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phenylacetylene has been found to possess an activation
enthalpy of 26.9 kcal/mol,* qualitatively consistent with
our results. Alternatively, the measured activation energy
could be associated with a rate-limiting conversion of the
metallacycle to the = complex, which would only be valid
if the barrier for the reverse reaction (v complex to me-
tallacycle) is similar in magnitude to the olefin binding
energy (~10 kcal/mol). This interpretation is inconsistent
with our calculated barrier (~0 kcal/mol) but leads to
relative thermodynamic placements of the metallacycle
and 7 complex similar to those presented here (eq 2).
Finally, an associative mechanism (where both olefins are
bound to the alkylidene complex) is possible for our co-
ordinatively unsaturated dichloro complex (the bis(olefin)
complex would be a 12-electron system) and in fact has
a barrier lower than the dissociative mechanism described
above (~10 kcal/mol lower). This associative mechanism
is not likely for the experimental dicyclopentadienyl sys-
tem as the bis(olefin) complex would be a 20-electron
system (barring cyclopentadienyl ring slippage) but is
possible for other highly coordinately unsaturated systems.

Hoffmann and co-workers® have studied the olefin me-
tathesis reaction pathway using the extended Hiickel
method. The set of complexes they examined included
Cp,Ti(CH,)(C,H,), for which they obtained results diam-
etrically opposed to other theoretical work,? experiment,*
and the work reported here. Specifically, they find the
metallacyclobutane substantially less stable than the olefin
methylidene complex (by approximately 20 kcal/mol).
Further, they find the global potential energy surface
minimum to be associated with a geometry close to that
found here for the saddle point. This minimum was found
to be approximately 6 kcal/mol below the olefin methy-
lidene complex. A point of agreement common to our
work, experiment, and Hoffmann and co-workers is that
the observed barrier should be smail.

The extention of the above results to olefin metathesis
(eq 3) in general is straightforward. As discussed above

R’,C=CR/’; + R,C=CR, — 2R/,C=CR, 3

we find this process to have a very low kinetic barrier. As
noted previously®** the difficulty for titanium systems is
the thermodynamic instability of titanium methylidene
complexes. For Cr, Mo, and W oxo dichloride methylidene
systems, with appropriate cocatalysts, the thermodynamics
are balanced.” The activation energetics presented here
suggests that these Cr, Mo, and W oxo systems will be
quite active catalysts with small kinetic and thermody-
namic barriers. Thus, our theoretical results are in
agreement with the experimental evidence from the
Schrock group.?

Registry No. CLTiCH,(C,H,), 91158-49-5; dichloro-
titanacyclobutane, 79953-32-5; dicyclopentadienyltitanacyclo-
butane, 80122-08-3.

Supplementary Material Available: Details of computa-
tional procedures employed to obtain complex geometries and
thermodynamic data (2 pages). Ordering information is given
on any current masthead page.
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Summary: The reaction of cobaltous chloride with 2
equiv of the 2,4-dimethylpentadienyl anion (2,4-C,;H,;")
leads to a dimeric product in which each cobalt atom is
coordinated by an 7°-2,4-C,H,, ligand and by an n*-buta-
diene portion of half a bridging 2,4,7,9-tetramethyl-
2,4,6,8-decatetraene ligand, which was formed by the
intermolecular coupling of two 2,4-C;H,, ligands. The
coupled ligand is unusual in that an isomerization from a
1,3,7,9-decatetraene ligand seems to have taken place.

We have recently shown that the pentadienyl ligand
forms a wide range of stable compounds with transition
metals.? Of initial interest have been the bis(pentadie-
nyl)metal complexes, wherein the metal may be titanium,
vanadium, chromium, iron, or ruthenium, and a wide range
of structural, spectroscopic, chemical, and theoretical
studies have now been reported for these “open
metallocenes™.>® As all of the above compounds possess
electron configurations in the range of 14-18 (less than or
equal to the noble-gas configuration), it was clearly of
interest to investigate the nature of “open metallocenes”
formally having even greater electron counts.*

The reaction of cobaltous chloride with 2 equiv of the
2,4-dimethylpentadienyl anion in THF at —78 °C leads to
the formation of a deep red-brown solution, which seems
to initially contain monomeric bis(2,4-dimethyl-
pentadienyl)cobalt.” On standing at low temperature,
however, slow deposition of a less soluble material takes
place, occasionally yielding a homogeneous crop of small
crystalline material in yields of up to 80%. Initial ana-
lytical and mass spectral data suggested a dimeric for-
mulation,” [Co(C;H1)]5, which was ultimately confirmed
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(4) This, of course, assumes that both ligands are n® bound, which may
not be the case.

(5) (a) The monomeric species may well contain one »° and one n*-
pentadienyl ligand.¢ (b) Treatment of the initial solution with ferricinium
tetrafluoroborate led to a yellow-orange product, insoluble in pentane but
soluble in THF and methylene chloride. A mass spectrum indicated the
expected Co(C;H,;),BF, composition. A single-crystal X-ray diffraction
study was undertaken® and the cobalt atom and BF,~ unit were readily
located. It appeared that two 2,4-dimethylpentadienyl ligands were
present, but these were badly disordered. Attempts are being made to
prepare this cation as a salt with other anions. (c) Hutchinson, J. P;
Wilson, D. R.; Ernst, R. D., unpublished results.

(6) (a) It can be noted that (C5H5)CT(C;}I§’) has been formulated as a
17-electron complex with an 78-CgHj, ligand,®® while (C;H;) Ti(CsHp) is a
17-electron complex with an 78-CgHg ligand.® (b) Mller, J.; Menig, H.
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appropriate ligand adducts of mono(2,4-dimethylpentadienyl)cobalt.
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Table II. Selected Bond Distances (A) and Angles (deg) for Bis(2,4-dimethylpentadienyl)cobalt Dimer
Bond Distances

Co-C(l)  2.137(10) Co-C(9) 2.134 (7)
Co-C(2) 2.080(10) Co-C(10) 2.017 (8)
Co-C(3) 2.086(9)  Co-C(11) 2.014 (8)
Co-C(4) 2.066(8)  Co-C(12) 2.087 (8)

Co-C(5) 2.123(7) C(12)-C(12')  1.463 (18)

Bond Angles

C(1)-C(2)-C(3) 123.8 (9) C(3)-C(4)-C(7)
C(1)-C(2)-C(6) 119.1 (8) C(5)-C(4)-C(7)
C(2)-C(3)-C(4) 126.0 (8) C(8)-C(9)-C(10)
C(3)-C(2)-C(8) 117.0 (8) C(8)-C(9)-C(13)
C(3)-C(4)-C(5) 122.5 (8) C(9)-C(10)-C(11)

Figure 1. Perspective view of the bis(2,4-dimethyl-
pentadienyl)cobalt dimer. The 20% probability ellipsoids are
shown, and a center of inversion is crystallographically imposed.

by a single-crystal X-ray study.?

The solid-state structural result shown in Figure 1
clearly confirms the dimeric nature of the product mole-
cule. The dimer itself lies on a crystallographic center of
inversion. Each cobalt atom is coordinated by an 7°-2,4-
dimethylpentadienyl ligand and to a butadiene portion of
half of the 2,4-dimethylpentadienyl dimer in »* fashion.
Each cobalt atom thereby achieves an 18-electron config-
uration. The bond distances between a given cobalt atom
and its #°-2,4-C,H,; ligand are slightly longer than the
corresponding distances observed for the 18-electron Fe-
(2,4-C;H;;); compound—the Co—C(1,5), -C(2,4), and —-C(3)
distances are 2.130 (6), 2.073 (7), and 2.086 (9) A, respec-
tively, with the overall average value being 2.098 (4) A,
compared to 2.089 (1) A for the iron compound. The
butadiene ligand appears to be functioning as a normal
bis(olefin) donor,® as the Co—C(internal) bond distances
average 2.016 (6) A, compared to the longer Co—C(external)
bonds (2.111 (6) A). In Mg(THF)4(s-cis-1,4-diphenyl-
butadiene) the opposite ordering is observed,'® 2.54 vs, 2.29
A. The carbon—carbon bond distances are normal.!!

While the bonding parameters described above are not
unusual, the actual form of the dimerized ligand was en-
tirely unexpected. In other reported examples of dimerized

(8) The unit cell was monoclinic of space group P2,/c with a = 8.468
© A b=2LT12(A7N A c=7433 (8) A, 6 =111.73 (4)°, and Z = 2
dimeric units. The structure was solved by standard heavy-atom tech-
niques and refined to final anisotropic agreement indices of R = 0.060 and
R, = 0.048 for the 1154 independent reflections for which 0° < 24 < 50°
and I > 2.5¢(I). Hydrogen atoms were included in idealized positions
with isotropic thermal parameters, while non-hydrogen atoms were
treated anistropically. A final difference fourier map revealed no peaks
greater than 0.43 e/A°%.
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(C(12)-C(12)) is 1.463 (18) A.

C(1)-C(2) 1.463(12) C(8)-C(9) 1.513 (11)
C(2)-C(3) 1.436(18) C(9)-C(10) 1.401 (14)
C(3)-C(4) 1.397 (14) C(10)-C(11)  1.424 (11)
C(4)-C(5)  1.402(14) C(11)-C(12) 1.434 (11)
C(2)-C(6) 1.512(14) C(9)-C(13) 1.535 (11)
C(4)-C(7) 1.581(18) C(11)-C(14) 1.512(12)
118.3 (8) C(10)-C(9)-C(13) 114.2 (7)
119.0 (9) C(10)-C(11)-C(12) 118.6 (8)
123.9 (8) C(10)-C(11)-C(14) 119.3 (7)
111.7 (7) C(12)-C(11)-C(14) 122.0 (7)
123.5 (1) C(11)-C(12)-C(12') 123.8 (11)

pentadienyl ligands, the form of the resulting ligand has
to our knowledge always been the expected I (neglecting

possible cis/trans isomerization) rather than the isomerized
form II that is observed here. The origin of the difference
in behavior might, therefore, involve the remaining 7°-
2,4-dimethylpentadienyl ligand, since the other examples
(e.g., [(CsH;)Fe(CO);3],'%®) often contained carbonyl ligands.
An n®-pentadienyl ligand is capable of undergoing trans-
formation to an n®-bound form, thereby leaving the cobalt
atom coordinatively unsaturated and capable of bringing
about the observed isomerization via a bis(pentadienyl)-
cobalt hydride.’* However, even though the above argu-
ments support an 7°-7® pentadienyl transformation, they
do not completely exclude other mechanisms.!* Studies
designed to better define the actual pathway are in prog-
ress.
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purchase of the mass spectrometer system.
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Summary: Reaction of [(triphos)CuCl] [triphos = 1,1,1-
tris[(diphenylphosphino)methyl] ethane, MeC(CH,PPh,),]
with lithium phenyl In tetrahydrofuran afforded the mono-
nuclear complex [(triphos)CuPh], containing a phenyl
group ¢ bonded to copper(l) with a Cu-C bond distance
of 2.020 (4) A. Copper(I) Is in a pseudotetrahedral ge-
ometry provided by the triphos ligand and the phenyl
group.

Copper(I) alkyl or copper(I) aryl is one of the most in-
teresting organometallic functionalities.’? Its chemistry,
however, has to be related to either the bonding mode of
the carbon donor ligand or the nature of the ancillary
ligands around the metal.! This relationship, however, has
not been established because of the lack of structural in-
formation available.’? Carbon donor ligands are normally
engaged in multinuclear structures, where they display a
two-electron, three-center bonding mode.?® In such
compounds the carbon donor ligand has never been
structurally found to display a terminal bonding mode, like
that expected in the model L,,Cu-Ar (L, = ancillary lig-
ands) compound, except for a recent reported dimesityl-
cuprate(l) derivative. The bonding mode of an anionic
ligand is, however, always changing from a neutral to a
cuprate(I)-type complex® and its reactivity, too.!

The tridentate tripod-like ligand 1,1,1-tris[(diphenyl-
phosphino)methyl]ethane, [MeC(CH,PPh,);], triphos,
provides the appropriate coordination sphere around
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Figure 1. ORTEP drawing of complex II [(triphos)CuPh] (30%
probability ellipsoids). Bond distances (A): Cu-Pl = 2.342 (2),
Cu-P2 = 2.276 (2), Cu~-P3 = 2.295 (2), and Cu~-C1 = 2.020 (4).
Bond angles (deg): P3—-Cu-C1 = 124.8 (1), P2-Cu-C1 = 126.9
(1), P1-Cu-C1 = 119.4 (1), P2-Cu-P3 = 93.3 (1), P1-Cu-P3 =
91.9 (1), and P1-Cu-P2 = 90.9 (1).

copper(I) in order to force the fourth ligand to display a
terminal bonding mode.® Using triphos as the ancillary
ligand, we achieved the stabilization of the first monomeric
phenylcopper complex.

Copper(I) chloride (1 mol) was dissolved in a THF so-
lution of N,N,N’, N -tetramethylethylenediamine (1 mol)
and then the mixture reacted with triphos. The solution
on standing gave white crystals of [(triphos)CuCl]"8 (I).
This procedure must be used in order to obtain I as a
crystalline solid suitable for an X-ray analysis.?® The
structure of I is suggested on the basis of preliminary
results from an X-ray study.

A THEF suspension of I was reacted with an equimolar
amount of LiPh in THF. The bright yellow solution was
concentrated, followed by addition of Et;O0. The final
solution gave on standing for 24 h crystals of II (ca. 60%).°

IS -Licl AN
Me—C—P;Cu—Cl + LiPh —— Me—C—P;Cu——Ph (1)
\\_P NP
I II
P CHoPPh,
Me—C—P = Me—C—CH,PPh,
~p CHgPPh2

It is difficult to define the influence that the phosphorous
donor ligands can have on the stability of copper—carbon
bond, very significant differences being observed with
bidentate!® or monodentate!! phosphines. An important
distinction must be made, however, on whether the syn-
thesis of (phosphine)alkyl- or (phosphine)arylcopper(I)
complexes is carried out by the reaction of phosphine
ligands with the preformed copper(I) organometallic
species or by the alkylation of the corresponding phosphine
halo complexes. Crystallographic details for complexes I1
are as follows: Cy;H,CuP;, orthorhombic, space group
Pna2, (from systematic absences and structural analysis),
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