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Synthesis and X-Ray Crystal Structure of the Dimeric Compound 
[c,6H,6N,02Ti(BH,)2],, a Dirner of NN’-Ethylenebis(salicy1idenaminato)titanium 

Containing Seven-co -ordinate Titanium( IV) and Amino-borane as Donor Groups 

By GIUSEPPE FACHINETTI, CARLO FLORIANI,* MARCELLO MELLINI, and STEFANO MERLINO 
(Istituto di Chimica Generale ed Istituto d i  iWineraZogia, Universitd di Pisa, 56100 Pisn, I taly) 

Summary The reaction of dichloro-NN’-ethylenebis(sa1i- 
cylidenaminato) titanium(Iv), [Ti (salen)Cl,], with lithium 
tetrahydroborate gave, via addition of BH,- to the 
imino-functions of the ligand, a dimeric seven-co- 
ordinate titanium(1v) compound containing amine-bor- 
anes as donor groups; its crystal and molecular structure 
together with spectroscopic data are reported. 

the reaction of (I) with one of the most common inorganic 
reducing agent, BH,-, which gave unexpected results. 

CI18) 
SOME organometallic derivatives of titanium in low oxida- 
tion states are powerful species for the activation of normally 
unreactive molecules, e.g., N,, CO, and HZ1 or those con- 
taining covalent bonds.2 These reports do not include 
any study of the chemical behaviour when titanium is co- 
ordinated with a polydentate or macrocyclic ligand. It is 
well known that Schiff’s base complexes of various tran- 

C0,,4 and C0.5  
Dichloro-NN’-ethylenebis (salicylidenaminato) ti tanium- 

(IV), [Ti(salen)Cl,], C,6H,4C12N20,Ti, (I),s may be con- The reaction of (I) with an excess of lithium tetrahydro- 
sidered a suitable ‘model’ both for investigating the re- borate in tetrahydrofuran (THF) gave an orange solution 
activity of titanium carrying an unusual ligand’s environ- from which orange crystals of an air-stable, diamagnetic com- 
ment, and for obtaining reduced titanium species. We report pound, having molecular formula [C,,H,,N,O,Ti(BH,),],~ 

sition metals interact with small molecules, such as 0,,3 t112) 

FIGURE 1. The structure of (11). 

t By slow crystallisation from THF, (11) was obtained as a THF adduct. 



J.C.S. CHEM. COMM., 1976 

-1.06"\, 

\ 
\ 

\ 

\ 

301 

"2) 
.a 

/ ' -1.52 
I 

0 

(11), were obtained in 60% yield. The i.r. spectra of (11) 
do not show the C=N band around 1610-1630 cm-l 
which suggests that the reaction results in the reduction of 
the imino-groups. No change in the oxidation state of the 
metal occurs. The insolubility of (11) in hydrocarbons and 
its decomposition in basic solvents prevented n.m.r. 
spectroscopic measurements. 
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FIGURE 2. 
along the Ti-O(1) bond in (11). 

The capped octahedral geometry around Ti viewed 

Crystal data : (11) .2THF, C40H,oB4N40,Ti,-C,H 1602, mono- 
clinic, space group P2,/c; a = 11.802(3), b = 20-039(7), c = 
9.272(3) A; 16 = 90.0" 3', D, = 1-25 g ~ m - ~ ,  2 = 2. The 
intensity measurements were collected on a Philips dif- 
fractonieter (PW 1100) up to 26' = 30" (Mo-K, radiation, 
A = 0.7107 A). The structure was solved by Patterson 
and Fourier methods. A Fourier difference synthesis 
revealed all the hydrogen atoms except those of the T H F  
molecule affected by some kind of disorder. The final re- 
liability index I? was 0.05. The crystals are composed of 
discrete dimeric molecules with C,(i) symmetry packed 
with T H F  molecules. 

The structure of (11) is shown in Figure 1 which also 
shows some relevant bond lengths (standard deviations : 
Ti-0, 0.008 and Ti-N, 0.0 12 A). The geometrical arrange- 
ment around titanium of the H,N,O, set of donor atoms can 
be described in terms of idealised structure of a capped 
octahedron. Figure 2 shows the inner co-ordination geo- 
metry of titanium viewed along the Ti-O(1) bond. The 
B-H, B-N, Ti-N, and Ti-0 bond distances are in the usual 
range. The geometry around N and B is tetrahedral. 
The C(3)-N(1) and C(4)-N(2) distances as well as the tetra- 
hedral geometry around C(3) and C(4) confirmed the re- 
duction of the Schiff's base. Strong Ti-H interaction results 
from the short observed bond length, although this con- 
clusion must be considered tentative in view of the high 
standard deviation (Ti-H, 0.15 A) as compared with the 
Ti-H bond distances [1.75(8) A] in [(q5-C5H5),TiH2BH,] .7 

It seems relevant to note the existence of the electron- 
deficient four-membered rings (A) containing six electrons 

for bond formation. The i.r. spectrum [Nujol and poly- 
(chlorotrifluoroethylene) mulls] showed, in the region free 
from the complex absorption by the organic ligand, bands 
[24GOs, 2410s, 2325m, sh, 1995m, s, and 1820m, s cm-l] 
due to H,BHTi units, as confirmed by the shifted bands in 
the deuteriated complex, [Cl,H,4D2N,02Ti(BD,)2]2 (111), 
[1855, 1780, 1735, and 1295 cm-l]. The absorption 
assignable (1820 cm-l) to the Ti-H stretching mode 
showed a larger shift (v&D = 1.41) compared to those 
due to B-H stretching vibrations (1.33-1.35).* 

The stable transition metal tetrahydroborate complexes 
may be considered as a model for understanding the detailed 
manner in which BH4- acts as a reducing agent for the 
metal. Complexes like (11) can be considered as the inter- 
mediate 'models' for explaining the metal-catalysed re- 
duction of some organic species by BH-4.9 The metal- 
promoted reduction or hydrolysis of co-ordinated Schiff's 
base may be examples of the general metal-ion catalysis of 
nucleophilic organic reactions.'O 
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