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Summary

Photolysis of dimethyltitanocene and chloromethyltitanocene in the presence
of another transition metal complex leads to methyl transfer from titanium to
the transition metal and to other ligand transfer reactions. These reactions are
thought to proceed by a free radical pathway.

Previous studies on the photolytic degradation of Cp,TiR, (Cp = cyclo-
pentadienyl, C;Hs; R = methyl or phenyl group) have shown that the initial
step involves homolytic cleavage of the Ti—C o bond with loss of alkyl radi-
cals in recombination reactions to give hydrocarbons [1], in the case of
Cp.Ti(CH;), (I) the methyl radicals formed abstract hydrogen from the medi-
um to give methane and other gaseous products. Cp radicals were produced by
photolysis of Cp,TiCl, also [2]. All these radicals have been characterized by
their spin adduct spectra, but no useful reactions involving them have been re-
ported so far. We show below that irradiation of I or Cp,TiCH;Cl (II) in pre-
sence of another transition metal compound leads to methyl transfer from ti-
tanium to the transition metal.

The transition metal compounds we found suitable for accepting the alkyl
groups and the alkylated products formed are shown in Table 1. They fall in-
to three classes according to the chemical processes involved:

(a) Transition metal halogen compounds. With these compounds, methyl
transfer proceeds by simple metathetical exchange. We postulate for these reac-
tions the following mechanism:

hv .
Cp,Ti(CH3). — Cp,Ti(CH;) + CH; 1)
(M)Cl + CH; - (M)CH; + CI’ 2)
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Cp,TiCH; + CI°” - Cp,Ti(CH,)Cl 3)

where (M) stands for a transition metal compound moiety. Cp,Ti(CH;)Cl was
identified from its proton NMR. signal. The fact that such chloride—methyl ex-
change occurs even in cationic compounds (see Table 1) excludes a mechamsm
involving carbanion attack on the metal center.

(b) Compounds containing M—M bond. The reaction can be written as
follows:

hyv
M—M) — 2 (M)’ (4)
(M)" + CH; > (M)CH; (3)

Light-induced homolytic cleavage of M—M bonds as in eq. 5 is now fairly well
established [8]. Interestingly in this example, another reaction takes place, in-
volving transfer of Cp radicals to the metal:

hv
Cp,Ti(CH;), + Mn,(CO),;0 —> CpMn(CO); (6)

(c) Oxidative addition. The reactions shown in Table 1 which involve
Cp,TiCH;CI are thought to proceed as follows:

hv
Cp,Ti(CH;)Cl — Cp,TiCl + CH; (7)
CH; + [M] - [M]CH; intermediate (8)
Cp,TiCl + [M]JCH; — [M]CH;(Cl + “Cp,Ti” (9)

where [M] is a low-valent subcoordinate transition metal complex. Reaction
9 is a thermal process involving a photochemically generated Cp,TiCl mono-
mer, and gives the hexacoordinate methyl-transition metal compound.

The photostability of the methylmetal compounds formed is probably due
to the fact that in most cases they are colorless and therefore do not absorb
in the wavelength range of the radiation source used.

The results noted above call for a few remarks. First, in the case of dihalo-
carbonylruthenium alkylation is selective, and only one halide group is ex-
changed whereas a mixture of mono- and di-methyl compounds is obtained
from the iron analogs. Secondly, methylation of Mn(CO)s;Br and Re(CO)sBr
proceeds smoothly and no attack on the carbonyl group occurs, as is the case
with alkyllithium reagents which give the acetylhalo compound [9].

The transmethylation reactions described in this work cover a wide range of
transition metals and may be of importance in the study of the reactivity of
metal sites in polymetallic homogeneous systems.

Experimental

Solutions containing I or II and the relevant transition metal complex were
irradiated for 3 to 5 minutes in an infrared cell or an NMR tube with a Hanau
TQ 150 lamp water-cooled in a Pyrex jacket and emitting above 300 nm. The
course of the reaction was monitored by the appearance of characteristic infra-
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red CO bands or proton NMR signals. Infrared measurements were made on a
Perkin—Elmer 325 instrument and NMR measurements on a Varian T60
spectrometer. Control experiments were carried out to confirm that no ther-
mal reaction occurred under the conditions used.
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