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Reactions of 1, 1'-Dialkynylferrocene with Octacarbonyldicobalt
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The reaction of 1, 1'-dialkynylferrocene (n5-CsH4C=CR),Fe (1) (R=Ph, SiMe3,
Me, Fc; Fe=ferrocenyl) with excess octacarbonyldicobalt (2) results in the formation of
dark green complexes (19-CsH4C=CR),Fe{Co2(CO)s}2 (3) (R=Ph, SiMe3, Me, Fc), in
which a Co(CO)g group coordinates to each of the two C=C bonds of 1. When 1, 1'-
di(phenylethynyl)ferrocene (1a) was treated with an equimolar amount of 2, (13-
CsH4C=CPh),Fe{Co,(CO)s}, as well as 3a, was obtained.

Many ferrocene derivatives with donor atoms such as phosphorus and sulfur at 1,1'-positions that
coordinate some transition metals were prepared.l) Previously we have reported the syntheses of some
(ferrocenyl)silyl transition metal complexes, in which transition metal atoms are linked by dimethylsilylene group
to ferrocene.2) In recent years, the intramolecular interaction between transition metal and central iron atom of
ferrocene has become one of the most interesting topics in the chemistry of ferrocenyl transition metal
complexes.3)

On the other hand, it is well known that acetylene is able to coordinate to a variety of organometallic
complexes in a lot of bonding mode.#) Octacarbonyldicobalt (2) reacts easily with acetylene to give the -
acetylene complexes Co(CO)g(RC=CR’),3 and the reaction of 2 with ethynylferrocene also gave
Co(CO)6(HC=CFc) (Fc=(n3-CsH4)Fe(n3-C5Hs)).0) Titanocene acetylide complex (n5-CsH4SiMe3),Ti-
(C=CPh); reacts with 2 to give (n5-CsH4SiMe3),Ti(C=CPh),Co(CO), in which two acetylide groups actas a
bidentate chelate ligand.”)

Thus, we have examined the reaction of 1, 1'-dialkynylferrocene with 2, which may afford a novel
ferrocenyl complex or cluster. In this communication we would like to report on the synthesis and
characterization of (n3-CsH4C=CR),Fe{Co2(CO)g}2 (R=Ph, SiMe3, Me, Fc) (3).

1, 1'-Bis(phenylethynyl)ferrocene (1a), which was prepared by the reaction of 1, 1'-diiodoferrocene®) and
phenylacetylene in the presence of (Ph3P),PdCl and Cu(OAc); catalyst in diisopropylamine under reflux,”) was
treated with slightly excess 2 in hexane for 2h at room temperature under a nitrogen atmosphere. The color of
the reaction mixture changed from brown to purple and finally to green with the progress of the reaction. After
purification by column chromatography on alumina using hexane as an eluent under a nitrogen atmosphere
followed by recrystallization from hexane, dark green crystals of 3a were obtained in 62% yield. Complex 3a is
stable to air in the solid state and soluble in common organic solvents. The IR spectrum of 3a showed very
strong absorptions in the CO stretching region indicating that cobaltcarbonyl! groups coordinate to the atkynyl
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groups of 1a. The !H NMR spectrum of 3a exhibited two triplets at d 4.54 and 4.32 assigned to the protons of
cyclopentadienyl rings and two multiplets at d 7.89-7.87 and 7.16-7.06 assigned to the protons of phenyl

groups. In the 13C NMR spectrum acetylenic carbon resonances were observed at d 92.62 and 91.77, which are
in lower magnetic field than those of 1a at 3 87.94 and 87.59, and a resonance due to the carbonyl appeared at &
199.74. These data are consistent with the structure of 3a, which is produced by the coordination of a
Coy(CO)¢ group to each of the two C=C bonds of 1a, and the composition of 3a was determined by the
elemental analysis.10)
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Similar treatments of 1, 1'-bis(trimethylsilylethynyl)ferrocene (1b) and 1, 1'-dipropynylferrocene (1¢)1D
with 2 gave 3b in 27% yield and 3¢ in 89% yield, respectively. Furthermore 1, 1'-bis(ferrocenylethynyl)-
ferrocenel2) (1d) that was prepared by the reaction of 1, 1'-diiodoferrocene and ethynylferrocene® in a similar
condition to that of 1a also reacted with 2 to give dark green crystals of 3d in 74% yield. These complexes were
also characterized by spectroscopic analyses, and the satisfactory elemental analysis data were available.!3)

It should be noted that the reaction of 1a with equimolar amount of 2 afforded not only 3 (17% yield) but
also a new complex 4 (22% yield), and 20% of 1a was recovered. The appearance of four Vco absorptions in
the IR spectrum of 4 suggests the coordination of cobaltcarbonyl group to acetylene. The 'H NMR of 4 showed
four resonances of the Cp ring protons at d 4.48, 4.40, 4.23 and 4.00. In the 13C NMR spectrum four signals
of acetylenic carbons were observed at d 92.36, 91.89, 88.25 and 87.41, the chemical shifts of the two former
signals are close to those of 3a, and those of the two latter signals are similar to those of 1a. These NMR data
suggest that two CpC=CPh groups of 4 are magnetically unequivalent. Microanalytical data in conjunction with
these spectroscopic data proved to characterize complex 4, in which a Cop(CO)g group coordinates to one of the
two C=C bonds of 1a.149) From this result we have found that the coordination of a Co2(COQ)g group to one of
the two C=C bonds does not affect the coordination to the other C=C bond.



Chemistry Letters, 1993 1355

ia + 2 ——» 3a + + 1a

Fe
&-C=C-Ph

(4)

The electronic spectra of 3 and 4 showed some distinct bands. The Amax and € values of the lowest energy
band assigned to d;— 0*15) are as follows, 3a: 597 nm (e=2.2x103), 3b: 621 nm (e=1.5x103), 3c¢: 595 nm
(e=2.7x103), 3d: 607 nm (e=3.7x103) and 4: 565 nm (e=1.0x103), respectively. The Amax values of the lowest
energy band are dependent on the acetylenic substituent, following the series SiMe3>Fc>Ph>Me. The important
point to note is that the SiMes substituent shows the strongest bathochromic shift. For the analogous complexes,
RC=CSiMeyH{Co,(CO)s}, where R=HMe;Si or Ph, the order is Ph>HMe;Si.16) These data may indicate that
two dicobalt tetrahedrane chromophores of 3 conjugate through ferrocene and vacant d-orbitals of silicone atoms.

Attempts to obtain a novel ferrocenyl cobaltcarbonyl cluster by the irradiation of ultraviolet light or thermal
reaction under benzene reflux of 3al7) were unsuccessful, and 3a was recovered. The reaction of 3a under
dioxane reflux gave an unstable product which could not be characterized.

Further studies including X-ray structural analysis of these complexes are now in progress.
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