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chemistries of Cp~ and carb’~, viz. that whilst pro-
tonation or addition of R;PAu” to the former
results in the new atom (group) adding endo to the
five-atom face to form essentially a o bond to carbon
[for the structure of (Ph,CsH)AuPPh; see Baukova,
Slovokhotov & Struchkov (1981)], similar treatment
of carb’~ affords a bridging function. Within the
context of each ligand, these results are in full and
simple accord with the isolobal principle (Elian,
Chen, Mingos & Hoffmann, 1976; Hoffmann, 1982).
Moreover, the differences between the ligands may
be readily correlated with differences in the form of
the highest-occupied molecular orbital of Cp~
(distorted to C,-envelope conformation) and carb’ ™,
extended Hiickel MO calculations (Howell, Rossi,
Wallace, Haraki & Hoffmann, 1977) on the latter
revealing a HOMO heavily localized on B(10) and
B(11).
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Dichloro(n°-cyclopentadienyl)(#>-tris-1,2,4-trimethylsilylcyclopentadienyl)-
titanium(I'V)
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Abstract.  [Ti(CsHs)(C H,6Si5)ClL), M, = 465-54,
orthorhombic, Pcab (non-standard setting of Pbca),
a=1382(1), b=18214(2), c=20-634 (H A, V=

5194 (4) A3, Z=28, D,,=1-18 (1), D, =
11187 (5)gem ™3,  A(Mo Ka)=0-71073 A, pu=
641 cm !, F000)=1968, T=298K, R=0-042

[2267 data, F,> 3o(F,)]. The Ti atom is bonded to
the two cyclopentadienyl rings in a pentahapto
fashion and to the two Cl atoms. The average Ti—C
distances are 2-41 A (Si;Cp) and 2-:39 A (Cp), and
the average Ti—Cl distance is 2-35 A. The silylated
cyclopentadienyl ligand shows a slight distortion
toward trihapto bonding to titanium.

Introduction. The title compound was synthesized as
part of studies concerning the preparation, reactivity

+ Author to whom inquiries should be directed.

0108-2701/90/071231-03$03.00

and X-ray structures of transition-metal complexes
bearing extremely bulky cyclopentadienyl ligands.
The chemistry of pentamethylcyclopentadienyl (Cp*)
metal complexes has received considerable attention
(Wolczanski & Bercaw, 1980), and substitution of a
cyclopentadienyl (Cp) ligand by the Cp* ligand in a
metal complex significantly alters its thermal
stability, reactivity and other properties. Many of
these changes can be attributed to the increased
steric bulk of the Cp* ligand. In contrast to the
extensive chemistry of the Cp* ligand, the chemistry
of transition-metal complexes containing poly-
silylated cyclopentadienyl ligands has received scant
attention (Okuda & Herdtweck, 1989; Morley, Jutzi,
Kriiger & Wallis, 1987). Since polysilylated cyclo-
pentadienyl ligands are more sterically demanding
than the Cp* ligand, their inclusion in metallocene
dihalides might lead to new and unusual modes of
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bonding. As part of initial studies in this area, the
structure of the title complex was determined.

Experimental. The preparation of the title compound
(m.p. 395-396 K) will be described in a separate
publication (Winter, Zhou & Dobbs, 1989); suitable
crystals grown from hexane at 250 K. Experimental
density D,, determined by flotation in aqueous potas-
sium iodide. A ruby red rectangular needle, 0-20 x
0-58 x 0-18 mm, mounted on a Nicolet R3 auto-
mated diffractometer, Mo Ka, graphite monochro-
mated, corrected for Lorentz and polarization
effects; X-ray diffraction intensities (6-26) by
counter methods; scan speed 2-5° min~!, variable;
background-to-scan ratio 0-5; cell dimensions from
25 reflections, 20 <26 < 30-7°; cell reduction pro-
gram TRACERII (Lawton, 1967) run to verify that
there was no lattice of higher symmetry; linear
absorption coefficient 6-41 cm™!, no absorption cor-
rection applied; maximum (sinf)/A =0-59 A~ &
0-17, k: 0-22, I: 0-25; three standard reflections, less
than 3% decay, 5324 data, 4633 unique data [2267
for which F, = 30(F)]; structure solved by direct
methods and Fourier methods; refined on F, mini-
mizing >w(|F,| — |F,[)?, 228 parameters; H atoms
placed in calculated positions, C—H = 0-96 A, iso-
tropic thermal parameters allowed to refine; R=
0-0482, wR = 0-0298 where w = 1/0*(F,); max. shift/
e.s.d.=0:001; 040 reflection omitted due to extinc-
tion; maximum residual electron density 0-48 e A3,
0-103 A . from Ti; principal computing employed
SHELXT76 (Sheldrick, 1976) and SHELXTL (Shel-
drick, 1983) programs; neutral-atom scattering fac-
tors taken from International Tables for X-ray
Crystallography (1974) and corrected for anomalous
dispersion.

Atomic parameters are listed in Table 1,* and
bond distances and angles are listed in Table 2. Fig.
1 shows the molecule and the numbering scheme.

Discussion. The title compound is a monomolecular
complex of titanium bonded to a Cp and 1,2,4-
tris(trimethylsilyl)cyclopentadienyl (Si;sCp) ligand in
a pentahapto (%°) manner and to two Cl atoms. The
Ti—C distances average 2-41 A (Si;Cp) and 2-39 A
(Cp) and the distances of titanium to the planes of
the cyclopentadienyl ligands are 2:082 A (Cp) and
2:076 A (Si;Cp). Interestingly, there is a slight distor-
tion toward trihapto bonding in the Si;Cp ligand.
Ti—C(1) (2:380A), Ti—C(2) (2377 X), and

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters, least-squares planes and bond angles have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 52456 (41 pp.). Copies
may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CHI 2HU,
England.

[Ti(CsHs)(C,4H2Si5)Cl,)

Table 1. Atomic parameters
U = (113)Z.2,U a*a*a,.a,

X y z UN(AZ)
Ti 0-12617 (7) 0-18003 (5) 0-33188 (5) 0-0544 (4)
Ci(1) 0-2560 (1) 0-24922 (8) 0-37475 (8) 0-0882 (6)
CI(2) 0-2300 (1) 0-09752 (7) 0-27959 (8) 0-0993 (8)
c1) 0-0572 (4) 0-1874 (2) 0-4374 (2) 0-042 (2)
C(2) —0-0121 (4) 0-1539 (2) 0-3964 (2) 0-041 (2)
C@3) 0-0236 (3) 0-0846 (2) 0-3735 (2) 0-039 (2)
C4) 0-1165 (3) 0-0744 (2) 0-4049 (2) 0039 (2)
C(5) 0-1379 (4) 0-1373 (2) 0-4436 (2) 0-044 (2)
Si(1) 0-0418 (1) 0-27303 (8) 0-48925 (8) 0-0601 (6)
C(6) 0-0554 (4) 0-3611 (2) 0-4454 (3) 0-098 (3)
C(7)  —0:0808 (3) 0-2695 (3) 0-5272 (3) 0-094 (3)

- C(8) 0-1360 (3) 0-2688 (3) 0-5549 (2) 0-088 (3)
Si(2) —0-0548 (1) 0-01850 (7) 0-32493 (8) 0-0581 (6)
C(©9) —0-1797 (3) 0-0578 (2) 0:3225 (2) 0-071 (2)
C(10)  -0-0101 (4) 0-0025 (3) 0-2410 (2) 0-084 (2)
c(1l)  —00638 (3) —0-0716 (2) 0-3677 (2) 0-081 (3)
Si(3) 0-1991 (1) —0-00800 (8) 0-41386 (7) 0-0531 (6)
c(12) 0-1551 (4) —0-0558 (2) 0-4878 (2) 0-086 (3)
C(13) 0-2038 (3) —0-0744 (2) 0-3449 (2) 0-074 (2)
C(14) 0-3234 (3) 0-0271 (3) 0-4315 (3) 0-094 (3)
C(15) 0-0001 (6) 0-2047 (4) 0-2565 (4) 0-087 (4)
C(16) 0-0105 (5) 0-2669 (4) 0-2948 (3) 0-078 (3)
C(17) 0-1013 (6) 0-2965 (3) 0-2798 (4) 0-084 (3)
C(18) 0-1466 (5) 0-2512 (5) 0:2345 (4) 0-103 (4)
C(19) 0-0817 (8) 0-1950 (4) 0-2196 (3) 0-107 (4)

Table 2. Bond distances (A) and selected angles (°)

Ti—Cp(1)* 2083 (1) Ti—Cp(2)* 2:076 (1)
Ti—CI(1) 2364 (2) C(3)—Si2) 1:904 (5)
Ti—CI(2) 2342 (2) C(4)—C(5) 1-426 (6)
Ti—C(1) 2380 (5) C(4)y—Si(3) 1-896 (5)
Ti—C(2) 2377 (5) Si(1)—C(6) 1-851 (5)
Ti—C(3) 2:402 (4) Si(1)—C(7) 1-869 (5)
Ti—C(4) 2:447 (4) Si(1)—C(8) 1-880 (5)
Ti—C(5) 2:438 (5) Si(2)—C(9) 1-870 (4)
Ti—C(15) 2379 (8) Si(2—C(10) 1861 (5)
Ti—C(16) 2376 (7) Si(2)—C(11) 1-868 (5)
Ti—C(17) 2402 (6) Si(3)—C(12) 1-859 (5)
Ti—C(18) 2407 (8) Si(3)—C(13) 1-868 (5)
Ti—C(19) 2412 (1) Si(3)—C(14) 1-868 (5)
C(1)—CQ2) 1-415 (7) C(15—C(16) 1-39 (1)
C()—C(5) 1-447 (6) C(15—C(19) 1-37 (1)
C(1)—Si(1) 1:904 (5) C(16—C(17) 1-40 (1)
C(2)—CE) 1-436 (6) Cc(17—C(18) 1-40 (1)
C(3)—C(4) 1-450 (7) C(18)—C(19) 1-40 (1)
CI(1)—Ti—Cl(2) 9283(6)  Cp(I)—Ti—Cp(2) 1297 2)
CI(1)—Ti—C(4) 1033 (1) Cl2)—Ti—C(15) 1056 (2)
CI(1)—Ti—C(5) 76:5 (1) CI2—Ti—C(16) 1338 (2)
CI(1)—Ti—C(15) 1344 (2) ClQ2)—Ti—C(17) 1166 (2)
CI(1)—Ti—C(16) 106:0 (2) Cl2)—Ti—C(18) 836 (2)
CI(1)—Ti—C(17) 788 (2) CI(2—Ti—C(19) 776 (2)
CI(1)—Ti—C(18) 863 (2) C(1)—Ti—C(2) 346 (2)
CI(1)}—Ti—C(19) 1195 (2) C(1)—Ti—C(3) 585 (2)
CIQ2)—Ti—C(1) 1347 (1) C(1)—Ti—C(4) 573 (2)
ClI2—Ti—C(Q2) 1285 (1) C(1)—Ti—C(5) 349 (2)
Cl(2—Ti—C(3) 936 (1) C(1)—Ti—C(15) 107-1 (2)
CI(2)—Ti—C(4) 79-2 (1) C(1)—Ti—C(16) 89-2 (2)
CIQ2)—Ti—C(5) 100-9 (1) C(1)—Ti—C(17) 107-6 (2)
CI()—Ti—C(1) 86-1 (1) C(1)—Ti—C(18) 1413 2)
CI(1)—Ti—C(2) 120-5.(1) C(1)—Ti—C(19) 140-3 (3)
CI(1)—Ti—C(3) 134-4 (1) C(1)—C@)y—C3) 110-1 (4)
C(1)—C(5)—C(4) 107-3 (4) CE—Si)—C(1) 1102 (2)
C(1)—Si(1)—C(6) 1151 (2) C4)—Ti—C(5) 339 (1)
C(1)—Si(1)—C(7) 108-0 (2) C(4)—Ti—C(15) 1207 (2)
C(1)—Si(1)—C(8) 107-1 (2) C@4)—Ti—C(16) 1332 2)
CQ)—Ti—C(3) 35:0 (1) C{4)—Ti—C(17) 1641 (2)
C—Ti—C(4) 56:9 (2) C(4)—Ti—C(18) 160-6 (2)
CQR)—Ti—C(5) 573 (2) C(4)—Ti—C(19) 1318 (2)
CQ)—Ti—C(15) 79-4 (2) C@)—CB)y—Si(2) 1312 (3)
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Table 2 (cont.)

C(Q2—Ti—C(16) 769 (2) C@Si(3)—C(12) 1047 (2)
CQ)—Ti—C(17) 1082 (2) C@—Si(3)—C(13) 1174 (2)
C(2)—Ti—C(18) 132:0 (2) C(4y—Si(3}—C(14) 1076 (2)
C(2)—Ti—C(19) 1109 (3) C(5)—Ti—C(15) 136:6 (2)
C)—C(1)—C(5) 1076 (4) C(5—Ti—C(16) 1242 (2)
C(2—C(1)—Si(1) 127-9 (4) C(5—Ti—C(17) 1356 (2)
C2—C(3)—C(4) 1056 (4) C(5—Ti—C(18) 1624 (2)
C2—C(3)—Si(2) 122:3 (3) C(5)—Ti—C(19) 1639 (2)
CE)—Ti—C(4) 34-8 (2) C(5—C(1)—Si(1) 1236 (3)
C3)—Ti—C(5) 580 (2) C(5)—C(4)—Si(3) 1172 (3)
C3)—Ti—C(15) 86:4 (2) C(6)—Si(1)—C(7) 109-1 (2)
C(3)—Ti—C(16) 101-5 (2) C(6)—Si(1)—C(8) 1085 (2)
C(3)—Ti—C(17) 1356 (2) C(7)—Si(1)—C8 1089 (2)
C(3)—Ti—C(18) 1392 (2) C(O—Si(2)—C(10) 1100 (2)
C3)—Ti—C(19) 1059 (2) CO—Si2—C(11) 1067 (2)
C(3)—C(4)—C(5) 109-4 (4) C(10)—Si(2)—C(11) 1089 (2)
C(3)—C(4)—Si(1) 1327 (3) C(12)—Si(3)—C(13) 1095 (2)
C(3)—Si(2)—C(9) 1073 (2) C(12)—Si(3)—C(14)  107-5 (2)
C(3)—Si(2—C(10) 1136 (2) C(13)—Si(3)—C(14) 1097 (2)
C(15)—Ti—C(16) 340 (2) C(16)—Ti—C(19) 563 (3)
C(15)—Ti—C(17) 557 (3) C(16)—C(15—C(19)  109-6 (7)
C(15)—Ti—C(18) 558 (3) C(16)—C(17)—C(18) 1089 (6)
C(15)—Ti—C(19) 333(3) C(17)—Ti—C(18) 337 (3)
C(15)—C(16)—C(17) 1062 (6) C(17)—Ti—C(19) 556 (3)
C(15)—C(19)—C(18) 108-2 (7) C(17)—C(18)—C(19) 107-0 (7)
C(16)—Ti—C(17) 341 (3) C(18)—Ti—C(19) 337(3)
C(16)—Ti—C(18) 568 (2)

*Cp(1) is the centroid of the Cp ligand and Cp(2) is the
centroid of the Si,Cp ligand.

Ti—C(3) (2:402 A) comprise the short bonds, while
Ti—C(4) (2-447 A) and Ti—C(5) (2:438 A) constitute
the long ones. The ring C—C bond distances average
1-435 A (Si;Cp) and 1-392 A (Cp), and the Ti—Cl
distances are 2-342 and 2-364 A. The Ti atom lies at
the center of a distorted tetrahedron with a
Cp—Ti—Cp’ angle of 129-7° and a CI—Ti—CI'
angle of 92° (Table 2). The C atoms of the cyclopen-
tadienyl rings are planar to within 0-017 (5) (Si;Cp)
and 0-012 (1) A (Cp). The Si atoms of the trimethyl-
silyl groups are bent out of the plane of the Si;Cp
ligand by 7-4 (2) [Si(1)], 6:7 (2) [Si(2)], and 9-2 (2)°
[Si(3)]. There are no significant intermolecular con-
tacts.

The structural features of the title complex are
normal. Comparisons can be made with the struc-
tures of CpsTiCl, (McKenzie, Sanner & Bercaw,
1975) and Cp*CpTiCl, (Rogers, Benning, Kurihara,
Moriarty & Rausch, 1985). The CpTiCp” (129:71°)
and CITiCl” (92-83°) angles are very similar to those
in Cp*CpTiCl, (CpTiCp’ 132; CITiCl’ 94-44°) and
Cp#TiCl, (CpTiCp” 137-4; CITiCI’ 92:94°). The
Ti-Cp centroid distance (2:08 A) and Ti—Cl dis-
tances (av. 2:35 A) are also very similar to the related
distances in Cp*CpTiCl, (Ti—Cp centroid av. 2-085;
Ti—Cl 2:35 A) and Cp#TiCl, (Ti-Cp centroid av.
2:13; Ti—Cl 2-35A). The presence of the bulky
Si;Cp ligand does not perturb the major structural
features of the titanocene skeleton. As noted above,
the Si;Cp ligand shows a distortion toward trihapto
bonding to titanium. This distortion probably arises
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Fig. 1. ORTEP drawing (Johnson, 1965) of the title molecule, with
thermal ellipsoids at the 50% probability level.

from Si---Cl non-bonded repulsions, as close contacts
of 3-81 [Si(1):-Cl(1)] and 340 A [Si(3)--Cl(2)] are
observed. These contacts are well within the sum of
covalent radii of silicon and chlorine of about 3-85 A
(Bondi, 1964). The silicon---chlorine close contacts
account for the larger bending out of the plane of the
cyclopentadienyl ring of Si(1) and Si(3) relative to
Si(2). A zirconium complex that features an 7°-
fluorenyl ligand has been structurally characterized
(Kowala & Wunderlich, 1976).

The authors thank Wayne State University for
support of this work.
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