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Figure 2. Cyclic voltammograms in 0.2 M Et,jNC104/CH3CN. Curves 
A,B (0.1 V/s) and H(0.05 V/s) are free py(CH3)

+ on unmodified elec
trodes. Curves C-E (0.50 V/s) and F, G (0.050 V/s) are M02/py-
(CH3)+. 

by) these data. Given its rectifying properties,13,14 the observed 
reoxidation reaction at TiO2 may be somewhat unusual. We 
note, however, that the TiC^ films used may be too thin for 
development of a full semiconductor space charge, that the 
reoxidation rate is quite slow, and that chemical modification 
as used here could introduce new surface states. 

SnC>2/py(CH3)+ electrodes also exhibit a cathodic wave 
(curve F) ascribable to reduction of I. In this case, three-four 
repeat scans are required before the current falls to a steady 
background (curve G). The Sn02/py(CH3)+ reduction peak 
is ~0.010 V negative of that for free Py(CtSb)+ (curve H) on 
unmodified Sn02. The ESCA N Is spectrum of reduced 
Sn02/py(CH3)+ confirms reduction of the quaternary ni
trogen; the X - counterion spectrum also disappears. Although 
oxidations are observed on these heavily doped SnC>2 elec
trodes,3 we have not observed reoxidation of a reduced 
Sn02py(CH3)+ electrode to regenerate the cathodic peak of 
curve F. 

The surface population T of MCh/py(CH3)+ centers is es
timable from the charge passed in the cyclic voltammograms 
for their electrochemical reduction. The estimate is compli
cated somewhat by the broad background current enhance
ment16 which is observed on both electrodes and which vanishes 
after a reduction cycle. On Ti02/py(CH3)+ assuming n = 1, 
T = 2.0 ± 0.2 X 10-9 mol/cm2 and 2.6 X IO"10 mol/cm2 

(average of five electrodes) based respectively on inclusion of, 
and correction for, this background. The corrected analysis on 
Sn02/py(CH3)+ is 0.8 X IO"10 mol/cm2. The corrected 
analysis is quite compatible with a molecular model estimate 
(~4 X 10~10 mol/cm2) of monolayer coverage of py(CH3)+ 

on the MO2 surfaces. Surface roughness (factor < 2X esti
mated by microscopic examination) and unmethylated surface 
pyridine are partially self-cancelling factors not included in 
this coverage estimate. 

Electroreactivity of I requires a steric "floppiness" of the 
electroactive center allowing a close approach to the electrode, 
as the connecting chain is electronically insulating. Neigh
bor-neighbor steric interferences could thus interfere with the 
electron transfer event. That I is shown in fact to be electro-

active, on two electrode materials, demonstrates that the 
strategy of immobilizing electron transfer sites on electrodes 
using flexible yet insulatig molecular architecture can be 
successful. Other examples of electrochemically active 
chemically modified electrodes, and a more detailed analysis 
of the M02/py(R)+ electrodes, are subjects of continuing 
investigations. 
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Synthesis of a Doubly Alkylated Binuclear Cobalt 
Carbonyl Complex. Generation of Acetone, a Process 
Involving the Formation of Two New Carbon-Carbon 
Bonds, in Its Thermal Decomposition 

Sir: 

The past few years have seen the development of several 
methods for carbon-carbon bond formation which employ 
mononuclear organometallic complexes as catalysts or stoi
chiometric reagents; recent mechanistic investigations have 
begun to elucidate the patterns by which these reagents oper
ate.1 The field of binuclear C-C bond forming processes is 
much less well-developed (despite the possible relevance of such 
processes to reactions promoted by clusters and heterogeneous 
catalysts2), partly because of the limited number of complexes 
available having alkyl groups bound to adjacent metal centers. 
In connection with this problem, we wish to report the prepa
ration and thermal decomposition of a doubly alkylated bi
nuclear complex (2). We find that this material decomposes 
under mild conditions in a reaction which forms two carbon-
carbon bonds with surprising efficiency, and report preliminary 
data that provide an insight into the mechanism of this trans
formation. 

The bistriphenylphosphineiminium salt of bis-(i75-cyclo-
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pentadienyl)dicarbonyldicobalt anion3 (1) reacts completely 
with 2 equiv of CH3I in 1 min in THF at room temperature. 
The IR band of 1 at 1690 cm -1 is replaced during this reaction 
by a bridging carbonyl band at 1820 cm-1. Column chroma
tography on silica gel under scrupulously air-free conditions4 

allows isolation of a new (thermally very sensitive) neutral 
complex to which, on the basis of spectral and analytical data 
(Anal.5a Calcd for C12Hi6O2Co2: Co, 35.27; C, 50.32; H, 
4.83%. Found: Co, 35.09; C, 50.49; H, 4.87%. Molecular 
weight: calcd, 334, found (cryoscopic in benzene), 341, 343. 
NMR (THF-^8): 5 -0.72 (6 H); 5.09 (10 H) ppm; (C6D6): 
5 -0.35 (6 H); 4.63 (10 H ppm)) we assign5b structure 2. 
Presumably 1 equiv of PPN + I - and 0.5 equiv of I2 are also 
formed in the alkylation. 

PPN+ 

2CH3I 

Q) J ^ .CH3 
.Co Co + PPN+I" + !4I2 

O \^J 

2 

In THF or benzene, complex 2 decomposes thermally at 
room temperature. The organic product of this reaction is 
acetone, formed in > 8 5% yield. The organometallic products 
are cobalt cluster complexes6 3 and 4. In the presence of CO, 
reaction occurs much more rapidly; acetone is formed once 
again (100%), and in this case the only other reaction product 
is V-C5H5Co(CO)2. 

O 
Il 

2 —* CH 3 -C-CH 3 + (V-C6HsCoCO)3 + [(V-C3H5Co)4(CO)2] 

85% 3 4 

Monitoring by NMR (Figure 1) or IR shows that acetone 
formation is not the first observable step in this reaction. A 
metastable intermediate having a single absorption in the IR 
at 2010 cm -1 and two sharp singlets in the NMR, one in the 
methyl (THF-^8,5 0.42; C6D6,0.67 ppm (6 H)) and one in the 
cyclopentadienyl (THF-^8, 5 5.00; C6D6, 4.44 ppm (5 H)] 
region, is formed initially from 2, and is the source of acetone 
in a subsequent reaction. Although the intermediate appears 
to be too unstable to isolate in pure form, it may be generated 
in the absence of other materials in solution by running the 
decomposition of 2 under CO and stopping the process before 
very much acetone appears. Treatment of this solution of the 
intermediate with PPh3 gives acetone and V-C5H5Co(PPh3)2,

7 

which reacts with the V-C5H5Co(CO)2 present in solution to 
give V-C5H5Co(CO)(PPh3).

8 On the basis of this conversion 
and the IR and NMR spectra of the intermediate, we assign 
to it9 structure 6. 

Both the rate and products of decomposition of 2 are sig
nificantly altered by the presence of other ligands. As indicated 
above, under an excess of CO, 2 decomposes rapidly, leading 
(via 6) only to acetone and V-C5H5Co(CO)2. PPh3 converts 
2 to acetone (58%), V-C5H5Co(CO)2 (<5%), V-C5H5Co-
(CO)(PPh3) (61%), 510 (5%), and V-C5H5Co(PPh3);, (9%).u 
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Figure 1. Decomposition of 2 in benzene-d6, monitored by NMR. Initial 
concentration = 0.065 M. 

The rate of decomposition of 2 is significantly accelerated by 
added ligand; 6 decomposes somewhat faster as well, but the 
effect is not large. 

5,L = PPh3 

6, L = CO 
The intra- or intermolecularity of the acetone-forming re

action was investigated using the following crossover experi
ments. A sample containing a mixture of 50% 2 prepared from 
CH3I, and 50% 2-d6 prepared separately from CD3I, was al
lowed to decompose in benzene-J6 or diethyl ether. After 
complete decomposition, the acetone product was reduced to 
isopropyl alcohol by treatment of the crude reaction mixture 
with IJAIH4 (to prevent adventitious exchange of the acidic 
acetone a-hydrogens) and the isopropyl alcohol isolated by 
preparative VPC. Mass spectrometric analysis of this material 
revealed an isotope distribution of 26 ± 2% d^, 47 ± ^3, and 
27 ± 2% do species. This distribution, along with the absence 
of significant amounts of d\, di, dt„ and d% species, demon
strates that acetone is formed in an intermolecular process 
which involves carbon atom scrambling rather than simple 
hydrogen exchange. In a second experiment, solutions of pure 
2-rfo and 2-^6 were allowed to react until intermediate 6 was 
formed, and then mixed. After complete conversion to acetone, 
the mixture was worked up as described above and found to 
contain a 47 ± 2% d0, 7 ± 2% ^3, and 45 ± 2% d6 isotope dis
tribution. Thus the methyl scrambling process must occur 
before, rather than after, intermediate 6 is generated. 

The mechanism of this process is obviously complicated and 
further studies will be required to elucidate it completely. 
However, an attractive working hypothesis consistent with our 
present results is the chain pathway outlined in Scheme I. This 
postulates initial ligand-induced dissociation of 2 to Co" in
termediates A and B. The 19-electron complex A should by 
a very powerful methyl radical donor; while it is possible that 
methyl transfer from A to B occurs, attack of A upon a second 
molecule of 2, which is present in much higher instantaneous 
concentration, seems more likely. This generates alkylated 
complex C, which could decompose (with ligand assistance) 
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Scheme I 
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(L = CO, PPh3, solvent) 

to give intermediate 6 and a molecule of A to continue the 
chain process.12 

In conclusion, acetone formation from 2 is a very efficient 
process, but clearly occurs with concomitant cleavage of the 
metal-metal bond.13 We are currently working on the prepa
ration of complexes related to 2 having other alkyl groups; a 
comparison of their chemical behavior with that of 2 will be 
reported at a later date. 
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Calculation of Polar Substituent Parameters by 
ab Initio Molecular Orbital Methods. Proton 
Affinities of Substituted Primary Amines1 

Sir-
Progress toward the interpretation of structure-energy re

lationships in physical organic chemistry has been greatly aided 
by the evolution of techniques for the precise measurement of 
equilibrium constants for proton transfer reactions in the gas 
phase,2'3 and by the development of simple nonempirical mo
lecular orbital methods 4with which it is possible to reliably 
calculate the energies of such processes. The widespread use 
of linear free energy relationships based upon standard proton 
transfer reactions in aqueous solution has been tempered (or 
even made hazardous) in fundamental understanding by 
aqueous solvent effects now known to range up to ~10 4 0 for 
proton transfer between neutral bases.5 

Gas phase proton transfer equilibria between meta- and 
para-substituted benzoic acids have been correlated with <T° 
values;6 proton transfer equilibria between para-substituted 
a-methyl styrenes and between para-substituted benzaldehydes 
even more closely follow cr+ parameters.7 Thus, for "chemically 
inert" type substituents in the benzene system, solvent may 
strongly attenuate the substituent effect (factors of 2-10 have 
been reported3), but the nearly fixed order of substituent effects 
is maintained in the gas phase and in aqueous solution. 

We report here the results of the first study of the relation
ship of gas phase proton transfer equilibria and the polar 
substituent parameters, a\. Gas phase proton transfers between 
/3-substituted ethylamines are ideally suited in part to definitive 
determinations of polar effects of substituents in the absence 
of solvent. This follows from the relatively simple nature of the 
strongly basic functional group; i.e., both free base and con
jugate acid involve the single atomic (N) position with classi
cally saturated (nonconjugating) structures and nearly the 
same hybridization. However, conformational effects (i.e., 
chelation), arising because of the flexibility of the molecular 
skeleton,8 complicate the use of the /3-substituted ethylamines 
for this purpose. This situation is compounded in the gas phase 
by the polarizability effect2e'3-9 (i.e., preferential stabilization 
of BH + by the interaction of the charge with the polarizable 
substituent and molecular framework) as well as effects of 
internal H-bond chelation between substituent and the am-
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