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spectrum to —150 °C.1* The infrared spectra of the two
compounds are remarkably similar in the carbonyl
stretching region (Figure 2). Cotton and Hunter have
proposed that Fe;(CO),, adopts a continuum of different
structures in solution and this is responsible for the
broadness of the infrared absorptions (this interpretation
has, however, recently been questioned!?). Similar argu-
ments could be used to rationalize the broad bands in the
spectrum of 1.

It is conceivable that the CO exchange in 1 is so fast so
as to cause the broadening of the absorptions in the in-
frared spectrum of the compound. The range in the
chemical shifts of the 1*C NMR resonances of chemically
different carbonyls in rigid osmium clusters is usually at
least 10 ppm or ~1000 Hz at an operating frequency of
100.6 Hz. (For example, the chemical shift separation
between the resonances of the axial and equatorial CO
ligands in Os3(CO)y; is 11.9 ppm.®) For two sites un-
dergoing fast exchange, the rate constant required to ob-
serve a detectable broadening (of 0.5 Hz) due to exchange
is given by w(A»)?, where Ay is the chemical shift difference
between the two signals when the molecule is rigid.'? The
sharp singlet in the solution *C NMR spectrum of 1 at
—130 °C therefore suggests that the carbonyls in the com-
pound are undergoing exchange with a rate constant of at
least 3 X 10 s7! at this temperature.’® If it is further
assumed that the rate doubles with every ten degree rise
in temperature, then a minimum rate of ~2 X 10! s ig
estimated for the CO exchange in 1 at 30 °C. This is a rate
approaching that necessary to cause detectable broadening
of infrared absorptions.® From the uncertainty principle,
a rate necessary to cause a broadening of 5 cm™ and thus
coalesce two infrared peaks separated by this frequency
is approximately 9.4 X 10! 572, Dynamic rearrangement
observable on the infrared tlme scale has recently been
reported for some (n*-diene)Fe(CO); complexes.?
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Summary: Laser flash photolysis of the phenyl-substi-
tuted digermanes (Ph,Me;_, Ge), results in Ge-Ge bond
homolysis to give germyl radicals and probably a ger-
mylene.

The photochemistry of organosilicon compounds having
a o(Si-Si)—-7(C-C) conjugated system has been the subject
of considerable interest in recent years.! However, there
have been few reports on photochemical studies of the
germanium analogue.? We describe herein the first laser
photolysis studies on the aryl-substituted digermanes
(Ph,Me;_,Ge), (1-3, n = 1-3, respectively). Photolysis of
the phenylated digermanes causes germanium-germanium
bond homolysis which leads to the formation of a germyl
radical and probably a germylene.

Laser flash photolysis® (A = 266 nm, pulse width 5 ns,
power 10 mJ/pulse) of 1-3 (103 M) in THF at 293 K gave
two well-separated transient absorption bands as shown
in Figure 1. Careful examination of the transient peak
at shorter wavelength shows that this is composed of the
two components (half-life in THF and hydrocarbon media,
t1/2 <5 us and t;5 > 20 s, respectively). The former is
reasonably assigned to that of the aryl-substituted germyl
radical Ph, Me, ,Ge* (n = 1-3) from comparison of spectral
characteristics with those of the germyl radical reported.*®
The experimentally determined decay constants of these
transient species are summarized in Table I and are de-
pendent on the concentrations of the employed phenylated
digermanes. This is reasonably attributed to the addition
of the generated germyl radical to the aromatic ring on the
germanium.”® The assignment of the shorter lived tran-
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Figure 1. Transient absorption spectrum at 50 ns after pho-
toexcitation of 3 (1078 M) in degassed THF solution.

Table I. Rate Constants for Disappearance of the Shorter
Lived Transients at Shorter Wavelength in the Photolysis
of 1, 2, and 3 in THF (1072 M)°

trapping agent 1 2 3
none (s71) 43 x 105 3.2x10°5 1.9 x10%
CCl, (5T M) 2.2 %.108 47X 10® 58X 108
0, (1 M) 53x10° 40x10° 3.8x10°
2,3-dimethylbutadiene b b b

¢ Absorption maxima: 315 nm for 1, 325 nm for 2, and 330 nm
for 3. ®The transient decays too fast to be observed.

sient is further substantiated by quenching experiments
with carbon tetrachloride, oxygen, and 2,3-dimethyl-
butadiene. Addition of carbon tetrachloride, an effective
germyl radical scavenger,® quenched the transient ab-
sorption as shown in Table I.

k
Ph,Me,_,Ge* + CCl, —> Ph,Me;_,GeCl + *CCl,

The quenching rate constants observed agree with the
value reported for germyl radicals nicely.*® Similarly,
oxygen quenched the shorter lived transient very fast as
shown in Table L7

What is the latter carrier of the longer lived transient
at the shorter wavelength? The concentration of this
species appeared to correlate with that of the shorter lived
species assigned to germyl radical and also with that of the
longer wavelength transient arising probably from the
germylene described below. Furthermore, the intensity
of the transient in isooctane tends to increase in more
viscous solvents such as n-dodecane. This implies that this
transient species may be a product of the radicals escaped
from the cage. Accordingly, the longer lived species may
be assigned tentatively to either a germene, 7, or a coupling
product, 8, of germyl radicals at the ipso position as de-
scribed in Scheme 1.1°

On the other hand, the transient at the longer wave-
length in Table II is tentatively assigned to that of a
germylene by comparing its spectral and chemical prop-
erties with those reported.!? These transients arising
2 and 3 in THF decayed with first-order kinetics. How-
ever, the transient arising from 1 in THF is too weak to
measure its decay constant. These kinetic behaviors imply
that the germylene reacts with THF in a similar manner
as the silylene.!* In constant inert solvents such as iso-
octane, the transient decayed with second-order kinetics,
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Table II. Rate Constants for Disappearance of the
Transient at Longer Wavelength in the Photolysis of 1, 2,
and 3 in THF (10°® M)%?

trapping agent 2 3
none (s7}) 1.1 X105 2.0 x10°
2,3-dimethylbutadiene (st M) 4.5 x 108 1.0 x 108
0, (1 MY 23 %108 1.8 x 108

% Absorption maxima: 440 nm for 1, 450 nm for 2, and 470 nm
for 3. "The absorption of 1 is too weak to determine rate con-
stants.

suggesting the formation of digermenes.'* This is sub-
stantiated further by quenching experiments with a ger-
mylene trapping agent, 2,3-dimethylbutadiene, which gives
the corresponding germacyclopentene 10 as shown.?* The

S

[Meo,Ge:l + — Me,Ge |
~

10

transient from 2 and 3 in THF in the presence of large
excess amounts of the diene decayed with pseudo-first-
order kinetics, and the rate constants obtained are shown
in Table II. These transient species were quenched with
oxygen. However, the transient was not quenched by
ethanol,’® and this is in accord with the chemical property
observed.

Along with laser flash photolysis experiments, product
studies were carried out by photolyzing 1 (0.04 M) with
a 110-W medium-pressure Hg arc lamp at room temper-
ature for 3 h under argon in cyclohexane. Together with
high-boiling unidentified products containing germanium,
phenyldimethylgermane (4, 11%), dimethyldiphenyl-
germane (5, 15%), and octamethylcyclotetragermane (4% )?
were identified in the photolysate by means of GC-MS.
The photolysis in THF containing carbon tetrachloride
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gave phenyldimethylchlorogermane (6) quantitatively. As
expected, photolysis of 1 in cyclohexane containing a large
excess of 2,3-dimethylbutadiene gave the corresponding
germylene trapped product 1,1,3,4-tetramethyl-1-germa-
cyclopent-3-ene (10, 1%) together with 4 (11%) and 5
(17%).15 These results are best rationalized by a diradical
path described in Scheme 1. A similar mechanism has been
proposed for the photolysis of the silicon analogue aryl-
disilane.’®® In contrast to the case of the disilane, we
obtained no concrete evidence for the presence of a formal
1,3-germyl migration product, 9, in the photolysis of 1. As
described above, the transient at 440 nm is more reason-
ably assigned to that from a germylene rather that from
9.7 These differences in photochemical behaviors between
the phenylated digermane and disilane may be accounted
for by following reasons. The bond dissociation energy of
a Ge—C bond is less than that of a Si—C bond,!® and -
bonding of carbon must be formed more effectively with
a silicon atom than with germanium atom. In addition,
germylene is virtually more thermodynamically stable than
silylene. All these factors favor formation of germylene
and 5 over that of 9 in the germanium analogue.
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Summary: Reduction of the mixed chloro-aryloxide cis -
W(OAr-2,6-Ph,),Cl, (OAr-2,6-Ph = 2,6-diphenylphenoxide)
with Na/Hg (4 equiv) in the presence of PMePh, leads to
the green, n®-arene compound W(OAr-2-Ph-6-1°-C¢Hs)-
(OAr-2,6-Ph,)(PMePh,) which converts smoothly on ad-
dition of PMePh, to the bis-cyclometalated compound
W(OCgH;PhCg¢H,)(PMePh,), and H,.

The homogeneous activation of aromatic CH bonds
(both inter- and intramolecularly) by transition-metal
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compounds has received extensive synthetic study over the
last 20 years.?* An important mechanistic question that
has been the focus of much attention involves the possible
importance of n’-arene intermediates prior to the oxidative
addition of aromatic CH bonds at low-valent, electron-rich
metal centers.57 Although in some situations the acti-
vation of the CH bonds of benzene has been shown to
proceed via an n%-benzene complex,’ the activation of CH
bonds of ethylene has been shown to occur in related
systems without prior w-coordination of the olefin.” Re-
cently we had reported that the use of the ligand 2,6-di-
phenylphenoxide (OAr-2,6-Ph,) attached to group 6 metal
centers resulted in bonding modes in which the ligand
could be chelated to the metal either via an n%-interaction
or else through a metal-carbon o-bond to the arene side
groups.?® In this communication we wish to report our
observation of the direct interconversion of these two types
of bonding as well as some insights into the mechanism
of this interconversion.

Reduction of toluene solutions of the bis(aryloxide)
substrate cis-W{(OAr-2,6-Ph,),Cl,1° with sodium amalgam
in the presence of added phosphine donor ligands can lead
to a variety of mononuclear products (Scheme I).!! In the
presence of 4 equiv of Na/Hg and PMe,Ph (2 equiv), the
reaction proceeds to produce the orange bis-cyclometalated
W(IV) compound la in moderate yields.!>?> The spec-
troscopic properties of la are consistent with the geometry
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