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are as typically found for many other bent metallocene
complexes.’ It is doubly bridged to an ordinary Al(CHj),
group [bond distances Al-C10 = 1.953 (8) A, AI-C11 =
1.958 (4) A; bond angle C10,A1,C11 = 117.4 (4)°]. The very
nature of the two bridging ligands in 8a is quite remark-
able. To our knowledge, the Al,Zr(u-C=CPh) unit in 8a
represents one of the very few examples exhibiting a u-
alkynyl linkage between a transition and main-group
metal.? Its bonding situation is structurally and ster-
eoelectronically related to what is found in M(CO)M
complexes exhibiting a semibridging carbon monoxide
ligand.” In 8a the Zr-C12 separation is 2.340 (3) A whereas
the AI-C12 bond distance is 2.103 (5) A. The bonding
parameters of the C=CR unit are 1.209 (4) A (C12-C13),
1.438 (4) A (C13-C14), and 179 (2)° (C12,C13,C14). The
C12,C13,C14 vector is oriented coplanar with the central
metallacyclic framework. The C=C triple bond is slightly
leaning over toward the aluminum atom [bond angles
around C12 = 110 (1) (C13,C12,Al), 162.8 (4) (C13,C12,Zr),
86.4 (4)° (Al,C12,Zn)].

The extraordinary geometric arrangement of the other
bridging ligand between Al and Zr represents the truly
outstanding structural feature of 8a. The MeCCPh moiety
is bonded to zirconium by means of carbon atom C1 [bond
distances C1-Zr = 2.163 (3) A, C1-C2 = 1.497 (6) A, C1-C3
= 1.324 (4) A; angles C2,C1,C3 = 129.2 (4)°, Zr,C1,C3 =
86.6 (6)°] and to zirconium and aluminum by means of C3.
This additional strong carbon to zirconium interaction (the
Zr-C3 linkage is only about 0.3 A longer than the very
short Zr—C1 ¢ bond) results in a very unusual coordination
environment for carbon atom C3, featuring four strong
bonding interactions to neighboring atoms in one plane
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[namely C3-C1 (1.324 (4) A), C3-C4 (1.508 (5) A), C3-Al
(2.103 (3) A), and C3-Zr (2.47 (1) A)]. The bond angles
around the planar tetracoordinate carbon atom C3 are
118.9 (2) (C1,C3,C4) 96.8 (3) (C4,C3,Al), 83.2 (3) (AL,C3,Zr),
and 61.0 (6)° (C1,C3,Zr). In the central metallacyclic plane
the Al--C4 and Al--C13 separations are 2.73 and 2.77 A,
respectively.

Complex 8a exhibits an IR »(C=C) band at 2065 cm™™,
The C NMR spectrum of 8a features quarternary carbon
resonances at 6 208.6 (3Joy = 4 Hz, C1), 144.1, 142.8, 122.9,
114.8, and 110.9. One of the latter is to be attributed to
the planar tetracoordinate carbon center. Complexes 8b,c
exhibit similar spectroscopic features.?

We have begun to use variations of this synthetic ap-
proach for preparing analogous compounds with other
metal substituent and M!(u-X)M? bridging ligand com-
binations and to actively investigate the chemistry of
stable, isolable compounds containing planar tetracoor-
dinate carbon.
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(8) 8b: 0.8 g isolated (52%), mp = 121 °C dec; *C NMR (benzene-dg)
4 197.7, 152.0, 106.9, 100.5 (quart C), 107.2 (Cp), 43.3, 32.6 (CH), 32.1, 314,
27.9, 26.8, 25.9, 25.2 (CHF)' 23.9 (CH,;), 6.4 (AlMe,); IR (KBr) » 2085
(C=C), 1612 (C=C) cm, 8¢: 1.2 g isolated (83%), mp = 105 °C dec;
13C NMR (benzene-dg) 6 224.0, 162.6, 141.6, 100.4 (quart C), 106.7 (Cp),
26.7 (CHjy), 3.3, -0.42 (2 X SiMey), -1.4 (AlMe,); IR (KBr) » 2003 (C=C),
1563 (C=C) cm™.
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Summary: Conformational studies of phenylpenta-
methyldisilane (1) and related cyclic aryldisilanes by using
free-jet laser spectroscopy and force-field calculations
revealed that, in the preferred ground-state conformation
of 1, the Si-Si bond was perpendicular to the benzene
ring plane, compatible with remarkable stereoelectronic
effects on the absorption and fluorescence spectra of
aryldisilanes.

Intriguing electronic properties of aryldisilanes have
been demonstrated by means of UV, CT, and photoelec-
tron spectroscopy.? For instance, phenylpentamethyl-
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silacyclopentane (2) showed intense absorption (IL,)
maxima at around 230 nm, which are significantly longer
than the usual maxima for substituted benzenes, while no
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Figure 1. MPI spectra of jet-cooled 1 (a), 2 (b), and 3 (c).

characteristic 'L, band was observed for 1,1,2,2-tetra-
methyl-3,4-benzo-1,2-disilacyclopentane (3).2 Concerning
the dihedral angle between a silicon—silicon bond and a
benzene ring plane, 2 is fixed in the approximately per-
pendicular conformation A, while 3 is in the nearly in-plane
conformation B. Stereoelectronic o—7 conjugation be-
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tween a silicon-silicon ¢ orbital and a benzene pr orbital
would obviously be responsible for determining the elec-
tronic properties of aryldisilanes. On the basis of the
similarity of the UV spectra between 1 and 2, the preferred
conformation of 1 has been suggested to be A in the ground
state. Contrary to this argument, Shizuka et al. have re-
cently assumed that 1 occupies preferably the in-plane
conformation B in both the ground and excited states, in
order to explain the unusual dual-fluorescence phenome-
na,? while we have proposed the orthogonal intramolecular
charge-transfer (OICT) mechanism as another model,*
which demands the conformation A in the ground state
to obtain the largest overlap between the Si-Si ¢ and the
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Shizuka et al. have assigned the longer wavelength emission of the dual
fluorescence of aryldisilanes to a CT excited state (2p=*,3d=(Si) state),
where the disilanyl group and the benzene 7 system work as an electron
acceptor and an electron donor, respectively.? In contrast to this, the
OICT mechanism involves a or* state as a CT excited state, where the
donor-acceptor relationship is opposite to that of Shizuka’s model.
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Figure 2. Dihedral angles between the Si-Si bond and the
benzene ring plane at the MM2 optimized geometries of 1-3.

benzene pr orbitals and the conformation B in the CT
excited state to minimize the energy; the latter model is
closely related to the TICT mechanism in p-(dimethyl-
amino)benzonitrile and sudden polarization in the }(7r*)
states of olefins. In this context, it is desirable to deter-
mine the preferred conformations of 1 in both the ground
and excited states on the other experimental bases.

By using free-jet laser spectroscopy and force-field
calculations for 1 and related cyclic aryldisilanes 2 and 3,
the preferred rotational conformation of 1 was revealed
unequivocally to be A in the ground state.* Free-jet laser
spectroscopy has recently been shown as an effective
means to analyze stable conformations and the number
of various alkyl- and methoxy-substituted aromatic mol-
ecules at a temperature of nearly absolute zero.5¢ During
the course of our study, Teh et al., reported a related study
on jet-cooled silylbenzenes, including 1, but without de-
tailed analysis of the preferred conformation.’

The multiphoton ionization (MPI) spectrum for S;-S,
or jet-cooled 1 is shown in Figure la. The spectrum
displayed two intense origins at 36 897 and 36932 ¢cm™,
with a 35-cm™ spacing. Intense transition bands were also
observed at 531 cm™ higher energy from the origins. The
progression band is tentatively assigned to a benzene ring
6b mode, since the 6b frequency of alkylbenzenes usually
falls around 530 cm™.%¢ Similarly, the cyclic phenyldisilane
2 showed two intense origins with a 37-cm™ spacing in the
MPI spectrum (Figure 1b). The spectral similarity be-
tween 1 and 2 is obvious, whereas no satisfactory attrib-
ution is made of the 35-cm™ spacing. Missing the 6b band
in 2 may be attributed to the symmetry difference between
1 and 2.

On the other hand, the MPI spectrum of 3 showed re-
markable dissimilarity in the features from those of 1 and
2, as shown in Figure lc. In contrast to the intense 03
transition observed for 1 and 2, a low-frequency mode was
built on a weak origin transition at 35811 cm™ in 3, with
an energy level spacing of 55 cm™.. Although the com-
plexity of the molecule precludes the possibility of a com-
prehensive interpretation of the spectrum, the low-fre-
quency mode may be ascribed to a torsional motion about
the C;,,—Si bond or a puckering vibration of the disila-
cyclopentane ring. Similar torsional progressions have
been observed for a-methylstyrene, 9-phenylanthracene,
biphenyl, and 9-(2-naphthyl)anthracene.! The torsional
motion in 3 may involve a vibration directed toward
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achieving a better ¢(SiSi)-= overlap, which is restricted
by the cyclic structure.

Comparison of the MPI spectra of 1-3 leads us to the
conclusion that 1 prefers the perpendicular conformation
A at low temperatures.

The dihedral angles between an Si-Si bond and a
benzene ring plane at the most stable conformations were
estimated by MM2 force-field calculations for 1-3, as shown
in Figure 2.° The MM2 calculations for 1 showed a shallow

(9) Frierson, M. R.; Imam, M. R.; Zalkow, V. B.; Allinger, N. L. J. Org.
Chem. 1988, 22, 5248.

potential energy minimum at around A, together with
another minimum at around B that was 1.3 kcal/mol
higher in energy than A. The rotational barrier around
the Cjp,,~Si bond of 2 was calculated to be 1.5 kcal/mol,
suggesting smooth rotation about the bond at room tem-
peratures.

In conclusion, the present results are compatible with
remarkable stereoelectronic effects on the absorption
spectra of aryldisilanes as well as with the OICT model
for the CT excited state of 1.
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Summary: The relative rates of oxidative addition of
secondary carbohydrate iodides 2, 5, and 7 with [py-
(dmgH),Co'l~, to form mixtures of diastereomeric alkyl
cobaloximes 3 and 8, are consistent with steric inhibition
of the electron-transfer step. On the basis of these and
previously reported observations, a unified mechanism for
oxidative addition is proposed.

Organocobalt complexes have recently received attention
in synthetic organic radical chemistry.2® Organocobalt
complexes can be formed by the oxidative addition of Co(I)
complexes to alkyl, aryl, and vinyl halides. For such
two-electron oxidative additions several mechanisms can
be envisioned,* including (1) three-center cis addition, (2)
Sn2 addition, (3) atom abstraction of halogen by one metal
center followed by combination of the carbon-centered
radical with another metal center, (4) inner-sphere electron
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transfer followed by caged radical-pair combination, (5)
radical chains, and (6) outer-sphere electron transfer fol-
lowed by combination of free carbon-centered radicals with
a metal center. From the perspective of synthetic organic
chemistry, it is usually adequate to distinguish between
concerted mechanisms (1 and 2) and stepwise mechanisms
(3-6), since such a simple distinction will cover most
synthetically important aspects of stereochemistry and
structure—reactivity relationships. Nevertheless, other
more detailed aspects of reaction mechanism could have
important consequences in using synthetic reactions in a
predictable fashion. In this paper we report just such a
case involving stereoelectronic control of electron transfer
into carbon-halogen bonds.

We have been using alkylcobaloximes, RCo™(dmgH).py
(dmgH = dimethylglyoxime monoanion; py = pyridine),
for the development of new synthetic organic methodolo-
gy.2 Alkylcobaloximes are usually formed by the oxidative
addition of [py(dmgH),Co']” to alky] halides. In 1969
Schrauzer reported that the oxidative addition of [py-
(dmgH),Co!]~ with simple primary and secondary alkyl
halides proceeded by an Sy2 mechanism.® This conclusion

(5) Schrauzer, G. N.; Deutsch, E. J. Am. Chem. Soc. 1969, 91, 3341.
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