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Porphyrin and corrole are well-known aromatic macrocyclic Chart 1. Anionic Forms of Porphyrin and Its Analogues
ligands that form neutral square-planar complexes with a variety
of divalent and trivalent metals, respectivé®/The difference in
the metal valency results from the number of protons inside the =
macrocyclic cores, in principle (Chart 1). When the metal oxidation
state rises from-2 to 3+ in the porphyrin complex, the coordination
of a counteranion to the axial position on the metal usually takes
place. To maintain square-planarity for the complexes having a
different oxidation state of metal, ion transfer from or to the gcheme 1. Interconversion between Cu(ll) Complex (1) and
porphyrinoid ring needs to occur. For such purpose, N-confused Cu(lll) Complex (2) by Detachment and Attachment of the
porphyrin (NCPj is a promising ligand because NCP is known to  Peripheral NH
complex with the tri- and divalent metals according to the metal
species in a neutral square-planar fashion by using two different
tautomeric formg. To date, however, attempts to isolate the
complexes with different oxidation states of the same metal have
not been successful due to the presence of a counteranion or the
high reactivity of the inner carbdnin this Communication, we
show the first X-ray structure of a Cu(I)NCP complex that
proved to have square-planarity similar to that of a Cu(ll) complex. 10
The interconversion between the Cu(ll) and Cu(lll) complexes by b
chemical oxidation and reduction is also reported. To the best of '
our knowledge, this is the first example of porphyrinoid complexes
in which the metal ion exists in two different oxidation states with
the same neutral square-planar coordination environment.

The Cu(ll) complex of NCP was synthesized by usimgse
pentafluorophenyl-substituted NCP, whose square-planar structure
was elucidated by X-ray crystallographyVhen the Cu(ll) complex
(1) was treated with 1.5 equiv of 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) in CHg| the solution changed from yel-
lowish-brown to red immediately. After silica gel column chro-
matography, a new complef)(was isolated quantitatively (Scheme
1). The first clue for the diamagnetic Cu(HNCP complex came

from the'H NMR s_pectrum o2in CDCl,, which showed a singlet from 521 to 632 nm. A similar blue-shift of the Q-bands is observed
at 9.41 ppm, ascribable to the outeiCH of the confused pyrrole Ag(lll) =NCP complexe&?

ring, and the remalnlnﬁ-F:H signals appeared fit 8'88 (doublet) The structure of the Cu(lll) compleXwas explicitly determined
and 8.72—8.67 ppm (multiplet). In accordance with this result, the by single-crystal X-ray analysis (Figure 2The crystal parameters
ESR signals of the paramagnetic Cu(l comple@giso_z 2.09.01 of 2 are quite similar to those df, but the average bond lengths of
= 2.12, 7] = 168 G in toluene (4 mM) at 77 Kydisappeared ¢, 5pg Cu-N, 1.961(7) and 1.975(8) A, are shorter than those
upon the addition of quantitative amounts of DDQ. The obtained of 1 (1.980(9) and 2.018(9) A)and comparable to the Cu(lll)
Cu(lll) complex was easily reduced Ipytoluenesulfonylhydrazide complex of cis-doubly N-confused porphyricis-N,CP (Cu-C
to afford the _Cu(II) com_plex]() (see Supporting Information). 1.939(3), 1.934(4) A; CuN, 1.969(3), 1.954(4) AJ.The absen(’:e
The UVlvis absorption spectra of the Cu(ll) and Cu(lll) of counteranions in the crystal indicates that the complex is neutral.

cc;]mplte)xes 12 2) and the cog)frshln so(ljutlonsl,.age shO\l;vn 'g Flgurg é The absorption spectrum of the crystal after the X-ray measurements
The absorption spectrum afshowed a split Soret band at 453. was intact, which excluded the possibility of contamination of Cu-

nm, 11 nm red-shifted as compared to thatlof441.5 nm); in (i) complex 1 or reduction tol during the X-ray irradiation.

contrast, the Q-bands are blue-shifted and appeared in the region Interestingly, the electrochemical interconversion between the
two NCP complexesl and 2, was controlled by the addition of

porphyrin® NCP% NCP?¥ corrole®
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Figure 1. UV/vis absorption spectra and the naked colors of the solutions
(inset) of1 (dotted line, left) and (solid line, right) in CHCl,.

Ig}’tgtcbﬁlcg’gffy anions. The redox potentials for the TICU2* couple ofl in the
#Kyushu University. presence of 0.1 M tetrabutylammonium salts (TBAX,=XCI",
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Figure 2. X-ray single-crystal structure &: (a) top and (b) side views.
Meso substituents are omitted for clarity in the side view. The thermal
ellipsoids were scaled to the 30% probability levels. Due to the disorder of
the nitrogen at a confused pyrrole ring, one of the eight possible forms is
shown.
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Figure 3. (a) Shifts of the redox potential (vs Fc) coupled with C8t/
CUW?" in the differential pulse voltammetry (DPV) df(1 mM) in CHCl,
upon addition of (a) Cl, (b) ClIOs~, and (c) Pk as tetrabutylammonium
salts (0.1 M), and (b) a possible anion-binding modéd..of

ClO4~, and PE~) were 0.03, 0.14, and 0.15 V (vs #Ec, 1 mM
in CH.CIl,), respectively, which were well correlated to the anion
binding affinity of the complext (Figure 3)1°11The finding that
the ESR spectrum of the Cu(ll) compl&xn CH,CI, did not change
in the presence of Clruled out the possibility of anion coordination
to the center Cu(ll) metal in this system. The large negative potential
shift observed for Cl might be attributable to a hydrogen-bonding
interaction with the outer NH of the confused pyrrole ridg.
Transmission of the partial negative charge from the peripheral
hydrogen-bonded anion,fH-:-X~, to the Cu cation through the
inner carbon of the confused pyrrole ring might be occurring.
Similar tuning of the electronic state of the center metal by proton
stimuli was demonstrated in the SbEMJCP complex3 It is
noteworthy that the estimated Gbinding affinity, 4.9x 10* M1,
is unusually high for a single hydrogen-bonding system; thus, we
believe that the contribution of a zwitterionic resonance féramd
additional interaction between Chnd the electron-deficientsEs
group nearest to the outer NH also participate in this anion-binding
systemt>

At present, the correlation between the redox potentials for the
M(I1)/M(11) couple and the preferential M(Il) or M(l1l) coordination
of NCP is not clearly understood. Similar DDQ treatment of Ni-
(I — and Pd(II>NCP complexes only resulted in the recovery of
the starting M(Il) materials. The electron-withdrawingFggroup
at the meso position raises both the acidity of the outer NH and
the oxidation potential of ther-ring system. The former may
increase the electronic density of inner carbon that is directly

transferred to the central metal, consequently stabilizing the M(llI)
oxidation state, and the latter may widen the potential window for
the metal oxidation. Compared with the Cu(lll) complexaié-
N,CP? the complex2 was less stable and gradually transformed
to the Cu(ll) complex in CHGlor CH,Cl, solution, suggesting
that the Cu(lll)/Cu(ll) redox couple lies near or on the border of
M(I1) and M(IIl) complexation in this GFs-substituted N-confused
porphyrin ligand. As the control of the metal valencies by outer
stimuli may offer a variety of applications, including molecular
switche4® and anion sensofg,we think the present NCP ligand
system is promising for such use.
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