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Spontaneous H—D Exchange in Hydrogenated
1-Methylallyldicyclopentadienyltitanium(iir) - an Active Catalyst for the
Isomerization and Hydrogenation of Unsaturated Hydrocarbons

By HeNDRIK A. MARTIN and R. O. de Joncu*

(Unilever Research Laboratory, Viaardingen, The Netherlands)

Summary Hydrogenation of (C;H;),Ti(C,H;) yields an
active homogeneous catalyst which can be used for the
hydrogenation and isomerization of unsaturated hydro-
carbons and which exchanges its cyclopentadienyl
hydrogen atoms in a deuterium atmosphere yielding a
deuteriated complex which can be converted with
hydrogen chloride into pure (C;D;),TiCl,.

DIMETHYLDICYCLOPENTADIENYLTITANIUM(1V), (C;Hj),Ti-
Me, (dimethyl-DCT), can be hydrogenated in solution to
bis[dicyclopentadienyltitanium(11)], [(C;H;),Ti],, [DCT],:t

2(CsH;),TiMe, + 2H, — [(C;H;),Ti],; + 4CH, (1)

In cyclohexane solution, 7-allyldicyclopentadienyltitanium-
(111), (C;H;),Ti(C;H;) (allyl-DCT), and some of its homo-
logues also react with molecular hydrogen,? about 1-9 mole
of H, (20°, 760 mm. Hg) being taken up per mole of allyl
complex.t Treatment of the hydrogenated solutions of
the allyl complex with hydrogen chloride gives dicyclo-
pentadienyltitanium(r1r) monochloride; further oxidation
yields the dichloride (C;H,),TiCl,.2 From this reaction and
from evidence reported here, the complex [referred to as

t+ New measurement, cf. ref. 2.

complex (A)] formed by hydrogenation of 1-methylallyl-
DCT (1 mmole) in cyclohexane (100ml.) is distinctly
different from [DCT],%(cf. ref. 3).

The absorption spectrum (400—1000 nm.) of solutions of
(A)? is different from that of [DCT],;%® we also found a
shift of the absorption maxima of (A) (in an argon atmos-
phere) in the presence of cyclohexene which was not
observed for [DCT],. If the solution of (A) is added to
cyclo-octa-1,5-diene (in an argon atmosphere), complete
isomerization to cyclo-octa-1,3-diene occurs at 20° in about
15 min. at a molar ratio substrate/catalyst = 150. In a
hydrogen atmosphere (20°, 760 mm. Hg) a fast hydro-
genation of unsaturated hydrocarbons 1is observed.
1-Methylallyl-DCT, therefore, is a convenient precursor for
a homogeneous hydrogenation and isomerization catalyst.

Hydrogenation catalysts, derived from DCT dichloride
with main-group organometallic compounds as co-catalyst,
are well known.t Unlike complex (A), the main-group
metal compounds may participate in the catalytic process,
and other complexes may be formed.1:s

Isotopic exchange of hydrogen was observed when a
cyclohexane solution of (A) was treated with molecular
deuterium wunder mild conditions (20°, 760 mm. Hg).
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After oxidation with hydrogen chloride in ether, the hitherto
unknown perdeuterio-DCT dichloride, (CyD;)TiCl,, could
be isolated. Mass and ir. spectra revealed only a very
slight hydrogen contamination. The absorption spectra
(230—700 nm.) of the H- and D-complexes were identical.
A strong splitting of the C-D stretching frequency at 2307
and 2338 cm~! was observed in the ir. spectrum (KBr),
which was not found with H-DCT dichloride, H- and D-
ferrocene,® and H- and D-dibenzenechromium.? This may
be ascribed to a change in the molecular symmetry caused
by crowding of the cyclopentadienyl ligands in DCT
dichloride.?

Deuteriation of cyclopentadienyl ligands in metallocenes
has been effected by acid and base catalysis instead of by
exchange with molecular deuterjium.? Recently, exchange
with molecular deuterium in triphenylphosphine complexes
and triphenyl phosphite complexes of Group VIII metal
hydrides has been reported,’® only the hydrogen in the
ortho-position of the phenyl group being involved.

With pure [DCT],® neither hydrogen-deuterium ex-
change nor catalytic activity was observed: it does not react
with hydrogen and unsaturated hydrocarbons under mild
conditions (20°, 760 mm. Hg), and hence cannot be an
intermediate in the hydrogenation of 1-methylallyl-DCT.

The rate of hydrogenation of the precursors seems to
determine whether complex (A) or [DCT], is formed.

1 K. Clauss and H. Bestian, Annalen, 1962, 654, 8.
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Dimethyl-DCT reacts rapidly with hydrogen (20°, 760 mm.
Hg) after an induction period.! Also, the rather unstable
1,1-dimethylallyl-DCT is hydrogenated very quickly.? In
both cases, [DCT], is formed in a way similar to equation
(1).12  The hydrogenation of 1-methylallyl-DCT, however,
proceeds gradually? and leads to complex (A) (in dilute as
well as in concentrated solutions). We have now observed
that when dimethyl-DCT in a high dilution (1 mmole in
100 ml. cyclohexane) is hydrogenated with very efficient
stirring (20°, 760 mm. Hg), complex (A) is formed (HCl
reaction; absorption spectrum, in the 400—1000 nm. range;
catalytic activity; H—D exchange). This suggests that in
the hydrogenation of allyl-DCT and dimethyl-DCT, the
complexes (A) and [DCT], are formed via a similar inter-
mediate. At a relatively high concentration of hydrogen
with respect to the intermediate, complex (A) is formed.
In the reverse case, no reaction with hydrogen occurs and
the intermediate will lead to [DCT],.

We believe that complex (A) is a hydride. More details
on the complex (A), the scope of the catalysis, and the
synthesis of (C,D;),TiCl, will be reported elsewhere.
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