J. Am. Chem. Soc. 1987, 109, 941-942 941

The discovery of these three novel types of stannoxane structural
entities, the drum,!™ the ladder,>? and the oxygen-capped cluster,
suggests that additional cluster arrangements remain to be dis-
covered possessing interesting properties.
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Most d-block transition metals form well-defined complexes
with acetylenes.! Even Cu(I) and its congeners yield isolable
complexes.2 No n-acetylene complexes of the f-block transition
metals have been described, though lanthanide metal atoms react
with acetylenes,’®® and a black substance of unknown structure
whose composition is [(MesCs),Sm],[PhC=CPh] has been iso-
lated.’* Monosubstituted acetylenes such as PA\C=CH react with
(MesCs),YB(OEL,) to give the mixed-valence phenylacetylide
(MesCs), Yby(u-C=CPh), presumably by way of prior acetylene
coordination.’® The bonding in metal-acetylene complexes is
similar to that in olefin complexes, viz., the filled orbitals of
g-symmetry act as donors and the empty w-symmetry orbitals on
the acetylene act as acceptor orbitals.®®~ (75-MegCq)Sm(AICL,),
has been isolated recently.* Because lanthanide metallocenes can
act as Lewis acids, though not as w-donors since the filled energy
levels are too low in energy,’ a reasonable strategy for synthesis
of acetylene complexes is to use donor rather than acceptor
substituents on the acetylene. The first vertical ionization energy
of MeC=CMe and tetrahydrofuran are 9.59% and 9.57 eV,
respectively, so it is, perhaps, not unexpected that MeC=CMe
will yield an isolable complex since the THF complex is known.’

* Address all correspondence to this author at the following address:
Chemistry Department, University of California, Berkeley, CA 94720.
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Figure 1. ORTEP diagram of (MesCs),Yb(n*-MeC=CMe). Thermal
ellipsoids represent 50% probability surfaces except those of the hydrogen
atoms which are arbitrary.

Addition of 2-butyne to base-free (MesCs),Yb® in pentane
results in a color change from orange to red from which dark
purple-red needles, mp 170-173 °C, may be isolated in quanti-
tative yield on cooling to —70 °C. The infrared spectrum of the
complex as a Nujol mull shows no absorptions which may be
attributed to »(C=C).> The 'H NMR spectrum in C¢Dg at 30
°C shows that the complex is diamagnetic and that the MesCs
resonance in the complex is slightly deshielded relative to the
base-free compound, 6 1.92 vs. 1.99, under identical conditions.
The *{'H} NMR chemical shifts of the MeC; rings in the complex
are also slightly perturbed relative to the base-free complex; the
ring carbons are unchanged at § 113.4 and the methyl carbons
are deshielded in the complex, 6 10.6 vs. 10.9. The greatest effect
is on the resonances of the 2-butyne ligand. The free ligand at
30 °C in C¢Dg shows a resonance in the 'H NMR spectrum at
& 1.52 which shifts to 6 1.27 on coordination. In the *C{!H} NMR
spectrum the methyne and methyl carbons are deshielded on
coordination, § 74.6 to 76.9 and & 3.08 to 3.76, respectively. The
complexed 2-butyne is undergoing chemical exchange at 30 and
-75 °C (200 MHz) since at 30 °C the 'H NMR resonance of
the acetylene in methylcyclohexane-d;4 with a 10-fold molar excess
of acetylene occurs as a sharp singlet at 6 1.63 (relative to the
most intense resonance due to residual protons of the solvent at
6 0.82); free 2-butyne resonates at 6 1.64 in C;D,4. Cooling to
-75 °C changes the averaged chemical shift to 6 1.73 with no
discernible change in line shape. Both the vibrational spectrum
of the solid and solution NMR spectra show that MeC=CMe
is only weakly perturbed on coordination to the lanthanide center.
This contention is supported by the crystal structure at —80 °C.

An ORTEP diagram is shown in Figure 1. The geometry of the
Me;C; portion of the complex is not greatly perturbed from that
of (MesCs),Yb(thf).” The averaged Yb—C and Yb—Me;C; ring
centroid distances and the MesC; ring centroid—Yb—Me;C; ring
centroid angle in the acetylene complex are 2.659 + 0.009 A, 2.38
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A, and 143.3°, respectively. The equivalent distances and angle
in the tetrahydrofuran complex are 2.663 £ 0.011 A, 2.37 A, and
143.5°, respectively. The C(1)C(2) and averaged C-C(Me)
distances in the complex are 1.154 (6) and 1.468 £ 0.005 A,
respectively. The equivalent distances in free 2-butyne (=50 °C)
are 1.21 (2) and 1.46 (1) A, respectively.l® The averaged C—
C-C(Me) angle in the complex is 177.4 £ 0.7° and the equivalent
angle in the free ligand is linear. Comparison of the C—C distance
and the C-C—C(Me) angle in (Me;Cs),Yb(n>-MeC=CMe) with
the equivalent bond parameters in trans-[MePt(PMe,Ph),(»?-
MeC=CMe)]PF,!!* and (Ph;P),Pt(n?-MeC=CPh)!!* in which
the C—C distance is 1.22 (3) and 1.28 (3) A and the C-C-C(Me)
angle is 168 &+ 2° and 141.8(1.8)°, respectively, shows that little
or no w-back-bonding is involved in the ytterbium-acetylene bond.
The averaged Yb-C(1,2) distance is 2.850 £ 0.010 A and the
C(1)-Yb-C(2) angle is 23.4 (1)°. The dihedral angle formed
by intersection of the plane defined by C(1,2,3,4) and Yb with
the plane defined by the MesC; ring centroid—-Yb—Me;C; ring
centroid is 91.5°. Clearly the 2-butyne to (MesCs),Yb interaction
is weak as judged by spectroscopic and crystallographic data. The
complex is best viewed as a Lewis acid—base adduct with little
or no w-back-bonding.
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In recent years a number of transition-metal complexes have
been found to undergo photochemically induced intermolecular
C-H bond activation of their hydrocarbon solvents.!® Thearyl
and alkyl metal hydride products of these reactions are believed
to result from the oxidative addition of the 16-electron coordi-

(1) (a) Janowicz, A. H.; Bergman, R. G. J. Am. Chem. Soc. 1982, 104,
352. (b) Janowicz, A. H.; Bergman, R. G. J. Am. Chem. Soc. 1983, 105,
3929. (c) Wenzel, T. J,; Bergman, R. G. J. Am. Chem. Soc. 1986, 108, 4856.

(2) (a) Hoyano, J. K.; Graham, W. A. G. J. Am. Chem. Soc. 1982, 104,
3723. (b) Hoyano, J. K.; McMaster, A. D.; Graham, W. A. G. J. Am. Chem.
Soc. 1983, 105, 7190.

(3) Prelana, R. A.; Bergman, R. G. Organometallics 1984, 3, 508.

(4) Jones, W. D.; Feher, F. J. J. Am. Chem. Soc. 1984, 106, 1650.

(5) Berry, M.; Elmitt, K.; Green, M. L. H. J. Chem. Soc., Dalton Trans.

1979, 1950.
(6) Rausch, M. D.; Gastinger, R. G.; Gardner, S. A.; Brown, R. K.; Wood,
J. S. J. Am. Chem. Soc. 1977, 99, 7870.

Scheme I
~H
LaMC,
sR
LnM
LN
LnM_CO
Scheme 11
Alr
C
S
L r1/ N aRH | e _RH SR
n \ ol _coz Ln LnN\H
c— -ArCN
Il
o]

natively unsaturated metal fragments, “ML,”, generated by the
photolytically induced loss of H, or CO, into the C-H bonds of
hydrocarbons (Scheme I). Insertion into C-H bonds also occurs
with thermal activation, suggesting that these reactions do not
specifically require the reactive metal fragment to be in a pho-
toexcited state.!1*%™1% A preponderance of the previously reported
examples of thermal C—H bond activation, in which the products
of direct oxidative addition are observed, involve the reductive
elimination of the reactive species, ML,, from an alkyl or aryl
metal hydride followed by its oxidative addition into the C-H bond
of another hydrocarbon, 54721518 [n effect, these reactions require
as a reactant a metal center which has already undergone C-H
activation into a C—H bond and constitute hydrocarbon exchange
reactions.

We now wish to report the thermal activation of C—H bonds
of hydrocarbons using the precursor metallacycle (7°-CsMes)-

Ir[C(p-CIC{H)=NOC(=0)](CO) (1).1%% Thermolysis of 1
would be expected to generate the 16-electron four-coordinate
species “(3-CsMes)Ir(CO)” (Scheme II) which is presumed to
be responsible for the activation of a number of hydrocarbons when
generated photolytically from (7°-C;Meg)Ir(CO),.2 When the
metallacycle 1 was maintained in the dark at 50 °C in benzene
solution for 5 weeks, a hydride resonance at —15.07 ppm was
observed and attributed to the product (°-CsMes)Ir(CO)-
(H)(C¢Hs)?% (2), formed by the oxidative addition of (#°-
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(20) Selected data for 1 (full details will be reported elsewhere!®). 1: Anal.
Caled for C;gHsCIIrNO;: C, 42.57; H, 3.58; Ir, 35.85; N, 2.61. Found: C,
42.12; H, 3.64; Ir, 35.88; N, 2.40. '"H NMR (CsD¢) 67.39(d,2H,J=8.5
Hz), 7.10 (d, 2 H, J = 8.4 Hz), 1.23 (s, 15 H).

0002-7863/87/1509-0942801.50/0 © 1987 American Chemical Society



