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Summary: The preparation of the novel carbon-rich iron-
and ruthenium-containing tetraynes 3 and 5 from
HC=CCsH,C=CSiPr; (2), via catalyzed C—C coupling
and ruthenium—vinylidene activation, is described.
Their desilylated products 4 and 6, which possess two
m-conjugated “rod”-shaped arms and C=CH hands, have
been used as monomers for access to novel mixed dé/d®
metal containing rigid and flexible units (7 and 8) or
unidimensional (9) oligomers.

Carbon-rich organometallics containing rigid, zz-con-
jugated chains are currently attracting interest for use
in the synthesis of unsaturated organic molecules,
oligomers,12 or organometallic polymers® and for access
to novel bimetallic systems with z-conjugated bridges
suitable for electron transfer.#5 Homometallic oligo-
mers or polymers have been made via C—H bond
activation with rhodium® or from alkynyltin deriva-
tives.” Those that contain rigid bridges have showed
interesting nonlinear optical,® liquid crystal,®1° or mag-
netic!! properties. In contrast, mixed-metal polymers
containing organic linkages are rare and involve d&/d®
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systems: Pt/Pd and Ni/Pt.12 This is due to the difficult
preparation of suitable monomers or the lack of efficient
polymer synthesis, despite interest in their electron
transfer properties and in their use as unidimensional
materials or catalyst precursors.

We now report (i) an efficient access to two novel
organometallic tetraynes which possess two carbon-rich
rigid arms with terminal C=CH hands, via two C—C
and M—C couplings of the iPrsSiC=CC¢H,C=CH group
followed by selective desilylation, and (ii) their use in
selective access to the first d®/d® Fe/Pd-, Fe/Ni-, and Ru/
Pd-containing oligomers.

The red unsaturated ferrocene derivative 3 was made
in 65% yield by catalytic coupling of 1,1'-diiodofer-
rocene®® (1; 5.6 mmol) and 1-((triisopropylsilyl)ethynyl)-
4-ethynylbenzene (2; 12.3 mmol) with PdCIly(PPhs),/
Cu(OAc), catalysts (0.45 mmol) in HN'Pr; at 90 °C for
16 h. Compound 3 (3C NMR (6, ppm) 106.84 (s,
C=C—Si), 92.49, 89.46, and 86.33 (s, Ru—C=CCg¢Hs-
C=CSi)] was desilylated by treatment with (Bu"4sN)F
-xH20 in THF, leading a good yield (85%) of the red iron
tetrayne derivative 4 with equivalent C=CH ends (*3C
NMR (6, ppm) 89.37 and 86.36 (s, Ru—C=CCg¢Hy-
C=CH), 83.43 (d, C=CH, 2Jcn = 49.80 Hz), 78.65 (d,
C=CH, Jcy = 249.00 Hz)) (Scheme 1).

As cis-RuCl,(dppe),1* was shown to lead to Ru—C=C
linkages via ruthenium vinylidene intermediates,!® cis-
RuCl,(dppe),1* (0.43 mmol) was reacted with the diyne
2 (1.28 mmol) in the presence of NaPF¢ (1.28 mmol) with
an excess of NEt; (3.44 mmol), which led to the forma-
tion at room temperature (20 h) of the bis(alkynyl)-
ruthenium complex 5 (80%). Complex 5 (31P{*H} NMR
(0, ppm) 54.14 (s, dppe); 13C{*H} NMR (6, ppm) 136.80
(quint, Ru—C, 2Jpc = 10.6 Hz), 130.66 (s, Ru—C=C),
108.42 (s, C=CSi), 89.78 (s, C=CSi)) was desilylated
with (Bu4N)F-xH,O in THF, leading to the yellow
monomer 6 (95%) ((!P{'H} NMR (6, ppm) 54.08 (s,
dppe); TH NMR (8, ppm) 3.10 (s, C=CH); 13C{'H} NMR
(0, ppm) 136.75 (quint, Ru—C, 2Jpc = 10 Hz), 131.09 (s,
Ru—C=C), 84.84 (s, C=CH), 76.84 (s, C=CH); 13C NMR
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(0, ppm) 84.84 (d, C=CH, 2Jcy = 42.73 Hz), 76.84 (d,
C=CH, 1Jcn = 249.00 Hz) (Scheme 2).

It is noteworthy that the formation of monomers 4
and 6 could also be obtained directly by reaction of an
excess of 1,4-diethynylbenzene and 1,1'-diiodoferrocene
or cis-RuCl,(dppe), under conditions similar to those
leading to 3 or 5. However, the monomers 4 and 6 were
always contaminated with oligomeric products which
could not be separated, and this direct route to 4 and 6
has to be avoided.

The monomers 4 and 6 have been used to produce
heterobimetallic oligomers 7—9 via the classical copper-
(1) catalytic reaction for the transformation RC=CH +
MX + NR3z — RC=CM + HNR3z*X~. The organometallic
tetrayne 4 (0.54 mmol) was reacted with 1 equiv of
PdCI,(PBu";), and a catalytic amount (1% mol equiv)
of Cul, with diethylamine used as solvent. The dark
orange oligomer 7 (3P NMR (6, ppm) 11.38 (s, PBus);
13C NMR (8, ppm) 115.19 (t, Pd—C=C, 2Jpc = 16.71 Hz),
110.74 (s, Pd—C=C), 87.95 and 86.76 (s, C=CCgHs-
C=C—Pd)) was obtained in 97% yield (GPC measure-
ments: M,, = 21 400, Py, = 23; M,, = 11 400, I, = 1.88)
(Scheme 1). The use of the PBu"; ligand was selected
to increase the solubility of the oligomers, with respect
to that of 4, that is required for purification and NMR
studies. The formation of oligomer is observed by the
disappearance of the C=CH ends in IR and NMR
spectra and by 3P spectroscopy. Under analogous
conditions complex 4 (0.87 mmol) reacts with 1 equiv
of trans,trans-Ni(C=CH),(PBu"3),, as NiCly(PBu"s), re-
acts with diethylamine, and the dark red oligomer 8 was
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isolated in 91% yield (3P NMR (6, ppm) 14.61 (s, PBus3);
13C NMR (6, ppm) 119.70 (s, Ni—C=C), 116.66 (t,
Ni—C=C, 2Jpc = 40.59 Hz), 87.91 and 86.80 (s,
C=CCzH,C=C—Ni)) (GPC measurements: M,, = 26 100,
Pw = 29; M,, = 11 600, I, = 2.25) (Scheme 1). Under
similar catalytic conditions the reaction of the monomer
6 (0.18 mmol) with PdCIy(PBu"s), led to the yellow
heterobimetallic oligomer 9 in 84% yield (33C{1H} NMR
(6, ppm) 136.92 (quint, Ru—C, 2Jpc = 9.76 Hz) (GPC
measurements: My, = 14 800, Py, = 10; M, = 7800, I,
= 1.90) (Scheme 2). The 3IP NMR of oligomer 9 shows
two singlets (6, ppm) in particular at 54.18 (PPh;) and
11.59 (PBu"3) and the absence of its organometallic
components 6 and PdCIy(PBu";),.

These mixed-metal oligomers correspond to two classes
of macromolecules, one with rigid rods in a zigzag form
due to the rotation of the cyclopentadienyl—iron bond
(7, 8) and the other with a linear unidimensional
arrangement (9).

These results show that production of organometallic
monomers containing C=CH ends via a protection/
deprotection method represents a convenient approach
to build mixed-metal oligomers.

Supporting Information Available: Text giving syn-
thetic procedures and spectroscopic data for compounds 3—9
and details of the molecular weight determination (4 pages).
Ordering information is given on any current masthead page.
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