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The reduction of cobaltocene with metallic potassium in the presence of trimethylvinylsilane
yielded the newCpCo(I) complex [CpCo(H2CdCHSiMe3)2] (6). Complex 6 turned out to be an ideal
starting material for substitution reactions with functionalized mono- and diolefins, giving access to
either new [CpCo(olefin)2] complexes such as 7 (trichlorovinylsilane) and 12 (dimethyl fumarate) or
CpCo(diolefin) complexes such as 8 (diallyl ether), 9 (1,5-hexadiene), 10 (1,4-pentadiene), and 11

(1,1,3,3-tetramethyldivinyldisiloxane) with essentially quantitative yields. These complexes are
rarely accessible by other methods or the direct reductionmethod using alkali metals. The complexes
6-9 were unambiguously characterized by X-ray structure analysis, which is reported for the first
time for these types of complexes, giving way for the structural comparison. Computational
calculations on the olefin ligand exchange processes with 6 display the different stabilities and
reactivity trends of the different CpCo(I)-olefin complexes. The extraordinarily high reactivity and
the application of complexes 6 and 9 were demonstrated in [2þ2þ2] cycloaddition reactions of
different diynes with nitriles, yielding the substituted isoquinoline derivatives with good yields within
short reaction times and under very mild conditions. The presented complexes show higher activities
compared to [CpCo(COD)] (3) while possessing advantages in preparation and handling compared
to [CpCo(H2CdCH2)2] (4).

Introduction

The basis of transition metal-catalyzed catalytic reactions
is the presence of a catalyst precursor in the form of a metal
complex containing one or several so-called spectator li-
gands, which are susceptible to dissociation, yielding the
catalytically active complex fragment under preferably mild
conditions.1 Often these stable catalyst precursor complexes
consist of transition metal compounds following the
18-electron rule, which requires the dissociation of ligands
to provide the coordinatively unsaturated and therefore
reactive metal center. While the reactivity and selectivity of
these complexes is in general governed by the metal and the
tight covalently or coordinatively bound ligands, the reac-
tivity is strongly influenced by the lability of coordinated
spectator ligands. Olefins have often found increasing im-
portance in the preparation as well as reactivity control of
late transitionmetal complexes.2 The structural versatility of
olefins and the fine-tunability of their donor/acceptor prop-
erties certainly contribute to the continued interest in this
class of ligands for catalytic endeavors. The utilization of
olefins as stabilizing ligands can be done either in defined,
stable complexes or as additives in the intermediate genera-
tion of highly reactive, organometallic species, most often
compounds with low-valent metal centers. Exciting examples

for the first case can be found especially for the late transition
metals such as Ni(0)-olefin complexes3 or the Pd(0)4 and
Pt(0)5 congeners, where a diverse number of isolated com-
pounds is known. Compared to Ni(0)-olefin complexes the
situation changes for isoelectronic Mþ complexes of the
neighboring element of the first transition metal row, namely,
η5-cyclopentadienyl(Cp)Co(I)-olefin complexes. Here the
chemistry of olefin complexes startedmajor development only
after the groundbreaking work of Jonas,6 who was able to
establish an access to CpCo(H2CdCH2)2, which is now com-
monly called the Jonas reagent (4, Scheme 1).7 Derivatives
containing tethered Cp substituents and ethylene ligands have
also been reported.8 Intimately connected to the preparation
and synthetic application of low-valent cobalt complexes were
a variety of cobalt-mediated cycloaddition reactions,9 with
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special emphasis on cyclotrimerization reactions.10 The early
developments in this area with respect to complex organic
synthesis have been highlighted inter alia with the synthesis of
(()-estrone by Vollhardt et al.11

Today, complexes of the entire periodic table triad con-
sisting of cobalt, rhodium, and iridium have found broad use
in different cyclotrimerization reactions, favorably yielding
substituted arenes, heteroarenes, and biaryls,12 including the
asymmetric synthesis of biaryl compounds.13 In the case of
cobalt-based catalysts still a rather small number of isolable
CpCo(I) compounds is frequently applied (Scheme 1).
From the CpCo(I) complexes shown in Scheme 1, 1-4 have

been well known for a rather long time now, compared to
complex 5, which has been reported only recently by Gandon
et al.14 They exemplify the difficulties in balancing sufficient
stabilization of the catalytically active species on one side, while
on the other these spectator ligands must be labile enough to
liberate the active catalyst complex under preferably mild con-
ditions. If the stabilizing ligands are too tightly bound, these
catalyst complexes require external energy supply by either
heating to elevated temperatures or light or both together, to
efficiently generate the catalytically active species, such as 1-3

and 5. Complex 4 proved to be reactive at much lower tempera-
tures, but requires careful handling under inert conditions and
storage under an atmosphere of ethylene because even storage
under nitrogen or argon can lead to decomposition. Compound
3 can be handled for short periods of time in air, but heat or
irradiation is required to activate this catalyst precursor.

Results and Discussion

Synthesis and Structure of the CpCo(I) Olefin Complexes.

The reductive abstraction of Cp ligands from transition
metal complexes is a known but rather little used methodol-
ogy. The usefulness was first demonstrated by the prepara-
tion of 4 from cobaltocene using alkali metals in the presence
of ethylene.7 This methodology also gave way for the pre-
paration of other CpCo(I) complexes with unfunctionalized
cyclic diolefins such as 1,5-cyclooctadiene (COD), yielding
compound 3. Since then, the use of 4 was reported in several
cases, partially including low reaction temperatures (up to

-20 �C).15 However, during our studies of cobalt-catalyzed
cycloaddition reactions,16 we came across the question of
whether the reactivity of 4 and the relative stability of com-
plexes like 3 or 5 can be combined to comparably stable but
more reactive Co(I) complexes. In addition we were interested
in the question of whether Co(I) complexes containing functio-
nalized olefins can be synthesized, because the direct prepara-
tion was hampered by the use of reactive alkali metals and no
other general synthetic access is known so far.17

In order to avoid the use of gaseous ethylene, we focused
on olefins that are liquids and easily removable from the
reaction mixture but yet stable against the strongly reductive
conditions of the complex preparation and also capable of
providing at least some significant bonding to the metal
center. These efforts led us to the application of trimethylvi-
nylsilane as the ligand of choice (Scheme 2). The convenient
reaction of cobaltocene and potassium in the presence of
trimethylvinylsilane at-78 �C resulted in the formation of 6
as a red compound in high yield (80%).18

The single-crystal X-ray structure analysis confirmed the
formation of the [CpCo(H2CdCHSiMe3)2] (6) (Figure 1).

19

Scheme 1. Cobalt(I) Complexes Frequently Used for [2þ2þ2]
Cycloaddition Reactions
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100.803(8)�, V = 469.20(8) Å3, Z = 2, Fcalcd = 1.459 g 3 cm

-3, μ =
1.767 mm-1, T = 200 K, 5314 reflections measured, 1911 independent
reflections (Rint=0.0695), ofwhich 1734were observed [I>2σ(I)], final
R indices [I > 2σ(I)]: R1 = 0.0412, wR2 = 0.0917, R indices (all data):
R1 = 0.0454, wR2 = 0.0930, 108 refined parameters.



4300 Organometallics, Vol. 29, No. 19, 2010 Hapke et al.

To the best of our knowledge, 6 is the first structurally
characterized CpCo(I)-bis(monoolefin) complex with an
unsubstituted Cp ring.20 Besides one Cp ligand the structure
possesses two trimethylvinylsilane ligands coordinating to
the cobalt(I) center in a distorted trigonal-planar mode with
the Me3Si groups of the olefins pointing in opposite
directions.21 While the electron-rich olefin is coordinating
to the Co(I) center, the double-bond character of the olefins
vanishes [dcov(CdC) = 1.34 Å,22 d(C1-C2) = 1.409(3) Å,
and d(C3-C4) = 1.408(2) Å], which points to the existence
of significant back-bonding. The olefins coordinate to theCo
center in a twist orientation similar to that observed by
Brookhart et al. for [Cp*Co(H2CdCHSiMe3)2],

23 probably
due to the steric demandof theMe3Si substituent at the olefin
(see C1-Co-C3 and C2-Co-C4). In comparison to
[Cp*Co(H2CdCHSiMe3)2], 6 is significantly more labile.
Low-temperature NMR studies revealed that 6 decomposes
slowly at temperatures higher than -30 �C and there-
fore needs to be stored under inert conditions at low
temperatures.24

The high reactivity of 6 led to determining if and to what
extent the CpCo fragment can be stabilized by other func-
tionalized mono- and diolefins. Hence we investigated the
use of 6 in ligand substitution reactions with other olefins.
The results proved that 6 is a very suitable precursor for the
preparation of a number of new CpCo(I) complexes with
mono- as well as diolefins most of which are not directly

accessible via reduction or any other known route (Scheme 3).
The reaction times are very short, and the substitution reac-
tions gave after facile workup quantitative yields of com-
plexes 7-11, whichwere all characterized byNMRandmass
spectrometry. They in general turned out to bemore sensitive
compounds compared to complex 3, containing a cyclic
diene and which can be handled for short periods of time
in air. Whereas the silane-based complexes 6 and 7 are
favorably stored at low temperatures, 8-11 are stable at
ambient temperatures.25 However, they can all be handled
safely by applying normal Schlenk techniques. The direct
synthesis from the reduction of cobaltocene by potassium in
the presence of the corresponding olefin was attempted for
complex 9. Although the formation of 9 was confirmed by
NMR, the isolation of the pure compound turned out to be
difficult and yielded the complex as a red oil. The yield was
estimated to be about 35%, the isolated product containing
small amounts of paramagnetic impurities.

We also examined the substitution reaction of the solid
electron-deficient olefin dimethyl fumarate with complex 6

(Scheme 4). As it turned out, isolation of the expected
substitution product 12 after the reaction was much more
difficult compared to the liquid olefins used up to this point.
The reason was mainly that isolation of 12 by recrystalliza-
tion after removal of the solvent was hampered by the
cocrystallization of product together with free dimethyl
fumarate and unknown reaction byproducts. Obviously here
not only clean substitution takes place but presumably also a
side-reaction. However, analytical verification of the forma-
tion of complex 12 was found possible.26

Scheme 2. Preparation of the Bis(monoolefin) Complex 6 from

Cobaltocene

Figure 1. ORTEP drawing of themolecular structure of 6 in the
crystal (hydrogens have been omitted).

Scheme 3. Preparation of Olefin Complexes 7-11 from the

Precursor Complex 6

Scheme 4. Preparation of Olefin Complexes 12 from 6 and

Dimethyl Fumarate
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We were able to obtain crystals suitable for X-ray crystal-
lographic studies of complexes 7, 8, and 9, which are rare
examples of CpCo(I) complexes with monoolefin and non-
conjugated diene ligands exhibiting interesting features
(Figure 2).19 The observed NMR spectra reveal the high
symmetry of the complexes; however, in the solid state this can
only be found exactly in complex 7, which exhibits C2 sym-
metry. The silyl-group-containing compounds 6 and 7 are
more distorted than those with a carbon atom neighboring
the double bond [deviation from planarity: 6 (C1-C2-C3-
C4)=-22.26(15)�,7 (C1-C2-C1A-C2A)=26.2(4)�,8 (C1-
C2-C5-C6) = -1.17(15)�, and 9 (C1-C2-C5-C6) =
10.1(5)�].27 Only complex 8 exhibits a nearly perfect coplanar
arrangement of the coordinated olefins. As found for complex
6 the double-bond widening of the coordinated olefins in all
new Co(I) complexes is observed [7: d(C1-C2) = 1.379(5); 8:
d(C1-C2)=1.396(3), d(C5-C6)=1.397(3); 9: d(C1-C2)=
1.387(8), d(C5-C6) = 1.409(4) Å]. Comparable distances
were observed in complex 3.28 The substitution of the double
bonds with either electron-donating or -accepting silyl groups
in 6 and 7 is also displayed in the slightly different olefin bond
lengths.

The investigation byNMR spectroscopy corroborated the
successful olefin exchange reactions for complexes 7-12.
The signals for the coordinated olefins were shifted to higher
field as compared to the free olefins. It is worth mentioning
that the shifts of the complexed monoolefins in complex 6

and 7 partially show rather drastic shifts for the uncom-
plexed/complexed olefins.29 TheNMRdata clearly point out
the formation of only one isomer, as did the determined
molecular structure. The shift difference for the geminal
proton of the olefin carbon bearing the silyl group is nearly
8 ppm (for 6: δ = -1.63 ppm, Δδ = 7.71 ppm; for 7: δ =
-1.50 ppm,Δδ=7.75 ppm), presenting a very large shift for
these protons. The shift in complex 6 is even about 1.2 ppm
larger than found for the corresponding proton in the Rh
congener [CpRh(H2CdCHSiMe3)2].

30 These shift differ-
ences are comparably much higher than the differences

observed for the uncomplexed/complexed protons at the
other olefin carbon atom in 6 and 7, which are in the range
between 3 to 4 ppm. These extraordinarily large differences
were not observed in complexes 8-12, where shifts in the
range of 2.0 and 4.7 ppm were observed. The geminal olefin
proton at the carbon atom connected to the siloxane group in
complex 11 containing the disiloxane ligand is shifted about
5.1 ppm high field compared to the free diolefin ligand. This
is significantly less than observed in 6 or 7 and might be
caused by the slightly different steric arrangement of the
diolefin around the cobalt metal center.
Comparison of Computed Energies of the Complexes. In

order to obtain more detailed insight into the exchange
process, we calculated the relative energetic parameters of
the process and found that 6 is the most reactive component
(therefore set as the zero point) in the series of complexes 3, 4,
and 6-12 (Scheme 5).31 Even 4 is about 7.5 kcal/mol more
stable than 6, which is comparable to the also slighthly more
stable trichlorosilyl-substituted analogue 7 (8.5 kcal/mol).
Substitution reactions with diolefins such as COD (for 3),
1,5-hexadiene (for 9), or divinyldisiloxane (for 11) are ex-
pectably entropically benefited by the appearance of a
chelating effect compared to the application of monoolefins
such as ethylene or trichlorovinylsilane and therefore more
stable. The entropic contribution to the free energy of the
complex formation with these dienes (like for 3, 8-11)
significantly adds to the ease of the substitution.
Evaluation of Reactivity. Besides the development of this

systematic procedure for the preparation of CpCo(I) com-
plexes with functionalized olefins and their structural eva-
luation, reactivity of these complexes is a central aspect for
catalytic applications. From that perspective we chose com-
plexes 6 and 9 to be tested in cycloaddition reactions. Due to
the lability of the monoolefin ligands, as exemplified in 4,
these complexes show enormous catalytic activity especially
in [2þ2þ2] cycloaddition reactions at rather low tempera-
tures compared to complexes such as 1-3 or 5. We chose the
reactions between different diynes and nitriles yielding sub-
stituted isoquinolines as the testing ground (Table 1). The
reactions applying complex 6 as the catalyst gave acceptable
to very good isolated yields (up to 92%) over the course of
several minutes’ reaction time for the reaction of 1,6-hepta-
diyne (13) with different nitriles (16-19). The use of the
internal alkyne 14, possessing bulky terminal tert-butyl
groups, still gave 53% yield of pyridine 20 for this more

Figure 2. Molecular structures of CpCo(I)-olefin complexes 7, 8, and 9.

(27) Also compare the following angles: 7: C2-Co1-C2a 90.48(12)�,
C1-Co1-C1a 112.8(3)�; 8: C1-Co1-C6 89.52(9)�, C2-Co1-C5
94.10(7)�, C1-Co1-C5 105.06(8)�, C2-Co1-C6 106.16(8)�; 9:
C1-Co1-C6 93.2(2)�, C2-Co1-C5 83.3(2)�, C1-Co1-C5 97.4(2)�,
C2-Co1-C6 106.6(2)�.
(28) Ondracek, J.; Schehlmann, V.; Maixner, J.; Kratochvil, B.

Collect. Czech. Chem. Commun. 1990, 55, 2447.
(29) For an overview of the different observed shifts see the table in

the Supporting Information.
(30) Belt, S. T.; Duckett, S. B.; Haddleton, D. M.; Perutz, R. N.

Organometallics 1989, 8, 748.
(31) Details for the calculations on the relative energetics of the

substitution reaction can be found in the Supporting Information.
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challenging diyne substrate. Finally the reaction of 1,7-
octadiyne (15) with PhCN gave the isoquinoline derivative
20 with somewhat lower yield (46%). For further corrobora-
tion we also investigated the reactivity of complex 9, which was
found to be rather stable compared to the above-mentioned
monoolefin complexes as well as 8, 10, and 11.32 It should
present a good compromise between complex stability and
sufficient reactivity, on the basis of efficient release of the
catalytically active fragment undermild conditions. As it turned
out, the cycloaddition reaction between 13 and benzonitrile was
efficiently catalyzed at 40 �C reaction temperature, yielding the
pyridine 19 within a few hours with excellent, 98%, yield. The
cycloadditionsof diynes14and15withPhCNgave theproducts
20 and 21 with somewhat lower or even higher yield. Addition-
ally, the reaction of 13 and PhCN catalyzed by 9 can be per-
formed successfully by using nondried, commercially available
THF solvent under standard conditions, yielding 19 with still
92% yield. Obviously for reactions using complex 9 no rather
explicitly anhydrous reaction conditions are needed,making this
complex a viable alternative catalyst precursor for cycloaddition
reactions. The use of CpCo(COD) (3) in these reactions for
comparison at 40 �C did not yield any product, proving that
comparably much more activation energy was necessary.

The extraordinarily high reactivity of theCpCo(I) complexes
can be exemplified by another observation. For a number of
cobalt-catalyzed cycloaddition reactions utilizing in situ gener-
ated catalyst systems based on a cobalt(II) salt, heteroatomic
ligands such as diphosphines, diimines, or disulfide ligands, and

zinc as the reductant, chlorinated solvents are used regularly.33

We added chlorinated solvents such as dichloromethane,
chloroform, or tetrachloromethane to solutions of complex 6

or 9 in THF at room temperature. A rapid color change from
red to greenwas observed. The analysis of the reaction products
after removal of the volatile components showed that a cobal-
tocenium salt was obtained, possessing a tetrachlorocobaltate
counterion, forming a compound of the structure [(Cp2Co)2-
(CoCl4)] (Scheme 6). The source of the chloride is undoubtedly
the solvent, which can be explained only by the occurrence of
C-Clactivationbya reactive cobalt species.Theseobservations
are in agreementwith a recent report byBraunstein et al., where
they found C-Cl activation in dichloromethane by low-valent
cobalt(I) complexes.34 A comparable reaction by Cp*Co(CO)2
required irradiation energy for the C-Cl activation process,
and the reaction stopped after the oxidative addition step.35 The
observation of the disproportionation of CpCo halides into
cobaltocene salts has been reported by Maitlis et al. before.36

Conclusion

In summary,we report on the synthesis of the newCpCo(I)
complex 6, containing two trimethylvinylsilane ligands,
using the reduction of cobaltocene by potassium metal in
the presence of the olefin. Complex 6 was established as an
excellent startingmaterial for the preparation of a number of
different CpCo(I) complexes by fast and quantitative sub-
stitution reactions with functionalized olefins, yielding the
complexes 7-12, which cannot be prepared by the direct
reduction or any other route. The investigations highlighted
for the first time the unambiguous determination of the

Scheme 5. Energetic Parameters (enthalpies and free energies [in brackets] in kcal/mol) of the Substitution Reaction for CpCo(I)
Complexes 3, 4, and 6-12

(32) Complex 9 was found to be unchanged in the composition of its
crystal form after about twoweeks in air. However, the evaporation of a
NMR sample of 9 and leaving the solid residue open to air resulted in
decomposition of the complex after 24 h, as proven by NMR.
(33) Examples: (a) Hilt, G.; Hengst, C.; Hess, W. Eur. J. Org. Chem.

2008, 2293. (b) Hilt, G.; Hess, W.; Vogler, T.; Hengst, C. J. Organomet.
Chem. 2005, 690, 5170.

(34) Pattacini, R.; Jie, S.; Braunstein, P. Chem. Commun. 2009, 890.
(35) Olson, W. L.; Nagaki, D. A.; Dahl, L. F. Organometallics 1986,

5, 630.
(36) Roe, D. M.; Maitlis, P. M. J. Chem. Soc. A 1971, 3173.
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molecular structure of a series of these new CpCo(I)-olefin
complexes. Evaluation of the reactivity of complexes 6 and 9 in
cocyclotrimerization reactionsbetweendiynes andnitriles yield-
ing isoquinolines spotlighted the extraordinary catalytic activity
of these catalyst precursor complexes. The presented new
CpCo(I)-olefin complexes are highly promising candidates for
further investigations of their catalytic properties, and the
methodology presents a general mild access to the interesting
CpCo(I) fragment. Further investigations to exploit the full
synthetic potential also with respect to the synthesis of highly
active chiral Co(I) complexes are underway.

Experimental Section

General Methods. All manipulations were carried out under
oxygen- and moisture-free conditions under argon using standard
Schlenk techniques. All solvents were received from commercial
sources andwere freshlydistilledprior touse.Trimethylvinylsilane,

trichlorovinylsilane, 1,3-divinyl-1,1,3,3-tetramethyldisiloxane, bis-
(prop-2-enyl) ether, penta-1,4-diene, and hexa-1,5-diene were pur-
ified by distillation before use. Cobaltocene was used without
purification.

Synthesis of 6. Cobaltocene (0.5 g, 2.6 mmol) and potassium
(0.109 g, 2.8mmol) were dissolved in Et2O (10mL) and stirred at
-78 �C. The trimethylvinylsilane (1.8 g, 18.2 mmol) was added
dropwise via syringe, and the brown slurry was stirred for 5 days
at -78 �C. After this time the solvent was removed under
reduced pressure and the residue was dissolved in 10 mL of
n-pentane and filtered over a Schlenk frit. The resulting red
solution was evaporated under reduced pressure to give 0.678 g
(80%) of 6. 1H NMR (CD2Cl2, 400 MHz, -50 �C): δ -1.63 (t,
3J(H,H) = 12.7 Hz, 2H, CHSi), 0.07 (s, 18H, SiCH3), 2.26 (d,
3J(H,H) = 10.6 Hz, 2H, CH2 cis), 2.49 (d, 3J(H,H) = 14.6 Hz,
2H,CH2 trans), 4.69 (s, 5H,C5H5) ppm. 13CNMR(CD2Cl2, 100
MHz, -50 �C): δ -0.57 (s, Si(CH3)), 40.1 (s, CH2), 49.3 (s,
CHSi), 83.0 (s, C5H5) ppm. 29Si NMR (CD2Cl2, 79 MHz,
-50 �C): δ 0.94 (SiCH3) ppm. Crystals suitable for X-ray
structure analysis were obtained by storing a saturated diethyl
ether solution of 6 at -40 �C.

General Procedure for the Olefin Substitution Reaction, Ex-

emplified for the Preparation of 7. To a stirred solution of
[CpCo(H2CdCHSiMe3)2] (6) in Et2O (5 mL, 1.0 mmol, 0.2
M) was added dropwise an excess of trichlorovinylsilane (0.8 g,
5.0 mmol) at -30 �C over a period of 2 min. The resulting
solution was stirred for 5 min, and the solvent was removed
under reduced pressure at -20 �C. Drying under vacuum

Table 1. Investigation of 6 and 9 in Cycloaddition Reactions

a Isolated yields. bReaction conditions: 5 mol % 6, RT. cReaction conditions: 6 mol % 9, 40 �C.

Scheme 6. Reaction of Complexes 6 and 9 with Chlorinated

Hydrocarbons
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achieved 0.443 g (quant.) yield of 7. 1H NMR (C6D6, 300MHz,
25 �C): δ-1.50 (dd, 2H, 3J(H,H)=10.7Hz, CHSi), 2.17 (d, 2H,
3J(H,H) = 10.6 Hz, CH2 cis), 2.61 (d, 2H, 3J(H,H) = 14.1 Hz,
CH2 trans), 4.53 (s, 5H, C5H5) ppm. 13C NMR (C6D6, 75MHz,
25 �C): δ 41.40 (s,CH2), 46.15 (CHSi), 87.00 (s,C5H5) ppm. 29Si
NMR (CD2Cl2, 79 MHz,-50 �C): δ 5.31 (SiCl3) ppm. Crystals
suitable for X-ray structure analysis were obtained by cooling a
saturated diethyl ether solution of 7 to -40 �C.
General Procedure for the [2þ2þ2] Cycloaddition Reactions

Catalyzed by Complex 6. The appropriate diyne (13-15, 1.0
mmol) and nitrile (2.0 mmol) were dissolved in THF (4 mL) and
stirred at room temperature. Complex 6 (0.016 g, 0.05 mmol)
dissolved in Et2O (0.25 mL) was added dropwise, and the red
solution was stirred for a few (2-10 min) minutes, after which
the diyne starting material had disappeared. The product was
separated via column chromatography with n-hexane/EtOAc
(6:1 v/v) as eluent, yielding the appropriate isolated pyridines
16-21 as products.
General Procedure for the [2þ2þ2] Cycloaddition Reactions

Catalyzed by Complex 9. The appropriate diyne (13-15, 1.0
mmol) and nitrile (2.0 mmol) were dissolved in THF (4 mL) and

stirred at room temperature. Complex 9 (0.012 g, 0.06 mmol)
was dissolved in Et2O (0.25 mL) and added dropwise, and the
brown solutionwas stirred for a few hours at 40 �C. The product
was separated via column chromatography with n-hexane/
EtOAc (6:1 v/v) as eluent, yielding the appropriate isolated
pyridines 19-21 as products.

Acknowledgment. This work was supported by the
Leibniz-Institut f€urKatalyse e.V. (LIKAT).M.H. thanks
Prof. Uwe Rosenthal for his support and helpful discus-
sions and comments.

Supporting Information Available: Copies of 1H NMR and
13C NMR spectra for the cobalt compounds, tables of selected
X-ray data for complexes 6-9, details on the reaction of 6 and 9

with chlorinated solvents, details on the calculations and char-
acterization data for the organic compounds 16-21. CIF files
giving crystallographic data for complexes 6-9 are also avail-
able. This material is available free of charge via the Internet at
http://pubs.acs.org.


