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The metathesis reaction 

$-Cp-$-Cp’Ti(NCO)Br + PhSNa + q5-Cp-q5-Cp’Ti(NCO)SPh 

(Cp = C,H,; Cp’ = l-Me(2-CHMe,)C,H,; Ph = C,H,) 

has been shown to be selective and stereospecific, with inversion of the configura- 
tion at the titanium center. This stereochemical behaviour is in contrast with that 
observed for the correspbnding NCS complexes. The conclusions are based on ‘H 
NMR data arid ,a crystal structure determination on the complex T$-Cp-$- 
Cp’Ti(NCS)O-2,6-Me&H3 (isomer m.p. 193’(Z), which crystallizes in holohedral 
form, orthorhombic, system, space group Pbca with a 15.671(3), b 15.804(5), c 
17.478(3) A. On Seebach’s nomknclature this structure corresponds to the u(Ti,P) 
form. 

The ligand exchange process at a metallic center is a topic of major importance in 
modem organometallic chemistry. Information on this process for tetrahedral or 
pseudo-tetrahedral complexes is scarce, but we have previously described several 
examples of dynamic stereochemistry at a pseudotetrahedral titanium chiral center 

[II- 
We present here results for complexes of the general formula q5-Cpq’-Cp’TiiY 

(Cp = C,H; and Cp’ = l-Me(2-Me,CH)C,H,). These complexes have two chiral 
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features, namely a central chirality at the titanium atom and a planar chirality for 
stereochemical reference. The new results concern the two exchange reactions: 

HBr PhSNa 
-TiOPh’ - -TiBr - -TiSPh 

The transformations have been studied starting from each of the two diastereo- 
isomeric forms of q5-Cp-n5-Cp’Ti(NCO)OPh’ complexes (Ph’ = 2,6-Me&H,). 

The action of HBr on the m.p. 202°C form of the CpCp’Ti(NCO)OPh’ complex 
gives exclusively the m.p. 172°C form of the CpCp’Ti(NCO)Br. When this form is 
treated with PhSNa at -40°C in THF the two CpCp’Ti(NCO)SPh diastereo- 
isomers are obtained but one predominates. Similarly the m.p. 180°C form of the 
CpCp’Ti(NCO)OPh’ complex gives the m.p. 150°C form of the bromo complex, 
which is converted at -30°C exclusively into one of the CpCp’Ti(NCO)SPh 
complexes (m.p. 126°C form) (Scheme 1). 
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Fig. 1. A perspective ORTEP view of the molecular structure of the complex CpCp’Ti(NCS)O-2,6- 
Me&H, (isomer m.p. 193°C) 

Fig. 2. Complex CpCp’Ti(NCS)O-2,6-Me&Hs; u(Ti,P) (m.p. 193°C) 

TABLE 1 

‘H NMR DATA” 

Complexes CH, b 

NCO(OPK) m.p. 202 2.03(s) ’ 

NCO(OPK) m.p. 180 2.09(s) 

NCS(OPh’) m.p. 193 2.09(s) 

NCS(OPh’) m.p. 148 2.14s) 

NCO(SC,H,) m.p. 131 2.38(s) 

NCO(SC,H,) m.p. 126 2.08(s) 

NCS(SC,H,) m.p. 173 2.44(s) 

NCS(SC,H,) oil 2.16(s) 

CH(CH,), 

3.OS(hp) = 

2.97(hp) 

3.18(hp) 

3.09(hp) 

2.86(hp) 

3.07(hp) 

2.97(hp) 

3Whp) 

CH(CH,), 

1.06(d) ’ 
1.22(d) 
1.05(d) 
1.12(d) 
1.07(d) [lb] 

1.24(d) 
1.06(d) [lb1 
1.11(d) 
1.03(d) 
1.10(d) 
l.lqd) 
1.42(d) 
1.05(d) [lc] 
1.12(d) 
1.17(d) [lc] 
1.39(d) 

a 100 MHz, CDCl,; TMS as internal reference; 6 (ppm). b Methyl group of the unsubstituted cyclo- 
pentadienyl ring. ’ s, singlet; hp, heptuplet; d, doublet. 
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The main problem was to assign the exact stereochemistry to the two diastereo- 
isomeric forms of each couple. 

It was not possible to obtain crystallographic data for the TiNCO complexes, but 
we have previously presented such data for a CpCp’Ti(NCS)SPh diastereomeric 
form [lc] and we report here the structure of a CpCp’Ti(NCS)OPh’ form. This 
structure, represented in Fig. 1, reveals the relative configurations of the two 
asymmetric centres of the m.p. 193°C form; -on Seebach’s nomenclature [2,3] this 
structure corresponds to the u(Ti,P) form (Fig. 2) *. 

The N-Ti-0 plane practically bisects the two cyclopentadienyl planes. The five 
atoms TiNC(l)SO are in the same plane; the N-Ti-0 angle is 95O and the 
Ti-N-C(l)-S’ atoms are nearly aligned. 

Starting from these data it is possible to assign structures to the corresponding 
Ti-NC0 complexes on the basis of analogy in the NMR spectral patterns, which 
are shown in Table 1. 

On the other hand, the retention stereochemistry of the ligand exchange Ti-OPN 
--, TiBr is well established [6]. If the arguments we have used to establish the 
stereochemical similarity between the NC0 complexes and the NCS complexes 
through RMN data are correct, the TiBr + TiSPh substitution appears to involve a 
predominant inversion process. 

The detailed knowledge of the structure of the complex CpCp’Ti(NCS)OPh’ form 
reported here has another important consequence, in that it shows that the TiBr + 
TiSPh substitution gives a major product which is formed by a retention process 
and not by an inversion process as was previously postulated [lc]. These two results 
appear to be in conflict. It is possible that NMR correlation we have used may be in 
error, but our conclusion has some theoretical support, analysis of photoelectronic 
spectra having revealed a strong interaction through the bonds between the orbitals 
of ligands X (NCS, Br and OC,H,) and the two cyclopentadienyl rings [7]. There is 
an inversion of the highest occupied molecular orbitals on going from the iso- 
cyanato to the isothiocyanato complexes. Moreover, the lowest unoccupied molecu- 
lar orbital (LUMO) of the CpCp’Ti(Br)NCZ complexes is different for Z = 0 and 
Z = S; this orbital is localized on Br for NC0 complexes and on NCS for NCS 
complexes. Such a difference must lead to a marked change from a stereochemical 
point of view of the transition state of the substitution process [7]. 
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