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Eleven free-base corroles with different electron-donating or electron-withdrawing meso substituents were characterized
as to their electrochemistry and UV-visible spectroscopy in benzonitrile (PhCN) or pyridine containing tetra-n-
butylammonium perchlorate (0.1 M). Six forms of the compounds with different numbers of protons and/or oxidation
states were spectroscopically identified and are represented as (Cor)Hs, (*Cor)H,, [(Cor)Hy]™, [(*Cor)HoJ?~,
[(Cor)H,]*, and [(*Cor)H,]?*, where Cor is a trianionic corrole macrocycle. The electrochemistry and UV-visible
properties are a function of corrole basicity, solvent basicity, and types or sizes of the meso substituents, and the
compounds could be subdivided into one of two different groups, one of which comprises sterically hindered corroles
and another that does not. The electroactive species in PhCN is (Cor)Hs, whereas in pyridine, one inner proton
dissociates, generating a mixture of (Cor)Hs, [(Cor)H,]~, and pyH*. The addition of one electron to [(Cor)H,]~
reversibly gives the [(*Cor)H,]>~ s-anion radical, whereas a reversible oxidation of the same species gives the
neutral radical (*Cor)H,. The first one-electron reduction of (Cor)Hs occurs at the macrocycle in PhCN, but the
initial product rapidly converts to [(Cor)H,]~, which undergoes additional reversible redox reactions at the conjugated
sr-ring system. The first oxidation of (Cor)Hs in PhCN leads to a mixture of (*Cor)H, and [(Cor)H4]*, both of which
could be further oxidized or reduced. The UV-visible spectra of [(Cor)H,]* were measured in PhCN after titrations
with trifluoroacetic acid, after which selected samples were examined as to their electrochemistry. The HOMO-
LUMO gaps of [(Cor)H,]~, (Cor)Hs, and [(Cor)H,]* were also determined.

Introduction have been synthesized and spectroscopically or electrochemi-

Research activity on metallocorroles has increased dra-Cally characterized in nonaqueous mefdiaput relatively
matically in recent years, providing much information on féw studies have concentrated on unmetalated free-base

how these compounds differ from related metalloporphyrihs. ~ COrrole precursors, in large part because these species

Numerous transition-metal and main-group metallocorroles Undergo a facile gain or loss of protons, giving a mixture of
the neutral corrole, either protonated [(Cof)Hor depro-
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Scheme 1 Chart 1
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The addition or loss of protons by (Conrldccurs at the
four inner nitrogens of the macrocycle, as shown in Scheme (AgB-corrole)
1, with the exact position of the acid/base equilibria being

determined by the relative basicity of the solvent and corrole, 2P il R zo” £10UP type
where the latter can be tuned by the systematic placement e
of electron-donating or electron-withdrawing substituents at 2 NC‘Q— Me@’ -0.36 B
the meso- op-pyrrole positions of the macrocyclé:’® In Me
addition, acidic solvents containing (Corlgenerally lead -
to [(Cor)Hy*, whereas basic solvents generally lead to 3 Ny ) M°Q b B
[(ConH,]~, as can be ascertained by an analysis of the-UV Me
visible spectra that show a strong Q band for both the —
protonated and deprotonated forms of the free-base corroles ~ ° N7 Q b B
but not for the neutral compounds3. a3

One of our own interests in metallocorroles has been in 6 NC_@_ C}, 146 5
evaluating the redox potentials and BVisible spectroscopic - '
properties of these complexes in their oxidized or reduced F
forms using thin-layer spectroelectrochemistry and then 8 Q N@— b A
comparing these data to those of related metalloporphyrins .

to better understand the chemical reactivity of the examined  2individual o values were taken from ref 30 and are based on substituents
metallocorroled!2.16-18 and related corrolaziné®.In this at the ortho, para, and meta positions of the meso-phenyl gréBjggna

. . . values are not available for compounds with pyridyl groups at the meso-
regard, it is also important to evaluate the electrochemistry position of the corrole.
and spectroelectrochemistry of the free-base corroles and to
know how the redox potentials and WBWisible spectra will Chart 2
change as one adds or abstracts protons at the four central
nitrogen atoms of the macrocycle, that is, upon going from
(Cor)Hs to [(Cor)Hy]~ or from (Cor)H; to [(Cor)H]*. We
know from the literature that [[OECUH™ (where OEC= R R
octaethylcorrole) can be oxidized or reduced in nonaqueous
media?® but we do not know anything about the electro-
chemistry of deprotonated [(Cor)H derivatives or even
neutral corroles of the form (Cor}HThis is investigated in (Ay-corrole)

=

the present Article, which reports the electrochemistry and  ompound R 5ot growtype | compound R sob  grouptype
FsC
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to elucidate the electrooxidation and electroreduction mech- UV —visible spectra of the neutral compounds seemed to
anisms, half-wave potentials, and YVisible spectra fora  depend on the presence or absence of a substituent at one or
variety of in situ-generated free-base corroles that have neverboth of the ortho positions of the meso-substituted phenyl
before been spectroscopically characterized. The numberinggroups. Differences had previously been observed in the
of the compounds from to 11 in Charts 1 and 2 is based NMR spectra of the compounds, some of which were broad
on the first oxidation potential of [(Cor}ffi- in pyridine, and others of which were sharp, depending upon the steric
whereas group types A and B are based on the-\igible hindrance of the corrol€2° This suggested to us that a truly
spectra of the neutral free-base corroles in PhCN, where twocomprehensive study on the electrochemistry of free-base
different types of spectral patterns are observed dependingcorroles should involve not only a broad set of compounds
upon the type and size of the meso substituents on thepossessing different types of substituents but also derivatives
macrocycle. Both of these points will be discussed in this that were sterically hindered and those that were nonsterically
article. The compounds in group B can be considered to behindered.

sterically hindered corroles on the basis of comparisons with  To accomplish our goal, we elected to examine meso-
related porphyrind! whereas those in group A can be substituted corroles with two substitution patterns-type
considered to be nonsterically hindered derivatives. derivatives, compounds, 4, 7, and9—11, andtransA,B-

As will be discussed, the judicious selection of solvent type derivatives, compounds 3, 5, 6 and8 (Charts 1 and
conditions enables a facile generation of pure samples of2). The A-corroles were synthesized directly from aldehydes
[(ConH,]~, [(Cor)Hy] ™", or (*Cor)H; in solution, and these  and pyrrole?® and thetrans-A,B-corroles were synthesized
different forms of the free-base corroles can be oxidized or via dipyrromethane’ 2> We have chosen for characteriza-
reduced for comparison with data on the initial (Coy)H tion compounds bearing electron-donating and electron-
derivatives and also analyzed as a function of the type of withdrawing substituents as well as corroles having pyridyl
substituent at the meso position of the macrocycle. substituents that have never before been studied in detail.
Altogether, 11 different free-base corroles are characterized,

Experimental Section 6 of which can be considered to be sterically hindered (group

Instrumentation. Cyclic voltammetry was carried out with an ]
EG&G model 173 potentiostat. A three-electrode system was used Electrochemistry in Pyridine and Electroreduction in

n nsi f a platinum-disk working electr latinum wir . .
and consisted of a platinum-disk working electrode, a platinu € PhCN. The electrochemistry of the free-base corroles in
counter electrode, and a saturated calomel reference electrode

(SCE). The SCE was separated from the bulk of the solution by a nonagueous media was found to be a functlon of the corrole
fritted-glass bridge of low porosity that contained the solventy MESO s_ubsmuents as well as the spemﬂc_npnaqueous_ solvent,
supporting electrolyte mixture. All potentials are referenced to the Which in this case was PhCN or pyridine. As will be
SCE. discussed, (Cor)His the electroactive form of the corrole

UV —visible spectroelectrochemical experiments were performed in PhCN containing 0.1 M TBAP; however, in pyridine,
with an optically transparent platinum thin-layer electrode of the dissociation of one inner proton from the corrole readily
type described in the literatuf@ Potentials were applied with an  occurs to generate [(Cor) and H", as shown in eq 1.

were recorded with a Hewlett-Packard model 8453 diode array \yhich is also electroactive as discussed in the following
rapid-scanning spectrophotometer.

Chemicals and ReagentsThe investigated compounds were paragraphs.
synthesized as described in the literatufig?3 2,24 3,25 4,23 525 _ 4
6,23 7,23 8,25 and9—11.2% The structures are given in Charts 1 and (ConH; == [(ConH,] +H 1)
2, which differ according to the substitution pattern at the meso
positions of the macrocycle, one group of compounds bars Examples of cyclic voltammograms for the reduction and

A,B-type derivatives (cpdg, 3, 5, 6, and8) and the other being oxidation of [((Ck).PhkCor]H; (9) at a Pt electrode in
As-type complexes (cpdk 4, 7, and9—11). Pyridine (py, 99.8%) pyridine and PhCN are shown in Figure 1a, and a summary
was obtained from Sigma-Aldrich and used as received. Benzonitrile of the redox potentials for all of the compounds in the two
(PhCN) was purchased from Aldrich and distilled ovgdPunder  splyents is given in Table 1, where the justification for the
vacuum prior to use. Tetrrbutylammonium perchlorate (TBAP,  asignment of each reactant to a specific electroactive species,

Fluka chemical company) was twice recrystallized from absolute _ L . .
ethanol and dried in a vacuum oven at 40 for a week before }(:Ji‘rjerl)gl_rip[h(scor)HZ] . or pyH", is given in the following

use. Trifluoroacetic acid (TFA, 99%) was purchased from Aldrich . . -
The electrochemistry 0® at a Pt electrode in pyridine

and used as received. ) / ity
) ] consists of three reductions and two oxidations betwie@9
Results and Discussion and—2.0 V versus SCE. The first reduction is irreversible
Rationale for Design and Synthesisin our initial studies and is located at a peak potential-60.64 V for a scan rate
of triaryl free-base corroles, we observed that the color and of 0.1 V/s. Two additional reversible reductions located at
Ei, = —1.52 and—1.86 V are observed for this compound.

(21) Lindsey, J. S.; Wagner, R. W. Org. Chem1989 54, 828-836.

(22) Lin, X. Q.; Kadish, K. M.Anal. Chem1985 57, 1498-1501. The first oxidation of9 is also reversible in pyridine and is
gig gryto, B. $.;§o§za;n% Bgrg. Eéiﬁmolz.o%rie&ﬂi%?é 71 225%357- located at 0.27 V, and this process is followed by an
ryko, D. T.; Jadach, KJ. Org. Chem , — . " . . . . _ . :

(25) Gryko, D. T.; Piechota, K. El. Porphyrins Phthalocyanine2002, 6, ?dd'tlonal irreversible oxidation &, = .0-84_ V, which is
81-97. just on the edge of the solvent potential window.
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a) [((CF3),Ph);Cor]H; (9)

pyridine

b) 10> M HCIO,

Shen et al.

-0.72

pyridine .
-0.44
PhCN
—
T T T T T T T T
0.8 0.4 0.0 -0.4 -0.8 -1.2 -1.6 -2.0

Potential (V vs SCE)
Figure 1. Cyclic voltammograms of (a) [((GI-PhkCor]Hs (9) and (b) HCIQ (103 M) in pyridine and PhCN, 0.1 M TBAP. Scan rate: 0.1 V/s.

Table 1. Half-Wave Potentials (V vs SCE) at a Pt Electrode in Pyridine and PhCN Containing 0.1 M TBAP

[(Cor)Hz]~ ox (Cor)Hs rec? [(Cor)Hg]~ red

solv. compound secofd first pyH' red? first second first second

py [(MePh}Cor]Hs (1) 0.54 0.10 —0.80 —1.85
[(MesPh)(CNPh)Cor]H (2) 0.68 0.13 -0.79 —1.96
[(MesPh)(py)Cor]Hs (3) 0.69 0.14 -0.79 —1.93
[(CFsPh%Cor]Hs (4) 0.70 0.18 —0.70 —1.67
[(Cl.Ph)(py)Cor]Hs (5) 0.76 0.22 —0.74 —1.80
[(CI.Ph)(CNPh)Cor]H; (6) 0.75 0.21 -0.73 -1.78
[(CNPhXCor]Hz (7) 0.70 0.20 —0.68 —1.65
[(py)2(F2Ph)Cor]H; (8) 0.72 0.24 —0.69 —1.62 —1.94
[((CF3)2Ph)%Cor]Hs (9) 0.84 0.27 —0.64 -1.52 —1.86
[(FaN3Ph)xCor]Hs (10) 0.82 0.34 —0.65 —1.64
[(FsPh%Cor]Hs (11) 0.84 0.37 —0.65 —1.57

PhCN [(MePh)Cor]Hs (1) —-0.08 -1.36 -1.91
[(MesPh)(CNPh)Cor]H (2) —-0.02 —-1.30 —1.54
[(MesPh)(py)Cor]Hs (3) -0.02 —-1.33
[(CFsPhY%Cor]Hs (4) 0.09 -1.13 —1.50 -1.71
[(CloPh)(py)Cor]Hs (5) 0.09 -1.21 —-1.86
[(Cl,PhR(CNPh)Cor]H; (6) 0.10 —-1.23 —1.53 —1.85
[(CNPh)Cor]Hs (7) 0.11 -1.13 —1.53 -1.72
[(py)2(F2Ph)Cor]H; (8) 0.14 —-0.98 —1.67 -1.98
[((CF3)2Ph%Cor]Hs (9) 0.21 -1.03 —1.40 —1.60 —1.90
[(F4N3Ph)Cor]Hz (10) 0.30 —1.02 -1.5¢ -1.82
[(FsPh%Cor]Hs (11) 0.31 -1.04 —-1.55 —1.64

apPeak potential at a scan rate of 0.1 WW3he process overlapped with the reduction of the azide group on the corrole.

Some of the features of the voltammogram in pyridine
are also observed for compoufidn PhCN, but differences
do exist. One difference is in the potential of the first
reduction that is located &, = —1.03 V in PhCN as
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compared to that &, = —0.64 V in pyridine. Another is

the presence of an irreversible process with reduced intensity
at E, = —1.40 V in PhCN that is not seen in pyridine. In
addition, compound® shows no redox processes in PhCN
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between 0.00 and 0.35 V on initial scans in a positive  a)pyridine Initial compound
direction, but a well-defined oxidation/reduction couple is a3 L After reduction at -1.20 V
seen on the second positive potential sweep after scanning \

through the first reduction. This is shown in Figure 1a where
the new redox couple is located B, = 0.21 V.

The redox potentials and shapes of the curreottage
curves for the other 10 investigated corroles are similar to
those of compoun@ in the two solvents, and in each case,
distinct differences are observed between pyridine and PhCN.
For example, all of the voltammograms in pyridine display
an irreversible first reduction &, = —0.65 t0 —0.80 V,
whereas PhCN solutions of the same compounds display an , , , X
irreversible first reduction &, = —0.98 to—1.36 V (Table 300 400 300 600 700 800
1). Some of the voltammograms also exhibit an irreversible
reduction with reduced current &, = —1.40 to—1.56 V

-1.20V

=

in PhCN, but none of the corroles show this reduction in  ®PhCN 445 Initial compound
pyridine (Figure 1 for9). In addition, all of the compounds waly T Electrogencrated species at -1.20 Y
exhibit one or two reversible reductions betweeh.52 and i 120V

—1.96 V. The exact value oEy, for the latter processes A 4
depends on the specific corrole, but very little difference in —s

Ei is observed between the two solvents for a given AR

compound. Another point of similarity involves the first
oxidation in pyridine. The reversible potentials range from
Ei, = 0.10 to 0.37 V for the 11 compounds in pyridine,
and a similar redox couple is observed for (Cay)HPhCN
after sweeping the potential to values of negatiydor the
first reduction. An example of this behavior is shown in |

Figure 1 for the case of compours] whereE;), for the 300 400 500 600 700 800
8x2|(ia\t}on and rereduction of the electrogenerated species is Wavelength (nm)

o . . oo Figure 2. Thin-layer UV-visible spectra of [((CE).PhxCor]Hs (9) before
As indicated in eq 1, the proton dissociation of (Caf)H (-) and after (- - -) electroreduction in (a) pyridine and (b) PhCN, 0.1 M

in pyridine leads to [(Cor)k~ and H" (pyH™), the latter of TBAP.
which is reduced to b giving back the initial pyridine o o )
solvent. The potential for Hreduction in nonaqueous media  Visible spectra for the initial compound, which shows no
depends on the concentration of the acid in solution, the €vidence for [(Cor)bl~ under these solution conditions.
properties of the nonaqueous solvent, and the type of working An assignment of the actual corrole in solution before
electrode materig®27 Of most importance in the current carrying out the electrochemical experiments, (Cerj
study is the fact that a pyridine solution to which has been [(Cor)H.]~, can also be made on the basis of the electro-
added 103 M HCIO, and 0.1 M TBAP exhibits an chemistry combined with the UWvisible spectroscopic
irreversible proton reduction &, = —0.72 V in pyridine characterization of the reactant and product after controlled-
and —0.44 V in PhCN for a scan rate of 0.1 V/s (Figure potential oxidation or reduction in a thin-layer cell. The
1b). The peak potential for the irreversible reduction of the Vvoltammetric data in Figure 1 suggest that the first irrevers-
added proton in pyridine is just in the rangeEffor a similar ible reduction in PhCN involves electron addition to [(€zF
process for all 11 free-base corroles in this solver.65 Ph)Cor]Hs (9) rather than the reduction of a liberated H
to —0.80 V). The shapes of the currentoltage curves are  in solution, and this is also the conclusion arrived at from
also similar, thus strongly suggesting a reduction of pyH an analysis of the thin-layer spectra shown in Figure 2. As
after the loss of one proton from (Cor)Has shownineq 1.  S€en in this Figure, the UWisible spectra in pyridine are
Proton reduction is not seen at a Pt electrode for PhCN Virtually identical before {) and after (- - -) the controlled-
solutions containing either [((GREPh)kCor]Hs (9) or any of ~ potential reduction of the proton (pyhl from [((CFs)z-
the other free-base corroles, wheredM HCIO, displays ~ Ph)jCor]Hs (9), and this is what would be expected for the
a reduction peak &, = —0.44 V (Figure 1b). This result is dissociation shown in eq 1 if it were completely to the right,
consistent with the equilibrium in eq 1 being shifted thatis, if all of the (Cor)H were converted to [(ConHi.
completely toward the undissociated form of (Coy)id In contrast, quite different U¥visible spectra are obtained
PhCN, a conclusion also reached on the basis of the-UV in PhCN before {) and after (- - -) a controlled-potential
reduction at—1.20 V. Here, the undissociated [((§F
(26) Sawyer, D. T.; Sobkowiak, A.; Roberts, J. L., Hiectrochemistry Ph)Cor]Hs (9) is characterized by a Soret band at 424 nm,
for Chemists2nd Ed.; John Wiley & Sons: New York, 1995. a shoulder at 442 nm, and two visible bands at 585 and 620

(27) Barrette, W. C., Jr.; Johnson, H. W., Jr.; Sawyer, DAfial. Chem. . ; ;
1984 56, 1890-1898. nm. This contrasts with the spectrum after electroreduction
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in PhCN. The new spectrum has a Soret band at 445 nm @) InPhCN -130V

and an intense visible band at 643 nm, which is virtually I
the same spectral pattern seen 9an pyridine before and /
after the controlled-potential reduction of the liberatet H
(pyH") from (Cor)Hs.

The spectroelectrochemistry data in Figure 2b is consistent
with the electrochemical data in Figure 1 and points to a
conversion of [(Cor)]H to [(Cor)H;]~ in PhCN only after
the controlled-potential electroreduction ®fat —1.20 V.

The electrogenerated [(Cor)H is further reduced in PhCN
atE;, = —1.60 and—1.90 V, and these potentials can be
compared to quite similaEy; values of—1.52 and—1.86 300 200 500 00 700 500
V for [(Cor)H]~ reduction in pyridine, the small differences

being due to differences in liquid-junction potentials and 439

solvation differences between the two solvents. b) In pyridine | Loy

Additional proof for the assignment of [(Cor}H as the '

(Cor)Hs reduction product in PhCN comes from the fact that
the new oxidation/reduction couple seen on the reverse scan
in PhCN has a half-wave potentiak,(, = 0.21 V) that
closely matches that for the first oxidation of [(Cop}H at

Ei2, = 0.27 V in pyridine. Because there is no evidence for
the direct reduction of free Hin PhCN (which occurs &,

= —0.44 V for a 10° M solution of HCIQ, Figure 1b),
(Cor)Hs is assigned as the electroactive species that initially
accepts an electron to giveQor)Hs]~ atE, = —1.03 Vin

this solvent. The electrogeneratedd¢r)Hs] ~ is then con- i i i i .
verted to [(Cor)H]~ as shown in eq 2a 300 400 500 600 700 800

Wavelength (nm)

(COI’)H3‘—e‘— [('COI’)HS]_ — [(COI’)HZ]_ + le (2a) Figure 3. UV-—visible spectral changes obtained during the thin-layer
2 controlled-potential electroreduction of [(CNBﬁ))r]Hs (7) at (a)—1.30

in PhCN and (b)-1.00 V in pyridine, 0.1 M TBA

but the time scale of this chemical reaction, which follows
electron transfer, is sufficiently slow so as to allow a further
reduction of any remaining fCor)Hs]~ on the electrode
surface. This electrode reaction at the conjugated corrole
macrocycle is proposed to occur flrat E, = —1.40 V
(Figure 1a). The concentration of@or)Hs]~ 9in PhCN and
hence the peak current for the process—t.40 V are
substantially reduced because of the formation of [(CgrH
and a similar irreversible process with reduced current height
is seen for 6 of the other 10 compounds through routine
cyclic voltammetry under the same solution conditions. The
peak potential for this reduction ranges fre.40 to—1.56

V, and these values are summarized in Table 1.

The electroactive form of the corrole in PhCN is un-
dissociated (Cor)kithat, in the case of [([CNP§Jor]Hs (7),
is characterized by a Soret band at 422 nm, a shoulder at
443 nm, and two visible bands at 584 and 619 nm.
Controlled-potential reduction at1.30 V in a thin-layer cell
leads to the quantitative formation of [(CorjH that, in the
case of compound, is characterized by a Soret band at 440
nm, a shoulder at 452 nm, and three visible bands at 546,
595, and 643 nm, the latter of which has a relatively high
molar absorptivity.

As mentioned earlier, and shown in Table 2, one of two
different UV—visible spectral patterns is observed for
(Cor)H; in PhCN prior to the first reduction. One group of

Spectroscopic  Characterization  of ConH]-, . . . ) )
('COF;)HZ and F[)('Cor)H 2]?~. Thin-layer spectroglectr)ocLem- compounds has a split Soret band with a maximum intensity
' i at 421-424 and 437443 nm and a ratio of molar absorp-

istry was L_Jsed to electrogenerate in situ anq spectroscopmallyM,[Ies between the two peaks of 1.3 and 1.5. The other
characterize pure samples of [(CogH (Conk, and roup, with one exception (compoui@), has a split Soret
[(*Cor)H;]%>". The relevant electrode reactions giving [(Coi)H group. P P » nas a sp
. band at 412416 and 425432 nm and a ratio between the
are shown in egs 2a (PhCN) and 2b (py), and examples Ofs lit Soret band intensities of 1.1 and 1.2. Other spectral
the thin-layer spectral changes obtained during the controlled- P ' - SP
differences are also observed between the corroles in the two

otential reduction are shown in Figure 3 for the case of ~ :
(F:)ompound [(CNPRCor]Hs (7) wherg the reduction was S€"eS that are labeled group A and group B in Charts 1 and
. 2. The compounds in group B can be considered to be

carried out in PhCN (Figure 3a) or pyridine (Figure 3b). sterically hindered corroles on the basis of similar assign-

(Cor)Hy + py == [(Con)H,]" + pyH* (2b) ments in the case of substitutent tetraphenyl porphytins.
le Despite differences in the UWisible spectra of the
1 neutral compound, similar types of spectral changes are seen
THy + py during the first reduction in PhCN, and the YVisible data
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Table 2. UV-—Visible Spectral Datal (nm, e x 1074 M~1 cm™), of (Cor)H; and [(Cor)H]~ in PhCN Containing 0.1 M TBAP

(ConHs [(ConH2]~
Soret region visible region Soret region visible region
group type  compd | Il aley

A 1 421 (10.6) 437 (7.9) 1.3 584(15) 622(1.4) 430(12.5) 452 (9.0) 536 (0.7) 596 (1.1) 644 (4.4)
4 422(9.4)  443(6.3) 15 584(17) 620(1.2) 439(10.7) 452(%3) 545(0.7) 596 (1.0) 645 (3.6)
7 422(11.7) 443(7.8) 15 584(2.1) 619(1.5) 440(11.6) 452 (10.3) 546(0.7) 595(1.2) 643 (4.0)
8 421(8.3) 437(6.H 1.4 581(1.6) 612(1.0) 440(9.7) 554 (0.5) 595(0.9) 640 (2.7)
9 424 (11.3) 442(8.3) 1.4 585(22) 620(1.5) 445 (12.4) 558 (0.9) 597 (1.3) 643 (3.9)

B 2 414 (11.8)  432(10.2) 12 571(1.9) 605(1.1) 432(10.2) 464(7.7) 553 (1.3) 587(1.5) 633(5.5)
3 412 (7.5) 430 (6.3) 12 570(1.3) 604(0.9) 430(7.3)  451(7.5) 549 (0.5) 584 (0.7) 631(2.8)
5 414 (10.0) 430 (8.5) 12 571(1.8) 609 (1.1) 432(10.6) 449(11.1) 550(0.7) 590(1.1) 630 (3.5)
6 416 (14.0) 432 (12.5) 1.1  571(27) 609 (1.6) 435(12.5) 449(12.0) 553(1.2) 589(1.5) 631(5.3)
10 421 (13.5) 570 (2.7) 607 (1.6) 442 (14.9) 547 (1.0) 589 (1.4) 623(3.2)
11 413(12.6) 425(11.8) 1.1 566(2.2) 605(1.3) 437 (16.8) 547 (0.7) 587 (1.4) 618 (3.3)

aShoulder peak.

Table 3. UV—Visible Spectral Datal (nm, e x 1074 M~% cm™?), of Electrogenerated [(Coryi and ¢Cor)H, in Pyridine or PACN Containing 0.1 M
TBAP

[(Cor)Hg]~ in py [(Cor)Hy] ™ in py (*Cor)H; in py (*Cor)H; in PhCN
group type compd Soret region visible region Soret region Soret region

A 1 427 (12.0) 450 (8.2) 540 (0.7)  595(1.1) 643 (3.8) 393 (5.6) 433 (6.5) 396*(3.8%436 (4.8)
4 438 (11.8)  452(10.8) 546(0.7) 596 (1.1) 645 (3.7) 418 (9.2) 420 (8.5)
7 439 (11.0) 449(9.7)  549(0.5) 595(0.9) 643 (3.3) 418 (8.8) 420 (10.6)
8 437 (10.7) 556 (0.4) 595 (0.8) 639 (3.1) 415 (7.5) 417 (7.6)
9 443 (13.4) 555(0.8) 595(1.2) 643(3.9) 416 (11.1) 417 (10.3)

B 2 430 (9.5) 460 (6.8) 553 (1.0) 586(1.2) 633 (4.9) 396 (9.8) 412 (9.5) 396 (9.7) 413 (9.6)
3 428 (12.8) 449 (11.7) 549 (1.0) 587 (1.2) 631(5.1) 398 (F0.6)408 (11.6) 397 (5.4) 410(6.1)
5 431 (11.3)  447(10.7) 551 (0.6) 590 (1.0) 629 (3.6) 398 7.6) 413(10.1) 399 (7.3) 413(9.0)
6 434 (10.6) 449 (10.3) 553 (0.9) 589 (1.1) 630 (4.6) 415 (10.4) 417 (12.8)
10 438 (12.6) 548 (1.4) 587 (1.6) 622 (3.2) 408 (8.7) 408 (9.1)
11 435 (13.5) 547 (0.7) 587 (1.5) 617 (3.0) 411 (8.3) 413 (11.3)

aShoulder peak.

in this solvent are summarized in Table 2, which gives the [(Cor)H,]~ derivatives in pyridine are given in Table 3 after
values ofmax and e for the two pure forms of free-base complete reduction of the liberated proton (pyhh a thin-
corroles in PhCN, that is, (CorjHbefore reduction and layer cell and are virtually identical to the data for the same

[(Cor)H,]~ after reduction. electrogenerated compounds in PhCN (Table 2). Again, two
The extent of H dissociation from (Cor)klis close to distinct types of spectral patterns are observed. Group A
100% for compound8 and11in pyridine, giving [(CorH]~ compounds in pyridine all have an intense Q band at-639

prior to electroreduction, but incomplete dissociation occurs 645 nm, whereas the group B derivatives in the same solvent
for the other nine investigated corroles, as determined by show an intense Q band at 631833 nm.

measuring the intensity of the most intense Q band for The UV—visible spectra of each neutraCpr)H, radical
[(ConH,]~ before and after carrying out the first electro- in pyridine and PhCN were obtained after thin-layer electro-
reduction?® An example of this is shown in Figure 3b for oxidation of [(Cor)H]~, and a summary of the spectral data
compound? in pyridine. The 643 nm band assigned to for this form of the free-base corrole in the two solvents is
[(Cor)H;]~ increases in intensity by about 40% after reduc- given in Table 3. The spectra in PhCN were taken after the
tion at —1.0 V, and this is consistent with a solution that oxidation of electrogenerated [(CorjH; however, in py-
initially contains 40% (Cor)gl and 60% [(ConH] . ridine a direct controlled-potential oxidation at 0.40 V leads
However, the reduction of pyHat —1.0 V leads to a shift  to (*Cor)H; in a thin-layer cell.

of the equilibrium in eq 2b such that all of the remaining  An example of the thin-layer spectral changes obtained
(Cor)H; corrole is converted to its [(CorgH form, and the during the first controlled-potential oxidation in pyridine is
final spectrum in pyridine (Figure 3b) is virtually identical shown in Figure 4a,where the electrode reaction occurs as
to the final spectrum of the electroreduced product in PhCN shown in eq 3. The final product of oxidation is a neutral
(Figure 3a). This spectrum of [(ConH (7) in pyridine is corrole radical, and this was verified by measuring the ESR
characterized by a Soret band at 439 nm, a shoulder at 44%pectrum for compound, which showed a strong organic
nm, and three visible bands at 549, 595, and 643 nm. Theseradical signal ag = 2.0047.

spectral data and those of the other 10 electrogenerated

(CoH, == [(ConH,] = (ConH,+e  (3)
(28) The percentage of initial [(Cor¥H in pyridine ranges from 13 to

100% and was calculated using data of the type shown in Figure 3b. o
The results are as followsL (19%), 2 (16%), 3 (13%), 4 (60%), 5 Although less than 100% of [(CoryH may be present

(52%),6 (47%),7 (58%),8 (74%),9 (95%),10 (45%), andL1 (100%). in pyridine?® as the oxidation of [(Cor)k~ to (*Cor)H,
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Figure 5. UV -—uvisible spectral changes during the thin-layer controlled-
Wavelength (nm) potential electroreduction of [(CNPjﬁ}or]Hg (7) at (a)—1.80 V in pyridine

Figure 4. UV—visible spectral changes during the thin-layer controlled- and (b)—1.85 V in PhCN, 0.1 M TBAP
potential electrooxidation of [(CNP§(or]Hs (7) in pyridine, 0.1 M TBAP

at (a) 0.40 V and (b) 0.80 V. Electrooxidation of (Cor)Hs in PhCN. The electro-
oxidation of (Cor)H at a Pt electrode in PhCN consists of
four redox couples, as shown in Figure 6 for compo8nd
The first oxidation ofd (labeled rxn 1) is irreversible and is
located aE, = 0.72 V for a scan rate of 0.1 V/s. The process
is coupled to a rereduction peakit= 0.26 V on the return
negative potential sweep (rxn Il).

Similar current-voltage curves were obtained for all of
the investigated free-base corroles in PhCN (selected
examples in Figure 7) although three of the compouids (
g and8) showed complicated behavior due to the involve-

ment of pyridyl substituents in acithase reactions. The
voltammograms in Figures 6 and 7 show no apparent
mechanistic differences in the oxidation behavior between
the nonsterically hindered corroles in the group A sertes (
and4) and the sterically hindered derivatives in the group B
series 2, 6, and10). The anodic peak potential for the first
oxidation of (Cor)H ranged fromE, = 0.38 to 0.86 V at a
scan rate of 0.1 V/s, whereas the coupled rereduction peak
was located betweeh,. = 0.00 and 0.42 V, witlEp, — Epc
values being separated by 25630 mV. The exact peak
potentials are listed in Table 4 where rxns\I are assigned
as electrode reactions of species generated in the initial

proceeds, the equilibrium in eq 3 is shifted to the right, and
all of the (Cor)H is consumed. As seen in Table 3, the final
spectra of the*Cor)H, derivatives in pyridine are virtually
the same as those in PhCN.

Finally, the irreversible oxidation ofCor)H, in pyridine
(at E, = 0.54 to 0.84 V) and the reversible reduction of
[(CorH,]~ in the same solvent (&, = —1.57 to—1.85
V) were investigated by thin-layer spectroelectrochemistry
for selected compounds. Examples of the -thisible
spectral changes obtained during these two processes ar
shown in Figures 4b (oxidation) and 5a (reduction) for
compound? in pyridine. Thin-layer electroreduction af
was also investigated in PhCN, and the spectroelectrochemi-
cal data is shown in Figure 5b. Both sets of spectral change
during the reduction of [(Cor)H~ (Figure 5a and b) are
consistent with the formation of a corrateanion radical,
[(*Cor)Hz]?, in that there is a reduced-intensity Soret band
and a broad visible band at 74748 nm. The relevant elec-
trode reaction that results in this species is shown in eq 4

[(ConH,]~ + e=[("Corn)H,]* (4)
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Figure 6. Cyclic voltammograms illustrating the oxidation of [((§)F
Ph)Cor]H; (9) in PhCN, 0.1 M TBAP at a Pt electrode.

1.6 1.2 0.I8 0l.4 OI.O
electrooxidation (rxn 1). Some of the processes are associated Potential (V vs SCE)
with (*Cor)H,, and the others can be assigned as associated ) ) ) o
with [(Cor)Hd]*, as indicated in the following discussion. (Fclzgﬁ;i;éor?éc(hzc),V[(zg?:;nprﬂggg%ss 'EL;’)‘St[r(aCt:Sgggfcﬁ(;dh"’;gooﬂﬂ [((6'5)"’%';);;1
Earlier electrochemical studies on the oxidation of [(F,NsPhxCor]Hs (10) in PhCN, 0.1 M TBAP. Scan rate: 0.1 V/s.
(OEC)H; by linear-sweep voltammetry in GBI, showed

the presence of four procesééshe latter two of which were Table 4. Half-Wave Potentials (V vs SCE) for the Oxidation of

assigned to an electron abstraction from [(OE&jHyener- (Cor)Hs and the Reaction of Its Oxidation/Reduction Products at a Pt
ated as a product of the first oxidation in solution. The Electrode in PhCN Containing 0.1 M TBAP
formation of [(Cor)H]" was also detected as an oxidation reactant products
product of the currently investigated free-base corroles in (ConHs  (ConH, [(ConHd* ¢
FhCN,fb(Lg th)ii'zwas accompanied by significant concentra- initial compd P Y m v
ions of ¢Cor)H,.
. . . [(MePh)xCor]Hs (1) 0.38 0.00 0.68  0.60 1.03

Evidence of mixtures of ‘Cor)H, and [(ConH]* as [(MesPhp(CNPh)CorH (2) 055 002 087 074 121
products of the first oxidation (rxn 1) is given in part by the [(MesPh)(py)Cor]Hz (3)°
presence of rxn II, assigned to ti€¢r)H, reduction, and &grfhl)zg;’)r]c'g](fé - 056 018 091 077 124
by a comparison of UV visible spectroelectrochemistry data [(Céph)z(CNph)Cor]H; (6) 0.68 019 1.01 0.84 1.37
obtained during rxn | with spectra of pureCer)H, and [(CNPh)Cor]H; (7) . 0.58 0.20 0.91 0.79 1.24

+ i i [(py)=(F2Ph)Cor]H; (8)

[('C.or)H4] samples in the absence of a m!xture. The-UV [(CF)oPhXCorlHs (9) 0.70 029 101 0.89 139
visible spectra of *Cor)H, are summarized for each  [(F,N;PhyCor]Hs (10) 0.84 0.38 1.13 1.00 1.41
compound in Table 3. The spectra of [(Cog)Hwere not [(Fs—Ph)Cor]Hs (11) 0.86 042 1.16 1.04 1.45

available prior to this study and were therefore measured in  apeak potential at a scan rate of 0.1 Wéil-defined peaks did not allow
PhCN after the in situ generation from (Cog)kblutions to the assignment of potentials or proces$dsnassigned reaction.

which trifluroacetic acid (TFA) in sufficient quantity had

been added to produce the protonated free-base corroles. Imnd a similar intense band is not seen for either (CooH

all cases, the addition of onetHrom TFA to (Cor)b (*Cor)H; (Tables 2 and 3). The complete UWisible spectral
proceeds stoichiometrically, indicating the complete conver- data for each protonated free-base corrole in PhCN are
sion to [(Cor)H]". The protonated corroles are characterized summarized in Table 5 and arranged in the same two groups
by a well-defined visible band between 632 and 694 nm, as those for (Cor)Hand [(Cor)H] . Here the main differ-
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Table 5. UV-—Visible Spectral Datal (nm, e x 1074 M~1 cm™), of [(Cor)Hs]* in PhCN

group Soret bands visible bands
type compd
A [(MePh)Cor]Hs (1) 428 (8.8) 459 (5.7) 544 (0.6) 694 (3.2)
[(CFsPh)Cor]Hs (4) 429 (9.4) 454 (5.9) 549 (0.5) 679 (2.6)
[(CNPh)Cor]Hs (7) 428 (11.8) 452 (7.8) 548 (0.7) 677 (2.9)
[((CFs)2Ph)Cor]Hs (9) 429 (12.0) 449 (7.7) 547 (0.6) 671 (2.8)
B [(MesPh)(CNPh)CorlH (2) 422 (11.6) 444 (10.4) 537 (0.8) 652 (2.7)
[(MegPh)(py)Cor]Hs (3) 466 (6.1) 557 (0.5) 610 (0.8) 651 (1.2)
[(Cl2Ph)(py)Cor]Hs (5) 459 (9.3) 557 (0.8) 599 (1.0) 646 (1.8)
[(CI.Ph)(CNPh)Cor]H; (6) 423 (14.4) 444 (12.3) 560 (1.0) 598 (1.3) 647 (3.1)
[(FaNsPh)Cor]H; (10) 426 (14.6) 550 (0.7) 593 (0.9) 639 (2.2)
[(Fs—Ph)Cor]Hs (11) 420 (13.2) 548 (0.5) 588 (0.8) 632 (1.7)

aCompound8 is not included because it contains two pyridyl groups that react with acid and limit the measureStenilder peak.

ence between the spectral patterns in groups A and B is inobtained after electrooxidation of [((g&Ph)xCor]Hs (9) in
the position of the Q band. The protonated corroles in the PhCN (Figure 8c). This result clearly indicates the presence
group A series have the most intense Q bands located atof a larger amount of the [(CoryH product after the one-
671-694 nm, whereas the compounds in the group B serieselectron oxidation of compoun@ than after the same
have strong Q bands at 63852 nm. electrooxidation of compoung.

The combined electrochemical and spectroelectrochemical  the most compelling evidence suggestir@af)H. as a

data Of, conr:poufr'ldi—ll suggests thf‘t tnehqxidation of second corrole oxidation product in rxn | is the appearance
(ConHsin PhCN first produces {ConH] ", which is a strong of rxn Il, which is not present in PhCN until after the

acid _and rapidly loses a prqton, givingConH, and H'. electrooxidation of (Cor)gl The cathodic peak potentials
The liberated H then reacts with another molecule of neutral .
for rxn Il are similar to the values d&;, for the ¢Cor)H,/

v . .
E%%Z)ﬁt:nzr&%uoiﬂ](f 82?an§2%rt23§c?é\,/zz eslhn;\li)\;:]uirr?eoc:s [(Cor)Hg]‘ couple of the _eIectrogenerated spgcies produced
5a and 5b: in the same solvent during the electroreduction of (Cer)H
(Table 1 and Figure 1). This similarity in potentials strongly
suggests the formation ofQor)H, upon the electrooxidation

€ /e + e +
(Cons==[(ConH| (Conk, +H (52) of (Cor)Hz in PhCN (rxn 1) and then its rereduction via rxn

(Cor)H, + H™ =[(ConH,]" (5b) Il to give [(Cor)H,]~ upon reversing the potential-sweep
direction.
The relative concentrations ofCor)H; and [(Cor)H]*t The initial oxidation of (Cor)Hin rxn | and the proposed

generated as products of rxn | in PhCN will depend on the reduction of the “Cor)H, product in rxn Il both involve a
basicity of the neutral (Cor)il which in turn will depend  chemical reaction following electron transfer (an electro-
on the specific electron-donating or electron-withdrawing chemical (EC) mechanism), and the classic box mechanism
substituents on the three meso positions of the macrocycle.given in Scheme 2 is proposed, where reactions la and Ib
We expected to obtain a larger concentration of [(Ce)H  combined represent the EC mechanism for the oxidation in
for the investigated corroles with meso-substituted electron- yyn | and reactions Ila and Ilb combined are those associated
donating groups than for those with electron-withdrawing yith the reduction in rxn Il (Figure 6). The liberated proton
substituents, and this is what we observed by comparing thej, the first oxidation step reacts with a second (Cer)H
spectra obtained during the first oxidation of [(hda)- molecule to give [(Cor)i*, as shown in eq 5b.
(CNPR)Cor]H (2) and [((CR)-PhkCor]Hs (9) with the UV= Additional evidence for the formation of bothQor)H,

visible spectra for the fully protonated corroles [((Mr@)- and [(ConH]* as products of rxn I is given by the spectral

(CNPh)ConH]" and [(((CR),PhkCor)H,]* obtained by N ) .
titration with TFA in PhCN solutions. Compour@has three da_ta in Figure S2 (Suppor_tlng Inf_ormatlon) for the elgctro-
oxidation of compound? in a thin-layer cell. The first

electron-withdrawing (CHPh substituents, and compound e :
2 has two strong electron-donating M substituents, thus oxidation at 0.65 V produces a spectrum with Sore'_t bands
giving two extremes of free-base corrole basicity. at 399, 420, and 444 nm dra Q band at 652 nm (Figure

A comparison between the UWisible spectra of electro- ~ S2@)- The spectrum of pureCor)H, 2 in PhCN has a split
oxidized (Cor)H and [(Cor)H]* generated by titration with ~ Soret band at 396 and 413 nm (Table 3), whereas the
TFA is given in Figure 8. A well-defined 652 nm band is sPectrum of pure [(Cori}* 2 in the same solvent has a
observed during the first oxidation of compouRdFigure split Soret band at 422 and 444 nm and two visible bands at
8a), and the same 652 nm band is seen for [¢NNg- 537 (weak) and 652 nm (Table 5). The spectrum after the
(CNPh)Cor)H]* generated upon titration of [(MBh)- first oxidation is clearly a mixture of these two forms of the
(CNPh)Cor]H (2) with TFA in PhCN (Figure 8b). In corrole, and classic equations for analyzing the-tiAéible
contrast, [(((CB)2PhxCor)H]* (9) has a strong 671 nm band spectrum of a two-component mixture can be used to
in PhCN (Figure 8d), but this band is missing in the spectrum evaluate the relative concentrations of each using the
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Figure 8. UV-—uvisible spectral changes during the electrooxidation or ftitration of §Nig(CNPh)Cor]H (2) and [((CR)2PhxCor]Hs (9) with
TFA in PhCN.

Scheme 2 increasing amounts of TFA, thus maximizing the concentra-
(Cor)H; - [('Cor)H3]+ tion of [(Clor)l-|4]Jr in solution and decreasing to zero the
Ia concentration of anyCor)H, that would be electrogenerated
Ib in rxn I. This electrochemically monitored titration of
ITb (Cor)H; (Cor)Hz in PhCN containing TFA was also carried out at a
[(Cor)H4]+ N + glassy carbon electrode to monitor the electroreduction of
[(Cor)H,] [(Cor)H4] T in the absence of overlapping currents due to the
[(Cor)H,] - (*Cor)H, reduction of the added H Although the reduction of the
Ila free proton in PhCN occurs &, = —0.44 V in PhCN at a
Pt electrode (for 1¢* M HCIO, solution), the same reaction
measured molar absorptivities of the pure compodhdbis is shifted to potentials more negative that.0 V when the

analysis was carried out and gave a composite spectrum forreaction is carried out at a glassy carbon or Hg electrode as
a mixture containing 60%Cor)H, and 40% [(Cor)H|*. This seen in Figure S1 (Supporting Information). This is in
spectrum is shown in Figure S2. The maximum amount of agreement with what has been reported in the liter&fure.
[(Cor)Hg]* cannot exceed 50% in the absence of an added The results of an acid titration of (CorjHin PhCN are
proton source, and thus the above analysis fits the sequencghown in Figure 9 for compoun®| [(MesPh)(CNPh)Cor]-
of steps given by eqgs 5a and 5b. _ Hs, and are highly informative. As TFA is added to the
Assignment of Other Oxidation ProcessesHaving solution and [(Cor)H* is generated, the concentration of
determined thatCor)H; and [(Cor)H] " are the only corrole  (Cor)H; decreases, as evidenced by a decreased current for
oxidation products in rxn | and that rxn Il involves a rxn |. At the same time, the currents for rxns Il and IV
conversion of LCor)H; to [(Cor)H,] ~ facilitates the assign-  disappear as those for rxn Ill increase in magnitude to
ment of the additional oxidation processes observed in PhCN.approximately double the initial value. At the same time, a
The assignment then becomes even easier by monitoring theyew reduction peak appearstt = —0.62 V, which reaches
electrooxidation of (Cor)klin PhCN solutions containing  maximum intensity and then does not increase with further
addition of TFA. This latter process is labeled as rxn VI.
(29) Skoog, D. A.; West, D. M.; Holler, F. J.; Crouch, S.Rindamentals

of Analytical Chemistry8th ed.; Thomson-Brooks: Belmont, CA, O”'Y [(Cor)H‘*]Jr is present in PhCN solutions Containing 8.0
2004. equiv of TFA; therefore, rxns Il and IV that are no longer
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Table 6. HOMO—LUMO Gap (V) of Free-Base Corroles in Pyridine and PhCN Containing 0.1 M TBAP

[(Cor)Hz]~Lin pyridine [(Cor)H]~tin PhCN (Cor)Hin PhCN
group HOMO—-LUMO HOMO—-LUMO HOMO—-LUMO
type compd  Ep®* Ey/zed gap (V) E/2™ Ey/ped gap (V) Ep Epred gap (V)
A 1 0.10 —1.85 1.95 —0.08 —-1.91 1.83 0.38 —1.36 1.74
4 0.18 —1.67 1.85 0.09 -—-1.71 1.80 056 —1.13 1.69
7 0.20 —1.65 1.85 011 -—-1.72 1.83 058 —1.13 1.71
8 0.24 —1.62 1.86 0.14 -—1.67 1.81 ¢ —0.98
9 0.27 —1.52 1.79 0.21 —-1.60 1.81 0.70 —1.03 1.73
av 1.86+ 0.06 1.82+0.01 1.72+ 0.02
B 2 0.13 —1.96 2.09 —0.02 0.55 —1.30 1.85
3 0.14 —1.93 2.07 —0.02 0.48 —1.33 1.81
5 0.22 —1.80 2.02 0.09 -—1.86 1.95 0.50 —-1.21 1.71
6 0.21 —1.78 1.99 0.10 -—1.85 1.95 0.68 —1.23 1.91
10 0.34 —1.64 1.98 0.30 -1.82> 0.84 —1.02 1.86
11 0.37 —1.57 1.94 031 -—1.64 1.95 086 —1.04 1.90
ad 2.02+ 0.06 1.95+ 0.00 1.84+ 0.07

apeak potential at a scan rate of 0.1 \W3he process overlapped with the reduction of the azide group on the cdrhibidefined oxidation.d Av =
averaged value.

(TFA] Scheme 3
Topd] «Fj://d [(ConH]
0.0eq ¢ || Ila
(Cor)H, =— [(Cor)H,]"
= (ConHy === [(Cor ;T — =20
300 1 [(ConH,]" =——= [(Cor)H,**

-0.62

8.0eq

Ired

and a broad band in the visible region of the spectra between
550 and 850 nm, with a maximum at approximately 687 nm.

The above electrochemical results are self-consistent with
the known acid/base properties of (Cos)ldnd the overall
oxidation/reduction mechanism of the 11 compounds in
PhCN is given in Scheme 3, where the a and b parts of rxns
I and Il indicate the chemical steps following electron transfer

e 00 04 08 a2 in the forward and reverse steps.

1.50 v -0.62
1 Istred

Potential (V vs SCE)

Figure 9. Cyclic voltammograms of 1.2% 10-3 M [(Me3Ph)(CNPh)- :
Cor]Hz (2) in PhCN, 0.1 M TBAP with different TFA concentrations. : [(Cor)H,l*

Ist ox;

present can be definitively assigned to the one-electron .
reduction and oxidation processes oEdqr)H,. The one- -—
electron oxidation of [(Cor)i] ™ is assigned as rxn lll, and
the one-electron reduction of the same compound is assigned
as rxn VI. Values ofE,,, for these two processes are not
very different from what was reported for the one-electron , 77V -105
oxidation and reduction of [[OECYH' to itsz-radical forms ot ; Jstred
in CH,CI, (0.42 and—1.10 V vs F¢/Fc)18 or o f =
The electrogenerated radical produced upon the reduction %
of [(Cor)Hy]™ in PhCN is unstable in PhCN because of the
loss or reduction of protons on the central nitrogens, but the

0.88

0.72

electrooxidized [Cor)H,]?" radical could be examined on : 183V Els"ed
the thin-layer spectroelectrochemical time scale and gave a ; (ConHy ;
species whose Soret and visible bands were significantly Istox} ;
decreased in intensity, as would be expected when an electron B _:;,L B

is abstracted from the conjugatedsystem of the macro- \fr _;'60
cycle. These UV-vis spectra were not examined in detail 0.23

except in the case of compouBdwhere [(Cor)H;]2" was 08 04 00 04 08 12 16

measured for comparison with the other forms of the free- Potential (V vs 5CE)
base corrole with the same .macrqcyde' The spectrum OfFigure 10. lllustration of the HOMG-LUMO gap (V) for different
[(*Cor)Hy)?" has a decreased-intensity Soret band at 432 nm protonated forms of [((C§.PhkCor] 9 in PhCN, 0.1 M TBAP.
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a) (Con)H; b) [(Cor)H,] ¢) [(ConHy]"

0.39

0.1

-0.1-

Potential (V vs SCE)
\

-1.04 1 -1.61

-1.8

Figure 11. Plot of the potentials for the redox reactions of three free-base corrole species in PhCN, 0.1 M TBAP vs the sum of the Hammett Eohstants (
for the substituents on the three phenyl groups of the compounds. Hammett constants are taken from ref 32.

429 R
a) [(Cor)H,]" 424 ¢) (Cor)Hs 445 ¢) [(Cor)H,]
643
585
620 597
558
| | | | | 1 1 1 | ] ! ! !
2+ 417 . . 2-
b) [(Cor)Hy] d) (“Cor)H, f) [(*Con)H,]
432 450
755
687
1 | | | | 1 | 1 | 1 ! I
300 400 500 600 700 800 400 500 600 700 800 400 500 600 700 800
Wavelength (nm)

Figure 12. Comparative UV-visible spectra of different free-base corroles of [(§ZPh)xCor] (9) in PhCN.

Because [(Cor)l* is the only free-base corrole in PACN  reason, an assignment of the oxidation reaction (rxn V) to a
solutions containing excess TFA, the reversible to quasi- specific free-base corrole must be left to further studies.
reversible rxn V must be associated with this species, but Electrochemical HOMO—-LUMO Gap and Linear
its current height does not change with the increase in Free-Energy RelationshipsBecause the neutral, protonated,
[(Cor)H4]* concentration as might be expected. For this and deprotonated forms of the free-base corrole can each be
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Scheme 4
In PhCN a) Soret band
ConH;
L. e s a5 (oM em T -
[(ConH,] [(Cor)H,] \('Cor)H‘;’ ) / 9 o N
(.] g 47}
H g e e .
~ T group A
j/ \ £ 415- {06
< \ 2,50
[(ConHy]" [(Con)Hs] weIL 3, i
[(ConH,]* +/] (CoHs %HZ STl 4 group B
{[ConH} (ConH, === [(ConH,] === [( ConH,]" === [(Cor)H}]" 405 . , , , ,
------------------------------------------------------------------------------------ 660
In pyridine b) Q bad
[(Cor)H,]" {“ . o 4g )
(Cor)H, - 6404 \\ o8 7/[/
I’ 2 s\) ————————————————
‘ o ‘g; /06 gg / group A
, . < H s
{ [(ConHy]* }=—— (Cont, [(ConHyT [¢ConHyl* & i el
+ . 1 620 ‘.\ 011// group B
pyH" | —— py + Ho Rl
oxidized or reduced by one electron, measurements of the 600 . ' . . .
electrochemical HOMGLUMO gaps for these three dif-
ferent species can be determined. The largest HGMO ¢) Q band
LUMO gap is for [(Cor)H]~, which averages 1.8& 0.06 7004 ConHLT*
and 2.02+ 0.06 V for group A and group B compounds, [(ConHy] (AT
respectively, in pyridine and 1.82 0.01 and 1.95 V for the \ T w
same two series of compounds in PhCN (Table 6). Slightly —~ 70 S~ a9 7?/
smaller HOMG-LUMO gaps of 1.724+ 0.02 and 1.84+ g | T -
0.07 V were determined for the two groups of (Coy)H o ZA\" group A
derivatives in PhCN, and a more significant decrease was &E 640 ;86 gA ,,"
observed for [(Cor)g]™, whose oxidation and reduction boAll T
. \ L~ groupB
potentials are separated by an average of 1.55 V for Seaos
compounds2 and 9 in PhCN, which is virtually the same
value of AE;, reported in CHCI, for [[OEC)H,] " (1.52 V)1° 6101 o ' ' ' ' '
The individual HOMO-LUMO gap for each compound in : L1 1.2 1.3 14 15
the different solvents is summarized in Table 6, and a £,/e;; (neutral cpd)
graphical comparison of the HOME@.UMO gaps for the Figure 13. Plot of the Soret band for neutral (Corlind the most intense
[(Cor)H4] ™, (Cor)Hs, and [(Cor)H]~ forms of compound® Q bands of [(Cor)H|~ and [(Cor)H]* vs the ratio of molar absorptivities
in PhCN is shown in Figure 10. for the split Soret bands of the neutral compouafk;.

The differences in the HOMOLUMO gap between
sterically and nonsterically hindered corroles in groups A phyrins? and meso-substituted corrolé¥° generally ranges
and B of (Cor)H and [(Cor)H]~ are associated with the from 50 to 100 mV depending upon the solvent and the
differences in both HOMO and LUMO levels of the nature of the central metal ion, if one is present.
compounds, and this is shown in Figure 11, which plots the  Several key pieces of information are obtained from the
potentials for the first oxidation and the first reduction of data in Figure 11. The first is that plots &f,, versus} o
(Cor)Hs, [(Cor)H,]~, and [(Cor)H] ™ versus the sum of the  give separate correlations for the A and B groups of
Hammett substituent constants on the meso-phenyl groupscompounds for both the oxidation of (CopHand
of the different complexe¥. The nonsterically hindered [(Cor)H4* and the reduction of (Cor)}and [(Cor)H] ™ but
corroles in the A groupl( 4, 7, and9) are represented by not for the oxidation of [(Cor)bl~. Thep for the different
solid circles and the sterically hindered corroles in the B redox reactions varies from 74 to 107 mV and is within the
group @, 6, 10, and11) are represented by open circles. The range expected for meso-substituted corroles of the type
slope of theAE;, versus) o plot is defined by the reaction

constantp,31 which in the case of meso-substituted por- (31) Zuma_n, P.Substituent Effects in Organic Polarographijenum
Press: New York, 1967.
(32) Kadish, K. M. InProgress in Inorganic Chemistry.ippard, S. J.,

(30) Hansch, C.; Leo, A. Taft, R. WChem. Re. 1991, 91, 165-195. Ed.; John Wiley & Sons: New York, 1986; Vol. 34, pp 43590.

2264 Inorganic Chemistry, Vol. 45, No. 5, 2006



meso-Substituted Free-Base Corroles in Nonaqueous Media

examined in the present stutl’® The linearity in thekEy, troelectrochemistry, and five different types of free-base
versus Yo plots was expected because one would not corroles with different degrees of protonation and different
anticipate a change in the electron transfer site or mechanisnmoxidation states were spectroscopically characterized. The
upon going from electron-donating to electron-withdrawing UV —visible data for each form of the free-base corrole in
substituents in the corrole macrocycle. However, what is PhCN and/or pyridine are summarized in Tables 2, 3, and
unexpected is the fact that the sterically hindered corroles 5, and spectra of [(Coriit, (Cor)Hs, (*Cor)H,, [(Cor)H]~,

(2, 6, 10, and 11), which may have a more distorted and [¢(Cor)H,]>~ are shown in Figure 12 for compourgd
macrocycle, are generally more difficult to oxidize and more Ty types of spectral patterns are observed for (Cgr)H
difficult to reduce than_the nonsterically hindered derivatives ang two distinct groups of UWvisible spectra are also
(1,4, 7, and9), and this leads to a larger HOMQUMO  gpserved for the protonated and deprotonated fornis-fl

gap for the group B compounds in each series of reactions, 55 summarized in Figure 13, which correlates (a) the Soret
as shown in Table 6. It is also of interest that there is N0 panq of (ConH, (b) the Q band of [(Cor)H-, and (c) the
significant_ or systematic difference in tpevalues when the Q band of [(ConH]* to the ratio of the Soret band
electroactive species changes from [(Cef)Hto (Con)H absorbances for the neutral compound as listed in Table 2.

i . . o AL
to [(Cor)Hy|™ and this would result in a similar site of e game effect of steric hindrance must be operative on

oxidation or red'uction in each case. ' _ [(Cor)Hs]* as well as on [(Cor)b]~, and a plot Oftmax for
Summary. This Article presents the first comprehensive the Q-band of [(Cor)kl* versusima for the Q band of

study on the electrochemistry and spectroeIectrochemistry[(COr)HZ]_ is linear, as shown in Figure S3 (Supporting

of meso-substituted free-base corroles, and the preVai”nglnformation). The same trends as those in the present study

tmhe(;han_lsms tf_or :hg oxlldatlton and_redu_ctlgnhof (C(ir)":j q may or may not be observed for transition-metal corroles
€ two Investigated Solvents are given in Scheme 2. Under,, iy, oimijar macrocycles and/or similar meso substituents,

both solution conditions, the electrochemistry of (Car : : . .
dominated by the redox reactions oE6r)Hh, [)ECOS)Hz]Ei and further studies are needed to clarify this point.
and [(Cor)H]*. The first reduction of (Cor)gidirectly or Acknowledgment. We gratefully acknowledge the
indirectly involves one of the protons on the macrocycle, sypport of the Robert A. Welch Foundation (K.M.K., Grant
giving [(Cor)H;]™, which is itself reversibly reduced E.gg0), the Polish Ministry of Scientific Research and

or oxidized by one-electron, giving the radical dianion |nformation Technology, and the Volkswagen Foundation.
[(*CorH]?> and the neutral radicatGor)H,, respectively.

The one-electron oxidation of (CorjHinitially gives Supporting Information Available: Cyclic voltammograms of

[(*Cor)Hs]™ in PhCN, but this strong acid rapidly loses a HCIO, in pyridine and PhCN, an analysis of the BVisible

proton or reacts with another neutral (Cog)olecule to  spectrum for electrooxidized [(MBh(CNPh)Cor]H in PhCN, and

generate *Cor)H, and [(Cor)H]*, each of which can be a correlation of the Q-bands for [(ConjH and [(Cor)H]~ in PhCN.

oxidized or reduced in one-electron-transfer steps. This material is available free of charge via the Internet at
The spectroscopic properties 6E0r)H,, [(Cor)H;] -, and ~ ttP://pubs.acs.org.

[(Cor)H4]*™ were monitored by thin-layer U¥visible spec- IC051729H
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