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Abstract

The reaction of the doubly bridged bis(1,1’.2,.2"-dimethylsilanodiyl)-n -dicyclopentadienyl titanium and zirconium complexes
[M{(SiMe, )1 (n*-CsH ), IMe,] (M =Ti (3), Zr (4)) with water gave the p-oxo derivatives [{MI(SiMe,)y(n*-CsH ), Me}y( 1-0)]
(M = Ti (8), Zr (6)) Addition of one t.quwalcm of M'R (M’ = MgCl, R == CH,, CH,SiMe;; M' = Li, R = CH,C Mc.,I’h) to toluene or
diethyl ether solutions of [M{(SiMe,)5(n-CH,),)Cl,] (M =Ti(1), Zr (2)) afforded the chloro alkyl derivatives [M{(SiMe,)(n®-
C4H;),)CIR} (M = Ti. R = CH,8iMe, (8); M = Zr, R = Me¢ (7), CH ,CMe, Ph (9)). Compounds 3 and 4 reacted with [CPh, JB(C,F,),]
at =78°Cin CD,Cl, leading to  the cationic species [{MI(SiMe,),(n* C H ;)3 IMe)y( » -Me)l* (M = Ti(10), Zr (11)) as demonstrated by
NMR spectroscopy. The titanium(lD) and zirconium(Ill) derivatives [M{(SlMeq) (n3-CH )M p-CDYy (M = Ti (12), Zr (13)) were
obtained by reduction of 1 and 2 with one equivalent of sodium amalgam. The X-ray molecular structure of [Ti{(SiMe,) (9 -CH ), Me, ]

(3) has been determined by diffraction methods.

Kevwords: Tinmiom: Zirconivm; Cationic metallocenes: ARyl group 4 mietal

1. Introduction

Ansa-metallocene complexes of the carly transition
metals have received considerable attention in recent
years [1]. The presence of a br |d3>.mg, group restricts the
mobility of the cyclopentadienyl rings, providing a more
rigid system that renders the activation of their C-H
bonds more difticult.

The bis(dimethylsilanodiyldicyclopentadienyl anion
[SiMe, (CH,),J*™ can be coordinated to metal centers
as a chelating or as a bridging group. This ligand has
been successfully used to stabilize Group 4 metal com-
plexes in both high and low oxidation states. The
chemistry of mononuclear compounds with symmetric
and asymmetric rings bridged by an SiR, fragment, and
their potential applications as catalysts in stereo- and
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= X-ray diffraction studies.

enantioselective hydrogenation and  polymerization of
olefins, has been extensively stwdied. Chiral  ansy-
metallocenes containing a C, symmetrical arrangement
of ring substituents have also proved to be effective
precursors for generating Zicgler-Natta catalysts, which
induce isotacticity in the polymerization of propylene
and other a-olefins [2,3]. Recently, the syntheses of
similar halo- and alkyl-titanium(1V) derivatives [4], as
well as new titanium(ID) and (ID metallocene com-
plexes [5] containing this ligand as a chelating system
have been reported. including some aspects of their
chemical behavior,

Dinuclear compounds are also well represented [6).
although they are less well-known for Group 4 metals
[7] and not many dinuclear derivatives of these metals
are known in low oxidation states.

We were interested in isolating and studying the
reactivity of eyclopentadienyl Group 4 metal complexes
by using the bls(dnm.lhylsll.modlyl)dwyclop«.nmdncnyl
dianion [(SiMe,),(n°-CsH ), F~ as aligand to increase
the stereorigidity of th(, complcx Different mono- and
oligo-nuclear transition metal derivatives containing this
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ligand have been reported [8], but few Group 4 metal
complexes are known [9,10]. Here we report the synthe-
sis and steuctural characterization of the bis(1,1',2,2'-di-
methylsiianodiyl)-n*-dicyclopentadienyl titanium(IV)
and zirconium(IV) oxoderivatives [{MI(SiMe,),(n’-
CsH,),Mely(p-0)1 (M =Ti (5), Zr (6)). the
chloroalkyl complexes [M{(SiMe,),(n*-CsH;),)CIR]
(M=Ti, R=CH,SiMe, (8; M=2Zr, R=Me (7,
CH,CMe,Ph (9)) and the characterization of the previ-
ously reported [10] complex 3 by X-ray diffraction
methods. The spectroscopic characterization of the
cationic species [{M[(SiMe,),(n°-CH ), Mel,( -
Me)l* (M = Ti (10), Zr (11)) is also reported.

2. Results and Discussion

The reaction of ua diethyl ether solution of
[M((SiMe,),(n3-C4H),ICHLT (M =Ti (1), Zr (2)) at
— 78°C with two equivalents of the appropriate alkylat-
ing agent (LiMe or MgCiMe) led to the dimethyl
derivatives [M((SiMe,),(n*-C H ),)Me,] (M = Ti (3),
Zr (4)) as previously described [10}. Complexes 3 and 4

M
Mee—"'ﬁi

MR
Toluene

IMECIMe ur 2LiMe
diethyl ethee

are air- and moisture-sensitive, both in solution and in
the solid state. They can, however, be stored unaltered
for weeks if strictly anaerobic conditions are main-
tained. In the presence of a stoichiometric amount of
water, hydrolysis takes place and the p-oxo dinuclear
derivatives [{M[(SiMe,),(n>-CsH;),Me},( n-0)] (M
=Ti (8), Zr (6)) are isolated in 40-50% yield (Scheme
1).

When 2 reacts with one equivalent of MgCIMe the
chloro methyl compound [Zr{(SiMe,),(n"-
CsH;),)CIMe] (7) is obtained. Analogous chloro alkyl
complexes [M{{SiMe, ),(n*-CsH,),}JCIRI(M = Ti,R =
CH,SiMe, (8); M = Zr, R = CH,CMe,Ph (9)) are the
only products obtained from the reaction of 1 or 2 with
MgCI(CH,SiMe,) or LiCH,CMe, Ph, whatever the mo-
lar ratio may be.

All of the new isolated compounds are soluble in
chlorinated solvents (chloroform, dichloromethane) as
well as in aromatic hydrocarbons (benzene. toluene) and
slightly coluble in hexane and pentane. Their solubilities
range in the order 7.8,9 > 34,> 5,6 > 1.2

The IR spectra of all of these complexes show the
characteristic absorptions reported [11] for » (Si-C)

\ L Cl
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Table 1
NMR data (§) for complexes 5-9
Compound "H NMR "C NMR *
CeoDg CDCl, CeDy
5 —0.19 (s, 6H, Me-Ti) —
0.15 (s, 6H, Me-Si) —
0.33 (s, 6H, Me-Si) —
0.40 (s, 6H, Me-Si) —
0.90 (s, 6H, Me-Si) —
6.64 (m, 4H, C;H ;) —
6.74 (m, 41, C;H;) —
6.79 (m, 4H, C;H}) —
6 0.23 (s, 6H, Me-Zr) 0.10 (s, 6H, Me-Zr)
0.25 (s, 6H, Me-Si) 0.35 (s, 6H, Me-Si)
0.50 (s, 6H, Me-Si) 0.63 (s, 6H, Me-S1)
0.58 (s, 6H, Me-Si) 0.67 (s. 6H, Me-Si)
0.74 (s, 6H, Me-8i) 0.84 (s, 6H. Me-Si)
6.05 (m, 4H, CH,) 593 (i, 4H, C;HY)
6.51 (m, 4H, CH}) 6.35 (m, 4H. CH.)
6.82 (m, 4H. C;H) 6.79 (m. 4H, C;H )
7 0.05 (s, 3H, Me-Zr)
0.32 (s, 3H, Me-Si)
0.42 (s, 3H, Me-Si)
0.46 (s, 3H, Me-Si)
0.48 (s, 3H, Me-Si)
6.19 {m, 2H, C H,)
6.68 (m, 2H, C(H,)
6.70 (m., 2H, C.H)
8 =014 (s, 3H, Me--Si) = 0.02 (s, 9H, Me ,-Si) - 5.5 (Me-Si)
0.17 (s, 3H, Me-Si 0.22 (s, 3H, Me~Si) =492 (Me-Si)
0.31 (s, 9H, Me,-Si) 0.36 (s, 3H, Me-Si) 1.39 (Me-Si)
0.37 (s, 3H, Me-Si) 0.71 (s, 3H, Me=8i) 1.8 (Me-Si)
0.42 (s, 3H. Me-Si) 0.75 (s, 3H, Me-Si) 2.96 (Me -8
113 (s, 2H, -CH ,-) 1.03 (s, 2H, -CH,-) 56.41 (~CH,-)
6.75 (m, 2H. C.HY) 6.77 (m, 2H,CH,) 110,39 (C (C H D
6.79 (m, 2H. C H ) 6.87 (m, 2H, CH .} 15.00(C (Cyid 1)
6.K1 tm, 2H. C H ) 6.98 (m, 2H, C(H,) 19.84(C, (CH D)
137.08(C, or C,(C H D)
140.33(C, or CCH M
9 0.019 (s, 6H, Me-Si) — = §.148 (Me-Si)
0.33 (s, 6H. Me--Si) - = 4,66 (Me=S1)
0.38 (s, 6H, Me- ) e 0.70 (Me--§i)
0.46 (5, 6H. Me-51) - 1.85 (Me-Si)
1.478 (s, 12H, Me,O) — 34.48 (C--M¢,)
1.59 (s, 4H. -CH ,-) - 40.06 (C--Me))
5.97 (m, 4H. CsH ) — 69.37 (CH,)
6.15 (m, 4H, C;H ) - 110.75 (Ph)
6.68 (m, 4H. C;H,) — 113.62(CH.)
7.4-7.2 (m, 10H. Ph) — 114.66 (Ph)
12476 (C 1)
125.76 (C{H )
131.66 (C.H,
13489 (CH )
135,18 (Ph)
* Key:

L,.Si
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Fig. 1. Chelating (A) and bndynﬂ (B) dispositions for the
bis(1.1,2,2"-dimethylsilanodiyl-n°-dicyclopentadieny ) ligand.

and #(Si-C) vibrations between 700 and 600cm ™' and
broad signals near 800cm~™' for »(M-O-M) vibra-
tions,

'"H and ""C NMR spectra for complexes 5-9 in C, D,
and CDCl, are summuarized in Table 1. These spectra
show three multiplets for the non-equivalent cyclopenta-
dienyl protons (H;-H ) and four singlets for the methyl
protons bonded to silicon in the bridging group, indicat-
ing loss of the plane of symmetry observed for com-
pounds [M{(SiMe,),(n*-C,H ),}X,] with two equiva-
lent substituents in the xeﬂwuon pl.mc Similar features
are observed in the ""C NMR spectra in which five
signals for the C=C; atoms and four signals for the
Me=Si groups are present. All these data are in agree-
ment with the chelating dispmition (A) (Fig. 1) of the
bis(1,1'.2,2"-dimethylsilanodiyl- 17 -dicyclopentadienyl)
ligand in metallocene-type derivatives, and with the
presence of two different ligands occupying the other
pseudotetrahedral positions around the metal center,

The reaction of the dimethyl complexes 3 and 4 wuh
half an equivalent of [CPhJIB(C F),) st =78 °C
CD,C1, led to the quantititive tmnmnon of dmuclc.u
methyl -bridged cationic comple\u [{MItSiMe, ), (-
C.H,)); Mely( u-Me)]® M ="Ti, 10 (red) md M = Zr,
ll (yell@w) {Scheme l). us evidenced by 'H NMR
Speciroscopy. When the same reactions are carried out
in a 111 molar ratio no identifiable species are observed.
Complexes 10 and 11 have been identitied by 'H NMR
at low temperature, decomposing above = 40°C. They
could not be isolated ax solids at room temperature. The

Me,
Me &‘S« \ Lol
M s 5§

Na/Hg

M= Ti(1), Zr(2)

Me _b
4 ¥Cl Toluene ) ’Q§ ; T N
fe Mo

u-CH, ligands are identified in the 'H NMR spectrum
by a smolel at 8 — 1.22 for the titanium and & — () 83
for the zirconium compound. and by a signal in the ' C
NMR spectra at 8 29.8 and & 30.1 respectively, whereas
the terminal methyl groups appear at § 0.05 for 10 (*C
NMR: 8§ 51.1) and & —0.19 for 11 (*'C NMR: §51.9).
These [{MI(SiMe,),(n*-CsH;), Mel,( u-Me)l*  com-
plexes can be considered as containing one cationic
14-electron fragment [M{(SiMe,),(n"-CsH,),}Mel*
stabilized by adduct formation with the neutral dimethyl
metallocene complexes [M{{SiMe,),(n*-C H,),1Me, ]
as ligands [3]. With this disposition the three protons of
the cyclopentadieny! rings and the methyl groups bonded
to silicon are not equivalent, and three multiplets
(86.20, 6.97 and 7.11 for 10 and § 6.33, 6.59 and 6.98
for 11) and tour singlets (8 0,15, 0.44, 0.67 and 0.73 for
10 and 8 0.28, 0.29, 0.80 and 0.85 for 11) are observed
in the '"H NMR at —78°C. The same features are
observed in the "C NMR spectra (10: 8 —8.0, —5.8.
=41, 0.9 (Si-Me)k 1259, 127.8, 128.2, 1284, 129.1
(C,H ) 11 1.4, 1.8, 3.6, 49 (Si-Me); 117.1, 125.8,
127.7. 128.5, 148.6 (C H,)).

Reduction of a toluene solution of the titanium(1V)
and zirconium(1V) derivatives 1 and 2 with sodium
amalgam (109) in a 1:1 molar ratio gave the p-chloro-
titanium(ID  and  zirconium(II)  complexes
[MUSiIMe, ), (9% -C (H )L H p-CD], (M = Ti, 12: Zr, 13)
as red and red-brown solids respectively, in 75-80%
vield (Scheme 2).

Complexes 12 and 13 are scarcely soluble in THE or
toluene and insoluble in hexane. They react in chloro-
torm  or dichloromethune, being  immediately  trans-
tormed into the unrcspondmg chloro-metal(1V) dcm.u
tives 1 and 2. Complex 13 is diamagnetic, and the 'H
NMR spectrum in C 1D, shows two signals at 8 0.62
and 0.74 for the methylsilyl protons of the bridging
ligand and two signals at 8 5.02 (pseudowriplet) and
3,93 (pwudodoubh.l) for the cyclopentadienyl protons
of an AAB spin system (ratio 3:3:1:2). Complex 12 is
paramagnetic, and the 'H NMR shows broad signals
& 17, 3 and 0.0 and the spin-lattice relaxation times [12]
contirm the paramagnetic nature of the compound (see
Tubic 2).

Me
o
/ I"\"" Me

5 ====Me

el iy,

M= Ti(12), Zr(13)

Scheme 2.
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Table 2

Spin-lattice relaxation time {7}} (deg) for compound 12

Compound a(C, D) 7, (deg)

12 17.5 0.0010
384 0.0017
239 0.0051
0.10 0.0792
0.0087 0.0163

2.1. Description of the crystal structure of Til p-

The crystal and molecular structure of 3 was deter-
mined by X-ray diffraction methods. There are two
independent molecules in the asymmetric unit of the
unit cell. Since the structures of the two molecules are
similar, only one is described in detail; data for the
second are given in parentheses.

Fig. 2 shows the molecular structure and atom num-
bering scheme of molecule 1. Final atomic coordinates
and equivalent isotropic thermal parameters for non-hy-
drogen atoms ure given in Table 3. Selected bond
distances and angles are given in Table 4.

The molecular structure of 3 is typical of a bis ligand
metallocene system, with the two Cp moieties linked by
two SiMe, bridges. similar to  [M(SiMe,) (™
Cq}! _;)2}(3'2] (M = Ti.Zl‘) [l()].

Owing to the rigidity imposed by the double bridge,
the Cp rings are eclipsed, and the two silicon and single
titanium atoms define a plane in which the two methyl
groups bonded to cach titanium and silicon atom are
located.

The two Cp rings are planar and the dihedral angle
between them is 63.5(2)° (64.1Q21), similar 1o thut
found in e alorementioned [Til{8iMe,)(n
C,H,),)C1,1{10).

Related 1o it the angle Cp(D=Ti(1H-Cp(2) is 126.%°

R1H) aipil

| A\

Ci24y

Fig. 2. orivr view of molecular structure of compound 3 with the
atomic labeling scheme.

b
‘a2

Table 3

Atomic coo@inutes (X 10*) and equivalent isotropic displacement
parameters (A? X 10%) for compound 3

X ¥ < ch
T 8175(1) 1941(1) 385501 45(0)
(1 9210(4) 1796(4) 3100(4) 68(2)
C(2) 84344 3198(4) 4018(4) 72(2)
Ti(2) 7472(1) 1328(D 2086(1} 46(1)
c(3) 6582(4) 1816(4) 9855(4) 76(2)
C(4) 8492(4) 232008 9431{4) 7X2)
can 6495(3) 1735(3) 360%(3) SKD)
c(12) 6857(3) 1079(3) 3182(3) 33D
C(13) 706%(3) 1410(4) 2410(3) 592)
c(14) 6861(3) 22199 23543 63(2)
C(15) 6505(3) 2423(9) 30743) S8(1H)
Si(1) 6596(1) 1742(1) 4861(1) 6001}
cuin 57300 10539 S178(3) 832)
C(11) 6438(3) 2767(3) 5248(3) TH2)
Si(2) 7487(1) 178(1) 383K 67(1)
cazn 8207(4) =353(3) 3174(4) 93(2)
C(122) GORH(S) - 567(9) 41644) H12)
Cc2n 7946(3) 1461(3) 5200(3) 53(1)
Q) 8320(3) R1(X3) 477713 s
(QRX)) Y3IIR3) 1015(4) 4R6¥(3) 61
C(24) 9562(3) 1736(4) S3HD 60(2)
C(25) R734(3) 2006(4) 5531(3) s6(1)
cQn 8408(3) 189(3) 9090(3) 51(1)
C(32) 750%3) - 43(3) 9277(3) 50(1)
C(33) 7593 23U3) 1016U3) 591
(&) 8491(3) 649 3) 10528(3) 63(1)
Ci% 99U 609 3) YR76(3) 621
C41) 7305(3) 96%(4) 7576(3) 46(1)
C(42) 6402(3) 720(3) 7764(2) 45(1)
C(43) S898(3) 1437(3) 7RIB(I) 53
C4b 64374) 2091(4) 77164 3) KD
C(45) T 1795(4) 7550(1) Sothd
Si(3) B453(1) 34001 THEE(1) S
Caan R406() =501(3) 170K 922}
C(132) 9562(1) 935(3) 7904(4) R
Si(4) 0295(1) = 23U1) R34 531
U4y S239(3) - N3 RROR() 8N
CUi42) BRI = HSK3) T0303) TH2)

/. is defined as one-third of the tace of the orthogonalized 1,

oy

tensor.

(126.7°). The Ti-C distances range from 2.313(5) to
2.487(4) A, but this does not imply a deviation from
planarity in the rings, nor a significant variation in the
C-C distances. The Ti-centroid distances are 2.07 A,
and all these values correspond to a 57 mean deviation
of the metal centroid line from the normal between
titanium and the ring plane, comparable with the refer-
ence complex [10]. The Ti-methyl distances are in the
range from 2.138(7) to 2.158(5) A, normal for these
systems,

3. Experimental section

All manipulations were performed under an inert
atmosphere (argon) using Schlenk and high vacuum line
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Table 4

Selected bond fengths (A) and angles (deg) for compound 3

T-C1) 21588 T2)-C(3) 2.149%(6)
T 1-C(2) 2137 Ti)-C 2.157(6)
TiC-Can 2.320(4)  T2)-C3D 2,324
Ti(1-C(12) 2.325(4)  Ti2)-C(32) 2.313(5)
TiD-C(13) 2.425(4)  Ti(2)-C(33) 2.433:(5)
Ti1)-C(14) 24804  Ti(2)-C(34) 2.485(H
Ti(1)-C(15) 2244 Ti(D-C(35) 2.4244)
Ti(D-C(21) 232K Ti(2)-C(41) 2.321(4)
Ti(1)-C(22) 2.330(5) Ti(2)-C(42) 2.3320(4)
Ti(1)-C(23) 2418 Ti(2)-C(43) 2.431(4)
TK1)-C(24) 24714)  Ti()-C(44) 2.487(5)
T)-C25) 248258 TH2)-C(48) 2.410(5)
SKD-C(1ED LR6US)  SiH-C(131) 1.855(5)
SHD=-C112) LESHS)  Si(3)-C(132) 1.859(5)
Sin-can L.872(4)  SiI-C(41) 1.87U(S)
SiH-C2D LR7R(H  Si(3-C(31) 1.876(4)
SH-C(121) 1.873(6) Si{4-Cl141) 1.R6((4)
SK2)-C(122) 1.865(6)  Si{4-C(142) 1.85%(5)
S{2=-C(12) LB67(S)  Si(4)-C(32) 1.878(4)
S$H{2)-C(22) LR71(S) Si(4)-C(42) 1.855(8)
ClL1)-C(15) L415(6)  C(3N-C(35) 1.406(6)
C(1)-C(12) 1.455(6)  C(31)-0(32) 1.450(5)
C(12)=-C(1D) L421(6) C(32)-C(33) 1.409%(6)
CUN-C(14 LI}  C(33)=-C(34 1.393(6)
CL4)-C1H 1.395(6) C(33)-C(35) 1.402(6)
CQ21)-C(25) 1.405(6)  C(41)-C(43) 1.386(7)
C1-C(22) 1.456{6) C4D-C(42) 1.4645)
C(22)-C(23) LA2206) C(42)-C(43) 1.422(6}
CQN-=C(24) L3747 C43)-C(39) 1.38UT)
CQ4)-C(25) L406)  C(39)-C(48) 1.415(7)
T 1)=Cpl 2073 Ti2)-Cp3 2074

Ti1)=Cp2 2,138 Ti2)-Cpd 2073

C-THD-C(1) 93N
Cpl-TiD-Cp2 1208
CD-THN-Cp2 1087
CUD-TH-Cpl 107X
CON-TID-Cp 108.3
CLO-TH-Cpl 107.4

COM=-TAD-C() 92,4(3)
Cpd-Ti-Cpd 1267
CE-TH2-Cpd 1079
G -T2 Cpd 1083
COYTHD-Cpd 1083
CH=-TID-Cp3 1079

Cpt iy the eentrord of CULE), U2 €LY, LY and CULS),
Cp2 is the centroid of (21, C(22), C(23) €O and C123),
Cpa v the centroid of €L, C(3), C33), C34) and € 38),
€p4 ix the centroid of C(41), TU42), C(43), T4 and CL45).

techniques or u VAC Model HE 63P glovebox. Sofvents
were purified by distillation from an appropriate dry-
ing-deoxygenating agent (sodium-benzophenone for
diethyl ether, sodium for toluene, and sodium-potas-
sium alloy for hexane).

4.4.8.8-Tetramethyltetrahydro-4.8-disila-s-indacenc
[13], the metaltocenes [MI(SiMe, H(n*-C H )LICH (M
= Ti, Zr) [10], [MI(SiMe,)(p*-CH JoMe, [ (M = T,
Z0) [10). and LiCH ,CMe, Ph [14]) were prepared aceord-
ing to literature procedures,
~ LiMe (1.6M solution in diethyl ether). MgCiMe
(1M solution in THF), MgCI(CH, 8iMe ) (3 M solution
in THF). TiCl,. ZrCl,. Na, Hg (Aldrich) were obtained
commercially.

NMR spectra were recorded either on Varian Unity
300 and Varian Unity 500 Plus instruments ('H and C

chemical shifts were referenced to external Me,Si, 6 =
Oppm). IR spectra were performed (Nujol mulls) on a
Perkin—Elmer 883 spectrophotometer. Mass spectra
were recorded on a Hewlett-Packard 5890 spectrometer.
Elemental C and H analysis were carried out on a
Perkin—Elmer 240B microanalyzer.

3.1. Synthesis of {Til(SiMe, ),(n’-CsH, ), IMe}( u-O)
{5)

A solution of [Ti{(SiMe,),(n°-CsH,),}Me, ] 3(0.5 g,
1.56 mmol) in toluene (50mi) was treated with H,0
(28.1 ul, 1.56mmol). The reaction mixture was stirred
for 12h. The solvent was completely removed in vacuo
to give an orange solid. Recrystallization from
toluene-hexane at — 20°C gave a microcrystalline solid
characterized as 5 (0.24 g, 50% yield). Anal. Found: C,
57.3: H, 6.70. C,,H,,08iTi,. Calc.: C. 57.49; H,
6.75%. Mass spectrum m/z M*—[{Til(SiMe,) (n*-
CH )L 1h{(2-0)] 15.7%: M* —[Ti{(SiMe,),(n°-
CH,),)] (2.90%).

3.2. Synthesis of l{Zrl(SiMe, ),(n*-C H,), IMe},( u-O)
6)

A solution of [Zr{(SiMe, ),(n>-CH ,),}Me, 14 (0.5 g,
1.37mmol) in toluene (S0mI) was weated with H,0
(24.7 1], 1.37mmol). The reaction mixture was stirred
for 12h. The solvent was evaporated in vacuo to a
volume of 10ml and cooled at —20°C 10 obtain
yellow solid which was recrystallized from toluene-
hexane and churacterized as 6. (0.21p, 43% yield).
Anal. Found: C, 51.32: H, 5.71. C  H ,,08i,7r,. Cale.:
C. 50910 M, 5.93%. Mass specium m/z: M*
= [{ZH(S5iMe, 1, (n*-C (H O, JL{ p-O)] (15.7%),

3.3, Svathesis of 1Zr{(SiMe, h(n*-CsH ).} CIMe] (7)

MgClIMe (L.81 ml of a | M THF solution, 1.81 mmol)
was added dropwise to a stirting  solution of
(Zr{(SiMe, )y(n*-C H,),ICL] 2 (0.5, 1.24mmol) in
oluene (S0mb) at = 78°C. The reaction mixiure was
warmed to room temperature and stirred for 12h, After
filtration, the solution was concentrated under vacuum
to yield a white product. which was reerystallized from
diethyl cther to yield a crystalline solid characterized as
7 (021 g, 45% yield). Anal. Found: C. 47.2; H. 5.63.
CHL,CISiL Ze Cales: C, 46.9: HL 5.93%. Mass spec-
rum m /2 [M]* (7.08%),

3.4, Syathesis of |Ti{(SiMe, ). tn°.
CoH )L )CUCH, SiMe )] (8)

MgCIHCH,SiMe,) (1.38ml of a | M THF solution,
1.38 mmol) was added dropwise to a stirring solution of
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[Ti{(SiMe,),(°-CsH,),)}C1,] 1 (0.5g, 1.38 mmol) in
diethyl ether (50ml) at —78°C. The reaction mixture
was warmed to room temperature and stirred for 12h.
After filiration, the solution was evaporated to dryness
and the resultant solid extracted into hexane. The white
precipitate which formed was allowed to settle and was
removed by filtration. The resulting solution was evapo-
rated to yield an orange solid which was recrystallized
from hexane at —30°C and characterized as 8. (0.37 g,
65% yield). Anal. Found. C, 51.90; H, 7.32; Cl, 7.98.
CsHyClISi;Ti. Cale: C, 52.35; H, 7.08; Cl, 8.58%.
Mass spectrum m/z: [M]* —(CH,SiMe,) (14.10%).

3.5. Synthesis of [Zr{(SiMe,),(n°-
C,H,),}CICH,CMe, PR (9)

A solution of Li(CH,CMe,Ph) (0.19g, 1.48 mmol)
in diethyl ether (20ml) was added dropwise to a stirring
solution of [Zr{(SiMe,),(n*-CsH,),ICl,] 2 (03 g,
0.74mmol) in diethyl ether (40ml) at —78°C. The
reaction mixture was warmed to room temperature and
stimed for 12h. After filtration, the solvent was com-
pletely removed in vacuo and the solid obtained ex-
tracted into hexane. The white precipitate which formed
was allowed to settle and was removed by filtration.
The resulting solution was evaporated to yield an or-
ange solid which was recrystallized from hexane at
=30°C and characterized as 9. (0.26g, 63% yield).
Anal. Found: C, 51.49; H, 5.23. C,,H,/ClISi,Zr. Calc.:
C. 51.43; H, 5.93%. Mass spectrum m/z: [M*](12.1%).

3.6. Swmhesis of HTil(SiMe, h{n®-CsH, )y IMe} o p-
Mell " (10)

A solution of [CPh B(C F),] (0.028 g,
0.0312mmol) in CD,C1, (LSmD) at = 78°C was added
to a solution o’ 3 (0.020g, 0.062mmol) in CD,Cl,
(2ml) in an NMR tube at en, =78°C. The tube was
sealed under vacuum ot =78°C and the reaction was
studied by NMR spectroscopy.

3.7. Synthesis of H{Zrl(SiMe, ),(n*-CsH, ), IMel o -
Me)l* (11)

A solution of [CPh,JB(C,F;),] (0.025 g,
0.0275 mmol) in CD,Cl, (1.5ml) at ~78°C was added
to a solution of 4 (0.020 g, 0.05 mmol) in CD,Cl, (2ml)
in an NMR twbe at ca. —78°C. The tube was sealed
under vacuum at —78°C and the reaction was studied
by NMR spectroscopy.

3.8. Swathesis of [Ti(SiMe, h(n*-C H, ), M u-Cl], (12)

Toluene (60 ml) was added 10 a mixture of
[Zr{(SiMe,),(n*-CsH,),)CL,] 2 (0.5 g, 1.38 mmol) and
10% sodium-amalgam (0.035g, 1.52mmol) at room
temperature and then stirred for 12h. An amber solution

was formed. After filtration and compiete removal of
solvent in vacuo, a red-brown solid was obtained. Re-
crystallization from toluene-hexane at —35°C gave a
microcrystalline solid characterized as 12. (0.33 ¢, 75%
yield). Anal. Found: C, 51.23.; H, 5.96. C,,H 4CISi,Ti.
Calc.: C, 51.60.; H, 5.58%.

3.9. Synthesis of [Zr{(SiMe, ),(n>-CsH, L, u-CD)], (13)

Toluene (60 ml) was added to a mixture of
[Ti{(SiMe,),(n°-CsH;),}C1,1 1 (0.5g, 1.24mmol) and
10% sodium-amalgam (0.043 g, 1.9 mmol) at room tem-
perature. The mixture was then stimed for 12h. A
purple solution was formed. After filtration and com-
plete removal of solvent in vacuo, a red-brown solid
was obtained. Recrystallization from toluene-hexane at
—35°C gave a microcrystalline solid characterized as
13. (0.32 g, 70% yield). Anal. Found: C, 45.31; H, 5.28.

C,,H 4ClISi, Zr. Calc.: C, 45.55; H, 4.91%.

Table §
Crystal data and structure refinement for 3
Compound 3
Empirical formula TiSi,CH,,
Crystal size (mm*) 0.2x0.2x0.3
Color Red
Crystal habit Prismatic
Formula weigin 320.43
Temperature (K) 293(2)
Wavelength (A 0.71069
Crystal system Monoclinic
Space group P2, /n
Unit cell dimensions

a(A) 14.221(7)
bR 16.755(1)
¢(A) 15.2827)
B (dep) 108.96(2)
Volume (A" 3443(2)
Z 8
Density(cule) (gem ) 1.230
Absorption coefficient (em ') 0.22
F000) 1360

& range for data collection (deg)
Index ranges

Reflections collected
Independent reflections

Refl. observed with 1> 2 (1)
Absorption correction
Refinement method

Data/restraints / parameters
Goodness-of-fit on #2

Final R indices (1> 2¢(1))
R indices{all data)

Largest diff. peak
and hole (e A~ )

2.09 10 2691

~I8< h<I8, 0 <k <1,

0<iI<1y

5632

5275 (R, = 0.0492)
3369

N/A

Full-matrix least squitres
on ¥*

5265/0/421

1.151

R1 = 00421,

wiR2 = 00980

Rl =0.1247,

WR2 = = ().1766
0.283 and ~0.239

Weighting scheme cale.: w = 1/[o 2(FJ)+(0.0499P) 4 2.19157°]

where P =(F} +21;2)/3.
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3.10. Crystal and structural data for 3

A suitable crystal of 3 was sealed in a Lindemann
tube under an atmosphere of argon and mounted on an
Enraf-Nonius CAD-4 automatic four-circle diffrac-
tometer with bisecting geometry and using a graphite-
oriented monochromator, with MoKa radiation A=
0.71096 A. Crystallographic and experimental details
are summarized in Table 5.

Data were collected at room temperature. Two check
reflections were monitored every 120min and showed
no significant variation. Intensities were corrected for
Lorentz and polarization effects in the usual manner. No
extinction correction was made, and it was not neces-
sary to apply an absorption correction.

The structure was solved by a combination of direct
methods (sHELXS 90) [15] and Fourier synthesis and
refined (on F?) (sHELXL 93) [16] by full matrix least
squares calculations.

All the non-hydrogen atoms were refined anisotropi-
cally. Most of the hydrogen atoms were found in the
Fourier synthesis map and refined, with the exception of
the silicon-bonded methyl hydrogens which were lo-
cated using geomeiric calculations and refined using a
riding mode! with a thermal parameter equivalent to that
of the C atom to which they were attached. Calculations
were performed on an Alpha AXP Digital workstation.

4. Supplementary material

The supplementary material includes a complete list
of bond distances and angles, anisotropic thermul fac-
tors, the culeuluted fructional coordinates of the hydro-
gen atoms, and u list of observed and caleulated stue-
ture fuctors,
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