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(equivalent to ~15 A at full coverage) can be used for elec
trochemistry. In this situation the electrochemical reactions 
must be taking place in an environment dominated by the 
polymer. 

To demonstrate that adsorbed layers can be synthetically 
elaborated, this polypeptide surface was treated with a 1% 
solution of 3,5-dinitrobenzoyl chloride in acetronitrile, con
taining 0.5% lutidine. After 1 h at 45 0C the electrode was 
removed and washed thoroughly by soaking in acetonitrile, 
methanol, water, and dimethyl sulfoxide. Analysis by x-ray 
photoelectron spectroscopy (XPS) showed a new N (Is) peak 
due to the nitro group. Since neither XPS or AES showed a Cl 
(2p) band after this amidation procedure even though the 
polylysine surface had a weak band for chlorine before am
idation, this indicates a successful reaction. Cyclic voltammetry 
in Me2SO produced two reduction peaks on the first scan at 
Ep — —0.79 and —1.23 V. The corresponding anodic peaks 
were absent. The integrated current corresponds to 1.63 X 1O-9 

mol/cm2 assuming a 2e~ reduction. The background current 
was negligible, but the true n value is, of course, unknown. The 
peak potentials are consistent with a surface bound 3,5-dini-
trobenzamide, but it was expected that the process will be re
versible as above. Even when the negative going scan was held 
to —0.9 V avoiding the second wave, no reversibility was seen 
at sweep rates up to 5.0 V/s. Thus, when attached to the sur
face, the dinitrobenzoyl anion radical moiety is quite unstable. 
It has been found previously that, when this species is attached 
to metal oxides via silylation, reversibility is seen.1* After a few 
scans, however, the electroactive surface functionality is also 
destroyed in this case. 

Platinum sheet/polyester electrodes prepared identically 
with those examined spectroscopically were also used for 
electrochemistry. We emphasize here the stability and, 
therefore, the utility of these electrodes for preparative elec
trochemistry. Steady-state i-E curves were recorded for mM 
ferrocene in 50% aqueous ethanol, for 0.07 M ferrocene in 
ethanol, for oxidation of phenyl acetic acid in 3:7 pyridine-
methanol, and for hydrogen evolution in 50% ethanol. Using 
electrodes coated from 0.03% solution, these curves showed 
that filming decreased the current density at any potential by 
about 10% compared with plain platinum. After recording the 
ferrocene curve (10-min oxidation) and after Kolbe electrolysis 
of phenyl acetic acid at 100 mA/cm2 for 30 min, the coated 
electrodes were rinsed, dried, and reanalyzed by XPS, AES, 
and CV. These data indicated that the adsorbed polymer was 
still present. The Kolbe oxidation is an exceptionally rigorous 
test of film conductance and stability since it shows that high 
current densities are supported with little added overpotential 
and that the film is not destroyed under conditions where the 
electrode is held at a very anodic potential and gas is evolved. 
We note again that the electrodes are prepared by dipping and 
there is no polymer added to the electrolysis solution. 

There are many points to be fully explored and future pub
lications will demonstrate that a wide variety of metals and 
polymers give similar results, that interesting electrochemical 
phenomena are observed and that surface spectroscopy gives 
some detailed and very useful information about the ultrathin 
polymer layers. 
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Isolation of a Stable Acylrhodium(III) Hydride 
Intermediate Formed during Aldehyde 
Decarbonylation. Hydroacylation 

Sir: 

The decarbonylation of aldehydes by RhCl(PPh3)3 has been 
established as a useful synthetic reaction, appearing in nu
merous total syntheses of natural products, and is the key step 
in a method for the stereospecific introduction of angular 
methyl groups.1 The mechanism 

- L RCHO 

RhClL3 +± RhClL2 —*• RCORh(H)L2Cl 
1 

RCORh(H)L2Cl <=± RRh(CO)HL2Cl 
1 2 

— RH + Rh(CO)ClL2 

proposed for decarbonylation involves oxidative addition of the 
aldehyde C-H bond to form a coordinatively unsaturated 
complex, an acylrhodium(III) hydride (1), as an intermediate. 
This intermediate can then undergo an acyl-alkyl rearrange
ment, and subsequent hydrogen transfer to the alkyl group 
forms 7ra«s-Rh(CO)Cl(PPh3)2 and hydrocarbon.2 The 
principal support for this proposal comes from studies on the 
decarbonylation of acid chlorides by RhCl(PPh3)3, in which 
intermediates analogous to 1 and 2 can be isolated.3 However, 
prior to this work, no intermediates have been isolated from 
RhCl(PPh3)3-promoted aldehyde decarbonylation reac
tions.4 

The cleavage of a carbon-hydrogen bond, as in the forma
tion of 1, occurs often in organometallic reactions. In some 
cases (e.g., PtCl2 catalyzed hydrogen-deuterium exchange)5 

carbon-metal bonded species are transient intermediates, 
while, in others, where a coordinating group is available to form 
a five-membered chelate (the cyclometalation reaction),6 ex-
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ceptionally stable complexes containing a carbon-metal a bond 
can be isolated. We expected that an aldehyde containing a 
coordinating group could form an isolable complex corre
sponding to 1 since the extra ligand would give a coordinatively 
saturated, 18-electron complex, retarding acyl to alkyl rear
rangement. Chelation would also disfavor reductive elimination 
to return the starting aldehyde.7 

A readily available aldehyde able to form a chelate is 8-
quinolinecarboxaldehyde (3).8 Addition of 3 to a saturated 
solution of RhCl(PPli3)3 in CH2CI2 gave a yellow precipitate 
after 10 min. One recrystallization from CH2Cl2-ether gave 
the acylrhodium(III) hydride 4 in 95% yield.9 The low value 

PPh3 + 

R h - H BFd 

PPh, 

of the Rh-Cl stretching frequency (230 cm-1) implies that the 
chlorine is trans to the acyl group,10 leading to the stereo
chemistry shown. The acyl hydride 4 is the first stable inter
mediate to be isolated from a RhCl(PPh3) 3 promoted aldehyde 
decarbonylation reaction and provides support for the mech
anism given above. Differential thermal analysis of 4 showed 
it to be stable up to its melting point of 175-176 0C. Heating 
4 in benzene at reflux for several hours caused no decomposi
tion. Only after 4 h in xylene at reflux was reductive elimina
tion completed, giving quantitative yields of quinoline and 
?/w2s-RhCl(CO)(PPh3)2. Addition of excess triphenylphos-
phine slowed this decomposition. 

Treatment of 4 with AgBF4 in toluene-CH2Cl2 at 0 0C gave 
rise to the coordinatively unsaturated 5 (as the CH2CI2 sol
vate), isolated in quantitative yield as hygroscopic yellow 
needles after one recrystallization from CF^C^-ether.1' This 
salt is stable indefinitely at room temperature, even though a 
vacant (solvent occupied) site is available in 5 to facilitate the 
acyl to alkyl rearrangement.12 Decarbonylation at room 
temperature does not occur, presumably because the inter
mediate alkyl would be part of a strained, four-membered-ring 
chelate. As with 4 decarbonylation occurs at elevated tem
peratures. 

Earlier work has suggested acylrhodium(III) hydrides react 
with olefins, in effect adding an aldehyde C-H bond across an 
olefin to form a ketone.13 For example, the reaction of 4-pen-
tenal with RhCl(PPh3)S gave cyclopentanone. This process, 
by analogy to the hydroformylation reaction, has been termed 
hydroacylation.14 With the isolation of 5 we can confirm the 
suggestion that acylrhodium(III) hydrides are reagents for the 
hydroacylation of terminal olefins. Treatment of a THF sus
pension of 5 with excess 1-octene and 8-quinolinecarboxal-
dehyde at 50 0C gave, after 30 min, a 55% yield (based on 5) 
of 8-quinolinyl «-octyl ketone. Reaction with the coordinatively 
saturated 4 gave no hydroacylation product under these con
ditions. None of the branched-chain ketone was detected. The 
unreacted hydrocarbon consisted of a mixture of octenes, in 
which the 3- and 4-octenes predominated. The nature of the 
rhodium species remaining is under investigation. No Rh-H 
bonds remain, as determined by IR spectroscopy. 

Further work is in progress on the stabilization of other 
acylrhodium(III) hydrides and the development of systems for 
catalytic hydroacylation. 
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A Priori Calculations on Isotopic Exchange Equilibria 

Sir: 

According to molecular orbital theory, the lowest lying ac
ceptor orbital of a methyl group is CH antibonding.1 It follows, 
therefore, that transfer of electron density into the group will 
lead to a weakening of its CH linkages. A like result derives 
from resonance arguments, H3C-X - •«-»• H2C(H-)=X ** etc., 
and has been aptly termed "negative hyperconjugation".2 The 
observation of significant /3-deuterium isotope effects for the 
gas phase ion-molecule equilibria (1-3 in Table I) has recently 
been cited as evidence for such an effect.3 We now present 
theoretical results based on ab initio molecular orbital calcu
lations which further support such an interpretation. 

Equilibrium geometries and quadratic force constants, 
molecular parameters which, within the Born-Oppenheimer 
approximation, are invariant to isotopic substitution, have been 
evaluated with the split-valence-shell 4-3IG basis represen
tation4-5 for the species in reactions 1 and 2.6 Theoretical 
equilibrium constants (Ktheory) for equilibria 1 and 2 have been 
calculated,7 and are presented in Table I, along with the cor
responding experimental quantities (A"expt). Also tabulated are 
the contributions made by the C-H bond stretching motions 
alone (A t̂retch) to the total calculated equilibrium constants, 
obtained by the perturbation theory method of Singh and 
Wolfsberg.8 (In this approach, the zeroth-order vibrational 
problem corresponds to uncoupled bond stretches and bond 
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