LiOSiMe, in diethyl
ether at —30°C afforded the tetraamido derivative
[Zr{n’-CsH (SiMe,NMe, )}(NMe, ),] (3) and the te-
trasilox o compound [Z{n -
C,H,(SiMe,0SiMe,)}(0OSiMe,);] (4) respectively as
yellow oils in high yields. Reaction of 1 with 4 equiva-
lents of the appropriate alkyl or aryl lithium reagent in
diethyl ether solutions produced the tetraalkyl or te-
traaryl derivative [Zr{n’-C,H (SiMe,R)}R;] (R =
CH,CMe,Ph (5), C(H; (6), C4F; (7) and CH,SiMe,
(8)) in good yield. Attempts to permethylate compound
1 using LiMe or AlMe, as alkylating reagents were not
successful. An analogous reaction of 1 with
Mg(CH,Ph), - 2THF (molar ratio 1:2) in diethyl ether

g\w.\\Cl MCI
M. + 4
3™
Route D
%

R

- SiMe,Cl

MCl,
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at —30°C gave the tetrabenzyl complex [Zr{n°-
C,H,(SiMe,CH,Ph)}(CH,Ph),] (9) as bright yellow
crystals in high yield. The molecular structure of 9 has
been determined by X-ray crystallography and will be
discussed in detail later. The reactions for the syntheses
of compounds 2-9 are shown in Scheme 2.

Whereas compound 5 was obtained as a pure yellow
oil, complexes 6 and 7 were isolated as brown and pale
yellow crystals respectively, retaining coordinated di-
ethyl ether. Similar behaviour has been observed for the
non substituted monocyclopentadienyl zirconium com-
plex [Zr(n’-CH)Ph,] [19] although no etherate is
formed by the analogous complex containing the bulkier
and electron rich pentamethylcyclopentadienyl ligand
[27]. This feature could be due to the steric and elec-
tronic requirements imposed by the silyl substituted
monocyclopentadienyl ring in the zirconium complexes
described in this paper. Compounds 6 and 7 decom-
posed when the coordinated diethyl ether was removed
under high vacuum. Complex 8 was prepared using an
excess of LICH, SiMe, (4.5-5 equiv.) and obtained as a
yellow oil, always contaminated by the lithium reagent
due to the high solubility of both species even in
hydrocarbon solvents.

When the same reactions were carried out using
appropriate molar ratios of the alkylating reagents to
prepare mono-, di- or tri-substituted derivatives, in-
tractable mixtures were obtained from which no pure
substance could be isolated.

Compound 1 has two different types of chlorine
atoms which may be involved in substitution reactions,
namely the chlorine bonded to silicon and those bonded
to the metal centre. We have previously studied the
reactivity of the Zr—Cl and Si—Cl bonds in compound 1
towards hydrolysis, and the metathetical reaction using
lithium amide reagents showing both units different
degrees of reactivity. The former reaction causes the
cleavage of the Si—Cl bond whereas the latter gives rise
to nucleophilic attack on Si—Cl and Zr—Cl bonds [24-
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26]. Selective treatment of 1 with 1, 2 or 3 equivalents
of the nucleophiles discussed in this paper produced
mixtures of compounds, showing no selectivity under
these conditions. This behaviour contrasts with that
observed for the analogous titanium derivative [Ti{n’-
CH (SiMe,CD}CI,] where the use of three equivalents
of the alkyl transfer reagent gave the [Ti{n’-
CH,(SiMe,CD}R,] as the unique product [24].

The spectroscopic and analytical data for the new
compounds are included in the Section 3 and will only
be discussed where appropriate. The NMR spectra of
compounds 3-9 show two groups of resonances, one
for the substituent bonded to Si and a second group for
all the amido, alkoxo or alkyl groups attached to the
metal centre. Two different methylene environments are
observed in the NMR spectra for 9: for ZrCH,Ph,
resonances at & 1.59 and 66.7 are observed in the 'H
and "C NMR spectra respectively, while for SiCH,Ph
the corresponding resonances appear at & 2.14 and
27.7. Low temperature NMR experiments have shown
no spectroscopic differences in the benzyl ligands at-
tached to zirconium indicating that these three alkyl
groups become equivalent in solution. However, in the
NMR spectra at room temperature, the chemical shift of
the ortho protons of the benzyl group Zr-CH, Ph appear
at 6 6.52, shifted upfield from the normal aromatic
region [13,28] and the ipso-C resonances for Zr-CH,Ph
(& 143.6) appear downfield from those observed for
Si-CH,Ph (& 139.5). The J.y coupling constant found
for Zr-CH,Ph (127.3 Hz) is slightly higher than that
observed for the undistorted Si-CH,Ph (120.9 Hz).
These NMR data would suggest that there is somehow,
a non classical benzyl interaction in solution for the
benzyl ligands bonded to zirconium [28] with no signifi-
cant interactions in the side chain benzyl group attached
to silicon. Similar spectroscopic behaviour has been
reported for related d° electronically unsaturated benzyl
complexes of the early transition metals [13,28-32].

The ""F-NMR spectrum of compound 7 is notewor-

Lo >-8iMeyCl L2 >siMe,Cl Lo > SiMe,CH,Ph
1 Li[PhC(NSiMey),] | 2 MgBz,2THF
01 Si N e Z —_— Zmen . — Zr e CH, Pl
Me,Si-N—Z1 Cl - r CH,Ph
7N\ a AN PrCHT
pv’ ) C a CH,Ph
- 1
SiMes 9
2 ¢ Liy 4LiR
L2 SiMe)NMe 4 NaOSiMe; @ SiMe;R
Zp - NMe ZrwR
MeN" T\ : RN
NMe,
L2 SiMe,08iMe; R = CH;CMe,Ph 5, CiHs 6, CFs 7.
3 | CH,SiMe; 8.
Zp-w08iMe
MesSio—" sit :
iMe,

4

Scheme 2.
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thy showing two sets of resonances attributed to the two
patterns of the CF; group (8 —123.7 (br) F

ortho?

—156.3 F,,,,, —162.3 (br) E,,,, corresponding to the
groups attached to Zr and 6— 1284 F, ,, ., —1523
F, e —162.6 F, ., corresponding to the one linked to
silicon).

2.2. Synthesis of [Zr{n’-C;H(SiMe,R)}Cl,] (R=
C, H, (10), C,F, (11), CH,Ph (12))

Reactions of hexane solutions of 6, 7 and 9 with 3
equivalents of HCI in diethyl ether at room temperature,
afforded the trichloro derivatives [Zr{y?*-
C,H,(SiMe,R)}C1,] (R = C¢H; (10), C.F, (11),
CH,Ph (12)) in good yields (Scheme 3). Complexes
10-12 retained diethyl ether from the solvent mixture,
decomposing on desolvation at low pressure. All these
compounds are rather insoluble in hexane, slightly solu-
ble in toluene but very soluble in chlorinated solvents.
In contrast, decomposition occurs when compounds 3—-5
are treated in the same manner with HCl. The 'H and
"C NMR spectroscopic data for complexes 10~12 show
the expected features for undistorted Si—-R groups, rul-
ing out an intramolecular coordination of the pendant
aromatic groups to the metal center [31-33].

Compound 12 can also be prepared from 9 in chlori-
nated solvents. An NMR scale reaction of [Zr{n°-
C,H,(SiMe,CH,Ph)}(CH,Ph),] (9) in deuterated chlo-
roform at 60°C led selectively to the monochloro deriva-
tive [Zr{n*-C,H (SiMe,CH,Ph)}(CH,Ph),Cl] (13).
The '"H NMR spectrum of complex 13 shows an AB
spin system for the diastereotopic CH, protons (8,
1.76 and &5 2.01) of the Zr-CH,Ph groups with a Jyy
coupling constant of 10.2 Hz, whereas the ortho proton
resonance of the aromatic ring appears at 8 6.6. There-
fore, some 7r-aromatic benzyl-metal interaction can be
proposed for this molecule [28,34]. Heating the chloro-
form solution above 60°C, resulted in further substitu-
tion of benzyl groups bonded to zirconium, affording a

mixture of the dichloro derivative [Zr{n°-
Lo >-siMeR L SiMeR
z‘ 3HC |
rommR —— - Zr--wnC]
RN\ -3RH a" N\
R i

R = C¢Hs 6, CgFs 7, CHyPh 9, R = C4H, 10, C4Fs 11, CH,Ph 12,

CDCly | . CDCl; | Ry
60°C RH >90°C
L2 > SiMeR Lo siMeR
| CDCly 1
Zr e R 90° C Zr R
a N\ a” O\
-RH cl
R = CH,Ph 13 R = CH,Ph 14
Scheme 3.

Fig. 1. Ortep view of molecular structure of compound 9 with the
atom-numbering scheme. Thermal ellipsoids are given with a 40%
probability.

C,H ,(SiMe,CH,Pn)}(CH,Ph)Cl,] (14) and the
trichloro compound 12. The 'H NMR spectrum of
compound 14 exhibits only one singlet at & 2.65 for the
Zr-CH,Ph group since of the prochiral environment
observed in complex 13 is lost, and no resonances
below & 6.8 could be detected for the ortho protons of
the phenyl group. Above 90°C the mixture was totally
converted to complex 12 (Scheme 3). Attemps to isolate
compounds 13 and 14 on a preparative scale have been
unsuccessful at the moment.

Complexes 1, 9 and 12 in the presence of MAO or
B(C¢Fs); as cocatalyst polymerize ethylene with low
activity under mild conditions (room temperature,
monomer pressure 1 atm, Al/Zr= 1000, B/Zr = 1).
These low activities may be due to the short life time of
the Al-free catalyst system found in NMR experiments. 3
Polymerization of propylene and styrene were per-
formed under similar conditions. In each case only
traces of waxy and solid material were found for
polypropylene and polystyrene respectively, which were
identified by C NMR as atactic polymers.

2.3. Description of the crystal structure of [Zr{n’-
CsH,(SiMe,CH, Ph)}(CH, Ph),] (9)

Fig. 1 shows an ORTEP view of 9 along with the
numbering scheme used. Selected bond lengths and

¥ An NMR scale reaction of compound 9 with 1 equivalent of
B(C4Fs), in CD,Cl, at —78°C yielded the expected compound
{ZdCH (SiMe,CH,Ph)] (CH,Ph),}* [B(CH,Ph)B(CF;);]™ as
minor component of a blend of complexes. Further studies are in
progress to investigate the nature of the mixture.
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Table 1
Selected bond distances (A) and bond angles (°) for compound 9

Z(1)-C(21) 2.260 (19) Z1(1)-C(31) 2.288 (17)
Zr(1)-C(32) 2.644 (21) Zr(1)-C(41) 2.276 (14)
Si(1)-C(1) 1.863 (16) Si(1)-C(6) 1.887 (22)
Si(1)-C(7) 1.828 (18) Si(1)-C(11) 1.867 21)
C(1D-C(12) 1.495 28) Si(21)-C(22) 1.454 (22)
C(31)-C(32) 1471 (28) C(41)-C(42) 1.506 (22)

Zr(1)-Cpl 2.260
CQ1-Z«(1)-C(31) 108.5 (6)
CQ1)-ZH1)-C(41) 101.9 (6)

C2D-Zr(1)-C(32) 123.1(6)
C(31)-Zr(1)-C(41) 119.6(6)

C(32)-Zr(1)-C(41) 86.0(6) C(1)-Si(1)-C(6) 111.9 ()

C(1)-Si(1)-C(7) 1103 (8)  C(6)-Si(1)-C(7) 110.5 (10)
C(D-SKD-CAD  107.0(8) C(6)-Si(1)-C(11)  106.8 (10)
C(D-SKD-C(11) 11049  Si(1)-C(11)-C(12) 114.7 (15)

Z{1)-CQD-C(22) 102.0(13) Zd1)-CGB1-C(32) 86.5 (10)
Zi(1)-C(32)-C(31) 59.8 (10) Z«{(1)-C(41)-C(42) 122.4 (11)
Cp(1)-Zx(1)-CQ1) 107.4 Cp()-Z1)-C(31) 1107
Cp()-Z(1)-C(32) 1238 Cp(1)-Zx(1)-C(41) 108.1

angles with their standard deviations are listed in Table
1. The metal is coordinated to a substituted n°-cyclo-
pentadienyl ring and three benzyl ligands, maintaining a
mononuclear environment with the classical ‘three-
legged piano stool’ configuration.

In this case however, we found an asymmetrical
arrangement for the legs, shown by the angles C a—Zr~—
C a, whose values ranged from 119.6(6)° for C31-Zr—
C41 to 101.9(6)° for C21-Zr-C41. These differences
are due to the different solid state bond modes of the
three benzyl groups bonded to the Zr atom. The group
bonded through C31 shows a Zr-C-Ph angle of

86.5(10)° resulting from the closer proximity of the
associated phenyl ring, in particular the ipso carbon, to
the zirconium atom (Zr—C32 distance is 2.644(21) A).
This situation is ascribed to m?-coordination of the
benzylic fragment. Comparable angle values have been
found in the sterically crowded aryl oxide
[Z:{(OC4H}Bu,)(CH,Ph),] (84°) [28] and in the elec-
tronically deficient cationic derivatives
[Zi(CH, Ph),{B(CH,Ph)(C(F;),}]* (82.7°) [35] and
[Z1(CsH;),(CH,Ph)(CH,CN)]* (84.9°) [36], although
the angle is smaller than those reported in the cyclopen-
tadienyl ring free complex [Zr(CH,Ph),(dmpe)]
(94.2(4)°) [37] and the related monocyclopentadienyl
compound [Zr(C H,)(CH,Ph),] (94.5(5)°) [38]. The
second benzyl ligand bonded to the metal through C41
has a Zr-C-Ph angle of 122.4(11)°, consistent with a
normal 7'-bonding mode. The third benzyl ligand has a
Zr—C-Ph angle of 102.0(13)° suggesting an intermedi-
ate interaction between the aromatic fragment and the
metal centre. Several transition metal complexes show-
ing different modes of ligation of the benzyl ligands
have been structurally characterized [28,38-40]. The
three C o atoms are bonded to Zr at the same distance,
2.27 A (average value) and define a plane almost
parallel to the Cp ring plane. Two of the phenyl rings
are pointing downwards toward the metal, and their
planes are almost perpendicular to the Cp ring plane.
However, the phenyl group attached to C41 is pointing
upwards and makes an angle of 38.5(5)° with the Cp
ring plane. This is in contrast to CpZr(CH,Ph); [38]

Fig. 2. Unit cell packing for the structure of compound 9.
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where all the benzyl groups point down and are sym-
metrically placed, and to Cp * Ti(CH, Ph), [29,30] where
the phenyl groups are symmetrically located with one of
the phenyl rings pointing up, but with its plane parallel
to the Cp plane.

The Cp ring is unexceptional with a Zr-Cp bond
length of 2.26 A and an average Zr-C distance of 2.49
A. [13,41,42]. The benzyldimethylsilyl substituent of
the cyclopentadienyl ring is bent away from the metal in
the solid state and shows no interaction with the metal
centre, in accordance with its NMR spectra in solution.
The silicon atom is located 0.198(5) A above the Cp
ring plane. The Si—C-Ph angle of 114.7(15)° corre-
sponds to a normal n'-benzyl ligand [43-48].

These structural features, together with the spectro-
scopic data observed in the NMR studies, show us that
the benzyl groups are very versatile ligands. Their
different ways of bonding have similar energies, so that
besides electronic effects, small packing forces in the
solid state have a marked influence on the differences
between them. In the unit cell of compound 9 (Fig. 2) a
face to face disposition of the ring bonded to C31 is
observed, probably required by the n bonding mode of
the benzylic fragment.

3. Experimental section
3.1. General considerations

All manipulations were performed under argon using
Schlenk and high-vacuum line techniques or a glovebox
model HE-63 or MBraun. Solvents were purified by
distillation under argon from an appropriate drying agent
(sodium for toluene, sodium—potassium alloy for hex-
ane and sodium—benzophenone for diethyl ether). The
lithium benzamidinate salt [49], the lithium reagents
LiR (R = CH,CMe,Ph [50], C¢Hs, * C(F; [51],
CH,SiMe, [50]) and Mg(CH,Ph), - 2THF [52] were
prepared by known procedures. LiNMe,, LiOSiMe,
and 1 M HCI solution in diethyl ether were purchased
from Aldrich. C, H and N microanalyses were per-
formed on a Perkin—Elmer 240B and /or Heraeus CHN-
O-Rapid microanalyzer. Complexes 6 and 7 were al-
ways obtained with variable amounts of diethyl ether
and compound 8 was repeatedly obtained contaminated
with LiCH,SiMe,, making their complete analytical
characterization impossible. NMR spectra, measured at
25°C, were recorded on a Varian Unity 300 (‘'H NMR
at 300 MHz, *C NMR at 75 MHz, and "°F NMR at 282
MHz) spectrometer. '"H and "C chemical shifts are

*In a typical experiment IC4Hs in hexane was treated with 1
equivalent of LiBut. The solvent was reduced to the half volume
affording LiC4H5 as a white solid.

reported in & units relative to TMS standard, °F
chemical shifts were referenced to CCl,F.

3.2. Synthesis of [Zr{n’°-CsH,(SiMe,Cl)}-
{C(PR)[N(SiMe;)1,}Cl, ] (2)

A solution of Li[C(Ph){N(SiMe;)},] (0.38 g, 1.40
mmol) in toluene (15 ml) was added to 0.5 g of 1 (1.41
mmol) in toluene (40 ml) at —30°C. The reaction
mixture was warmed to room temperature and stirred
for 12 h. The volatiles were removed under vacuum and
the residue was extracted into hexane (2 X 35 ml) and
the extracts filtered. The volume of the filtrate was
reduced to ca. 20 ml and cooled to —36°C to give 2 as
off-white crystals (0.49 g, 60% yield). Anal. Calcd. for
C,H;3N,SiyZr: C, 41.17; H, 5.66; N, 4.80. Found: C,
4091, H, 5.57; N, 4.62. '"H NMR (C,D,): & 6.9-6.7
(m, 5H, C4Hy), 6.78 (1, 2H, J,y =2.56 Hz, C;H,),
6.52(t, 2H, Jy,; = 2.56 Hz, C H,), 0.95 (s, 6H, SiMe, ),
—0.04 (s, 18H, SiMe,).

3.3. Synthesis of [Zr(n’-CsH (SiMe, NMe,)}(NMe, ), ]
(3)

0.21 g of LiNMe, (4.16 mmol) was added to a
diethyl ether solution (40 ml) containing 0.37 g of 1
(1.04 mmol) at —78°C. After warming to room temper-
ature the reaction mixture was stirred for 12 h. The
volatiles were removed under reduced pressure and the
residue was extracted into hexane (40 ml). After filtra-
tion, solvent was removed under vacuum to give 3 as an
analytically pure yellow oil (0.28 g, 71% yield). Anal.
Calcd. for CsH,,N,SiZr: C, 46.24; H, 8.73; N, 14.38.
Found: C, 45.91, H, 8.60; N, 14.01. "H NMR (C,D,): &
6.32 (broad, 2H, CH,), 6.29 (broad, 2H, C;H,), 2.94
(s, 18H, 3 Zr-NMe,), 2.43 (s, 6H, Si-NMe,), 0.34 (s,
6H, SiMe,). "C NMR (C(D,): & 118.1 (CH of C;H,),
113.9 (CH of C4H,), 45.4 (Zr-NMe,), 38.3 (Si-NMe,),
—1.25 (SiMe,).

3.4. Synthesis of [Zr{nm’-CsH,(SiMe,0SiMe;)}-
(OSiMe,);] (4)

0.37 g of LiOSiMe, (3.82 mmol) was added to a
diethyl ether solution (40 ml) containing 0.34 g of 1
(0.95 mmol) at —78°C. The reaction mixture was
warmed to room temperature and stirred for 12 h giving
a yellow solution. The volatiles were removed under
reduced pressure and the residue was extracted into
hexane (30 ml). After filtration solvent was removed
from the resulting solution under vacuum to give 4 as a
yellow oil (0.33 g, 64% yield). '"H NMR (C¢Dy): &
6.65 (t, 2H, Jyy = 2.40 Hz, C;H,), 6.39 (t, 2H, Jyy =
2.40 Hz, C;H,), 0.51 (s, 6H, SiMe,), 0.17 (s, 27H, 3
Zr-0OSiMe,), 0.12 (s, 9H, Si-OSiMe,).
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3.5. Synthesis of [Zr(n’-C;H(SiMe,CH,CMe, Ph)}-
(CH,CMe, Ph),] (5)

A diethyl ether solution of 1 (0.53 g, 1.49 mmol) was
treated with a diethyl ether solution of LiCH,CMe,Ph
(0.83 g, 5.97 mmol) at —78°C. The reaction mixture
was warmed to room temperature and stirred for 12 h.
The volatiles were completely removed under reduced
pressure and the residue was extracted into hexane (40
ml). The solution was filtered and the solvent was
removed under reduced pressure to give 5 as brownish
orange oil (0.93 g, 84% yield). Anal. Calcd. for
C,H,SiZr: C, 75.68; H, 8.32. Found: C, 75.34; H,
8.20. 'H NMR (C.D;): & 7.34 (d, 2H, Juy = 1.20 Hz,
Si-CH,CMe,C Hy ortho), 7.32 (d, 6H, Jyy = 1.20 Hz,
3 Zr-CH,CMe,C Hs ortho), 7.28-7.09 (m, 12H, Si-
and 3 Zr-CH,C(H; para and meta are overlapped),
5.73 (t, 2H, Jyy = 2.55 Hz, CsH,), 5.59 (¢, 2H, J,, =
2.55 Hz, C;H,), 1.34 (s, 18H, 3 Zr-CH,CMe,C HJ),
1.26 (s, 6H, Si-CH,C Me,C H;), 1.23 (s, 2H, Si-CH,),
0.99 (s, 6H, 3 Zr-CH,), 0.00 (s, 6H, SiMe,). °C NMR
(C¢Dg): 8 152.6 (Zr CH,CMe,C,H; ipso), 150.8 (Si-
CH,CMe,C¢H; ipso), 128.4 (Zr-CH,CMe,C,H, or-
tho, Joy = 159.35 Hz), (Si-CH,CMe, C H ortho, meta
and para and Zr-CH,CMe,C;H s para are overlapped),
125.9 (Zr-CH,CMe,C H meta, Joy = 155.7), (CsH,
ipso obscured by phenyl groups), 115.7 (CH of C,H,,
Joy = 170.3 Hz), 113.9 (CH of C;H,, Jo = 170.3 Hz),
92.4 (Zr-CH,, Jo, = 1053 Hz), 424 (Zr-
CH,CMe,C¢H;), 37.4 (Si-CH,CMe,CH;), 35.4 (Si-
CH,), 34.3 (Zr-CH,CMe,C¢Hs), 32.6 (Si-
CH,CMe,CH,), 0.1 (SiMe,).

3.6. Synthesis of [Zr{n’-Cs H (SiMe, Ph)}Ph, I(Et,0), s
(6)

0.94 g of LiPh (10.92 mmol) was added to a diethyl
ether solution (50 ml) containing 0.97 g of 1 (2.73
mmol) at —78°C. The reaction mixture was warmed to
room temperature and stirred for 12 h. The volatiles
were removed under reduced pressure to give a black
oil which was extracted into 50 ml of hexane. After
filtration the solvent was removed from the extract,
giving 6 as a dark brown oil. Recrystallization from
hexane afforded 6 as brown crystals (0.73 g, 45%
yield). '"H NMR (C,D,): 6 7.65 (d, 6H, Jy = 6.22
Hz, 3 Zr-C4H;), 7.42-6.87 (m broad, 14H, Si-C H,
ortho, meta, and para and Zr-C¢H, meta and para),
6.59 (t, 2H, Jy; = 2.56 Hz, C;H,), 6.27 (t, 2H, Jyy =
2.56 Hz, C;H,), 3.25 (g, 2H, O-CH,), 1.11 (t, 3H,
0-CH,-CH,), 0.30 (s, 6H, SiMe,).

3.7. Synthesis of [Zr{n’-C,H,/(SiMe,C4sF;)}-
(C4Fs); I(EL,0), (7)

A solution of 1 (0.34 g, 0.97 mmol) in diethyl ether
(25 ml) was added to a suspension of Li(C4F;s) (0.71 g,

4.08 mmol), in 15 ml of hexane at —78°C. The reaction
mixture was stirred at —78°C for 1 h. After warming to
room temperature and allowed to stand for 6 h, the
volatiles were removed under reduced pressure and the
residue was extracted into hexane (40 ml). After filtra-
tion the resulting solution was evaporated under reduced
pressure to 10-15 ml. By cooling at —20°C, compound
7 was obtained as a pale brown solid, which melted at
room temperature (0.83.g, 81% yield). 'H NMR (C,D;):
8 7.45 (broad, 2H, C,H,), 6.90 (broad, 2H, C.H,),
3.11 (g, 8H, O-CHg), 0.91 (t, 12H, O-CH,-CH,), 0.35
(s, 6H, SiMe,). "C NMR (C,D,): & 150.6-134.7
(CF; ortho, meta and para), 1253 (CsH, ipso),
1242 (CH of C H,), 121.1 (CH of CSHé), 66.1
(OCH,CH,), 14.0 (OCH,CH,), 1.3 (SiMe,). "F NMR
(C¢Dy): 6 —123.7 (broad, 6F, Zr-CF; ortho), —128.4
(d, 2F, Jir = 17.4 Hz, Si-C(F; ortho), —152.4 (t, 1F,
Je =20.3 Hz, Si-C(F; para), —156.3 (t, 3F, Ju =
20.34 Hz, Zr-C(F; para), —162.3 (broad, 6F, Zr-CF;
meta), —162.6 (t, 2F, Si-CF; meta).

3.8. Synthesis of [Zr{n’-CsH,(SiMe,CH,SiMe;)}-
(CH,SiMe,),] (8)

0.42 g of LiCH,SiMe, (4.52 mmol) was added to a
diethyl ether solution (60 ml) containing 0.321 g of 1
(0.90 mmol) at —78°C. The reaction mixture was
warmed to room temperature and then stirred for 36 h.
After filtration, the volatiles were removed under re-
duced pressure to give a waxy yellow solid which was
extracted into hexane. Removal of the solvent gave 8 as
very sticky solid contaminated with LiCH,SiMe,. 'H
NMR (C¢Dg): 8 6.44 (t, 2H, Jy, = 2.20 Hz, C;H,),
5.94 (t, 2H, J,,; =2.20 Hz, CsH,), 1.11 (s, 2H, Si-
CH,), 0.36 (s, 6H, 3 Zr-CH,), 0.20 (s, 27H, 3 Zr-CH -
SiMe;), 0.04 (s, 9H, Si-CH,-SiMe;), —0.00 (s, 2H,
SiMe, ).

3.9. Synthesis of [Zr{n’-CsH,(SiMe,CH,Ph)}-
(CH,Ph);] (9)

1.97 g of Mg(CH,Ph), - 2THF (5.6 mmol) was added
to a diethyl ether solution (60 ml) containing 1 g of 1
(2.8 mmol) at —78°C. The reaction mixture was warmed
to room temperature and then stirred for 17 h. Volatiles
were removed under reduced pressure, the residue ex-
tracted into toluene (2 X 50 ml) and the extracts filtered.
The volume of the filtrate was reduced (ca. 20 ml).
Crystals just began to form by cooling to —36°C to
give 9 as bright yellow crystals (0.90 g, 56% yield).
Anal. Caled. for C,H,,SiZr.1/2C, Hy: C, 74.13; H,
6.74. Found: C, 74.18; H, 6.52. 'H NMR (CDy): &
7.18-6.92 (m, 12H, C(H, meta and para), 6.88 (d,
2H, Jyy = 7.32 Hz, Si-CH,C, H, ortho), 6.52 (d, 6H,
Jug = 7.32 Hz, Zr-CH,C¢ H ortho), 5.86 (1, 2H, Jyy
=2.56 Hz, C(H,), 5.55 (t, 2H, Jygy = 2.56 Hz, C,H,),



294 G. Ciruelo et al. / Journal of Organometallic Chemistry 547 (1997) 287-296

2.14 (s, 2H, Si-CH,), 1.59 (s, 6H, 3 Zr-CH,), 0.15 (s,
6H, SiMe,). >C NMR (C,Dy): 8 143.6 (Zr-CH,C,H;
ipso), 139.5 (Si-CH,C4H; ipso), 129.6 (Zr-CH,C H;
ortho), (Si-CH,C,H; ortho, para and Zr-CH,C4H,
para are overlapped by the solvent), 124.7 (Si-CH,C,H
meta, Joy =161.18 Hz), 123.7 (Zr-CH,C¢Hs meta,
Jey = 161.18 Hz), 120.5 (CsH, ipso), 118.3 (CH of
C.H,), 116.4 (CH of C,H,), 66.7 (Zt-CH,, Joy =
1273 Hz), 277 (Si-CH,, Joy=1209 Hz), —2.3
(SiMe,).

3.10. Synthesis of [Zr{n*-CsH,(SiMe, Ph)}Cl,] (10)

2.88 ml of 1 M solution of HCl in diethyl ether (2.88
mmol) was added to a solution of 6 (0.50 g, 0.96 mmol)
in hexane at —70°C. The mixture was warmed to room
temperature and then stirred for 5 h. The volatiles were
concentrated and cooled to —40°C giving 10 as a
yellow sticky solid (0.7 g, 21% yield). Anal. Calcd. for
C;H Cl1,SiZr: C, 39.33; H, 3.78. Found: C, 39.51; H,
3.85. '"H NMR (CDCl,): & 7.60-6.61 (m, 5H, C4H,),
6.55 (1, 2H, Jyy = 2.56 Hz, CsH,), 6.24 (t, 2H, Jyy =
2.56 Hz, CH,), 0.57 (s, 6H, SiMe,).

3.11. Synthesis of [Zr{n’-CsH,(SiMe,CsF;)}Cl,]-
(Et,0), 5 (11)

5.65 ml of an 1 M HCI diethyl ether solution (5.65
mmol) was added to an hexane solution (45 ml) contain-
ing 1.94 g of 7 (1.88 mmol) at —60°C. The mixture
was warmed to room temperature and stirred for 7 h.
The resulting suspension was concentrated and cooled
to —40°C to give 11 as grey powder (0.32 g, 34%
yield). Anal. Calcd. for C15H15CIPSiFSZr: C, 34.38; H,
2.86. Found: C, 34.52; H, 2.97. 'H NMR (CDCl,): &
6.87 (broad, 2H, CsH,), 6.79 (broad, 2H, C;H,), 3.54
(g. 2H, O-CH,CH,), 1.20 (t, 3H, O-CH,-CH,), 0.79
(s, 6H, SiMe,). ’C NMR (CDCl,): 8 148.4 (C(F;
ortho, Jop = 238.1 Hz), 142.1 (CF; para, Jop = 252.8
Hz), 137.2 (C Fs meta, Jop = 261.9 Hz), (C;Fs ipso
and C4H, ipso are obscured by the solvent), 126.7 (CH
of C{H,), 123.8 (CH of C;H,), 66.0 (OCH,CH,),
14.9 (OCH,CH,), —0.71 (SiMe,). ’F NMR (CDCl,):
8—127.3 (d, 2F, Jg = 15.5 Hz, C(F; ortho), —152.8
(broad, 1F, C(F para), —162.7 (broad, 2F, C4F;
meta).

3.12. Synthesis of [Zr{n’-CsH,(SiMe,CH,Ph)}Cl,]
(12)

5.69 ml of an 1 M solution of HCI in diethyl ether
(5.69 mmol) was added to a solution of 9 (1.09 g, 1.89
mmol) in hexane at —70°C. The reaction mixture was
warmed to room temperature and then stirred for 15 h.
The volatiles were concentrated and cooled to —40°C

giving 12 as off-white solid (0.65 g, 84% yield). Anal.
Calcd. for C,,H,,Cl1;SiZr: C, 40.92; H, 4.14. Found: C,
40.80; H, 4.87. 'H NMR (CDCl,): § 7.16-6.81 (m,
5H, C¢H,), 6.93 (t, 2H, Jy,; = 2.56 Hz, C;H,), 6.68 (t,
2H, Jyy =2.56 Hz, C;H,), 2.26 (s, 2H, CH,), 0.33 (s,
6H, SiMe,). °C NMR (CDCI,): § 138.9 (CH, ipso),
132.1 (C;H, ipso), 128.25, 128.1 (C,H; ortho and
meta), 126.75 (C¢Hs para), 124.6 (CH of CH,),
124.3 (CH of C;H,), 27.1 (CH,), —2.79 (SiMe,).

3.13. NMR scale reaction of 9 with CDCl;

50 mg of complex 9 and 0.7 ml of deuterated chloro-
form, CDCl,, were sealed in a NMR tube under argon,
and heated at 60°C for 4 days. After this time the
formation of compound 13 was observed. Increasing the
temperature through the range of 60-90°C afforded a
mixture of the dichloride 14 and the trichloride 12.
Above 90°C, the mixture was quickly and quantitatively
transformed to 12.

[Zr{n>-CH (SiMe,CH,Ph)I(CH,Ph),Cl} 13: 'H
NMR (CDCl,): 8 7.76-7.00 (9H, CcH; para and
meta), 6.89 (d, 2H, J = 6.96 Hz, Si-CH,C H; ortho),
6.54 (d, 4H, J = 6.96 Hz, 2 Zr-CH,C H, ortho), 6.23
(t, 2H, CsH,), 6.16 (1, 2H, CsH,), 2.25 (s, 2H, Si-CH,),
2.01 (d, 2H, J, =102 Hz, Zr-CH,), 1.76 (d, 2H,
Juy = 10.2 Hz, Zr-CH,), 0.21 (s, 6H, SiMe,).

[Zr{n3-C,H (SiMe,CH,Ph)}(CH,Ph)Cl,] 14: 'H
NMR (CDCl,): § 7.34-6.77 (m, 10H, C¢H,) 6.59 (t,
2H, C,H,), 6.54 (t, 2H, CH,), 2.65 (s, 2H, Zr-CH,),
2.29 (s, 2H, Si-CH,), 0.27 (s, 6H, SiMe,).

3.14. Polymerization experiments

Polymerization of ethylene was carried out in 200-ml
magnetically stirred glass flasks, which were charged
with toluene (100 ml). The solvent was maintained at
25°C and saturated with the monomer at 1 atm. Poly-
merization runs were then initiated by injecting a toluene
solution of catalyst (9.7 X 10°¢ mol) and
cocatalyst(Al/Zr = 1000, B/Zr = 1), while the
monomer pressure was kept constant, and terminated by
injecting methanol /HCIl. The reaction mixture was
poured into acidified methanol, washed with methanol
and diethyl ether and the resulting solid polymers were
collected and dried in vacuo at 80°C. Polymerization of
propene was performed identically at 1 atm of monomer
pressure and at 25°C, and the same catalyst and cocata-
lyst concentration. However, only traces of atactic waxy
polymers soluble in toluene were obtained. Polymeriza-
tion of styrene was carried out similarly, with monomer
firstly injected by syringe in the toluene solution, al-
though only traces of atactic solid polymers were ob-
tained.
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3.15. X-ray structure determination of 9

Crystallographic and experimental details are given
in Table 2. Data collection were performed at 20°C
using an Enraf-Nonius CAD4 diffractometer. The
structure was solved by Patterson methods and Fourier
synthesis, and refined by full-matrix least-squares tech-
niques. Calculations were carried out on a PC486 com-
puter using the SHELXS-86 [53] and SHELX-76 [54]
programs. Complex 9 crystallized with a half molecule
of benzene. In the Fourier map we found only three
atoms of the corresponding molecule, the others being
related to them by a symmetrical plane. All the non-hy-
drogen atoms were refined anisotropically except C3,
C4, C26 and the carbon atoms from the solvent. In the
later stages of refinement H-atoms were included in
calculated positions with fixed thermal parameters using
a riding model. A weighting scheme, which gave satis-
factory agreement analyses, was introduced in the final
cycles of refinement. The final converged agreement

factors were R = 0.087, R, =0.108 and GOF = 1.47.

Table 2

Crystal, experimental data and structure refinement procedures for

compound 9

Empirical formula
Color; habit

Crystal size(mm)
Crystal system
Space group

Unit cell dimensions

Volume

z

Formula weight
Density (calc.)
Absorption coefficient
F(000)

Temperature (K)
Index ranges
Reflections collected
Observed reflections
Absorption correction
Solution

Refinement method
Quantity minimized
Weighting scheme

Number of parameters refined
Final R indices (obs. data)

R indices (all data)
Goodness-of-fit
Largest and mean d/s

Largest difference peak
Largest difference hole

CasH 4, SiZr-1/2 CgHg
Yellow; prismatic
0.35%0.25%0.20
Monoclinic

P2, /¢

a=11.2683) A
b=10.846(3) A
c=27.734(6) A

B =100.29(1)
3334.9(15) A?

4

614.0

1223 gem™?

0.389 mm ™!

1280

292
—13<h<13,-12 <k <0,0<32
5992

2135 (F > 4.0s(F))

N/A

Patterson

Full-Matrix Least-Squares
Sw(F, — F.)*

W= s*(F)+0.0020F?
331

R=18.66%, R, =10.08%
R=123.13%, R, =12.80%
1.47

0.086, 0.004

127 eA™?
—102eA?

4. Synopsis

The synthesis of silyl substituted monocyclopentadi-
enyl zirconium derivatives [Zr{w’-CsH (SiMe, X)}X,]
(X = NMe,, OSiMe;, CH,CMe,Ph, C H,, C/F,,
CH,SiMe, and CH,Ph) by reaction of [Zr{n’-
C,H (SiMe,CD}Cl,] with the appropriate alkyl, amido
and alkoxo transfer reagent is described. Treatment of
[Zr{n°-CH ,(SiMe,CD}C1,] with the salt
Li[C(PhX{N(SiMe,)},] leads to the benzamidinate com-
plex [Zr{n’-C H (SiMe,CD{C(Ph)IN(SiMe,)],}Cl, .
Reaction of the tetraalkylated compounds with 3 equiv.
of HCl gave the corresponding trichloro complexes
[Zr{n>-C H ,(SiMe,R)}CL, ] (R = C(H,, C(F;, CH,Ph).
The monochloro [Zr{n>-C H (SiMe,CH,Ph)}-
(CH,Ph),Cl] and the dichloro derivative [Zr{n’-
C,H,(SiMe,CH,Ph)}(CH,Ph)Cl,] were identified by
NMR spectrocopy. The molecular structure of [Zr{n3-
C,H ,(SiMe,CH,Ph)}(CH,Ph);] has been determined
by X-ray diffraction methods.

5. Supplementary material

The supplementary material available includes a
complete list of bond distances and angles, anisotropic
thermal factors, the calculated fractional coordinates of
hydrogen atoms and a list of observed and calculated
structure factors.

Acknowledgements

We are grateful to the DGICYT (Project PB-92-
0178-C) and University of Alcald for the financial
support of this research.

References

{11 EEW. Abel, F.GA. Stone, G. Wilkinson, Comprehensive
Organometallic Chemistry II. Vol. 4, pp. 213-632.
[2] P.C. Mbhring, N.J. Coville, J. Organomet. Chem. 479 (1994) 1.
[3] W. Kaminsky, H. Sinn (Eds.), Transition Metals and
Organometallics as Catalysts for Olefin Polymerization.
Springer, New York, 1988.
{4] H.H. Brintzinger, D. Fisher, R. Miilhaupt, B. Rieger, R-M.
Waymouth, Angew. Chem., Int. Ed. Engl. 34 (1995) 1143.
{5] M. Bochmann, J. Chem. Soc., Dalton Trans., 1996, 225,
[6] D.J. Gillis, M.J. Tudoret, M.C. Baird, J. Am. Chem. Soc. 115
(1993) 2543,
[7] J.C.W. Chien, B.P. Wang, J. Polym. Sci. Part A 28 (1990) 15.
[8] K. Soga, J.R. Park, T. Shiono, Polym. Commun. 32 (1991) 310.
9] N. Isihara, M. Kuramoto, M. Uoi, Macromolecules 21 (1988)
3356.
[10] C. Pellechia, P. Luongo, A. Proto, A. Zambelli, Makromol.
Chem, Rapid Commun. 13 (1992) 265.



296 G. Ciruelo et al. / Journal of Organometallic Chemistry 547 (1997) 287-296

[11] T.E. Ready, R.O. Day, J.C.W. Chien, M.D. Rausch, Macro-
molecules 26 (1993) 5822.

[12] D. Jeremic, Q. Wang, R. Quyoum, M.C. Baird, J. Organomet.
Chem. 497 (1995) 143, and references therein.

[13} H. Sitzmann, P. Zhou, G. Wolmershiuser, Chem. Ber. 127
(1994) 3.

[14] J.H. Wengrovius, R.R. Schrock, J. Organomet. Chem. 205
(1981) 319.

[15] M.D. Fryzuk, S.S.H. Mao, P.B. Duval, S.G. Retting, Polyhe-
dron 14 (1995) 11.

[16] A.W. Duff, P.B. Hitchcock, M.F. Lappert, R.G. Taylor, J.A.
Segal, J. Organomet. Chem. 293 (1985) 271.

[17] JH. Wengrovius, R.R. Schrock, C.S. Day, Inorg. Chem. 20
(1981) 1844.

[18] K.E. du Plooy, U. Moll, S. Wocadlo, W. Massa, J. Okuda,
Organometallics 14 (1995) 3129.

[19] G. Erker, K. Berg, L. Trschanke, K. Engel, Inorg. Chem. 21
(1982) 1277.

[20] N.J. Wells, J.C. Huffman, K.G. Caulton, J. Organomet. Chem.
213 (1981) C17.

[21] G.H. Llinas, M. Mena, F. Palacios, P. Royo, R. Serrano, J.
Organomet. Chem. 340 (1988) 37.

[22] C.H. Winter, X.X. Zhou, D.A. Dobss, M.J. Heeg,
Organometallics 10 (1991) 210.

[23] P.B. Hitchcock, M.F. Lappert, D.S. Liu, E.J. Ryan, Polyhedron
19 (1995) 2745.

[24] S. Ciruelos, T. Cuenca, P. G6mez-Sal, A. Manzanero, P. Royo,
Organometallics 14 (1995) 177.

[25] S. Ciruelos, T. Cuenca, R. Gémez, P. G6mez-Sal, A. Man-
zanero, P. Royo, Organometallics 15 (1996) 5577.

[26] S. Ciruelos, T. Cuenca, R. Gémez, P. Gémez-Sal, A. Man-
zanero, P. Royo, manuscript in preparation.

[27] P.T. Wolczanski, J.E. Bercaw, Organometallics 1 (1982) 793.

[28] S.L. Latesky, A.K. McMullen, G.P. Niccolai, LP. Rothwell, J.C.
Huffman, Organometallics 4 (1985) 902.

[29] M. Mena, P. Royo, R. Serrano, M.A. Pellinghelli, A. Tiripiccio,
Organometallics 8 (1989) 476.

[30] D.J. Crowther, S.L. Borkowsky, D. Swenson, T.Y. Meyer, R.F.
Jordan, Organometallics 12 (1993) 2897.

[31] M. Bochmann, G. Karger, A.J. Jaggar, J. Chem. Soc., Chem.
Commun., 1990, 1038.

[32] A.D. Horton, J.H.G. Frijns, Angew. Chem., Int. Ed. Engl. 30
(1991) 1152.

[33] P. Jutzi, U. Siemeling, J. Organomet. Chem. 500 (1995) 175.

[34] AK. Hughes, A. Meetsma, J.H. Teuben, Organometallics 12
(1993) 1936, and references therein.

[35] C. Pellecchia, A. Grassi, A. Immirzi, J. Am. Chem. Soc. 115
(1993) 1160.

[36] R.F. Jordan, R.E. LaPointe, C.S. Bajgur, S.F. Echols, R. Willet,
J. Am. Chem. Soc. 109 (1987) 4111.

[37] G.S. Girolami, G. Wilkinson, M. Thornton-Pett, M.B. Hurst-
house, J. Chem. Soc., Dalton Trans., 1984, 2789.

[38] 1. Scholz, F. Rehbaum, K-H. Thiele, R. Goddard, P. Betz, C.
Kriiger, J. Organomet. Chem. 443 (1993) 93.

[39] E.A. Mintz, K.G. Moloy, T.J. Marks, V.W. Day, J. Am. Chem.
Soc. 104 (1982) 4692.

[40] P. Legzdins, R.H. Jones, E.C. Phillips, J. Troter, V.C. Yee,
F.W.B. Einstein, Organometallics 10 (1991) 986.

[41] K. Prout, T.S. Cameron, R.A. Forder, S.R. Critchley, B. Den-
ton, G.V. Rees, Acta Crystallogr., Sect. B 30 (1974) 2290.

[42] R.D. Rogers, M.M. Benning, LK. Kurihara, K.J. Moriharty,
M.D. Rausch, J. Organomet. Chem. 293 (1985) 51.

[43] W. Zargues, M. Marsch, K. Harms, W. Koch, G. Frenking, G.
Boche, Chem. Ber. 124 (1991) 543.

[44] S. Corbellin, N.P. Lorenzen, J. Kopf, E. Weiss, J. Organomet.
Chem. 415 (1991) 293.

[45] G.R. Davis, J.AJ. Jarvis, B.T. Kilbourn, J. Chem. Soc., Chem.
Commun., 1971, 1511.

[46] C. Floriani, S. Ciurli, A. Chiesi-Villa, C. Guastini, Angew.
Chem., Int. Ed. Engl. 26 (1987) 70.

[47] B.D. Steffey, N. Truong, D.E. Chebi, JL. Kerschner, P.E.
Fanwick, I.P. Rothwell, Polyhedron 9 (1990) 839.

[48] C. Pellecchia, A. Immirzi, A. Grassi, A. Zambelli,
Organometallics 12 (1993) 4473.

[49] W. Wedler, F. Knosel, T.T. Edelmann, U. Behrens, Chem. Ber.
125 (1992) 1313.

[50] C. Tessiers-Youngs, O.T. Beachley Jr., Inorg. Synth 24 (1986)
95.

[51] P.L. Coe, R. Stephens, J.C. Tatlow, Inorg. Synth. 21 (1982) 72.

[52] R.R. Schrock, J. Organomet. Chem. 122 (1976) 209.

[53] G.M. Sheldrick, Acta Crystallogr., Sect A 46 (1990) 467.

[54] G.M. Sheldrick, SHELX-76 Program for crystal structure deter-
mination. University of Cambridge, 1976.



