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Abstract 

The complex [(~‘-C,H,)Ti][(.r1’-CgH5)Mg][~-~*(Ti, Mg) : q’(Ti, 

Mg)-C,(SiMe,),], (1) was obtained by the reaction of ($- 

CsHs),Ti(77-C,(SiMe,),) (2) with Mg and bis(trimethylsilyl)acetylene 
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 TJ’-C,H~ ligand. 

Whereas a large number of titanocene binuclear 
and trinuclear Ti-Al complexes bridged through hydro- 
gen [l] or halogen [2] atoms are known, the first 
titanocene-Mg complexes were structurally character- 
ized only recently when the crystalline [(Cp),Ti&- 
Cl),],Mg(THF),(Cp = q5-C5H5) and [Cp,Ti(F- 
Cl),Mg(THF)&-Cl)], complexes were isolated from 
the Cp,TiCl, + Mg + THF system [3]. In the presence 
of disubstituted acetylenes, the titanocene (Tin) species 
generated in the above system are stabilized by the 
coordination of the acetylene in a r-bonding manner. 
The structures of the (C,Me,),Ti(Me,SiGCSiMe,) [4], 
Cp,Ti(PhC=CSiMe,) and (C,Me,),Ti(PhC=CSiMe,) 151 
complexes were established by X-ray single crystal 
analysis and the structures of Cp,Ti(Me,SiC=CSiMe,) 
(2) [6], Cp,Ti(PhGCPh) [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 [61. 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 (CpTiXCpMg)[(p- 
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(T-C,(SiMe,),) + Mg + Me,SiC&SiMe, + 

(2) 

(CpTi)(CpMg)[p--17’ : ~*-C,(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 [lo *I. 

The X-ray single crystal analysis of 1 [ll *] 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 l(1) and 
l(2) are listed in Table 1. The acetylenic carbon atoms 
of the Me,SiC&SiMe, ligands form the base of a 
nearly rectangular bipyramid (maximum deviation from 
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 v’-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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2.03 ( i_ 0.03) A) are distinctly shorter than the Mg-- 

C(acetylenc) bond distances (nv. 2.44 (_tO.O3) A) 
whereas the metal-C(Cp) bond lengths art: warly the 

same (T-CE av. 2.08 ( iO.03) and Mg---C’E av. 2.03 

C &O.(U) A). The diff’erencc in metal--(‘(acetylene) bond 

lengths is reflected in a slight displaccmcni of the Si 

Bond dictrrnc C’., 

Tic I 1 )-Ce(Cp ring) 
Tic 1 I)-C(Cp) (ac.1 

‘IX1 l)-C(l10~ 

Tic 11 )-C‘C 120) 

Tic 1 1 )bC( 1.30) 

Ti( I1 )-Cl 140) 

CC1 l(l)kSifl 1) 
<1(12O~Si(l2) 

<‘(1X))-Si(13) 

Ul40)-Si(1-I) 

Tic21 )kCX(C‘p ring) 

Ti(Zl)b(.‘tC‘pl (a~.) 

Ti(21)~C‘(2111) 

Ti(21)-c‘(220) 

~Ti(?l~-CI230~ 

TX21 I-c‘(250) 

C(210-Si(21) 

C(22O)-Si(22) 

C(230)-SK231 

C(24O)-Si(241 

7.Oh.U 12) Mg(l?) X%(Cp ringi 

2.371( 13) Mg( 12)bC(C‘p)a\ 
’ 77471 -.__ Mg(12)--c‘(I IO) 

3.183(7) Mg( I?)--C‘( 1’0) 

1.2OXC7) My(l2, C(l30) 
3.lS-H7) Mp(l2i--(‘(I-l(i) 

I .K55(71 (7 I IO)- Cl 121)) 
I .XhO(7) C‘(130)--(‘14Oi 
l.Sc37) -1x 1 I )- Mg( 1’) 
1.X61(7) 

‘.Ohfic( IO) Mg(77)--CE((‘p r1na) 
7.37’)(O) Mg(21bUC‘p) a\. 
1,15X(b) ,Mg(27)~C‘(710) 
7 liO(:) Mg(22)-U1711) 
1. I 5hl7) Mg!72) U2.30) 

2.143(7) Mp(72)-U240) 
1 .S56(7) ~‘1210)~-<‘(Xl) 
l.S5”,7) C(301 X‘(24l) 
I .518(7) TX21 )bMg(.3_‘) 
1 .ShYC7) 

vulenc~e m&s 

‘Tic1 I)-CC1 lOkMg(l7) 

Ti(ll)-C(lZO)-Mg(l7) 

Ti(ll)-C(l30)-Mg(l3) 

Tic1 I)-C(l40)-Mg(l2) 

Ti(21)-C(?lO)~My(2~) 
Ti(21)-(‘(22(l)-Mg(?‘~j 

Tit2l)~C‘(??(I)-Mg(?3) _. 
Ti(2l)-C‘(230)-Mg172) 

75.W) 

77.X’) 

76.1(2) 

77.7(-7) 
77.32) 

7.532) 

77.212) 

75.X’) 

Sic 11 )--CC 1 l(J)-CC 120) 
Si(l2)--(I IX-(‘(1 IO) 

Sit 13)--C’(l3O)-C’~ IJO) 

Si~l3~-c‘~l4O~-C~I.10~ 

Si(71) -(‘(710)-C(1210) I _ ‘. 

Si(27)--(‘(320)-<‘(7IO) 

Si(3?~Lc‘(XIb (‘11-111) 

Si(24~-(‘(?40)- (‘(721)) 

Atoms of l( 1) are dcnotcd by numbers (t 1. those of l(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 13C NMR 
spectra of 1 indicate that it is a diamagnetic complex 
containing two nonequivalent Cp ligands and two 
equivalent BTMSA ligands. The ‘xc 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 (uide 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 
(tide 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 Tin are presumably delocal- 
ized in low-energy MO orbitals involving n-* 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. lo* cm2 mmol-‘) that can 
be tentatively assigned to a r-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 (nh-arene)TiAl,Cl,_.Et, (X = Cl, 
Br; x = O-2) complexes gives a d-d absorption band at 
800 nm (E ca. 10 cm* mmoll’) 117,181. 

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,(~-C,R,), [20] and 
Fe,(CO),(p-C2t-BuZ)2 [21] and the heteronuclear 

CpM(CO)(p-CF,CrCCF,),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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