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summary 

Dicyclopentadienyltitanium(II1) telxahydridoborate, (n-Cpjz TiBi-i~, is 
formed in apcotic solvents by the reaction of dicyclopentadienyltitanium( IV) 
dichloride, (7r-Cp)2TiC12, with the tetrahydridoborate anion. The presence of 
traces of water in the reaction medium causes formation of an intensely blue 
compound, probably an aquotitanium(II1) complex. It is suggested that the ox- 
idation of (n-Cp),TiESH, with oxygen and reduction of the resulting tita.nium( IV) 
compound with LiBK, are reversible processes. The one-electron oxidation of 
(x-C$)~T~BH~ produces oxygen radicals, which can initiate homogeneous 
hyclrogeneation of olefins. 

Introduction 

The catalytic activity of titanium compounds is associated with a change of 
oxidation state of the titanium atom and in particular with the reversible charac- 
ter of that change. For example, it has been found [l] that reduction of (x-Cp)::- 
TiCI (II) with an excess of AlEt in a H2 atmosphere gives a complex in which 
the titanium atom is formally trivalent (according to its EPR spectrum). This com- 
plex is, in the presence of oxygen, catalytically active in the hydrogenation of 
olefins. The role of oxygen in this type of reaction has not yet been clearly ex- 
plained. 

As a possible contribution to understanding the nature of this oxidation- 
reduction reaction, we have studied the system (n-Cp)2TiClz + LiBHj in acetoni- 
trile and tetrahydrofuran. By use of polarography and EPR spectra, it was shown 
that the oxidation state of the titanium atom in the system is 3+. The Tin’ com- 
plex is readily converted by o_xygen into a ‘Pin’ compound. The reversibility of 
this oxidation-reduction reaction Ti”’ 
ditions was established. 

& Tin’ under strictly anhydrous con- 
4 
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Experimental 

Polarographic measurements were made with Radelkis OH 102 and OH 99: 
polarographs in the three-electrode arrangement. A dropping mercury electrode 
(DME) with the following characteristics was used: flow rate measured in mer- 
cury rnb 2.12 mg/s, drop time t 3.12 s at a mercury reservoir height h of 60 cm s 
at the potential of a saturated calomel electrode (SCE) in 0.1 AI aqueous solutio 
of potassium chloride. SCE was used as a reference electrode [2], and was separ 
ted from the measurement chamber by a carbon junction on the SCE side and 
by a liquid junction (with a G4 sinter) on the solution side [3]. 4 platinum wire 
wound in a spiral around the capillary electrode was used as an auxiliary elec- 
trode. Measurements were carried out in an electrochemical vessel [3] main- 
tained at 20 +- 0.02”C by use of a U 10 thermostat_ Nitrogen was used as the 
inert gas; it was purifie~~ by passing through a column filled with BTS catalyst 
[4] (Fluka AG) and dried by passage through potassium hydroxide and then 
phosphorus pentoside. The moisture content in the inert gas was measured 
during the reaction by the CH-1 hygrometer (Metra Blansko); the highest water 
content noted was 20 ppm. 

The solvents THF and acetonitrile were purified by standard methods des- 
cribed elsewhere [5]. 

BulNCIOJ and Et4NC104 were prepared by reaction of appropriate quater- 
nary ammonium hydra_tides (Merck) with HC104 (Lachema, p.a.). (n-Cp),TiBH; 
was prepared by a known reaction from (n-Cp)zTiCI1 (Fluka AG) and LiBH4 [6] 

EPR spectra were measured on the Varinn 4E instrument with an external 
magnetic field of intensity H = 3400 G. Spectra in the visible region were recor- 
ded with the Beckmann DK-1 instrumer: t. AU the spectroscopic results were ob- 
tained in acetonitrile in an argon atmosphere. Chromatograms of both acetoni- 
trile samples and hydrogenated products were obtained by use of the Chrom 4 
instrument at 80°C on columns filled tith poiyethyleneglycol 1500. 

Results and discussion 

Poiarography of (n-Cp)lTc’Clz 
(a) In acetonitrik. (n-C!p),TiC12 exhibits in acetonitrile (0.1111 EtJNCI03 ) 

two diffusion-controlled irreversible cathodic waves at half-wave potentials E, 
-0.63 and -2.06 V (Table 1). These values are in good agreement with previous 
investigations [7,8], hut contrary to published reports, we did not observe an 

TABLE 1 

POLAROGRAPHIC CHARACTERISATION OF (n-Cp)2TICl2 IN ACETONITRILE 

Tbls work Gubh et al 

EL (W 0.63 0.67 (O.lO)= 

J& (v) 2.06 1.90 

id, @A) 1.2 1.2 (O.S)= 

id? (IrA) 1.7 2.4 

a Anodk wave 
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anodic wave at E,,, -0.10 V. In an attempt to explain this difference, the influ- 
ence of water on the polarographic behaviour of LI was studied, since water is the 
most frequent impurity. No substatitial difference was found in the behaviour of 
II before and after addition of water (0.1 - 20 vol. %), except an apparent shift of 

-t-v Ets, attributable to T1 + Ti”’ reduction (E;.+-O.63 V), in a positive direction (up 
to 100 mV) and decrease in the Limiting current (20%). Subsequently the influen- 
ce of other impurities than water was investigated* . A strongly irreversible anodic 
wave was found at about 0.0 V in acetonitrile of only p-a. purity. This wave was 
seen after addition of Ii and showed a half-wave potential of -0.04 V. Gubin 
found [7,8] an anodic wave at-O.19 V and ascribed it to a reaction of II with 
mercury. Since throughout our work the DME was used exclusively as the worhing 
electrode, and an anodic wave of II has never been observed in either pure ace- 
tonitrile or THF, it is probable that the anodic wave is due to another type of 
reaction than that proposed by Gubin et al. This conclusion was confirmed by 
determination of the number of electrons transferred at the electrode reaction. 
In these experiments no mercury interference was found, although electrolysis 
of II was carried out using a mercury pool electrode as the working one. Elec- 
trolysis of 2.10-4M acetonitrile solution of II (9.3.10m6 mol) at controlled poten- 
tial (-0.85 V) gave the value of IZ 0.98 +- 0.1 (Gubin et al. [7] found n 0.52 + 0.1). 

(b). In tetrah y ro d f urun. II showed two cathodic waves with ES -0.76 and 
-1.97 V (Table 2) in THF. The irreversible character of both these waves was 
evident after comparison of their E ,,+ values with summit potentials (E,) under 
alternating current (AC) polarographic conditions (E, -0.71 and -1.91 V, 
respectively). The half-widths were 210 and 180 mV for the waves under consider- 
ation. This fact demonstrates the strongly irreversible character of the waves [9], 
both of which were diffusive in nature. T!w wave with E;$ -0.76 V was ascribed 
to reaction 1 [7]. 

(n-Cp),TiC12 + e- --c (n-Cp),TiCl + Cl- (1) 

TABLE 3 

PoLAROCRAPHIC CHARACTERISATION OF (n-Cp)2TiCl2 AND (wCP)~IIBH~ Il\i THF 
(0.1 nf BuqNClOq) 

(n-Cp),TiCl, (~-CP)~TIBHJ 

0.76 o.oP . +0.15= 

1.97 1.94 

0.71 0.17 

1.91 1.93 

3.1 6.f. 2.9” 

3.6 6.4 

o Anodic wave. Ep Peak polenkial Ln AC ~oluography. 

’ Using chromatographic ansl~sls it was shown that acetonitrile for spectroscoDic purposes (Merck, 
Uvasol) contains only one impurir~ (about 30 ppm) w!ule aceLonitrUe pa. (Reanal) contains at 
least rtuee impurities In higher amounts. _ 
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Fig 1. Visible spectra of titanium complexes in acetonitde solution. - (~-CP)~T&H~: ---*--- 

(nCp)~l’rBH4 + Hz0 immediately after waler addition; - - - - - - (~-C~)~TIBH~ + Hz0 5 nun after waler 

addition; ------- after o.xidshon of the blue complex with oxygen. 

substances of the type (n-Cp), TiR (R = CH3, C6 F5 ) and explained by the forma- 
tion of a dinitrogen complex [lo] or, more recently, by isomzrization induced 
by indifferent electrolyte or by action of solvent [ 111. The central atom in the bhr 
complex in question is in its formally trivalent state (I!&,, -1.94 V). The poten- 
tial corresponding to the reduction Ti”’ + Ti” is, in THF, close to the reduction 
potential for Li’ + Lie (s). The presence of the Ti”’ ion in the blue complex was 
therefore confirmed using EPR spectroscopy (Fig. 2.). Compound II is not active 
in this spectrum (the central atom is in the 3d04s0 state). Compound I, in which 
the central atom is in the 3d’ 4s’ state, shows resonance lines (splitting constant 

Fig 2. EPR spectrum of the blue complex at two different senxitlvities. 
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aTI 12.1 G). Overlap of resonance lines and hyperfine splitting corresponding to 
47Ti and 49Ti are apparent in the spectrum. The blue complex of Ti”’ is not 
formed when moisture is excluded, so it can reasonably be concluded that the b 
colour is an aqua-complex of I. The visible spectrum of I in acetonitrile shows 
twom asima (X,,, 600 and ‘710 nm); water gives rise to a marked maximum wil 

580 nm. This value is in agreement with A,,, for the blue derivative of 
;z$),TiCH~ (>,, 580 nm) [II] and with X,,, of the ‘E, -+ ‘Tg transition in 
in the [Ti( Hz O),] ‘+ complex (h,, 575 and 500 nm) [ 121. It was found that the 
blue complex of Ti’” is oxidized by gaseous oxygen and, in moist solvent, simul, 
t”“ar\..Clrr 21*.Carr\lw,“Ilc. nn .,~llr\m -rr\rl..,,tp r\f tkn ~..~r~l..~;~ n.~n~nC hn mrl..norl UJal,r;uuory rl~U”lyoC& IUC _yCI.l”W yr”“uLm “1 LUG rryurvryaw La.IUI”C UC: ISUULCZ” 

with LiJ3Ha. 

Reaction of (T-C~)~T~BH~ with oxygen 
With exclusion of moishrre, I is oxidized by oxygen to a Tirv complex, wh 

can be reduced with LiB& to I, as shown by the absence of the wave with E, 
-0.67 V. The signal in the EPR spectrum disappears afteraxidation of II with 
gaseous oxygen and the wave with EH -0.67 V appears again after repeated 
oxidation by the same procedure. In our hands the cycle (see Scheme 1) was 
repeated four times with decreasing limiting diffusion current in each step. 
Yields of oxidations were successively 33, 18, 11 and 4.5%, as related to the 
limiting current of Tin’ _ U-I compound II. The decrease can be explained by 
hydrolysis of the 11 --Iv ion with residual moisture to non-reducible products 
(see above). This proposal is supported by the impossibility of carrying out the 
cycle in the presence of more water. 

SCHEhlE 1 

/ l/2 W-k + ‘12 HP 

TI T Tim 

P/2 4 1 ‘/2 02 

Since oxidation of Ti”’ to Tilv _ 1s a single electron process, it is probable 
that osygen radicals are generated in this reaction. These should be active in 
hydrogenations and the system IT-LiBI&-THF was actually found to be active 
in the hydrogenation of l-hesene.‘When 2,6-di-t-butyl-4-methylphenol as a 
radical scavenger was added, the hydrogenation slows down remarkably. With 
the suggeskd mechanism it is possible to explain the hydrogenation of olefins 
with hydrogen-containing oxygen in the presence of AlE&--II [ 1,13]_ 
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