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Abstract

The complex [(775—C5H5)Ti][(n5-C5H5)Mg][p.—nZ(Ti, Mg): nz(Ti,
Mg)-C,(SiMe;),], (1) was obtained by the reaction of (x°-
CsH;),Ti(n-C,(SiMe,), ) (2) with Mg and bis(trimethylsilyDacetylene
in THF. Crystals of 1 contain two slightly different molecules in the
asymmetric unit. Both molecules contain Ti and Mg atoms in the
apical positions of a nearly symmetrical rectangular bipyramid whose
base is formed by four equivalent acetylenic carbons atoms. Each
metal atom is capped by one 1°-CsH; ligand.

Whereas a large number of titanocene binuclear
and trinuclear Ti-Al complexes bridged through hydro-
gen [1] or halogen [2] atoms are known, the first
titanocene-Mg complexes were structurally character-
ized only recently when the crystalline [(Cp),Ti(u-
CD,,Mg(THF),(Cp = n°-C,H,) and [Cp,Ti(u-
CD,Mg(THF),(1-CD], complexes were isolated from
the Cp,TiCl, + Mg + THF system [3]. In the presence
of disubstituted acetylenes, the titanocene (Til!) species
generated in the above system are stabilized by the
coordination of the acetylene in a m-bonding manner.
The structures of the (CsMes),Ti(Me;SiC=CSiMe ,) [4],
Cp,Ti(PhC=CSiMe ) and (C;Me;),Ti(PhC=CSiMe,) [5]
complexes were established by X-ray single crystal
analysis and the structures of Cp,Ti(Me,SiC=CSiMe,)
(2) [6], Cp,Ti(PhC=CPh) [7,8], and Cp,Ti(MeC=CMe)
[8] were inferred from their NMR and infrared spectral
data and chemical properties. Among these complexes
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2 shows a very low reactivity in addition reactions; it
does not react with an excess of Me;SiC=CSiMe,
(BTMSA) and the acetylene is displaced by dipheny-
lacetylene, acetone, or benzophenone [6]. The ready
displacement of BTMSA by 1,4-bis(trimethylsilyl)-1,3-
butadiyne followed by the scission of the diyne ligand
has recently been shown to afford [(Cp,TiC=CSiMe;],
in high yield [9].

Here we describe the preparation and X-ray struc-
ture of a binuclear Ti-Mg complex (CpTiXCpMgI(u-
C,(SiMe;),], (1) arising from the reaction of
Cp,Ti(Me;SiC=CSiMe,) (2) [6] with Mg and BTMSA
in THF (eqn. (1)).

Cp,Ti(n-C,(SiMe;),) + Mg + Me;SiC=CSiMe ; —

(2)

(CpTi)(CoMg) [u-n?: n*-Cy(SiMe;),], (1)

(1)

The same product was also obtained when after the
formation of 2 by reduction of Cp,TiCl, with an excess
of Mg in the presence of an excess of BTMSA in THF
the reaction was prolonged {10 *].

The X-ray single crystal analysis of 1 [11 *] revealed
that there are two slightly different molecules, denoted
by 1 (1) and 1 (2), in the asymmetric unit. The molecu-
lar structure of 1 (1) is shown in Fig. 1. Selected
interatomic distances and valence angles for 1(1) and
1(2) are listed in Table 1. The acetylenic carbon atoms
of the Me,;SiC=CSiMe, ligands form the base of a
nearly rectangular bipyramid (maximum deviation 0from
the least square plane 0.013 A for 1 (1) and 0.006 A for
1 (2)) with the Ti and Mg atoms at its apexes. Both the
metal atoms are capped with 13-Cp ligands in a slightly
staggered configuration. The coordination environ-
ments of the Ti and Mg atoms are apparently so
similar that they are disordered within each indepen-
dent molecule. The refinement of a site occupation
factor shows that this disorder has to be taken into
account in the interpretation in particular of bond
distances and angles involving the metal atoms. Esti-
mation of the individual metal-C (acetylene) bond
distances by extrapolation by the least square method
indicates that the Ti—C (acetylene) bond distances (av.

* Reference number with asterisk indicates a note in the list of
references.
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Fig. 1. The molecular structure and atom numbering scheme for 1(]).

2.03 (+£0.03) A) are distinctly shorter than the Mg-
Clacetylene) bond distances (av. 2.44 (+0.03) A)
wherecas the metal-C(Cp) bond lengths are nearly the
same (Ti—CE av. 2.08 (+0.02) and Mg-CE av. 2.03
(+0.02) A). The difference in metal-Clacetylenc) bond
lengths 1s reflected in a slight displacement of the Si

atoms from the bipyvramid base plane towards Mg by a
mean of about 0.10 A. The BTMSA ligands show a
C-C bond length of 1.31(1Y A for 1(1) and 1.33(1) A
for 1(2), and the C-C-Si angle is on average 140(2)°.
The values of both ot the parameters indicate a change
from sp to sp* hybridization at the carbon atoms upon
coordination. Thesc values differ only shightly from
those found in (C Me.),TitMe SiC=CSiMe ;) (1.309 A.
av. 135.4°) [4]: the latter values should not differ con-
siderably from those for Cp,TilMe SiC=CSiMe,) as
only negligible differences in these parameters were
tound between the (C Meg) , TUPhC=CSiMe,) and
Cp,Ti(PhC=CSiMe., ) complexes [3]. 1t must be empha-
sized that the distances between neighbouring carbon
atoms of the base of the bipyramid belonging to differ-
ent BTMSA ligands. on average 3.243) A, prove the
absence of a cyclobutadicne ring in 1. The Ti-Mg
distance (av. 2.776(2) A) is only slightly longer than the
sum of the covalent radii of Ti (1.32 A) and Mg (1.36
A) {13}, but considerably shorter than the sum of the
valence radii of metatlic Ti (1.448 A} and metallic Mg
(1.599 A) [14]. Hence, the presence of a Ti—-Mg single
bond can be regarded as established in 1.

TABLE 1. Selected bond distances (A) and valence angles (°) for 1(1) and 1(2) (esd’s in parentheses)

Bond distances

Ti(1 1)-Ce(Cp ring) 2.064012)
Ti11)-C(Cp) (av.) 2.371(14)
T D-CO 1M 2.224(7)
Ti(1 D-C20 2.183(7)
Ti(1 D-C130 2.208(7)
Ti(11)-CC140) 2. 1947)
C(110)-Si(11) 1.855(7)
C(120)-Si(12) 1.860(7)
C(130-Si(13) 1.865(7)
C(140)-Si(14) 1.861(7)
Ti2D-CE(Cp ring) 2.068(10)
Ti21D)-C(Cp) (av.) 2.379(6)
Ti2D-C21m 2 15806)
Ti21)-C(220) 2.150(7)
Ti21)-C(230) 2.15647)
Ti2D-C4h 2.143(7)
C2rm)-Si2h) 1.8306(7)
C(220)-Si(22) 1.857(7)
C(230)-Si(23) 1.848(7)
C240)-Si(24) 1.868(7)
Valence angles

Ti(1D-C(110)-Mg(12) 75.9(2}
Ti(11)-C(120)-Mg(12) 77.2(2)
Ti(1D-C(1300-Mg(12) 76.1(2)
Ti(11)-C(140)-Mg(12) 77.7(2)
Ti(21)-C(210)-Mg(22) 772
Ti(21)-C(220)-Mg(22) 75.5(2)
Ti(21)-C(230)-Mg(22) 77.2(2)
Ti(21)-C(240)-Mg(22) 75

Mg(12)--CE(Cp ring) 2.056(10)
Mg(12)-C(Cp)av. 2.370(9)
Mg(12)-CC1HED) 2290
Mg(12)-C(120) 226607y
Mg(121-C130) 2.29647)
Mg(12)--C(144) 22307
C10-Cazm 1.30RHD)
CC130)--C140) [.307(9)
T -Mg(12) 2T
Mg(22)-CE(Cp ring) 205001 1)
Mg(22)-C(Cp) av. 2.360015)
Mg(22)-C(210) 22647
Mg(22)-C(224) 23737
Mg(22)--C(23) 229007
Mg(22)-C(240) 23097
C21M-C220 1.329(9)
C(230)-C(240 1.330(9)
Ti2D-Mg(22) 277
SI1D)-CIM-CCr2m 143.0¢6)
Si12)-C120)-C 1Y) 138.9(6)
Si(13)-C130)-CL140) 140.3(6)
Si(14)-C140)-CL30) 137.7(6)
Si21D)-CR1I0-C220) 138.8(3)
Si(22)-C(220)-C2H) 140.7(5)
SI23)-C230)--CO2H) 138903
SH24)—C24M-C3n 144,205

Atoms of 1{1) are denoted by numbers (1...). those of 1{2) by (2...).
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A solution of compound 1 in THF or hexane gives
no ESR signal. The well-resolved 'H and *C NMR
spectra of 1 indicate that it is a diamagnetic complex
containing two nonequivalent Cp ligands and two
equivalent BTMSA ligands. The “*C NMR chemical
shift of the acetylene C atoms (269.07 ppm) differs
considerably from that of 2 (244.70 ppm) [6], in agree-
ment with the assumed delocalization of electron den-
sity over the acetylene ligands in 1 (vide infra).

The structure of 1, and its genesis, diamagnetism
and high thermal stability, allow us to regard both the
Ti and Mg atom as bivalent. One of the valencies in
each case participates in the regular metal-Cp bond
whereas the other must be involved in mutual bonding
of the (CpTi) and (CpMg) moieties. The latter is
achieved either through a direct Ti-Mg single bond
(vide supra) or through the bridging bonds, generating
a negative charge at each of the acetylene ligands.
Both the bonding modes were found to be acceptable
by an MO study of a number of transiton metal com-
plexes with perpendicularly bridging acetylene ligands
[15]. The d? electrons of Ti'! are presumably delocal-
ized in low-energy MQ orbitals involving 7 * orbitals.
The absence of d? electrons in 1 follows from its
electronic absorption spectrum which shows an absorp-
tion band at 525 nm (e ca. 10 cm® mmol ') that can
be tentatively assigned to a 7—d transition. The analo-
gous delocalization of d? electrons has been estab-
lished by UPS and electronic absorption spectroscopy
for exomethylene derivatives of permethyltitanocene
[16]. In contrast to 1, a pentacoordinated Ti" in the
square pyramidal (n%-arene)TiAl,Cl,  Et (X =Cl,
Br; x = 0-2) complexes gives a d—d absorption band at
800 nm (e ca. 10 cm? mmol~*) [17,18].

A large number of transition metal complexes with
perpendicularly-bridging bent acetylene ligands possess
common structural features, including a C-C bond
length of 1.3-1.4 A, a C-C-R angle of 130-150°, and
metal-metal distance ranging between 2.2 and 3.5 A
[15,19], but only a few complexes with two perpendicu-
larly bridging acetylenes are known, namely the
homonuclear Nb,(CO),Cp(pn-C,R,), [20] and
Fe,(CO)(u-C,t-Bu,), [21] and the heteronuclear
CpM(COX p-CF;C=CCF;),Co(CO), (M = Mo, W)
complexes [22]. Complex 1 is the first titanium complex
with perpendicularly bridging acetylene ligands and the
first heteronuclear complex of this type containing a
Main Group element.

The structural chemistry of magnesium has been
recently reviewed [23]. The bonding of Mg in 1, mim-
icking that of a transition-metal, presents new aspects
of the nature of Mg—C bonding [24], and opens up new
perspectives for the coordination chemistry of Main
Group metals.
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