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After we had recently shown that the Selegue method for
the preparation of transition-metal allenylidehean also be

applied to the synthesis of the square-planar rhodium complexes

trans[RhCI(=C=C=CRR)(PiPr),],2 we started to investigate

the reactivity of these molecules. In this paper we describe two

types of C-C and C-C—P coupling reactions involving the
rhodium-bonded allenylidene unit which finally lead to vinyl-
allenes and a highly unsaturated Wittig-type ylide.
Compoundl, which was prepared from [RhCIi{r),]. and
HC=CCPhOH%2 reacted with NagHs in THF at room
temperature to give the half-sandwich type comes a dark-
green solid in 62% yield.
cyclopentadienide the vinyl Grignard reagent S4CHMgBr

(in toluene/THF) was used as the substrate, not only the

substitution of chloride by the C-nucleophile but also coupling
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of the vinyl and the allenylidene ligand occurred. Thallylic
complex3 (Scheme 1), which forms red air-sensitive crystals,
was isolated in 61% yielél. With regard to the mechanism of
this reaction, we assume that initially a four-coordinate inter-
mediateA is generated which rearranges by migratory insertion
to give 3. In this context it should be mentioned that the
vinylidene compoundsrans[RhCI(=C=CHR)(APr3);] (R =
H, tBu, Ph) react with ChE=CHMgBr to yield theisolable
productsrans[Rh(CH=CH,)(=C=CHR)(HPrs),], which upon
heating (45-50 °C, benzene) slowly isomerize to give the
s-butadienyl complexes [Rhf-CH,CHC=CHR)(APr),].4
Treatment of a solution 08 at 10°C in benzene with CO
led to a rapid change of color from red to light-yellow and fi-
nally to the isolation of yellow crystals ofrans[Rh{z-
C(CH=CH,)=C=CPh} (CO)(HPr3)7] 4 in 65% yield> The
addition of CO to the metal center is accompanied by-ar
conversion of the € ligand, possibly via an 18-electron
intermediate [Rh{3-CH,CHC=C=CPhy)(CO)(FPr),]. The
X-ray crystal structure analysis df reveals a square-planar

(177.5(5Y) with the vinyl carbon atoms C2 and C3 lying in the
same plane as Rh, C1, C4, and C5.

The cleavage of the RhC o-bond in4 by an equimolar
amount of acetic acid in benzene at°ID proceeded smoothly
and gave, besiddsans[Rh(#1-0,CCHz)(CO)(RPr3)2],” quan-
titatively the new vinylallené. One characteristic feature of
the 13C NMR spectrum of® is the low-field signal a 210.20
for the central &C=C carbon atom, the position of which is
typical for organic allene$.

A second G + C; + P coupling reaction with complekis
even more exceptional. If a solution bfand phenylacetylene
in benzene was stirred for 20 h at 10, a gradual change of
color from red to bright-red occurred, and, after removal of the
solvent, light-red crystals & (Scheme 2) were isolated from
CHCly/pentane in practically quantitative yield. Both the
elemental analysis and the mass spectru ioflicated that a
1:1 adduct ofl and the alkyne was formed which according to

coordination sphere around rhodium with the two phosphines the 3P NMR spectrum contained two distinctly differeriti

in a trans dispositiofi. The C1-C4—C5 chain is almost linear

groups!® As the X-ray structural analysis confirmétpne of
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the phosphines is still coordinated to the metal center while the
other is part of ar-bonded unsaturated ylide which is formed
from the allenylidene, the alkyne, and the phosphine. The PC
ligand is coordinated like a-allyl unit; however, the distances
between the rhodium and the carbon atoms C1, C2, and C3
differ by ca. 0.15 A. The bond length PZ1 (1.752(3) A) is
significantly shorter than a-PC single bond but quite similar
to that of [RhC{#3-anti-CH(PiPr)C(Ph)y=0} (PiPrs)] (1.799-
(4) A)*2and of metal-substituted ylidé3. Although the carbon
atoms of the=C=CPh unit are not coplanar with the allylic
fragment, the C3C4—C5 chain is almost linear (177.3(3)
with C3—C4 and C4-C5 distances that are comparable to those
in the allenylidene complettans[RhCK=C=C=C(Ph)To}-
(PiPAl'g)z] (1.24(1) and 1.37(1) &P and in2 (1.29(2) and 1.39-
(2 A

The free ylide7,*> which to the best of our knowledge is
unknown as yet, can be generated on treatment of contplex
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with CO (GsHg, 10°C, 30 s). The rhodium containing products
are trans[RhCI(CO)(RPrs),]1¢ and [RhCI(CO)]..17 Ylide 7
was isolated upon extraction of the product mixture with pentane
as a violet solid and characterized Hy, 1°C, and3P NMR
spectroscopic data. The influence of the butatrienyl substituent
on the electronic properties of the ylide carbon is reflected by
the signal of the #CH proton which appears &t 3.05 and is
shifted ca. 4 ppm downfield compared with the=€H,
resonance ofPrP=CH,.18

In conclusion, the results reported in this paper illustrate that
not only carbené? and vinylidenerhodium complex@dut also
the related allenylidene compounds can be used as starting
materials for G-C and even €&C—P coupling reactions.
Experiments presently in progress are aimed to find out whether
migratory insertion reactions, similar to the key step in the
formation of 3, can also occur with ligands other than vinyl
groups.
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