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N-Confused porphyrin (NCP) bearing pentafluorophenyl groups at meso-positions, which were obtained from N-confused dipyrromethane in
ca. 20% yield, can form Cu(ll) complex as well as Ag(lll), Ni(ll), and Pd(ll) complexes. The square-planar structures of all these metal complexes
were elucidated by X-ray single-crystal analyses.

In recent years, there has been much attention on thefor C—H activation of methan&Furthermore, the efficient
syntheses of porphyrinoids bearing electron-withdrawing one-pot syntheses of a series wfeso-GFs substituted
groups because of the catalytic reactivity of the metal expanded porphyrins were recently repo@&ilich examples
complexes. For example, pentafluoropheny$HgJ-substi- prompted us to synthesimseseCgFs-substituted N-confused
tuted corrole was synthesized in good yield by solvent-free porphyrin (GFs-NCP), because we hope that theFg
acid-catalyzed pyrrole-aldehyde condensation, and the Fe(IV)substituent may stabilize the metal complexes which are
and Rh(lll) complexes were shown to catalyze the cyclo-
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difficult to prepare from the standardeso-phenyl deriva-
tive. =% In addition, GFs-NCP may serve as an appropriate
reference to the existingis-doubly N-confused porphyrin
(cis-NoCP, Figure 1) that can stabilize the unusual higher

NCP
(Ar = Ph, C6F5)

cis-N,CP

Figure 1. The structures of N-confused porphyrin (NCP) ait
doubly N-confused porphyrirncis-N,CP).

oxidation states of metals such as Cu(fiHerein, we report
the synthesis of Fs-NCP (4) and the X-ray structures of
Ag(lln, Ni(l), Pd(Il), and Cu(ll) complexes. To the best of
our knowledge, the Cu(ll) complex is the first example of
an organocopper(ll) complex of aromatic porphyrinoid to
be characterized by X-ray crystallography.

The initial attempt to obtain &s-NCP from the Rothe-

mund-type condensation reaction between pyrrole and penta- cFs [N
fluorobenzaldehyde was hampered by the preferential forma- d

tion of a series of expanded porphyrins (Scheme Eay).

Scheme 1. Synthesis of @Fs-NCP (4): (a) One-Pot Rouite
and (b) [2-2] Stepwise Route
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The isolated yield of gFs-NCP was quite low €0.1%),
therefore we decided to synthesizgF&ENCP by a stepwise
[2+2] condensation route (Scheme 1b).

A key starting unit, bis(pentafluorobenzoyl) N-confused
dipyrromethane, was synthesized by FriedeCrafts reac-
tion of corresponding dipyrrometharie'®'2 N-Confused
tetrakis(pentafluorophenyl)porphyrin {&s—NCP, 4) was
obtained in 21% vyield by the acid-catalyzed condensation
between normal dipyrromethaBend the carbinol derivative
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of 2, and the subsequent oxidation by 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) (Scheme 1b). The advan-
tage of using dibenzoyl-substituted dipyrromethane is well
documented in the syntheses of porphyrins bearing different
meso-substituent8:** This type of [2+2] condensation was
previously reported for the synthesesfalkyl-substituted
NCP® but not applied formeso-aryl-type NCP synthesis.
The *H NMR spectrum of @Fs-NCP in CDC} showed
an aromatic feature, in which the signals of two inner NH
and CH are observed at2.57 and—5.26 ppm, and those
of the peripheral CH appeared around 885 ppm,
respectively. Interestingly, the electron-deficiensystem
was reflected from the absorption spectrum gF&NCP in
methanol, where the weak aromatic inner 2H-tautomer is
predominant. In the case of NCTPP, aromatic inner 3H-
tautomer was favored by using the same solv&nt.
NCP is known to behave as either trianionic or dianionic
ligands according to the center metals (e.g. AgBINi(11), 40
and Pd(Ily) affording square-planar complexes. As expected,
CsFs-NCP complexed with Ag(Ill), Ni(ll), Pd(l1), and Cu(l%)
was obtained in modest yields compared to NCTPP (Scheme
2). The complexes4-Ag, 4-Ni, and 4-Pd showed the

Scheme 2. Metal Complexation of gFs-NCP (4)
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diamagnetic features of theé® donfiguration as judged by
the resonance ofH NMR spectra in the normal region
(10.0—7.4 ppm for the peripheral protons). Among them,
outer NH and the neighboring-CH signals were observed
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Figure 2. X-ray single-crystal structures of (4}Ag, (b) 4-Ni, and (c)4-Pd (top and side view)Meso-substituents are omitted for clarity
in the side view. The thermal ellipsoids were scaled to the 50% probability levels. Due to the disorder of the nitrogen ateon&iskd
pyrrole ring, one of the eight possible structures is shown in each complex.

in 4-Ni (9.94 and 8.45 ppm] = 2.7 Hz) and4-Pd (9.87
and 8.38 ppmJ = 2.7 Hz), but only thex-CH signal was
resonated at 9.38 ppm iAd-Ag as expected from the
structures. On the other hand, the signald-@u were not
detected in the region from30 to+40 ppm, which proved

average bond lengths of Ag(lll) and coordinating atoms (C
and N) are 2.033(4) and 2.039(4) A, which are comparable
to those of the Ag(lll) complex of NCTPP (2.62.08 A)5

The corresponding values are 1.933(3) and 1.955(3) A in
4-Ni and 2.004(4) and 2.026(4) A #Pd, which are similar

that the complex was paramagnetic and the Cu(ll) was in to those of the N-confused tetpafolyl)porphyrin (NCTTP)

the & configuration. FAB-MS of each complex was also
consistent with the formulation above.

The explicit evidence of the square-planar coordination
in the NsC cores of4-Ag, 4-Ni, and4-Pd was afforded by
X-ray single-crystal analyses (Figure 2)1° In 4-Ag, the
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Ni(ll) complex (1.955(3) and 1.963(3) R)and Pd(I)NCTTP
(2.016(4) and 2.023(5) A).

The coordination mode of the Cu(ll) complex of NGR (
Cu) was also elucidated by X-ray analysis (FiguréByhe

Figure 3. X-ray single-crystal structure o4-Cu (top and side
view). Meso-substituents are omitted for clarity in the side view.
The thermal ellipsoids were scaled to the 30% probability levels.
The position of the nitrogen aonfusedoyrrole is disordered, so
one of the eight possible forms is shown.

center Cu(ll) is coordinated in a square-planar fashion as
expected. The average bond lengths between Cu(ll) and
ligand atoms are 1.980(9) and 2.018(9) A, which are longer

(19) Crystal data fod-Pd: CasHgNaF20Pd, My, = 1078.94, trigonaR3(h)
(no. 148),a = b = 19.6798(10) Ac = 25.097(3) AV = 8417.6(11) &,
D. = 1.916 g/cr, Z =9, R= 0.0478 wR = 0.1148,GOF = 0.997 (1>
2.00(1)).
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than those of theis-N,CP-Cu(lll) complex (1.934—1.969
A)areflecting the larger Cu(ll) radius than that of Cu(lll).
The ESR parameters dtCu (giso = 2.09,9, = 2.12, [A]
=168 G in toluene (4 mM) at 77 K) are also consistent with
the square-planar structute.

The absorption spectra of the free base form gfsENCP
and the Ag(lll) and Cu(ll) complexes in CHCAre shown
in Figure 4. The Soret band dfCu shows the peak at 428.0

500
wavelength (nm)

Figure 4. UV/vis absorption spectra of¢€s-NCP (4) (solid line),
4-Ag (broken line), andt-Cu (bold line) in CHCE.

unit in NCP is reflected in the Cu(ll/Ill) redox couple at
+0.14 V (vs Fc/Ft), which is shifted to higher potential
compared with that of NCTPP at0.11 V? In other words,
the electron-withdrawing §Fs groups decrease the electron
density of thewr system, including the center metal, as a
result, the reactivity of the inner carbon bound to Cu(ll)
decreases to afford sufficient stability to grow single crystals.
In the case of the NCTPP-Cu(ll) complex, the core frame-
work is easily cleaved and fragmented to transform into the
tripyrrinone-Cu(ll) complex under aerobic conditioiidn

the case ofi-Cu, however, the complex retains its framework
under similar aerobic conditioris.

In summary, we have succeeded in synthesizingrtese
pentafluorophenyl-substituted NCPgf&s-NCP, 4) in good
yield. GFs-NCP can form square-planar complexes with a
variety of metals such as Ag(lll), Ni(ll), Pd(ll), and Cu(ll).
The stabilizing effect of the electron-withdrawingsHs
substituents was demonstrated explicitly by the preparation
of single crystals of the Cu(ll) complex, which are not
available from thanesephenyl derivative due to the instabil-
ity of the complext* CsFs-NCP is, thus, attractive as a
potential ligand in complexing various metals that can exhibit
the catalytic activity as shown in the corrole compleXes.
Furthermore, the stepwise synthesis used fgFsGQICP
would be applicable for the preparation of NCP derivatives
with various functional group aneso-positions.
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Interestingly, the oxidation state of the copper ion changes the metal complexes, UV/vis absorption spectrd-ofi and

in NCP (Cu(ll)) and NCP (Cu(lll)), whereas that of silver

4-Pd, and CIF files for the X-ray structural data 4fAg,

is kept in the same (Ag(lll)) state, despite the same group 4-Ni, 4-Pd, and4-Cu. This material is available free of

11 elements. Aseso-substituents are identical in both NCP
and NCP, we can clearly state that the introduction of a
secondconfuseding in the NCP core facilitates to stabilize
the higher oxidation state of metals, just as the fistfusion
does in the NCP-Ag(lll) complex. The effect of theFs

(20) Crystal data fo#-Cu: CasHgN4F20Cu, My, = 1036.09, trigonaR3(h)
(no. 148),a = b = 20.1647(9) Ac = 23.941(2) AV = 8430.4(9) R, D,
= 1.837 g/cm, Z = 9, R = 0.0707,wR = 0.1996,GOF = 1.017 (I >
2.00(1)).

(21) The obtained values are slightly different from the reported Cu(ll)-
NCTPP complexgiso = 2.070,9; = 2.139, /] =143 G in toluene/CkCl»
(80/20, v/v) at 77 K. See ref 9.
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