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The formal oxidation state of titanium in Ti- 
(bpy), can vary from 0 to +4, because bipyridine 

(bpy = @--@&) is a non-innocent ligand. 

Ti(bpy), is a well known compound, first prep- 
ared by Herzog many years ago [l] ; it has been 
studied by several authors in connection with the 
problem of the metal oxidation state. Unfortuna- 
tely, the results are conflicting and confusing. Thus, 
on the basis of solution electronic spectra, Herzog 
concludes that the bpy ligand in Ti(bpy), has the 
character of bpy- ion [2], while Kaizu and co- 
workers [3], starting from the same data, formulate 
Ti(bpy), as a complex of Ti(0) bonded to the neutral 
bpy ligand. On the other hand, Nakamoto [4], inter- 
preting IR spectral data, reaches the apparently cor- 

rect conclusion that the Ti-N bond is essentially 
ionic; nevertheless the bipyridine complex is still 
classified as a Ti(0) complex [5] . 

In the course of a research project on the use of 
coordination compounds for organic syntheses, we 
have chosen Ti(bpy), as the starting material, and we 
report here our considerations about which formal 
oxidation state of the metal best explains its chem- 
ical behaviour. In a recent paper in this journal [6] , 
it was reported that the non-ambiguous Ti(0) com- 
plex, K4Ti(CN)4, reduces bipyridine to the radical 
anion (bpy)L); therefore, the zero oxidation state 
for the metal can no longer be proposed with confi- 
dence. We are convinced that Ti(bpy), is best consid- 
ered as a chelate complex of Ti3+ and bipyridyl anion 
for the reasons explained below. 

‘H NMR Data (Fig. 1) 
The resonances of coordinated bipyridine in the 

Ti(bpy), complex are shifted upfield of ca. 1.5 ppm 
relative to the free ligand, and the same relationship 
is observed for free and bound 4,4’-dimethyl-bipy- 
ridine. The large screening effect observed upon 
complexation suggests the presence of a considerable 
negative charge on the bonded ligand. We do not 
attribute the negative charge to a M + (n*) mecha- 
nism active in the complex, since bpy is a poor n- 
acceptor. Indeed, when it is coordinated as a neutral 

Ti (h-v), 

Ti (4.4’ - Me,bpy), 

4.4’- Me, bpy 

I J 
9.0 6.0 7.0 6.0 5.0 ppm from TMS 

Fig. 1. 200 MHz ‘II NMR spectra ofTi(bpy)s, Ti(4,4’-Mezbpy)x and the free ligands in [%]s-THF at 300 K. 
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TABLE I. ‘H-NMR Data of 2,2’-Bipyridine Complexes 
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Compound 6 (ppm from TMS) Solvent 

H3 H4 H5 H6 

2,2’-bipyridine 8.45 7.83 7.32 8.67 C2H2C12 

4,4’-Me, bpy 8.42 7.19 8.52 [*HIS-THE. 

Ti(bpy)s 1.54 6.28 5.56 6.19 [2H]B-THF 

Ti(4,4’-Me2 bpy)3 7.25 5.30 6.02 cis-[Pt(bpy)2]+2 a 8.5 8.5 7.9 8.9 ,z,-THF 

[Pt(bpy)(OH)z lb 

~is-[Rh(bpy)~(OH)~]+~ ’ 

cis- [Rh(bpyjl(FH)2 I’ ’ 
[Ru(bpy)z 1 
cis-[Mo(CO)‘,bpyle 
cis-[Mo(bpy)z(COjz I” 

[Cu(bpy)(CO)z I’ 

cis-[Ir(bpy)2C12X’ g 
V~e(bpy)(C0)3 1 

1.79 

8.90, 8.71 

8.70, 8.54 
8.97 

8.16 
8.39 

8.67 

8.91,8.82 
8.48 

7.98 

8.76, 8.38 

8.52, 8.18 
8.23 

7.95 
7.91 

8.35 

8.50, 8.20 
7.84 

7.41 

8.30, 7.62 

8.09, 7.43 
7.56 

7.39 
7.41 

7.89 

8.15, 7.5 1 
7.39 

8.45 

9.41,7.75 

9.27, 7.7 1 
7.74 

9.12 
8.68 

9.13 

9.65, 7.85 
9.41 

*Hz0 

*Hz0 

*Hz0 
[*H16-DMSO 

C2HzC12 
[*HI ,-DMSO 

[*HI G-acetone 

[‘HI 6-DMS0 
[ ‘H lb-acetone 

aRef. 7 bRef. 8. ‘Ref. 9. dRef. 10. eRef. 11. fRef. 12. ‘Ref. 13. hRef. 14. 

molecule, it remains negative, irrespective of the 
metal and of its oxidation state, even when the M -+ 
(n*) mechanism is certainly operating (e.g. Mo(bpy),- 
(CO),, Fe(bpy)(CO),); from the NMR point of view, 
this behaviour is clearly demonstrated by the data 
reported in Table I. 

Chemical Evidence 
The reaction of Ti-complexes with benzophenone 

can be considered a test reaction for the oxidation 
state of the metal: Ti(III) complexes reduce benzo- 
phenone to pinacol [15] ; Ti(I1) complexes reduce it 
further to tetraphenylethylene [16] ; and Ti(0) com- 
plexes reduce it even further to tetraphenylethane, 
abstracting hydrogen from the protic solvent [16]. 
There is little doubt that Ti(bpy), should be for- 
mulated as a Ti(II1) complex on the basis of chemical 
evidence, since, by reacting it with benzophenone, 
we have obtained a Ti(IV) complex (1) containing 
the pinacol dianion [(@2CO)2]c, together with a 
negligible amount of tetraphenylethylene. according 
to the stoichiometry: 

Ti(bpy)3 + 4@KO -+ Wbpy) WHOM 2 + WY 

Analogies with the Ti(III) Complex: (Ti’3 Cp2- 
(bp,v-1 )I / 17J 

Ti(bpy), and the analogous Ti(III) complex, 
[TiCp,bpy] (Cp = C5H5-), react in a similar way 
with tetracyanoethylene, reducing it to the dianion; 
then two molecules of the dianion condense, via 
a metal promoted mechanism, to give, by elimina- 
tion of HCN, a new heterocycle whode formula is 
Cl1 N7H2- [18] . Obviously the titanium is in the 
same oxidation state in the two complexes. 

In conclusion, Ti(bpy), should be formulated as 

[Ti3’(bw-‘)31 , with a singlet ground state far 
below the first excited triplet state which is not 
thermally accessible, since Ti(bpy)3 is diamagnetic 
and does not give any EPR signal even on heating. 

Acknowledgement 

The financial support of the Progetto Finalizzato 
Chimica Fine e Secondaria is acknowledged. We also 
thank Mr. M. Viola for the drawings and Mr. N. Poli 
for technical assistance. 

References 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

S. Herzog and R. Taube, Z. Anorg. Allg. Chem., 306, 159 
(1960). 
E. Koenig and S. Herzog, J. Inorg. Nucl. Chem., 32, 613 
(1970). 
Y. Kaizu, T. Yazaki, Y. Torii and H. Kobayashi, Rull. 
Chem. Sot. Jpn., 43, 2068 (1970). 
Y. Saito, J. Takemoto, B. Hutchinson and K. Nakamoto, 
Inorg. Chem., II, 2003 (1972). 
F. A. Cotton and G. Wilkinson, ‘Advanced Inorganic 
Chemistry’, 4th edn., Wiley, New York, 1980, p. 693. 
D. Nicholls and T. A. Ryan, Inorg. Chim. Acta, 41, 233 
(1980). 
0. Farver, 0. Mqinsted and G. Nord, J. Am. Chem. Sot., 
101, 6118 (1979). 
E. Bielli, P. M. Gidney, R. D. Gillard and B. T. Heaton, 
J. Chem. Sot., Dalton Trans., 2133 (1974). 
P. M. Gidney, R. D. Gillard and B. T. Heaton, J. Chem. 
Sot., Dalton Trans., 2621 (1972). 
E. C. Constable and K. R. Seddon,J. Chem. Sot.. Chem. 
Commun., 34 (1982). 
J. A. Connor and C. Overton, J. Chem. Sot., Dalton 
Trans., 2397 (1982). 



Inorganica CWnica Acta Letters l.9 

12 S. Kitagawa, M. Munakata and N. Miyaji, Inorg. C’hem., 
21, 3842 (1982). 

13 R. E. DeSimone and R. S. Drago, Inorg. Chem., II, 25 17 
(1969). 

14 H.-W. Friihauf,J. Chem. Res. (M), 2035 (1983). 
15 R. S. P. Coutts, P. C. Wailes and R. L. Martin,J. Organo- 

met. Chem., 50, 145 (1973). 

16 R. Dams, M. Malinowski, I. Westdorpend and H. Y. Geise, 
J. Org. Chem., 47, 248 (1982). 

17 A. M. McPherson, B. F. Fieselmann, D. L. Lichtenberger, 
G. L. McPherson and G. D. Stucky, J. Am. Chem. Sot., 
101, 3425 (1979). 

18 G. Dessy, V. Fares, A. Flamini and A. M. Giuliani, 
Angew. Chem., Int. Ed. Engl., 5, 426 (1985). 


