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Corrphycene (Cn) is a structural isomer of porphyrinthat was synthesized for the first time 5 years ago. This
paper reports on the redox properties of free-base octaethylcorrphye®ied and 16 metal complexes derived
therefrom. In CHCI; solution, the free base and the metallo(ll) octaethylcorrphycen8B@n, typically undergo

four distinct one-electron redox steps involving the tetrapyrrolic macrocycle, of which two are reduction steps
and two are oxidations. One exception to this general pattern is displayed by #ECao complex. In this
instance, the first one-electron reduction is metal-centered and produt@EQu A comparison of the redox
potentials of corrphycenes with those of porphyrins and porphycenes indicates that the first reduction potentials
of the free base and of the metallo-octaethylcorrphycenes are between those of the porpttheceasiest to

reduce molecules in this set of isomeric tetrapyrrolic systeamsl those of the porphyrins. The oxidation potentials

of corrphycenes and porphyrins are found to be quite similar. On the other hand, porphycenes are oxidized at less
positive potentials. The redox ga&{E;,, = E;,°¥1 — Ey R4 is equal to 2.15- 0.08 V for the free base corrphycene

and the various metallocorrphycenes that were subjected to study. This redox gap is not much different from that
observed in porphyring\E;2 = 2.25+ 0.1 V), whereas if differs significantly from that observed in porphycenes
(AEy, = 1.85+ 0.15 V). The sequence of theads;, values parallels the lowest energy absorption maxima
observed in the UV vis spectra of these three isomers.

1. Introduction
Although porphyrins, being molecules attracting interdisci-
plinary interest, have been the subject of intense resédrith,
was only fairly recently (19886)that a constitutional isomer of -

porphyrin 1 ([18]porphyrin-(1.1.1.1¥) was synthesized. This A1LD) 2.02.0) 2101
isomer, termed porphycerg[18]porphyrin-(2.0.2.0¥)(Figure 1 2 3
1), contains a rectangular, inward-poinfindy coordinating core Fiure 1. Free-base porphvrid ([18]-norohvrin-(1.1.1.1.)) and its
and, like porphyrin, may be regarded as a hetero [18]annU|ene-isgmers porphyceng (F[)18]p-p)(/)rph§/[rin!(g.0.p2.g.)) énd corr)p)hycer&a
Porphycene and its derivatives form stable complexes with quite ([18]-porphyrin-(2.1.0.1.)). The three isomers are reported here as [18]-
a variety of di- and trivalent metal cations and display well- porphyrins-(...).
defined Soret and Q-like bands in the visible spectrum.

In addition to porphycene, several other porphyrin isomers bisethoxycarbonyl derivatives. Corrphycene contains a trap-
have become known during the past few yéadsnong these, ezoidal N, coordinating core but, like porphyrin and porphycene,
corrphycene3 ([18]porphyrin-(2.1.0.1), Figure 1) has been is capable of stabilizing complexes from a wide range of di-

prepared by no less than four groups asfAtectamethyl$ and trivalent metal catior’sTo date, corrphycene has been
B-tetramethyltetraethyl-8 B-octaethyl-/ and S-hexamethyl- characterized structurally in both its free-baaad protonated
forms!! as well as in the form of numerous metal complexes.
T UniversiteLouis Pasteur. However, it has yet to be subjected to detailed electrochemical
" Universitd zu Koln. analysis. In this paper we report the redox properties of free-

§ University of Austin. .
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with porphyring-212-15 and porphycene$; 23 were intended to 15
increase our understanding of structdeetivity relationships

in porphyrinoid systems. In this context, the fact that porphyrin,

porphycene, and corrphycene defined a congruent, matched set 20 |
of N4 metal coordinating isomers was considered particularly
important; it was expected to allow detailed comparisons to be
made.
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2. Experimental Section

-40 .
. . . Potential (V vs. SCE
The metallocorrphycenes used in this study were synthesized \ . ) oen.. (Vl L )

according to the generalized metal insertion procedures described 15 -10 -05 00 05 1.0
previously??425In all cases3-substituted octaethyl derivatives (i.e.,
2,3,6,7,11,12,17,18-functionalized systems), abbreviated as X(OECn) \L

o
o
i

(X = H; or M) for the purpose of this report, were employed.
Electrochemical measurements were carried out at room temperature T
(20 £+ 2 °C) in DMF or CH_CI, containing 0.1 M BuNPF; as the

electrolyte in a classic three-electrode cell. Relevant solvent purification 0.0
protocols and experimental electrochemical procedures are described L S BN N LA SR S A
elsewher&2¢and are available as Supporting Information. Briefly, the 300 400 500 600 700 800 900 1000
working electrode was a glassy carbon disk, the auxiliary electrode Wavelength (nm)

was a platinum wire, and all potentials were measured versus a silver

) ) . Figure 2. Time-resolved UV~vis spectroelectrochemistry ob,BECn
wire useql asa pse_udo reference electrode. T_hr_oughout the present seru% CH.Cl + 0.1 M BuNPF; corresponding to the first reduction, with
of experiments, either the ferrocene/ferrocinium (F¢jFar cobal-

o . electrolysis at-1.5 V vs SCE. Inset: cyclic voltammetry of the free-
tocene/cobalticinium couples were used as internal standards. However ase HOECN in CHCl, + 0.1 M BwNPFs. The first reduction and
measured potentials are reported versus SCE (saturated calomeﬁrst oxidation are at S\fveep.rates of0.1. 0.2 0.5) 4V s L.

electrode), allowing for comparison with literature data that is often
given versus SCE. Under the conditions employed herein, ferrocene
was oxidized at+0.48 V vs SCE and cobalticinium reduced-&0.86

was a reversible electron transfer, whereas the second was

V vs SCE irreversible even at high sweep rates. Further, even when a Hg
electrode was used and potentials as negative 280 V vs
3. Results SCE were applied to the working electrode, no further (i.e.,

tertiary) reduction process could be detected. This stands in

The free base form of corrphycene®ECn was found to  haed contrast to what is seen in the case of free-base
exh|b|t_ four one_-electron redox steps: two OX|_dat|ons gnd two porphyrins where additior®l reduction events may often be

reductions. In dichloromethane, the first oxidation was irrevers- observed. This dichotomy thus serves to highlight, at least on

i 1 - > : :
ible at sweep rates lower thal V s, whereas it became 5 rely empirical level, one of the important electrochemical
reversible at higher sweep rates (Figure 2). Even under the latteryitterences between corrphycenes and porphyrins.

conditions, however, the second oxidation process remained Optically transparent thin-layer electrode (OTTLE) UVis

irreversible. On the other hand, the first reduction process Wasspectroelectrochemical studies were carried out in order to

reversble whereas the second reduction step was found to becharacterize the spectral changes associated with the above-
irreversible at all sweep rates.

. mentioned redox reactions. In , no study of the oxidation
In DMF (Table 1) only the two reduction waves were GEl; y

b d h ilabl il The f ducti processes could be carried out owing to the irreversibility of
observed over the available potential range. The first reduction y,q yeactions. By contrast, as illustrated in Figure 2, clean

12) Porohvrin Chemistry Adh ] F R Ed-Am AT - spectral evolutions were found to be associated with the first
( )Pﬂgjlisfgs(.: :rr]nr:s;r?/bor r,\lllcleslggggo, -R., Ed.; Ann Arbor Science o4y ction step of HDECN. The initial spectrum (i.e., that
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(15) Guilard, R.; Lecomte, C.; Kadish, K. Mstructure and Bonding rgdl_cal anion with a low-energy band at 719 nm and is quite
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Chem. Soc1989 111, 8618-8621. hlori iochloring’ h 1819 th
(17) Gisselbrecht, J. P.; Gross, M.; &wer, M.; Lausmann, M.; Vogel, E. c Onns_' bacterioc .Orm , and porphycenes;™ t e,broad
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(18) Kadish, K. M.; Dsouza, F.; Van Caemelbecke, E.; Boulas, P.; Vogel, considered characteristic ofaaradical anion; it was thus used

(19) E‘éﬁ‘;‘:g“'g?é's'sv'e'l;b?euc'ﬁr% ngo(r;%gshe'\rﬁsgg 53’E44Z$i$7agﬁn v, to identify putativer-radical anions obtained from metallocor-

Inorg. Chem.1994 33, 2393-2401. rphycenes.
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ectroanal. em . _ H
(21) Dsouza, F.; Boulas, P. L.; Kisters, M.; Sambrotta, L.; Aukauloo, A. ,(M = Mg, Co, Ni, Cu, Zn, Pd, Ag, Cd, Pt, Pb) could be reduced
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Table 1. Reduction and Oxidation Potentials (in V vs SCE) of Corrphycenes in DMF andClgH 0.1 M BwNPF; (Ferrocene, Used as
Internal Standard, Is Oxidized &t0.48 V vs SCE)

in DMF, on Hg in CHCl,, on GC HOMO—LUMO

Red Red Red Red metal Ox Oxz gap
H,OECn —-1.62 —-1.27 =173 —-1.32 +0.90 +1.37 2.22
NiOECn —1.86 —-1.34 —-1.39 +0.71 +1.09 2.10
CuOECn —-1.94 —-1.29 —1.38 +0.74 +1.11 2.13
PtOECn —1.83 —-1.28 —-1.34 +0.7% +1.23 2.07
PdOECn —1.86 —-1.29 —-1.37 +0.77% +1.2% 2.15
ZnOECn —-1.95 —1.54 —1.54 +0.64 +0.93 2.18
SnCLOECN —-1.27 -0.85 -0.97 +1.34 2.31
MgPyOECnh —2.06 —1.58 —-1.58 +0.56 +0.83 2.14
MnCIOECn —2.05 —-1.51 -0.39 +1.06 +1.45
FeCIOECh —1.85 —-1.3% —1.36 —0.40 +1.00 +1.3% 2.36
FeOACOECh —-1.43 -0.48 +0.98 2.41
CoOECn —-2.00 -1.15 1.47¢ -1.26 +0.41 +0.86 +1.12
PbOECn —-1.81 -1.32 —-1.39 +0.73 +0.99 2.12
AgOECnh f -0.82 +1.48 2.30
CdPyOECN —-1.95 —-1.50 —-1.60¢ +0.49 2.09
Al(OAC),OECn —-1.31 +0.84 +1.04 2.15
Rh(COXOECN -1.32 +0.83 +1.21 2.13

a|rreversible electron transfetM(l11) — (M(Il) reduction step¢ M(ll) — (M(llI) oxidation step.d Reduction of species from chemical reaction
of one-electron reduced €4OECN).¢ The reduction of iron(lll) to iron(Il) occurs at 0.30 V vs SCE! Badly resolved because of adsorption.

Any deviations in electrochemical behavior relative to the
free-base form, if actually observed, might be considered as
15 reflecting the electrostatic effect the bound cation has on the
ring reduction (or oxidation) chemistry. As can be inferred from
an inspection of Table 1, in Gi€l,, the first reduction wave of
Zn"OECn was irreversible. This irreversibility is ascribed to a
10 4 ) 5. Potential (V vs. SCE) partial overlapping between the complex-centered reduction and
{ N B B R B the reduction process involving the solvent (i) or the
g ! -1§ -10 -05 00 05 10 supporting electrolyte (0.1 M BMPF).
£ | Similar irreversible behavior was also observed in the case
2 || " . ; :
< | — Initial spectrum of the cadmium(ll) and magnesium(ll) complexes, which also
05 —— radical cation spectrum were harder to reduce. In these two complexes, however, the
4 — — dication spectrum more negative reduction potential probably results, at least in
part, from coordination of a pyridine to the metal center. Such
a shift to negative potential, compared to the free base and to
other metallocorrphycenes, is rationalized in terms of the low
00 " i electronegativity of the complexed metal. Indeed, a plot of the
30 400 500 600 700 800 900 reduction (or oxidation) potential of the complexes versus the
Wavelength (nm) electronegativity of the divalent cation proved to be linear. Such
Figure 3. UV —vis spectra of NIOECn, [NIOECH], and [NIOECn}" effects were seen previously in the case of metalloporphyrins.
recorded during spectroelectrochemical oxidatior-@i8 (first oxida- O i
tion) and+1.2 \% vg SCE (second oxidation) of NiOECS\ in g&l, + In .the cgse of CObalt(l!) porphyrinoid complexes, special
0.1 M BuNPRs. Inset: cyclic voltammetry of NiOECn in Cil, + can|derat|on has Fo be given to the fact. that thg metal center
0.1 M BuNPF; at 0.2 V s, might be both easier to reduce and easier to oxidize than the

tetrapyrrolic ligand to which it is bound. Such complexes thus

illustrated in Figure 3 for NiIOECn. For this latter complex, ©0Cccupy a place of special importance within the lexicon of
OTTLE UV-vis spectroelectrochemical studies were carried Porphyrin-focused electrochemistry. In the context of the present
out in an effort to identify the sites of electron transfers. Under Study, it was found that oxidation of the octaethylcorrphycene-
conditions of electrochemical oxidation, a clean evolution in bound Cd center (to CY) does indeed occur prior to oxidation
spectral characteristics, with well-defined isosbestic points, was Of the ligand, as inferred from spectroelectrochemical analyses
observed. Further, it was found that the initial spectrum could carried outin DMF. Indeed, spectral evolutions observed during
be recovered by stepwise reduction. The spectrum of the one-the first oxidation wave (Figure 4) are typical of a metal-centered
electron and two one-electron oxidized species are reproduceoelectron-transfer event. Also, the lack of an observable band at
in Figure 3. The spectrum of the one-electron oxidized species, /45 NM, a spectral feature characteristic of a radical cation, is
with a blue-shifted Soret-like band at 373 nm and a Q-type band in agreement with a metal-centered oxidation step.

at 745 nm, is typical of a radical cation. The latter band, In contrast to the oxidation chemistry, which proved straight-
considered particularly diagnostic of a radical cation, was seenforward to interpret, electroreduction of BG@ECn in CHCl,

to vanish during the second oxidation step. Such behavior gave rise to a more complex behavior. In particular, cyclic
demonstrates, at least in this instance, that oxidation occurs onvoltammetry revealed two irreversible reduction waves with
the tetrapyrrolic ligand and serves to generate the correspondingpeak potentials at-1.26 and—1.47 V vs SCE av = 0.1 V
corrphycene radical cation and dication. Reductive spectroelec-s~1. With increasing sweep rates, the second reduction peak
trochemistry could not be carried out for NIOECh because of amplitude decreased and vanished once a scan rate=0f0
electrode inhibition during electrolysis. V s1 was obtained. Likewise, the first reduction step, corre-
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Table 2. Reduction and Oxidation Potentials (in V vs SCE) of
Q/ Octaethylporphycenes (OEPN) and Octaethylporphyrins (OEP) in

0.6 oxidation step CHCl,

1st

HOMO-LUMO
Red Red Ox1 Oxz gap

HOEP® —-1.26 -0.94 +0.87 +1.10 1.82
NiOEPrf —141 -1.06 +0.81 +1.12 1.87
ZnOEPR —-138 -1.09 +0.64 +0.78 1.73
H,OEP —-141 +0.81 +1.36 2.22
CuOEP —-159 +0.70 2.29
NiOEP —-1.44 +0.75 +1.28 2.19

aValues in CHCI; + 0.1 M BwNCIO; on a platinum working
0.0 T T T T electrode (taken from ref 179.Values in CHCI, + 0.1 M BwPF; on
\b a glassy carbon working electrode.

0.4

Absorbance

0.2

1% reduction step )
1.2 4 nm, as would be expected for a macrocycle-centered radical

anion, provided important further support for the conclusion

that the reduction is indeed metal-centered.

0.8 In the chemistry of porphyrins, complexes containing coor-

dinated tri- and tetravalent cations are often of special interest.
This is because initial electrochemical reductions can occur

0.4 /F /F /]\ either at the ligand or at the metal center. In the case of the

Absorbance

higher valent corrphycene complexes studied here, namely, the
A Fél', Mn'", and SH adducts, only those with Feand
0.0 | : . | ; Mn'" were found to be more easy to reduce at the metal than at
300 400 500 600 700 800 the ring; in the latter complexes, initial electrochemical reduction
produced the corresponding divalent'ad Mr' corrphycene
Figure 4. Time-resolved spectroelectrochemistry of O&Cn in DMF compllexes. In preliminary work, it has also bgen found th{#’ at
(+0.1 M BwNPF) corresponding to the first oxidation (electrolysis at least in the case Of.lﬂb these reduction potentials are sensmye
+0.4V vs SCE) (a) and the first reduction (electrolysis-at2s Vvs (0 the type of axial ligand X employed (Table 1). Further studies
SCE) (b) steps, both one-electron events. of these effects are currently under way.

Wavelength (nm)

sponding to a one-electron reduction process wittEgp of 4. Discussion

—1.27 V vs SCE, became reversible. Analysis of the specific  As noted in the Introduction, the corrphycenes bear consider-
characteristics of this latter reduction event led to the conclusion able structural analogy to porphyrin and porphycene, two well-
that this first step corresponds to an.Eirev mechanism. Here,  studied N porphyrinoids. However, they differ in the size and
the chemical step is ascribed to an irreversible chemical reactionshape of the central ligating cavity. One of the key objectives
involving the first one-electron reduced species that serves toof the present study was thus to determine how, if at all, these
produce a daughter species that, in turn, becomes reduced akey differences in structure are reflected in terms of changes in
—1.47 V vs SCE. Such a behavior has been observed previouslyelectrochemical characteristics. Because the redox potential
for cobalt porphyringé wherein the reaction was ascribed to depends on the experimental conditions, only data from octaethyl

an attack of Co(l) on CkCl. derivatives, whose redox characteristics were determined under
In marked contrast to what was observed in,CH, cyclic the same experimental conditions, are compared. Because of

voltammetric reduction of C@ECH in DMF gave rise to two  the lack of prior experimental results for OEP in &, we

well-defined reversible one-electron waves-dt15 and—2.00 studied again some of the MOEP derivatives under our

V vs SCE. A comparison of these two potential values with €xperimental conditions. The results we obtained are sum-
those for other divalent metallocorrphycenes (Table 1) led to marized in Table 2.

the conclusion that the first reduction potential of'C&Cn is One of the most critical and obvious ways in which free-
less negative and that the potential difference between the twobase corrphycenes differ from porphyrins is that they exhibit
first reductions of CHOECN observed in DMF is rather high ~ Only two one-electron reduction steps. The electrochemical
(0.85 V) compared to the averagéE;» of 0.51 V observed in behavior of corrphycenes thus parallels closely what is observed
other M'OECn complexes. Such a discrepancy is consistent with for porphycenes, species for which the reduction process also
the first reduction of CBOECN involving a metal-centered ~ Occurs in two step¥:~'9 By contrast, free-base porphyrins and
electron-transfer reaction. Support for this conclusion came from their metal complexes generally undergo reduction via processes
OTTLE UV-vis spectroelectrochemistry, also carried out in that involve more than two distinct redox stépg? 3t Another
DMF. These studies revealed, inter alia, that the one-electronmajor difference in redox behavior is the instability of the
reduced species derived from @ECn gives rise to spectral ~ €lectrogenerated radical cation ot®ECn compared to that
features in the UVvis spectrum that are characteristic of an Produced from porphyrins and porphycenes, at least on the time
unmodified tetrapyrrolic ring; in particular, this reduced species scale of cyclic voltammetry.

displayed a spectrum with an unshifted Soret band and Q bands [n terms of their electrochemical behavior in DMF, metal-
that would be expected for a (@ECN)" complex (Figure 4). locorrphycenes containing coordinated divalent cations bear
In addition, the lack of absorption bands centered around 720

(29) Clack, D. W.; Hush, N. SI. Am. Chem. Sod.965 87, 4238-4242.

(30) Peychal-Heiling, G.; Wilson, G. $nal. Chem1971, 43, 545-550.

(28) Kadish, K. M.; Lin, X. Q.; Han, B. Clnorg. Chem1987, 26, 4161~ (31) Cosmo, R.; Kautz, C.; Meerholz, K.; Heinze, J.7IMo, K. Angew.
4167. Chem., Int. Ed. Engl1989 28, 604-607.
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some passing resemblance to porphycenes in terms of theoctaethylporphyrin systemsAE;, = 0.42 + 0.05 V)2 or
number of reduction waves normally observed, namely, two. porphycene analogueAf;» = 0.354 0.07 V)17 Remarkably,
On the other hand, corrphycenes differ from porphycenes in and at variance with what is generally observed for porphyrins
that they are significantly harder to reduce by one electron. For and porphycenes, in the case of the corrphycenes containing
instance in CHCI,, the first reduction wave for corrphycenes divalent metal cations, this critical difference in the first and
appears about 0.3 to 0.4 V more negative than that measuredsecond reduction potential seems dependent, at least to a certain
for porphycené$—1° (Table 2). In contrast, metallocorrphycenes extent, on the nature of coordinated metal.
(M"OECN) are generally slightly easier to reduce than porphy-  The special case of the cobalt(ll) complex'Cd&Cn, wherein
rins by about 100 mV (i.e., reduced at less negative potentials).the first reduction process occurs preferentially at the metal
Interestingly, the redox potentials differences among corr- center, provides another opportunity to compare the electro-
phycene, porphycene, and porphyrin are much less apparenthemical behavior of corrphycene with that of porphyrin and
under conditions of electrochemical oxidation. Indeed, the first porphycene. Interestingly, an appropriate comparison in this
oxidation wave for corrphycenes (Table 1) occurs at potentials instance reveals that again corrphycene more closely resembles
close to those of porphyrins. porphyrin than porphycene. Indeed, whereas the first reduction
The difference between the first oxidation and the first of Co(ll) octaethylporphyrin generates the corresponding anionic
reduction potentials AE;, = Ep2¥1 — EpRe4) of the Co(l) complex?8 it is a ligand-centered radical anion that is
corrphycene ligand, taken from Table 1, is nearly constant for produced® in the first reduction of Co(ll)porphycene.
all metals investigated and equal to 2.150(08) V. This In summary, the redox properties of octaethylcorrphycene and
difference is not much different from that observed in porphyrins its metal complexes resemble much more closely those of the
(AE12=2.254 0.10 V)32 whereas it differs significantly from  corresponding porphyrins than those of the seemingly more
that observed in porphyceneAH;, = 1.85+ 0.15 V)17 If analogous porphycenes. This serves to underscore the fact that
this energy difference parallels the energy gap between thesubtle changes in size, shape, and electronic character, rather
frontier orbitals HOMO and LUMO, the sequence of these three than just simple issues involving reduction in symmetry, serve
AE1; values is consistent with the decrease in energy associatedo define the electrochemical properties, and presumably other
with the lowest energy (i.e., highest wavelength) absorption key characteristics, of Nin porphyrinoids.
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The difference between the first and the second reduction
potentials of the ligand is higher in corrphycene and its
complexes AE;;» = 0.50+ 0.15 V) than in the corresponding
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