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(SiCl3)2, which requires ultraviolet irradiation for 
exchange, does not undergo the same type of absolutely 
stereospecific exchange as its ruthenium analog; how
ever, our present experimental method would not 
detect small preferences of one site over the other. 
We are continuing the investigation of exchange in these 
and related systems. 
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Stereochemical Nonrigidity and Cis-Trans 
Isomerization in Silylruthenium and 
Silylosmium Carbonyls 

Sir: 

Although stereochemical nonrigidity is a common 
feature of five-coordinate complexes,1 its occurrence 
in nonchelate octahedral compounds has been estab
lished only in a special group of dihydrido complexes, 
H2ML4 (M = Fe, Ru; L = phosphine or phosphite).2 

In view of widespread interest in phenomena of this 
type, we now report our discovery of stereochemical 
nonrigidity in another, quite different class of octahedral 
complexes. 

Figure 1. Observed (left) and calculated (right) proton nmr spectra 
(100 MHz) of cis- and /rarts-Os(CO)4(SiMe3)2 in dibromomethane 
at various temperatures. The small peak at low field in the ob
served spectra is due to an impurity. Spectra are completely re
versible as the solution is cooled. The low-field peak is due to the 
trans isomer. 

The stereospecific exchange of 18CO observed in 
certain m-tetracarbonylruthenium derivatives3 led us 
to investigate the kinetics of the following reaction 
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k 
Cw-Ru(CO)4(SiCl3)S — > ^mS-Ru(CO)4(SiCIs)2 (1) 

Although reaction 1 does not proceed at an appreciable 
rate at room temperature,3 the kinetics of isomerization 
could be followed between 70 and 100° by infrared 
spectroscopy (n-octane solution, 1 atm of carbon mon
oxide to stabilize the labile cis isomer). Good first-
order plots were obtained in the early stages of the 
reaction4 and the derived activation parameters were 
A/ /* = 24.9 ± 1.0 kcal mol"1 and AS* = - 6 . 9 ± 
3.0 eu. The negative activation entropy would suggest 
that the isomerizaticn proceeds by a nondissociative 
process.6 

To provide more direct evidence for an intramolecular 
isomerization process, a compound of similar type was 
sought to which the nmr technique could be applied; 
the recently reported compound Os(CO)4(SiMe3)2

6 

proved ideally suited. The proton nmr spectrum at 
100 MHz in dibromomethane consists of peaks at T 
9.37 and 9.46, in good agreement with reported values.6 

We have confirmed the previous assignment of these 
bands as the trans and cis isomers, respectively. We 
now find that as the dibromomethane solution is 
warmed (Figure 1), the two peaks broaden and coalesce. 
Comparison of observed line shapes with those cal
culated for various lifetimes over the range 30-80° 
led to the activation parameters A / /* = 17.9 =t 0.6 
kcal mol"1 and AS* = 1.6 ± 1.7 eu.7 

The coalescence temperature was independent of 
concentration. Moreover, when a sample of Os(CO)4-
(SiMe3)2 was kept under 13CO at 55° for 165 min, 
no significant 13CO enrichment of the compound was 
observed in the infrared. The averaging process is thus 
first order and does not involve dissociation of carbon 
monoxide ligands. The possibility that a five-co
ordinate intermediate is formed by dissociation at the 
Os-SiMe3 bond seems unlikely because of the long-
term stability of solutions of the compound and be
cause of the small value of the entropy of activation.8 

As Muetterties has pointed out, the barrier to intra
molecular (non-bond-breaking) rearrangement in most 
octahedral complexes is very high.1,9 As noted, the 
only nonchelated complexes previously shown to un
dergo such a rearrangement are a special class of the type 
H2ML4. It was suggested12 that the lower barrier in 
this particular case resulted from a sterically imposed 
distortion of the heavy ligands toward tetrahedral 
positions in the ground state; isomerization could 
then occur by "tetrahedral tunneling" (not necessarily 
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(9) E. L. Muetterties, J. Amer. Chem. Soc, 90, 5097 (1968). 

Journal of the American Chemical Society / 94:1 / January 12, 1972 



275 

quantum mechanical) of hydrogen ligands from one 
face to another. In Os(CO)4(SiMe3)2, a large dis
tortion from regular octahedral geometry is not ex
pected in view of the known structures of cis- and trans-
Ru(CO)4(GeCl3)2.

10 While a different mechanism seems 
indicated, we can at present only speculate on what it 
may be. 

A trigonal twist mechanism, traversing a trigonal 
prismatic intermediate, is one possibility, although it 
is not generally thought to be an attractive one ener
getically.1911 Another possibility is that the tri-
methylsilyl group might migrate across a carbonyl 
carbon, via a kind of pseudo-five-coordinate, acyl-type 
intermediate. Such a possibility for ligand interchange 
in XMn(CO)6 systems has in fact been suggested.12 

Since 13CO does not exchange with Os(CO)4(SiMe3)2 

during isomerization as it would be expected to do in 
a normal five-coordinate intermediate, the species 
postulated must be transitory in character, or not 
"fully" five coordinate. A shift of the trimethylsilyl 
group to carbon would be related to the nonrigid be
havior of cyclopentadienyltrimethylsilane and related 
compounds.13 A discussion of other possible mech
anisms, including turnstile rotations,14 does not seem 
justified at the present time. 

We have investigated the effect of replacing the 
methyl groups on silicon by chlorine atoms.15 For 
Os(CO)4(SiMe2Cl)2, the coalescence temperature is 
raised to between 120 and 140°; the barrier to isomer
ization in Os(CO)4(SiMeCl2)2 is sufficiently high that 
the isomers are separable at room temperature; a 
cis form of Os(CO)4(SiCIs)2 was not detected.16 We 
have also reexamined the reported6 cis and trans 
isomers of the tin derivative, Os(CO)4(SnMe3)2, and 
find them to be nonrigid, with a coalescence temper
ature approximately the same as that of Os(CO)4-
(SiMe3)2. 

A search for other examples of nonrigidity in octa
hedral systems is in progress, and it is anticipated that 
variable temperature 13C nmr spectroscopy will play 
a key role in these investigations. 
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The Detection of Intermediates During the 
Conversion of Propane-l,2-diol to Propionaldehyde 
by Glyceroldehydrase, a Coenzyme Bi2 

Dependent Reaction 

Sir: 

Recently there has been12 renewed discussion of the 
mechanism of dioldehydrase,3 an enzyme which re
quires as coenzyme, 5'-deoxyadenosylcobalamin, and 
catalyzes the conversion of L- or D-propane-l,2-diol to 
propionaldehyde, and ethylene glycol to acetaldehyde. 
Elegant experiments4 have traced the fate of the hy
drogen which migrates in these conversions: the C-I 
hydrogen of the substrate is transferred to C-5' of the 
coenzyme, where it becomes one of three equivalent 
hydrogens from which a C-2 hydrogen of product is 
ultimately derived. 

We have isolated and purified5 an enzyme closely 
related to dioldehydrase, viz., a glyceroldehydrase6 from 
Aerobacter aerogenes (No. 572 PZH), which, in addition 
to those reactions catalyzed by dioldehydrase, converts 
glycerol to /3-hydroxypropionaldehyde. 

The electronic absorption spectrum of a solution con
taining propane-l,2-diol and the glyceroldehydrase 
holoenzyme is similar to that reported7,8 for propane-
dioldehydrase and by a detailed examination of the 
spectrum at wavelengths longer than 600 nm, we have 
identified9 the species present (accounting for at least 
80% of the enzyme-bound coenzyme present initially), 
as "base-on" Bi2r i.e., Co(II)cobalamin which has the 
5,6-dimethylbenzimidazole coordinated. We have mea
sured the absorption spectrum as a function of time, 
simultaneously monitoring the formation of propion
aldehyde from propane-l,2-diol (Figure 1). The apo-
enzyme was incubated anaerobically with substrate, and 
a solution of 5'-deoxyadenosylcobalamin was added.10 

The pronounced lag11 between the addition of coenzyme 
and both the attainment of the maximum rate of forma
tion of product and the generation of the maximum 
concentration of Co(II)cobalamin is presumably con
nected with the slow binding of coenzyme to form the 
holoenzyme. Using the absorption bands at 611 and 
655 nm diagnostically,9 the concentration of Co(II)-
cobalamin increases to a steady-state value, concomitant 
with the formation of propionaldehyde. When all the 
substrate had been consumed, the concentration of 
Co(II)cobalamin decreased, and the coenzyme re
formed, although not completely. When more sub
strate was added, Co(II)cobalamin was again formed. 
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