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Solvent effects on the electrochemistry and spectroscopic properties of alkyl- and aryl-substituted corroles in
nonagueous media are reported. The oxidation and reduction of six compounds containing zero to seven phenyl
or substituted phenyl groups on the macrocycle were studied in four different nonaqueous solvents (CH,Cl,, PhCN,
THF, and pyridine) containing 0.1 M tetra-n-butylammonium perchlorate. Dimers were formed upon oxidation of all
corroles in CH,Cl,, but this was not the case in the other three solvents, where either monomers or dimers were
formed upon oxidation depending upon the solvent Gutmann donor number and the number or location of aryl
substituents on the macrocycle. The half-wave potentials were analyzed as a function of the number of aryl
substituents on the macrocycle as well as the concentration of added pyridine to PhCN solutions of the compound,
and these data were combined with data from the spectroelectrochemistry experiments to determine the stoichiometry
of the species actually in solution after the first oxidation or first reduction of each compound. The results of these
experiments indicate that reduction of the hispyridine adduct (Cor)Co"(py), proceeds via the monopyridine complex
(Cor)Ca"(py) to give in each case the unligated cobalt(ll) corrole [(Cor)Co"]™. In contrast, pyridine remains coordinated

after electrooxidation, and the final product was characterized as [(Cor)Co"(py)]*.

Introduction

It has long been known that-cation radicals of octaeth-
ylporphyrins (OEP) and octaethylcorroles (OEC) can form
dimers in the solid statk,” and several compounds of the
types [(OEP)MJP* and [(OEC)M}?> have been structurally
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and spectroscopically characteriZed However, there has
been no electrochemical characterization of these types of
dimers in the case of porphyrins, and only two papers have
been published on the electrochemistry of these species in
the case of corrole€s’ The first electrochemical study showed
that the electrooxidation of (OEC)M, where # Co, Ni, or
Cu, involved a reaction of dimeric species givingcation
radicals and dications of the types [(OECW] and
[(OEC)M],%" in nonbinding or weakly binding media such
as CHCIl, and PhCN A similar dimerization occurred for
a series of alkyl- and aryl-substituted cobalt corroles in
CHCI,, thus indicating that this electrode reaction was not
limited to the OEC complexes but also occurred for corrole
macrocycles containing the more bulky aryl substituénts.
In the present paper, we have extended our initial
electrochemical studies of aryl-substituted cobalt corfoles
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Alkyl- and Aryl-Substituted Corroles

Chart 1
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MeO

(Me4Ph(p-OMePh),Cor)Co (5) (Me,Ph,Cor)Co (6)

to determine how the formation of oxidized corrole dimers
would vary as a function of the solvent donicity and the
number or location of phenyl groups on the macrocycle. The
reductive electrochemistry, UWis spectroscopy, and ligand
binding properties of the electrogenerated Co(ll) complexes
were also investigated. Cyclic voltammetry and thin-layer

the solvent/supporting electrolyte mixture. All potentials are
referenced to the SCE. Solutions for electrochemical measurements
under different pyridine concentrations were prepared in benzonitrile
(PhCN) containing 0.1 M tetra-butylammonium perchlorate
(TBAP) and 2.4x 102 M (Me4PhCor)Co @). The pyridine to
corrole molar ratio varied from 0:1 to 1600:1.

UV —vis spectroelectrochemical experiments were performed
with an optically transparent platinum thin-layer electrode of the
type described in the literatute Potentials were applied with an
EG&G model 173 potentiostat. Time- and potential-resolved-UV
vis spectra were recorded with a Hewlett-Packard model 8453 diode
array rapid-scanning spectrophotometer.

Chemicals and ReagentsThe investigated compounds were
synthesized as described in the literafufdasolute dichloromethane
(CH.CI,), tetrahydrofuran (THF), and pyridine (py) were obtained
from Fluka Chemical Co. and used as received. PhCN was
purchased from Aldrich Chemical Co. and distilled ovg®funder
vacuum prior to use. TBAP (Fluka Chemical Co.) was twice
recrystallized from absolute ethanol and dried in a vacuum oven at
40 °C for a week before use.

Measurement of Half-Wave Potentials.Half-wave potentials
were determined in most cases by cyclic voltammetry and involved
a measurement of the anodic and cathodic peak potentials, which
were combined using the standard equation for reversible processes
given by eq 1.

Eip= (Bpat Epdl2 (@)

Equation 1, however, could not be used for determining the
reduction potentials in pyridine, where the Co(ll1)/Co(ll) reactions
were not reversible on the cyclic voltammetry time scale 0f-0.1
0.5 V/s and only broad “drawn out” peaks were obtained due to a
potential-induced equilibrium between the bis- and monopyridine
complexes in solution. Under these conditions, the values, pf
could be obtained by the use of spectroelectrochemistry and of the
modified Nernst equation given in eq 2, where [0X] represents the
concentration of the cobalt(lll) corrole in solution and [red] is the
concentration of the singly reduced species as determined from
measurements of UVvis spectra obtained during the electrore-
duction.

E,

app— E172T (0.059h)Iog([ox]/[red])

&)
This method of spectrally determining half-wave potentials is
well-documented in the literatureand involves obtaining spectra
at a series of potentials where the reduction will occur and then
plotting the calculated value of log([ox]/[red]) VS, to obtain
Eur2. The theoretical slope of tHup, vs log([ox]/[red]) plot is 0.059

spectroelectrochemistry were used to determine the potentials/ for a one-electron transfer, and the intercept at [ex]red]

of each reaction, while the UWis spectra were used to

provides an accurate measuremengEg$.

evaluate the products of the electrochemical reactions underResults and Discussion

the various solution conditions. The structures of the six
investigated compounds are labeled.a$ in Chart 1, which
also shows the structure of g&tor)Co.

Experimental Section

Instrumentation. Cyclic voltammetry was carried out with an
EG&G model 173 potentiostat. A three-electrode system was used
and consisted of a glassy carbon or platinum disk working electrode,
a platinum wire counter electrode, and a saturated calomel referenc
electrode (SCE). The SCE was separated from the bulk of th
solution by a fritted-glass bridge of low porosity which contained

Electrochemistry of Cobalt Corroles in Different Sol-
vents. The electrochemical behavior of corrolés6 was
investigated in four different nonaqueous solvents containing
0.1 M TBAP. Cyclic voltammograms for one of the
compounds3, in the four solvents are shown in Figure 1,
while Figure 2 illustrates a comparison of compoufdsd
5in CH.Cl,, PhCN, and THF. The corresponding half-wave

%10) Lin, X. Q.; Kadish, K. M.Anal. Chem1985 57, 1498-1501.
€ (11) Rohrbach, D. F.; Deutsch, E.; Heineman, W. R.; Pasternack, R. B.

Inorg. Chem. 1977 16, 2650—2652
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(Me4PhsCor)Co (3) -1.69

a) CH2C12

—

b) PhCN

1.6 1.2 0.8 0.4 0.0 -0.4 -0.8 -1.2 -1.6 2.0
Potential (V vs SCE)
Figure 1. Cyclic voltammograms 08 in CH,Cl, (a), PhCN (b), THF (c), and pyridine (d) containing 0.1 M TBAP.
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Figure 2. Cyclic voltammograms ol and5 in (a) CHCl,, (b) PhCN, and (c) THF containing 0.1 M TBAP.

potentials of each process are summarized in Table 1, wherdn this solvent) withg;, values for the four electrooxidations
the compounds are ordered according to the ease of the firstocated at 0.45, 0.62, 0.87, and 1.26 V. The first metal-
oxidation and the potential separation between the first and centered reduction is seenkf, = —0.15 V and is followed
second oxidations. For example, compoukdas the most by a second unknown reactiontt, = —0.88 V (see Figure
positive first oxidation potential of 0.45 V in Gi&l, and is 1). This unidentified chemical reaction is not observed in
listed last in the table of half-wave potentials. It undergoes the other solvents for compour8iand is currently under
four oxidations and two “major” reductions in GEl, (an continued investigation. The last reduction ®fat E, =
unknown process with small peak currents is also observed—1.69 V is irreversible in CKCI, but reversible in the other
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Table 1. Half-Wave Potentials (V vs SCE) for Cobalt Corroles in Nonagqueous Solvents Containing 0.1 M TBAP

ox red

compound solvent fourth third second first Aox(2—1) first second
(MegEt,Cor)Co (1) CH,Cl2 121 1.07 0.59 —0.03 0.62 -0.31 b
(EtgCor)Cc 1.17 0.94 0.57 0.11 0.46 —0.30 b
(MezEt,PhyCor)Co @) 1.25 0.94 0.76 0.30 0.46 —-0.16 —-1.7¢
(MesPh,Cor)Co 6) 1.26 0.84 0.52 0.34 0.18 d -1.7¢
(MesPh(-OMePh)Cor)Co 6) 1.15 0.87 0.55 0.38 0.17 -0.18 —1.7#
(MesPh(m-OMePh)Cor)Co @) 1.24 0.85 0.59 0.42 0.17 —-0.15 —-1.6%
(MesPhsCor)Co @) 1.26 0.87 0.62 0.45 0.17 -0.15 -1.6¢
(MegEt,Cor)Co (1) PhCN 1.37 0.90 0.50 0.00 0.50 —0.36 b
(EtsCor)Co 1.38 0.86 0.49 0.14 0.35 -0.33 b
(MesPh({p-OMePh)Cor)Co 6) 1.36 0.70 0.41 -0.21 -1.75
(MezEt,PhyCor)Co @) 144 0.82 0.59 0.36 0.23 -0.17 —1.69
(MesPh{mOMePh)Cor)Co @) 1.4 0.71 0.46 -0.17 -1.67
(Me4PhsCor)Co @) 1.45 0.82 0.47 —-0.16 -1.67
(MezPhyCor)Co 6) 1.47 0.81 0.49 -0.14 -1.63
(MesEt,Cor)Co (1) THF 0.85 0.50 0.11 0.39 —0.30 -1.89
(MesPh({p-OMePh)Cor)Co 6) 0.74 0.49 -0.17 —1.68
(Me;EtPh,Cor)Co @) 0.80 0.56 —-0.08 —-1.60
(MesPh(m-OMePh)Cor)Co @) 0.72 0.53 -0.12 -1.57
(Me4PhsCor)Co @) 0.73 0.53 -0.15 —1.60
(Me;Ph,Cor)Co 6) 0.74 0.53 -0.08 -1.54
(MegEt,Cor)Co @) pyridine 0.15 -0.78 —-1.92
(EtsCor)Co 0.16 -0.75 -1.95
(MesPh({p-OMePh)Cor)Co 6) 0.22 -0.74 —1.68
(MesPhsCor)Co @) 0.27 -0.72 —-1.61
(Me4Ph{(m-OMePh)Cor)Co @) 0.28 -0.71 —1.60
(MezPh,Cor)Co 6) 0.28 -0.70 —1.60
(MeEtPh,Cor)Co @) 0.33 -0.72 —-1.61

aData on compounds—6 taken from ref 9. An uncharacterized redox reduction occursOaB to—0.9 V vs SCE in CHCI, for some of the compounds
(see Figure 1)? Beyond the potential limit of the solverftTaken from ref 84Broad irreversible proces8E,, scan rate 0.1 V/4.Obtained from
spectroelectrochemical experiments (see the text for details).

Scheme 1

three solvents and occurs Bt, = —1.60 to—1.67 V as of a “simple” monomeric corrole (reactions-B) as is seen

seen in Figure 1. The potential for this process is not in PhCN, THF, or pyridine.

significantly affected by the change in solvent, which can  As discussed in earlier publicatioh%pne key diagnostic

be understood by a lack of solvent binding as described latercriterion for assignment of a corrole dimer in solution is that

in the paper. the first one-electron oxidation is split into two processes
Of most significance in Figure 1 are the oxidations which which occur at different potentials, each of which has a

occur via one of the two possible mechanisms shown in decreased peak current by cyclic voltammetry and involves

Scheme 22 One mechanism involves oxidation via a dimeric approximately half the number of electrons transferred as

species (reactions' Bnd 1' in Scheme 1) as is seen for compared to the first reduction, which involves a Co(lll)/

compound3 in CH,Cl,, while the other involves oxidation  Co(ll) process. A dimerization of compourgloccurs in

Inorganic Chemistry, Vol. 42, No. 13, 2003 4065
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CH,CI,/0.1 M TBAP but does not occur in PhCN, THF, or Table 2. Product upon the First Oxidation of Cobalt Corroles in
pyridine as evidenced by the fact that two well-defined one- Pifferent Solvents Containing 0.1 M TBAP

electron transfers are observed for all of the processes in CHXCl,  PhCN  THF  pyridine
these three solvents (see Figure 1). The half-wave potentials compound (0.0p (11.9) (20.0) (33.1)
for these oxidations are locatedBt, = 0.47 and 0.82 V in g'\E/'TSgEOtrz)%%)CO o B B b m
PhCN or atEy, = 0.53 and 0.73 V in THF and can be  (ye.eipnconco @) D D M M
compared toE;, values of 0.19 and 0.76 V for a similar  (Me;Ph(-OMePh)Cor)Co &) D M M M
one-electron oxidation of (OEC)Co(Pfhin the same (MesPh(m-OMePh)Cor)Co @) D M M M

| {12 (Me4PhsCor)Co @) M M M
solvent. (MezPh,Cor)Co 6) D M M M

Four electrooxidations are seen for all of the investigated ,  _ . I . .
. D = n—ax-radical cation dimer, M= monomer cation radicaf. Donor

(?0”0|es in CHCI, (seg Table 1). Th? peak currents for the yymper of the solvent taken from ref 18Taken from ref 8. No data were
first processes (reactions | and Il) in each case are aboutgiven for THF.
half the peak currents for the third oxidation (reaction IlI) . . ) )
or the first reduction (reaction V), and this is shown in Figure © have an oxidized dimer product in THF, with the
2 for the cases of compouridin CH,Cl,, PhCN, and THF ~ émaining compounds forming monomers in their oxidized
and compound in CH.Cl,. forms. _ _

Dimerization of compoun8 does not occur in PhCN, THF in an_earller papet,we reported the a_bsolute potential
(Figure 2), or pyridine, where the electrooxidation involves separation betweei,, values for the first and second

- _ ; i 9
the stepwise conversion of a monomeric corrole to@ation $>r<]|dat|onf,At(_)xl(§_ﬁ1), of each CO:{OIG 8I|g12e\r/ |fn CHl,. d
radical and dication. The electrooxidation behavior of  °S€ Potential diflerences range from . or compoun

1t0 0.170.18 V for compound8—6 and are also listed in
Table 1. The largeAox(2—1) values can be associated with
a stronger interaction between the two equivalent redox
centers in the singly oxidized compouf®®1” and the
overall data suggest the following order of interaction
between the “half-oxidized” corrole dimers:

compoundsl and5 in pyridine containing 0.1 M TBAP is
similar to what is seen for compourilin PhCN or THF,
where only monomers are present (Table 1). The half-wave
potentials for the first one-electron oxidation of each
compound in pyridine are listed in Table 1. Additional
reversible oxidations could not be observed in this solvent
due to the limited anodic potential window of the solvent.
The lack of corrole dimers in pyridine can be attributed . N
to the strong binding ability of the solvent, which leads to [S]," ~ [6],
six-coordinate complexes with binding constants ofkal,
= 5.78-7.70 for the investigated compoufdsd prevents
formation of the proposed—z dimer in Scheme 1. Similar

[:I-]z+ = [Etscor]zJr ~ [2]2+ = [3]2+ ~ [4]2+ ~

A similar trend is seen in PhCN (Table 1) far [(Ets-
Cor)Co}, and 2, the only three compounds which show
electrochemical behavior is seen for all of the corroles in dimerization behavior upon oxidation in this solvent. In this
CH,Cl,, where dimers are in each case formed, and the samg®9ard it should be pointed out that dimerization was
is true for all of the compounds in pyridine, where only observed at the electrochemical concentration of&XD 4
monomers exist in solution. Intermediate behavior is ob- 0 1.0x 107 M but not at concentrations less tharr 14,

served in PhCN and THF, where some of the corroles form @S measured by differential pulse voltammetry (figure not
dimers and others do not depending upon the nature of theShown).

macrocycle substituents. This is discussed in the following ~ Th€ largest potential separation between the first two
section. oxidations in PhCN is seen for compouddwhich has a

Summary of Factors Effecting the Dimerization of Aox(2—1) = 0.50 V. This value decreases to 0.35 V for

Electrooxidized Cobalt Corroles. The electrochemical (E_t?ﬁor)?o arlq 0.t2)3tv for E[:r?mtpounﬁ les in the half
behavior of each investigated corrole in the four different € interaction between the two macrocycies in the hafl-

solvents is summarized in Table 2, where D and M representOXiO”Z,ed corrole will depend on the solvept, 'the spgcifjc
the formation of a dimer or monomer oxidation product. The substituents on the macrocycle, and the axial ligand binding

product of the first oxidation is in all cases a “half-oxidized strength of the complex. Compountis2, and _(EgC_or)(_:o .
dimer” in CH,Cl, and in all cases a monomer in pyridine show the highest ter_1dency to undergo dimerization in
(see Scheme 1). However, in PhCN or THF, the first CH.Cl, and P.hCN’ while compounds—G.show the lowest
oxidation product (a dimer or a monomer) varies with the tendency. This difference can be explained by the fact that
specific substituent on the corrole. Compouhd®, and (E¢- compounds—6 each contain a phenyl group at the t@so

Cor)Cd lack a phenyl group at the I@esoposition of the (13 Geiger, w. E., Connelly, N. G., Stone, . G. A., West, R., Eds.;
macrocycle, and only these compounds form oxidized dimers Academic: Orlando, FL, 1985; Vol. 24, p 89.

; ; ; ; 14) Kotz, J. C. InTopics in Organic Electrochemistrry, A. J., Britton,

in PhCN. (EtCor)Co was not investigated in THF, but (14) Ke B e e York 1006, o9e. Fry

compoundl, which has similar alkyl substituents and no (15) Yap, W. P.; Durst, R. Al. Electroanal. Chem. Interfacial Electrochem.

phenyl substituent, was examined, and this corrole is the only 1981 130 3. _

(16) Kadish, K. M.; Boulas, P.; D'Souza, F.; Aukauloo, M. A.; Guilard,

R.; Lausmann, M.; Vogel, Bnorg. Chem.1994 33, 471.

(12) Kadish, K. M.; Koh, W.; Tagliatesta, P.; Sazou, D.; Paolesse, R.; (17) Chang, D.; Cocolios, P.; Wu, Y. T.; Kadish, K. Morg. Chem1984
Licoccia, S.; Boschi, TInorg. Chem.1992 31, 2305-2313. 23, 1629.
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065 cHyCl Co/Co™ Process of (Me4Phs5Cor)Co (3)
0.60 | 308

_ | aro

= 055 f

) !

% PhCN

3 050 °

a) in CH,Cl, at -0.60 V

045

o
THF

035 B 5 2 18
Donor number

Figure 3. Relationship between the potential separation of the first two
oxidations forl and the solvent donor number.

position of the corrole macrocycle which might hinder
dimerization of the singly oxidized complex.

The variation in electrochemical behavior of the same
corroles as a function of changing solvent conditions can be
used to demonstrate the solvent effect on the electrooxidation
mechanism. For example, cyclic voltammograms of com-
poundl in Figure 2 show how the separation in half-wave
potentials between the first two oxidations changes from 0.62
Vin CH.Cl;to 0.50 Vin PhCN to 0.39 V in THF. No dimer
is formed in pyridine, and hertox(2—1) is essentially equal
to zero. On the basis of these data, the interaction between
the two macrocycles of the half-oxidized corrole dimer under
different solvent conditions changes in the following order:

b) in PhCN at -0.60 V

CH,CI, > PhCN> THF > pyridine

The occurrence of dimerization can also be related to the
solvation properties of the solvent as defined by the Gutmann
solvent donor number (DNF As indicated in Table 2, the
solvent donor number is 0.0 for GEll; and increases to 11.9 300 400 500 600 700 800
for PhCN and 20.0 for THF. Pyridine has the largest donor Wavelength (nm)
number of 33.1 among the four investigated solvents. Figure rig,re 4. Uv—vis spectral changes 8fupon electroreduction at ()0.60
3 illustrates a plot of the potential separation between the V in CH.Cly, (b) —0.60 V in PhCN, and (c)-0.60 to—1.20 V in pyridine
first two oxidations for compound vs the solvent donor ~ containing 0.2 M TBAP.
number. A distinct trend is obtained which suggests that the
solvent effect on the electrooxidation mechanisms may
depend on the binding ability of the solvent. The formation
of dimers occurs more easily in solvents having the lowest : it
donor numbers (e.g., GBI, and PhCN). In contrast, little three solvents anq are |Ilustra_ted in F|gur_e 4. The neqtral
or no dimerization occurs in solvents with higher donor cobalt(lll) corrole is characterized by a single absorption

numbers (e.g., THF or pyridine), and this can be explained band in the visibl_e region of the spect@gx= 529 nm in_
in the case of pyridine by the formation of five- and six- C2Cl2, 536 nm in PhCN, and 598 nm in pyridine), while

coordinated complexgswvhich sterically hinder the possibilit the reduced Co(ll) product has a Soret band at-#24
of stacking. P y P y nm and two well-defined visible bands which are located at

Spectroelectrochemical Results in Different Solvents. 228 261 and 648-642 nm (see Figure 4). The 598 nm band

UV —vis spectroelectrochemistry was used to characterizein, pyri'di'ne has been identifitlangs a “marker bgnd” of the
the product of the first oxidation and first reduction of each bispyridine cobalt(111) corrolé;*°and this bar_ld disappears
compound and to confirm the electrooxidation mechanism &S the Co(llN/Co(ll) process proceeds to give a cobalt(ll)
illustrated in Scheme 1. Examples of the thin-layer spectra CO'Tl€ in solution. o

are given in Figures 4 (reduction) and 5 (oxidation) for the A key item of importance which is seen from the spectral

case of compoun8, whose U\-vis properties in its neutral, data in Figure 4 is that virtually identical UWis spectra
are obtained for the electrogenerated Co(ll) complex in all

(18) Kadish, K. M.Prog. Inorg. Chem1986 34, 437. three solvents. This strongly suggests the absence of pyridine

singly oxidized and singly reduced forms were measured in
CH.CI,, PhCN, and pyridine. Spectral changes upon elec-
troreduction correspond to the Co(lll)/Co(ll) process in these

Inorganic Chemistry, Vol. 42, No. 13, 2003 4067
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First Oxidation of (Me4PhsCor)Co (3) (Me,Et,PhyCor)Co (2)

3j8 'iil

a) in CH,Cl,at 0.60 V

T T
0.0 -0.4 -0.8 -1.2 -1.6 -2.0
Potential (V vs SCE)

Potential Applied

1:-0.60V

2:-0.67V
b) in PhCN at 0.70 V 3:-0.69V
4:-071V
5:-073V
6: -076V
7: 090V
3:-1.10V

450 500 550 600 650 700 750
Wavelength (nm)

Figure 6. (a) Cyclic voltammograms o2 in PhCN/0.1 M TBAP at a
scan rate of 0.1 V/s. (b) Spectra of compouddat different applied
potentials.

In contrast to the electroreduction, the thin-layer spectral
changes which occur upon the first electrooxidation of

300 400 500 600 700 800 compound are different from each other in Gal,, PhCN,
Wavelength (nm) and pyridine, and this is illustrated in Figure 5. The singly
Figure 5. UV—vis spectral changes & upon electrooxidation in CH oxidized species in Cil, is formulated as the half-oxidized
Clz (a), PhCN (b), and pyridine (c) containing 0.2 M TBAP. dimer [3]2*, while the singly oxidized compound in pyridine

o o _ o is formulated as 3(py)]" on the basis of data from
binding to the reduced species in solutions of pyridine and, ejectrochemical titrations with pyridine (see the following
when combined with the electrochemical data, is consistentsection). A monomeric corrote-cation radical of compound
with the overall electrode reaction given by eq 3. As willbe 3 js also proposed to exist in PhCN, and this compound is
shown in a later section of the paper, the same electrodecharacterized by bands at= 383 and 442 nm.

reaction occurs in PhCN solutions containing excess pyridine. The stoichiometry of the oxidized species was not

" B . investigated in PhCN, but an absorbance at 442 nm is seen
(Concd'(py), +e =[(ConCd] +2py  (3)  for the singly oxidized species in pyridine and may be
associated in both solvents with the solvated Coftttation
The UV—vis bands of [(Cor)C#~ in CH,Cl; are located  radical. The spectral changes upon oxidation of compound
at 558 and 641 nm, while in pyridine these bands are found 3 in THF (figure not shown) are similar to those in PhCN,
at 558 and 640 nm (see Figure 4a,c). Thus, the overallwhich suggests similar electrooxidation mechanisms and
Co(ll)/Co(ll) process can be written as a conversion of similar oxidation products for this compound in these two
(Cor)Cd'(py). to [(Cor)Cd']~, but, as discussed in the sglvents.
following sections, the actual reduction process proceeds via Ejectrode Reactions and Determination of the Mech-
a monopyridine cobalt(lll) species. anism in Pyridine. Figures 6 and 7 illustrate the spectro-
electrochemical method utilized for obtaining thermodynamic

(19) Guilard, R.; J®me, F.; Barbe, J.-M.; Gros, C. P.; Ou, Z.; Shao, J.;

Fischer, J.; Weiss, R.; Kadish, K. Nhorg. Chem 2001, 40, 4856 half-wave potentials for reduction of the cobalt(lIl) corroles
20) Lll<86d5'-h K ML Ou 7. P Shao. 1. Gros. C. P Barbe. It in pyridine. The cyclic voltammetric reduction peaks are in
aaisn, K. M.; Ou, £. P.] ao, J.; Gros, C. P.] barpe, J.-Mqgrde, : . .
F.- Bolze, F.: Burdet, F. Guilard, Rnorg. Chemn2002 41, 3990- gach case d.rgw.n out and irreversible due to a po.tentlal—
4005. induced equilibrium between the (Cor)Cmy), species
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Alkyl- and Aryl-Substituted Corroles

(Me,Et,Ph,Cor)Co (2) Scheme 2 @
045 - (Cor)Co(py)
e o o 2 %
~ [ J
€
L 0BT . (Concopyyl  <—= (CoCo™py; gy T
3 - -
;§ = Co(Ill)— Co(II) ¢ %,
2 ) =596 nm ° 4
< 025 | I [(Cor)Co"]"
| L4 aE, is more negative thaik;; thus, process | is thermodynamically
° favored over process II.
0.15 - ° ° . . . .
®e o o Similar experiments were carried out for each corrole in
T T T T T pyridine, and the measured half-wave potentials are sum-
-0.50 -0.60 -0.70 -0.80 -0.90 marized in Table 1. These values range betwe8rv0 and
Eapp (V ¥5 SCB) —0.74 V for compound&—6. TheEy, for compoundl was
060~ o evaluated as-0.78 V by cyclic voltammetry.
v The assignment of (Cor)®dgpy) and not Cor)C8(py).
0.30 |- as the species being reduced in eq 4 is based on the fact that
slope = 0.058 V a slow chemical reaction precedes electron transfer (a CE
B 00 [o-semomenosnnonennn : mechanism) as evidenced by the drawn out shape of the
= ; current-voltage curves (such as those illustrated in Figures
@_0‘30 L 1 and 7). This chemical reaction preceding electron transfer
- N could involve a dissociation of one or two axial pyridine
060l : ligands, but the dissociation of both ligands on the time scale
' + Co(Ilh) —Co(ID) g of the experiment is highly unlikely to occur given the large
0.9 ' Ejp=-072V binding constants% > 10°), which strongly favor the mono-

' T ' ! ' ' ' ' and bisligated complexes in solutions containing pyridine.
-0.69 -0.70 -0.71 -0.72 -0.73 -0.74 -0.75 -0.76 . . .
E. (V vs SCE) The redox potentials for the Co(lll)/(Il) process in pyridine
o are much more negative than for reduction of uncomplexed
Figure 7. (a) Absorbance vs applied potential and (b) log([ox]/[red]) vs (COF)Cd” in CH,Cl, (see the potentials in Table 1) and, when
Eapp for the Co(ll1)/Co(ll) process of. ) ) . N .
combined with the stepwise binding constants for pyridine
addition to the four-coordinate compfefK; = 10° andK;
which is actually in solution and (Cor)®gpy), the form = 10%), strongly indicate formation of (Cor)Cgpy) as the
of the complex which is more easily reduced than electroactive species. It must be emphasized, however, that
(Cor)Cd'(py): and is formed at the electrode surface prior the species in solution prior to reduction is (CorjQpy).
to electroreduction. The “ill-defined” reduction in pyridine and that the driving force for ligand dissociation is the more
is illustrated in Figure 1 for the case of compougdand facile reduction potential of the monopyridine adduct.
the same drawn out reduction process is also seen in Figure The half-wave potentials foB were also measured in
6 for the case of (Mg&tPhCor)Co @). The reduction of ~ PhCN containing 0.1 M TBAP and 0.63.94 M pyridine,
compound? in a thin-layer cell at a series of progressively and thesé,, values were then plotted vs log [py] to deter-
more negative potentials gives the resulting-tWs spectra  mine the number of pyridine molecules complexed to the
illustrated in the same figure. The starting species displayssingly oxidized and singly reduced species. The resulting
the characteristic bispyridine cobalt(lll) corrole band at 596 data are shown in parts a (oxidation) and b (reduction) of
nm, and the electrogenerated cobalt(ll) corrole has two well- Figure 8. As seen in the figure, there is no dependence of
defined visible bands at 548 and 635 nm, both of which are the pyridine concentration oy, for oxidation, consistent
also seen upon controlled potential reduction of the samewith the lack of a change in coordination upon the abstraction
corrole in CHCI.° of one electron, thus clearly indicating a conversion of
A plot of the 596 nm band absorbance vs the applied (Cor)Cd"(py): (the species in solution) to [(Cor)@¢py).]*
potential is shown in Figure 7a, and these data were thenas shown in Scheme 2. This contrasts with the case for
utilized to construct a plot of log([ox]/[red]) vs applied reduction (Figure 8b), where tH&/, vs log [py] plot has a
potential which is illustrated in Figure 7b. This analysis leads slope of—0.123 V as compared to the expected theoretical
to a line with a Nernstian slope of 0.058 V and an intercept slope of—0.118 V for a one-electron reduction coupled with
of —0.72 V which is assigned as th&/, for the Co(lll)/ the loss of two pyridine ligand®.Thus, the electrochemical
Co(ll) process in pyridine. This reaction is given by eq 4 and spectroelectrochemical data (discussed earlier) are self-
and the overall reduction mechanism shown in Scheme 2.
(21) Kadish, K. M. Inlron Porphyrin, Part Il, Lever, A. B. P., Gray, H.

(Cor)Cd”(py) +e = [(COI‘)CdI]_ + py (4) Eé.l,gl-zds.; Addison-Wesley Publishing Co.: London, 1983; pp-161
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Figure 8. Eippvs log [py] for the (a) first oxidation and (b) first reduction
of 3 in pyridine/0.1 M TBAP.

consistent with the overall electrode reaction and can be
described by eq 3.

The data in Figure 8b were also used to calculate the
binding constant for the addition of two pyridine ligands to
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(Cor)Cd" using standard electrochemical equatiéasd led

to a logf, = 7.8 in PhCN. This value compares favorably
to the logp, = 7.0 in CHCI, as determined earlier by UV
vis spectroscopic measuremént.

Summary. The electrooxidation mechanism of six corroles
was examined in four different nonaqueous solvents contain-
ing 0.1 M TBAP. Dimers are invariably formed upon
oxidation in CHCl,, and this contrasts with what is seen in
pyridine, where only monomers are observed. The oxidation
mechanism in PhCN and THF is intermediate between the
two cases, and either monomers or dimers are formed
depending upon the solvent Gutmann donor number and the
number or location of aryl substituents on the corrole
macrocycle.

The bispyridine adduct of the neutral compounds in
pyridine undergoes a reversible ring-centered one-electron
oxidation to form a corrole cation radical which retains the
two bound pyridine axial ligands. However, the metal-
centered reduction of the corrole is irreversible in pyridine
and proceeds via the unreduced monopyridine adduct to give
an unligated cobalt(ll) corrole as the final reduction product.
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