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Abstract

The first straightforward synthesis of tris-metallated olefins and functionalized metallated alkynes is reported via the use of low-valent
titanium derivatives. q2000 Elsevier Science Ltd All rights reserved.
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The development of new strategies in organic syntheses
with a minimum of chemical steps is becoming increasingly
necessary for the efficient assembly of complex molecular
structures [1], and then the combination of multiple reactions
in a single operation represents a particularly efficient
approach. Among different strategies [2], the synthesis and
reactivity of geminated organobismetallics is becoming
increasingly useful for the synthesis of molecules with com-
plex architecture [3].

One particular example is the preparation of polysubsti-
tuted olefins in a single-pot operation from polymetallated
olefins. Indeed, several 1,1-dimetalloalkenes with a large
variety of metals (dilithium [4], aluminum and titanium
[5,6], aluminum and zirconium [5,6], zinc and zirconium
[7,8], zinc and boron [9], copper and boron [9], copper and
zirconium [7,8], lithium and boron [10,11] and boron and
zirconium [12–14]) have been used as a source of polysub-
stituted carbon–carbon double bonds with variable stereo-
chemical purities. In this context, we have already reported
that the allylmetallation of alkynyl metals [15–18] leads to
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sp2 1,1-bis-metallic derivatives in good overall yield [19,20].
These geminated bis-anions react selectively with two dif-
ferent electrophiles and can be a source of chiral a,a9-disub-
stituted alkynes [19–21] (Scheme 1).

However, the major drawback of this strategy is the nec-
essary incorporation of the allyl moiety on the carbon skele-
ton. Also we needed a more general preparation of sp2

polymetallated derivatives allowing the access to a wide vari-
ety of carbon skeletons. To answer this requirement, we
thought that some organometallic derivatives might behave,
to a certain extent, like a carbon atom. If this assumption is
correct, it should then be possible to prepare an organome-
tallic derivative on an already metallated carbon center. In
order to test this new concept, we used the pioneering work
of Sato and co-workers [22], who demonstrated that various
disubstituted alkynes react with diisopropoxy(h2-propene)-
titanium (1), readily generated by the reaction of Ti(OiPr)4

with 2 equivalents of iPrMgX, to give the corresponding
titanacyclopropene derivatives as described in Scheme 2,
path A.

As terminal alkynes failed to participate in the present
reaction (path B versus path A), the Sato reagent was ideal
for testing this new concept: can a metallated alkyne behave
like a disubstituted alkyne (path C identical to path A) and
so an organometallic moiety like a carbon atom?

Our initial attempts were to add alkynyl metal derivatives
to the preformed Ti(II) complex (1) as described in Scheme
3.

The metallated titanacyclopropenes were effectively
obtained with moderate chemical yield for MXny1s
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Scheme 1.

Scheme 2.

Scheme 3.

Scheme 4.

Scheme 5.

Ti(OiPr)3, ZnBr or ZnBu. However, it was very difficult, in
our hands, to get reproducible results (for example, the yield
of the alkynylzinc bromide varied from 25 to 70%). These
fluctuations were attributed to the possible instability of the
preformed low-valent titanium alkoxide (1) in these Gri-
gnard experimental conditions [Grignard conditions (for-
mation of the organometallic derivative and then introduction
of the electrophile) as compared to Barbier conditions (for-
mation of the organometallic derivative in the presence of the
electrophile)], and also to the rearrangement of compound 1

into the corresponding cyclic product (meso/dls99/1)
(Scheme 4).

In order to overcome these chemical yield fluctuations, it
was then necessary to prepare compound 1 in the presence of
the alkyne (Barbier conditions, see above). However, the
addition of iPrMgBr to the mixture of alkynylzinc bromide
and Ti(OiPr)4 in ether at low temperature in Barbier condi-
tions did not give the expected product, but more probably
the alkynyldiisopropyl zincate. So, the transmetallation
between iPrMgBr and the alkynylzinc bromide was faster
than the reaction between the same Grignard and the tita-
nium(IV). Finally, we found that treatment of chloroalkyne
(2) with 2.5 equivalents of the combination Ti(OiPr)4–
2iPrMgBr in Et2O gives, in a single-pot operation at y508C,
the desired titanotitanacyclopropene (5) in high chemical
yield as described in Scheme 5.

Then, the in situ formed diisopropoxy(h2-propene)-
titanium (1) reacts with the chloroalkyne (2) to give as
unstable intermediate, the chlorotitanacyclopropene (3).
This latter undergoes a fast b-elimination at low temperature
to give the alkynyltitanium derivative (4). The second equiv-
alent of compound 1 present in the reaction mixture reacts
with compound 4 to give the metallated titanacyclopropene
(5). After hydrolysis, the alkene (6) is obtained in high
chemical yield. The presence of three carbon–metal bonds
was proven by the reaction of compound 5 with MeOD or
with Br2 to give, respectively, the trideuterated olefin (7) in
87% yield (D)95%) or the tribromo derivative in 70%



J. Kaftanov et al. / Polyhedron 19 (2000) 563–566 565

Monday Mar 20 12:06 PM StyleTag -- Journal: POLY (Polyhedron) Article: 3353

Table 1
Generalization for the synthesis of metallated titanacyclopropenes

Entry R X Compound Yield (%) a

1 oct Cl 6 90
2 hex Br 9 75
3 hex I 10 65
4 hex SPh 11 70
5 tolyl Cl 12 95
6 tert-O-amyl(CH2)2 Cl 13 93

a Isolated yields after hydrolysis.

Scheme 7.

Scheme 6.

yield. The scope of this reaction is broad, as described in
Table 1, since alkyl as well as aromatic groups on the alkyne
give the polymetallated olefins whatever the nature of the
leaving group (compare entries 1, 2 and 3).

The reactivity of zirconocenes [23] and titanocenes [24]
was also studied in this process and we found that only the
combination zirconocenes/aromatic halogenoalkynes gave
good results (Scheme 6).

In a parallel study, we have also investigated the reactivity
of tribromo olefins such as compound 8 (see Scheme 5) and
found that this compound can undergo specific coupling reac-
tion with various organometallics in the presence of a cata-
lytic amount of transition metal [25].

We finally turned our attention to the new preparation of
metalloalkyne (4) (Scheme 5) via diisopropoxy(h2-pro-
pene)titanium (1). Indeed, it is known that triisopropoxy-
alkynyl titanium derivatives react chemoselectively with
carbonyl compounds to give the corresponding carbinols in
high yield [26]. However, and to the best of our knowledge,
these metallated alkynes were always prepared by transme-
tallation between alkynyl lithium and ClTi(OiPr)3, which
precludes the presence of sensitive moieties on the carbon
skeleton [27]. It then appeared to us that this new method-
ology established for the synthesis of 4 could be an interesting
alternative for the formation of chlorodiisopropoxyalkynyl

titanium possessing sensitive groups [28]. This was effec-
tively the case, as described in Scheme 7.

The metallated alkyne (14) shows a remarkable functional
group tolerance, and several classical functional organic moi-
eties can be present during the formation of the chlorodiiso-
propoxyalkynyl titanium derivatives.

In conclusion, this new concept (organometallicderivative
can behave like a carbon atom) enabled us to describe the
first and straightforward preparation of tris-metallatedolefins
in high chemical yield. Moreover, during the preparation of
the latter, we found a new preparation of metallated alkynes
possessing functional groups.
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