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In Nfl-dimethylformamide, benchrotrenyl, XC6H5Cr(CO), (X = H, COCH3, N(CH,),), complexes exhibit 
a three-electron irreversible oxidation at the glassy carbon electrode. It is suggested that the first electron 
loss is followed by a fast decomposition of the intermediate Cr(1) complex, with the further formation of 
Cr(II1). The electrooxidation can be carried out indirectly, by homogeneous redox catalysis, by means 
of catalyst redox couples whose oxidized forms are active. They include ferrocenes, tetrathiafulvalenes 
(l"F), and an aromatic amine. A quantitative study in cyclic voltammetry shows that the catalytic process 
corresponds to the limiting case of a kinetic control by the follow-up chemical reaction with the homogeneous 
electron transfer as a preequilibrium. It is shown that the presence of an electron-donating substituent 
on the benzene ring does not improve the stability of the intermediate Cr(1) species. When benchrotrenyl 
and catalyst groups belong to the same molecule, the induced oxidation of the former by the latter can 
occur in certain conditions which are filled for the chalcones RlCOCH=C(CH3)R2 (R, = TTF, R2 = 
C&Cr(C0)3; R1 = C6H&r(C0)3, Rz = TTF). 

In a recent study of the electrochemical redox properties 
of mixed chalcones derived from tetrathiafulvalene (TTF) 
and metdocenes, we have reported the abnormal behavior 
of the chalcones 1 and 2 in cyclic voltammetry performed 

R1 (C=O) CH=C (C H3) Rz 
1, R1 = TTF, Rz = C&jC1(C0)3 
2, R1 = C6H&r(C0)3, R2 = TTF 

XC6H5Cr( CO), 
3 , X = H  

4, X = COCH, 

at platinum electrode in NJV-dimethylformamide (DMF).' 
Despite the electron-withdrawing power of the C=CH- 
C=O group contained in these molecules, the oxidation 
of the benchrotrenyl unit occurs at potentials less positive 
than in (benzene)tricarbonylchromium (3); the respective 
values of the anodic peak potential, Em, of 1,2,  and 3 are 
0.68,0.75, and 0.83 V vs. SCE, respectively, when the scan 
rate is 0.1 V s-l. 

We now report on the direct and indirect electrochemical 
oxidations, through homogeneous redox catalysis,2 of 
(benzene)tricarbonylchromiwn (3) and ita derivatives 4 and 
5, in DMF as solvent. Furthermore, it is shown that, in 
1 and 2, the abnormal behavior observed in cyclic voltam- 
metry resulta from the induced oxidation of the benchro- 
trenyl unit by the TTF group contained in the same 
molecule. 

5, X = N(CHJ2 

Table I. Half-Wave Potential (El,,) and Limit Current 
( i l )  of the Waves of 3-5 and of NJV-Dimethylaniline 

anodic wave cathodic wave 
substrate E,,,, V il, pA E,,,, V i l ,  P A  

3 0 . 8 2  2 2 4  -2 .35  144b 
4 0.87 2 4 2  -1 .65  80' 

-2 .51  7 5 '  
5 0 . 5 5  2 0 8  -2 .50  1 4 0  

0 . 8 5  1 4 4  
N,N-dimethyl- 0 . 8 3  1 5 0  

aniline 

a Substrate concentration = 2 X M",  angular veloc- 
ity of the RDE = 1 1 5  s - ' .  
ref 1 1 .  

Two-electron process; see 
One-electron processes; see ref 8-10. 

We have applied several electrochemical techniques in- 
cluding voltammetry at stationary (SDE) and rotating disk 
electrodes (RDE), coulometry, and preparative electrolyses 
at a controlled potential. In order to prevent the electrode 
coating which is observed on platinum and which causes 
the appearance of a new anodic wave,' we have performed 
the voltammetric experiments with use of a glassy carbon 
electrode and the electrolyses and coulometric experiments 
with use of a glassy carbon cloth as the anode. 

Prior to this report, the electrochemical oxidation of 
(arene)tricarbonylchromium complexes has been studied 
a t  the rotating Pt electrode in acetonitrile (MeCN)3 and 
methylene ~h lo r ide .~  In the case of 3 in MeCN, a single 

~ ~~~~~ 
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Table 11. Electrochemical Oxidation of 3-5 

Figure 1. Influence of the sweep rate u on E (compound 5 
M)). The dashed line gives the theoretical scpe obtained in the 
case of an EC mechanism kinetically controlled by the chemical 
step.12 

anodic wave is observed, whose height is about twice that 
of fe r r~cene .~  In methylene chloride, the oxidation of 3 
is characterized by two one-electron processes accompanied 
by electrode  coating^.^ All these oxidations are compli- 
cated by rapid follow-up reactions, so that overall mul- 
tielectron processes along with destruction of the complex 
are observed; however, the oxidation mechanism has not 
yet been clearly established, neither in MeCN nor in 
methylene chloride. In a recent report: stable cations of 
(arene)tricarbonylchromium complexes of dimethyldi- 
phenyltin have been obtained electrochemically in pro- 
pylene carbonate. 

Results and Discussion 
Direct Electrochemical Oxidation of 3-5. In vol- 

tammetry at  RDE, a single anodic wave is observed for 3 
and 4 and a double wave for 5; the half-wave potential Ell2 
of the most positive wave is equal to that of NJV-di- 
methylaniline which is oxidized in the aprotic medium to 
tetramethylbenzidine.6 Compounds 3 and 5 present a 
cathodic wave and 4 presents a double one. The charac- 
teristics of the voltammograms are summarized in Table 
I. For each wave, the limit current il is proportional to 
Wj2 (W = angular velocity) and to the concentration of 
the substrate; it shows that il is diffusion controlled and 
obeys the Levich equation.' 

A comparison of the values of the limiting currents of 
the cathodic and anodic waves of 3 and 4 (see Table I) 
shows that an overall three-electron process occurs upon 
their oxidation. At  the mercury cathode, the successive 
one-electron reduction steps of 4 have been reported by 
GubinBg and Rieke;lo the two-electron reduction of 3 has 
been claimed by Dessy." A comparison of the heights of 
the waves of 3 and 5 leads also to a three-electron process 
for the first anodic wave of 5; two electrons are involved 
in its reduction. 

The cyclic voltammograms at  SDE are found to be to- 
tally irreversible in the scan rate range u = 0.02-20 V s-l. 
The peak potential values move toward positive values 

(5) Rieke, R. D.; Milligan, S. N.; Tucker, I.; Dowler, K. A.; Willeford, 

(6) Hand, R.; Nelson, R. F. J.  Electrochem. SOC. 1970,117, 1353 and 
B. R. J. Organomet. Chem. 1981,218, C25. 

references therein. 

Englewood Cliffs, NJ, 1962; p 296. 
(7) Levich, V. G. "Physicochemical Hydrodynamics"; Prentice-Hall: 

(8) Gubin, S. P. Pure Appl. Chem. 1970,23, 463. 
(9) Khandkarova, V. S.; Gubin, S.  P. J.  Organomet. Chem. 1970,22, 

(10) Rieke, R. D.; Amey, J. S.; Riche, W. E.; Willeford, B. R.; Poliner, 

(11) Dessy, R. E.; Stary, F. E.; King, R. B.; Waldrop, M. J. Am. Chem. 

149. 

B. S. J.  Am. Chem. SOC. 1975,97, 5951. 

SOC. 1966, 88, 471. 

sub- applied F con- identified or 
strate C", M pot, V sumed isolated compds 

3 5 . 0  x 1.0 3.4 Cr(II1) 
4 5 .0  X 1 . 2 6  3 .3  Cr(III), 

4 3 .35  X 1 . 2  2 . 8 5  Cr(III), 

5 3 .3  x 0.65 2 .97  Cr(III), 

Coulometries and preparative electrolyses. Iden- 

PhCOCH, 

PhCOCH, 

PhNMe, 

tified by its reduction wave at RDE (El,2 = - 2 . 2  V).  
Isolated. 

with increasing sweep rates; graphs SE,/Slog u are straight 
lines, the slopes of which are slightly higher than that 
expected in the case of a reversible electron exchange 
followed by a fast chemical reaction12 (Figure 1). These 
results, together with the observation reported above that, 
for 5, the El value of its second anodic wave corresponds 
to that of dJV-dimethylaniline, suggest a fast destruction 
of complexes 3-5 according to the overall reaction (1). 

XC6H&I'(C0)3 - 3e- + XC& + Cr(III)+ 3CO (1) 

A series of coulometric experiments and preparative 
electrolyses has confirmed an overall three-electron 
mechanism together with the formation of Cr(1II) and 
organic ligands (Table 11). The Cr(II1) species is elec- 
troactive in aqueous media13-15 and aprotic solvents such 
as MeCN.16 In DMF, its reduction at  the glassy carbon 
electrode is accompanied by an electrode coating which 
causes distortions in the waves. The Cr(II1) species elec- 
trogenerated in situ can be identified qualitatively from 
their UV spectroscopic properties" (see Experimental 
Section). Acetophenone and NJV-dimethylaniline are 
isolated upon preparative electrolyses a t  a controlled po- 
tential, performed in the presence of 4 and 5 as depolar- 
izers. 

A possible oxidation mechanism which is consistent with 
the above results is described by reactions 2-4. 

(2) XC&Cr( c0)3 2 [ XC6H&r( CO),]' 

[XC6H,&r(C0)3]+ -k X C & ,  + Cr(1) + 3CO (3) 

(4) Cr(1) - Cr(II1) 

The formation of the unstable cation is followed by the 
loss of the CO groups and of the organic ligand. Several 
chemical steps are involved in reaction 3 so that the for- 
mation of the intermediate Cr(1) species most probably 
occurs far from the electrode. Therefore, they are further 
oxidized to Cr(II1) through solution electron transfers 
(SET mechanisms18). In DMF, the oxidation potential 
of Cr(II)l9 is negative to that of substrates 3-5. 

In the scope of reactions 2-4, the irreversible peaks 
observed in cyclic voltammetry may correspond to a kinetic 
control either by the charge transfer step (2) or by the 

-2e- 

(12) Nadjo, L.; SavBant, J. M. J. Electroanal. Chem. 1973, 48, 113. 
(13) Parsons, R.; Passeron, E. J. Electroanal. Chem. 1966, 12, 524. 

Barclay, D. J.; Passeron, E.; Anson, F. C. Inorg. Chem. 1970, 9, 1024. 
(14) Watanabe, I.; Itabashi, E.; Ikeda, S. Inorg. Chem. 1968, 7, 1920. 
(15) Yamaoka, H. J. Electroanal. Chem. 1972,36, 457. 
(16) Kolthoff, I. M.; Coetzee, J. F. J. Am. Chem. SOC. 1957, 79, 1852. 
(17) Gmelin Handbuch der Anorganischen Chemie, 8th ed. Chromi- 

(18) Andrieux, C. P.; Dumas-Bouchiat, J. M.; SavBant, J. M. J. Elec- 

(19) Wellmann, J.; Steckhan, E. Synthesis 1978, 901. 

um. Part A. Section 1, p 373. 

troanal. Chem. 1978,87, 55. 
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Figure 2. Modifications of the voltammetric peaks of catalysta upon addition of substrates. Catalyst 
curves A (13), D (111, and G (7). Substrate alone: curves B (3, 5 X 
the presence of substrate: curves C (13 + 3), F (11 + 3), and I (7 + 5). 

M) in the absence 
M). M), E (3, 2 X M), and H (5, 2 X 

of substrate: 
Catalyst in 

Table 111. Standard Potential of the Redox Couples 
Fc/Fc+ (E",), TTF/TTF+ (E",), and TTF'/TTF'+ (E",) 

for Compounds 6-1 2 
6 7 8 9  10 11 12 

E",,V 0.45 0.355 0.64 0.69 0.57,a 0.72a 
E",, v 0.35a 0.45 
E O S ,  v 0.60" 0.65 

See ref 1. 

elimination reaction (3) or by both steps concomitantly. 
But in any other scheme describing the overall reaction, 
(1) cannot be excluded a priori. 

It has been shown by Sev6ant and his group that 
short-lived intermediates may be generated by homoge- 
neous redox catalysis.2J8@*21 The method has been il- 
lustrated by the indirect reduction of aromatic and het- 
eroaromatic halides (see, for instance, ref 22). In the 
following part of this report, the catalytic indirect oxidation 
of (arene)chromiumtricarbonyl complexes such as 3-5 is 
described. 

Indirect Electrochemical Oxidation of 3-5. Instead 
of electron transfers occurring at  the electrode surface, the 
electron-exchange reactions (eq 5 )  are carried out in so- 
lution by means of catalyst redox couples P/Q whose 
standard potential E" is negative with respect to the ox- 
idation potential of the substrates. 

P S Q  

We have selected three types of stable redox systems as 
catalyst couples, P/Q. Compounds 6-10 belong to the 

(20) Andrieux, C. P.; Dumas-Bouchiat, J. M.; SavBant, J. M. J. Elec- 

(21) Andrieux, C. P.; Blocman, C.; Dumas-Bouchiat, J. M.; MHalla, 

(22) Andrieux, C. P.; Blocman, C.; Dumas-Bouchiat, J. M.; MHalla, 

troanal. Chem. 1978,88,43. 

F.; SavBant, J. M. J. Electrounal. Chem. 1980, 113, 19. 

F.; SavBant, J. M. J. Am. Chem. SOC. 1980,102, 3806. 

ferrocene (Fc) series for which the active form Q of the 
catalyst couple is the ferricinium group. The standard 

Fe 

@ X '  

6, X =  X' = H 
7, X = X' = C,H, 
8, X = Br, X' = H 
9, X = COCH,, X' = H 
10, X = CH,C=CHC(=O)Fc, X' = H 

12; X = SePh 

13 
potential is designated as Eo1. The Eo1 values of 6-10 in 
DMF are summarized in Table 111. They are determined 
either a t  RDE from the value of their anodic wave or 
a t  SDE, in cyclic voltammetry, from the value (E,,* + 
E&/2, where Epa and EW are the anodic and cathodic peak 
potentials, respectively. They had been measured previ- 
ously in MeCN in the case of 6,7,  and 923324 and in water 
for 8.25 In the tetrathiafulvalene (TTF) series to which 
compounds 11 and 12 correspond, the active form is either 
the cation TTF+ or the dication TTF2+.26 The corre- 
sponding standard potentials are Eo2 and E",; they are 
given in Table 111. The aromatic apine 13 represents the 
last type of catalyst. Its oxidation leads to a stable cation 

(23) Kuwana, T.; Bublitz, D. E.; Hoh, G. L. K. J. Am. Chem. SOC. 1960, 

(24) Hoh, G. L. K.; McEwen, W. E.; Kleinberg, J. J. Am. Chem. SOC. 

(25) Gubin, S. P.; Perevalova, E. G. Dokl. Akad. Nauk SSSR 1962, 

(26) Coffen, D. L.; Chambers, J. Q.; Williams, D. R.; Garrett, P. E.; 

82, 5811. 

1961,83, 3949. 

143,1351. 

Canfield, N. D. J. Am. Chem. SOC. 1971, 93, 2258. 
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Table IV. Oxidation of 3 (2 X M) as Catalyzed 
by a Series of Catalysts P (1 0-3 M) 

Degrand, Radecki-Sudre, and Besanqon 

Table V .  Catalytic Oxidation of 3 by 6 at 
Various Concentrations 

103c0,, 1 0 3 ~ 0 ,  iP.1 log 
M M Y Ylpd k k t l k ,  

0.4 1.32 3.3 0.15 -1.92 
1 3.3 3.3 0.16 -1.85 
2 6.6 3.3 0.18 -1.60 
4 13.2 3.3 0.17 -1.75 
4 5.3 1.33 0.29 -1.75 

a Scan rate = 42 mV s-l. k k , / k ,  is expressed in s - l .  

Table VI. Catalytic Oxidation of 3-5 (2 X M) 
by Catalysts P (1 0-3 M) 

P 
~~ 

6 12b 13 lob 1lC 8 
AEli2 0.37 0.37 0.32 0.25 0.22 0.18 
i,/3yipd 0.19 0.20 0.24 0.41 0.25 0.73 

a Scan rate = 87 m V  s-l. Influence of the wave sepa- 
ration aEl12. First oxidation step. Second oxidation 
step. 

in MeCN27,28 and in DMF; its standard potential is 0.50 
V in DMF. 

Three examples of the increase in the catalyst cyclic 
voltammetric peak upon addition of benchrotrenyls 3 and 
5 are given in Figure 2. In the first case, the active catalyst 
species is the radical cation of 13; in the second case, it is 
TTF2+, and in the last one, it is the ferricinium derivative 
of 7. In all examples, the catalytic effect is clearly seen 
from the increase in the anodic peak height and from the 
decrease in reversibility. On the other hand, a partial 
overlapping of the catalyst and substrate waves occurs. It 
has been shown by Saveant et al.21,22 that this phenomenon 
appears to be in general the limiting case of the kinetic 
control by a chemical reaction. In the scope of the 
mechanism discussed previously, a kinetic control by re- 
action 3, with ( 5 )  as a preequilibrium, may account for the 
partial overlapping. 

We have derived values of the catalytic efficiency from 
the values of the peak currents of catalyst P before and 
after addition of 3-5. When the substrate undergoes a 
monoelectronic exchange (EC process), the catalytic effi- 
ciency corresponds to the ratio i p / y i d ,  where i ,  is the 
catalytic peak current and id the diffusion-controlled peak 
current of P in the absence of substrate.21 The excess 
factor y is the ratio Co/Co, where Co and Cop are the 
concentrations of the substrate and P. In the results given 
below we have applied the theory proposed by Saveant and 
his group for a two-electron process including a SET 
mechanism;21 but we have adjusted this theory to a 
three-electron process including two SET mechanisms. 
Therefore, the ratio i P / 3 y i  will be used. The most 
probable occurrence of two SET mechanisms in the overall 
three-electron process has been discussed in the first part 
of this paper. 

The catalytic efficiency observed when 2 equiv of 3 are 
added to a series of catalysts is indicated in Table IV. For 
the catalysts which exchange a single electron at  the 
electrode, an increase of the catalytic efficiency is observed 
when the waves of the substrate and of P tend to be closer. 
Such variations are expected in the context of a redox 
catalysis.* In the case of 11, the active form of the catalyst 
TTF2+ is generated at  the electrode upon a two-electron 
oxidation. This dictation may undergo either the exchange 
reaction (5) or the disproportionation reaction (6). A 
competition between (5) and (6) is consistent with the low 
value of the catalytic efficiency of 11. 

TTF2+ + TTF + 2TTF+ (6) 
The influence of the excess factor y on the catalytic 

efficiency is shown in Table V. It is interesting to note 
that the values of i p /3y id  keep close when y is constant 
and equal to 3.3. In the scope of the oxidation mechanism 
proposed, evidence is thus obtained for kinetic control by 
(3) ,  with (5) as a preequilibrium.21 Under these conditions, 
it has been shown that the value of k k l / k 2  can be derived 

(27) Bidan, G.; Genigs, M. Nouu. J. Chim. 1980, 4, 389. 
(28) Serve, D. Nouu. J.  Chim. 1980,4, 497. 

~ ~~ 

substrate catalyst aEli2 i, I3r ipd 

3 8 0.180 0.73 
4 9 0.180 0.43 
5 7 0.195 0.32 
5 11 b 0.200 0.36 

b First oxidation step. Scan rate = 87 mV s- l .  

Figure 3. Voltammogram at RDE of 2 (5 X lo-' M). The angular 
velocity is 115 s-l. The dashed line corresponds to the supporting 
electrolyte. 

from the catalytic efficiency.21 From the working curve 
of Figure 5 in ref 21, we have derived the values of log 
kk l /k2  which are given in Table V. When y decreases, the 
catalytic efficiency increases but, as expected, kk l /k2  keeps 
constant and is equal to 1.8 X 

We have compared the catalytic efficiency of a series of 
couples, substrate/catalyst, for which the wave separation 
AEllz is about the same. The results appear in Table VI. 
The precision of the values is lo%, owing to the proximity 
of the direct oxidation of the substrate (cf. Figure 2- 
curves H and I). In the conditions of Figure 2, the de- 
termination of i ,  takes into account the current flowing 
in the absence of catalyst. The indirect oxidation of 5 
either by the ferrocenyl derivative 7 or by TTF leads to 
the same catalytic efficiency. I t  shows that, as expected 
for a redox catalysis,2 the catalytic effect is independent 
of the nature of the catalyst for a given standard potential. 
On the other hand, a higher catalytic efficiency and, 
therefore, a faster decomposition is observed for the un- 
substituted substrate 3. It  shows that substituting the 
phenyl ring by an electron-donating group does not sta- 
bilize the intermediate cation. That confirms Rieke's 
conclusion that the persistence of the cation, when sta- 

s-l. 
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= 0.15 V); it  is consistent with the electron-withdrawing 
power of the unsaturated carbonyl group in 2. 

The behavior of 1 and that of 2, which is similar, present 
some similarity with the autocatalytic oxidation scheme 
which describes t h e  decarboxylation of 
tetrathiafulvalenemonocarboxylic acid.29 

Experimental Section 
Substrates 3-5 are prepared according to ref 30 or 31. Com- 

pounds 6, 9, and 11 are commercially available. The synthesis 
of 1,2, and 10 is described in ref 1. Samples of 7, 8, and 13 were 
kindly provided. 
2-(Phenylselenyl)tetrathiafulvalene (12). An ethereal so- 

lution of (tetrathiaful~aleny1)lithium~~ (5 X M) a t  -70 "C is 
admitted (argon pressure) into a flask containing phenylselenyl 
chloride (5 X M) in ether (50 mL) a t  -70 "C. The solution 
is allowed to warm to room temperature and left in a freezer for 
a few hours. Filtration and removal of solvent in vacuo afford 
a residue. The desired product (0.2 g) is isolated by silica gel 
chromatography (30% benzene/hexane). The yellow solid has 
the following characteristics: mp 98-100 "C (isooctane); MS, m / e  
360 (M'), 203 (M+ - SePh), 146, 102. 

Anal. Calcd for C12H8S4Se: C, 40,lO; H, 2.24; S, 35.69. Found: 
C, 40.69; H, 2.29; S, 35.45. 

The carbon electrode is a disk made of a rod of V 25 Carbon 
Lorraine glassy carbon sealed in a piece of glass tubing. Ita 
diameter is 3 mm. Reproducible measurements are obtained when 
the electrode is cleaned as follows. Between each experiment the 
electrode is washed with water, polished on alumina (alumine E d  
A 3, average dimension of the grains 0.5 pm), and washed again 
with water and acetone. 

Voltammograms at RDE are recorded on a three electrode 
Tacussel-Tipol and cyclic voltammograms at SDE on an Ifelec 
2025 C X-Y recorder, using a Tacussel UAP 4 unit and a GSTP 
function generator. An Amel-552 potentiostat and a Tacussel IG 
5-N integrater are used in coulometry and preparative electrolysis. 
All the potentials refer to the aqueous saturated calomel electrode 
(SCE). 

General Electrolysis Procedure. The three compartments 
of a H-type cell are fiied with DMF containing Bu4NPF6 (0.1 M) 
as the supporting electrolyte. The cathode is a glassy carbon cloth 
and the anode a Pt grid. The catholyte (60 mL) is deaerated with 
argon before introduction of the depolarizer. The electrolysis is 
stopped when the current has diminished to a negligible value. 
In preparative electrolyses, the catholyte is diluted with water, 
and the organic ligand is extracted with diethyl ether. After the 
solution is dried, the ether is evaporated and the organic ligand 
is identified by its spectroscopic characteristics. 

A UV spectroscopic study of the catholyte shows two maxima 
characteristic of the Cr(II1) species.17 In our experimental con- 
ditions, they are observed at 419 and 585 nm. It has been shown% 
that Cr(II1) and amides form complexes which, in certain cases, 
decompose rapidly in contact with traces of water. We have not 
tried to determine the nature of the complex which gives maxima 
at 419 and 585 nm in our experimental conditions so that the UV 
spectroscopic study corresponds only to a qualitative determi- 
nation of Cr(II1). 
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Figure 4. Cyclic voltammograms of 2 (5 X M) at two scan 
rates: (a) 0.05 V s-l and (b) 0.5 V 8. 

bilized, is improved by the presence of bulky substituents 
around the phenyl ring but not by presence of electron- 
donating  group^.^ 

Electrochemical Oxidation of 1 and 2. On the basis 
of the preceding results, we have reinvestigated the oxi- 
dation mechanism of 1 and 2 which possess a benchro- 
trenyl group, Bct, and a catalyst unit, TTF, in the same 
molecule. 

Figure 3 presents a voltammogram obtained at  RDE in 
the presence of 2. Surprisingly, three waves A, B, and C 
appear at ElI2 = 0.42,0.65, and 0.97 V, although only two 
reversible peak systems A1/A2 and B1/B2 are observed at  
slow scan rate (cf. Figure 4, curve a); in other words, no 
peak corresponding to the more positive wave C is seen. 
In ref 1, the peaks A1/A2 and B1/B2 have been assigned 
respectively to the redox systems TTF/TTF+ and 
TTF+/TTF2+ contained in 2, the oxidation of the Bct unit 
being concomitant with that of the TTF+ moiety at  po- 
tentials of B1. When the sweep rate increases, a shoulder 
C1 is observed at  1 V (Figure 4, curve b). 

The strikingly different behavior of 2 at a stationary and 
rotating electrode can be explained in the context of the 
induced oxidation of the Bct unit contained in 2 by the 
TTF2+ dication. At RDE, the reaction layer is thin so that 
the induced oxidation of the Bct group, a t  potentials of 
wave B, competes with its direct oxidation. At  SDE and 
at  slow scan rate, the induced oxidation is total; at fast scan 
rate, it  occurs partially and the direct oxidation is seen as 
a shoulder a t  1 V (Figure 4, curve b). The direct and 
induced oxidation of 2 leads to the TTF2+ dication of 14, 
which is reduced at potentials of peak B2 since, as shown 
in ref 1, the standard redox potentials of the  TTF units 
contained in 2 and 14 are close. Therefore, in Figure 4, 
the reduction peaks B2 correspond mainly to the reduction 
of the TTF2+ species in 14. 

P hC(=O)CH=C( CH3)TTF 
14 

The Bct group in 2 is oxidized directly a t  potentials 
positive to that of (benzene)tricarbonylchromium (3; AEllz 
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