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In recent years, research on porphyrin analogues has received
increased attention in regard to their structural diversity as
well as their functionality.!!. Among such porphyrinoids, N-
confused porphyrin (NCP), a porphyrin isomer that contains
a confused pyrrole ring connected through its a,3’-positions in
the macrocycle, exhibits unusual physical and chemical
properties which greatly differ from those of normal porphy-
rins.”) The further confused isomer, doubly N-confused
porphyrin (N,CP, cis and trans), also displays unusual
coordination chemistry and properties, such as stabilization
of unusual oxidation states of metals, existence of different
tautomeric forms, efficient photosensitization of singlet
oxygen, and formation of supramolecular hydrogen-bonding
networks.”! Thus, the introduction of one or more confused
pyrrole rings in the porphyrin macrocycles, which we call the
confusion approach method, would be a useful strategy to
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explore the hitherto unknown novel porphyrinoids. In fact, we
have successfully demonstrated that the doubly N-confused
hexaphyrin (N,CH) and its dioxo (N,CO,H) derivatives
preferably bound bismetal ions in the core.!l Very recently,
we also identified N-confused, doubly N-fused pentaphyrins
(NCF,P;), which contain two fused tripentacyclic rings of
confused and normal types in the core, during an attempt to
synthesize N-confused pentaphyrin.’! At this point, it was
really a question whether introduction of further confusion
into such a macrocycle would lead to a doubly N-confused
isomer of N,CF,P; or a further fused one. Interestingly, the
doubly N-confused pentaphyrin obtained was not fused, but
existed in an oxo-substituted form similar to N,CO,H.
Herein, we report the syntheses and the structural character-
ization of the doubly N-confused oxopentaphyrin (N,COPs)
and doubly N-confused dioxopentaphyrin (N,CO,Ps). The
mono-oxopentaphyrin forms a self-assembled dimer in the
solid state through hydrogen-bonding interactions, while the
dioxopentaphyrin exists in a monomeric form as a result of
intramolecular hydrogen-bonding interactions within the core.
The synthetic method followed here is basically a
[34+2] acid-catalyzed condensation, which has already been
used for the synthesis of doubly N-fused pentaphyrins
(NCF,P;).” Stirring a mixture of a solution of N-confused
tripyrrane (1)) and N-confused
=N dipyrromethane dicarbinol (2)® in
the presence of p-toluenesulfonic
acid (p-TSA), followed by oxida-
tion with p-chloranil afforded two
isomeric, partially oxidized prod-
ucts 3a and 3b in yields of 23 and
12 %, respectively, together with a
trace amount of 4 (Scheme 1a).
The FAB mass spectra of both 3a
and 3b showed a signal for the
molecular ion at m/z 1222, which
suggested the presence of the pen-
taphyrin framework. The '"H NMR
spectra of 3a and 3b in CDCl,
were similar and the signals
appeared between 0=13.00 and
5.00 ppm. The NH proton of the
confused pyrroles (rings A and B)
resonated at 6 =8.56 ppm and the
a- and B-CH protons resonated at
8.18 and 5.58 ppm, respectively, for
3a, while those protons appeared
at 0=8.62, 8.17, and 5.75 ppm,
respectively, for 3b (Table 1). In
addition, the two meso-CH protons were observed as a singlet
at 0 =5.78 ppm and a NH proton was observed in a downfield
region at 0 =12.54 ppm as a result of the intramolecular
hydrogen-bonding interactions. The 'H NMR spectra sug-
gested that 3a and 3b were both symmetrical isomers of the
pentaphyrin intermediates shown in Scheme 1. Both the
compounds were rather unstable and easily oxidized to
aromatic 4 in quantitative yield.
The doubly N-confused oxopentaphyrin (N,COPs, 4) was
obtained as a greenish solid in 32% yield by changing the

N=
trans-N,CP
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Scheme 1. Syntheses of doubly N-confused mono- and dioxopentaphyrins (4, and 5) and the
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Table 1: Selected physical data for 3-6.

3a: m.p. >300°C (decomp); '"H NMR (CDCl;, 300 MHz): =12.54
(brs, TH, NH), 8.56 (s, 2H, NH), 8.18 (s, 2H), 7.64 (s, 1 H, NH), 6.41 (d,
J=6Hz,2H),6.19 (d, /=6 Hz, 2H), 5.82 (d, ) =3 Hz, 2H) 5.78 (s, 2H),
5.58 ppm (s, 2H); FABMS: m/z 1222 [M]*; UV/Vis (CH,Cl,): A= 349,
391, 644 nm.

3b: m.p. >300°C (decomp); '"H NMR (CDCl;, 300 MHz): 6=12.52
(brs, TH, NH), 8.62 (s, 2H, NH), 8.17 (s, 2H), 7.46 (s, 1H, NH), 6.41
(d, =6 Hz, 2H), 6.19 (d, /=6 Hz, 2H), 5.76 ppm (m, 6 H); FABMS:
m[z 1222 [M]*; UV/Vis (CH;Cly): A= 349, 390, 492, 643 nm.

4: m.p. >300°C (decomp); '"H NMR (CDCl;, 300 MHz at —40°C):
0=9.19 (s, 1H), 8.78 (s, 1H), 8.38 (d, J=6 Hz, 1H), 8.31 (d, /=6 Hz,
1H), 8.17 (m, 3H), 7.99 (d, =3 Hz, 1H), 3.65 (s, TH, NH), 2.44 s,
1H), 1.42 (s, TH, NH), 1.10 ppm (s, 1H, NH); FABMS: m/z 1232 [M]*;
UV/Vis (CH,CL,): Apae (€ [mol™ dm?cm™]) =388 (31000), 544 (81000),
676 (9600), 723 (6600), 861 nm (2600).

5: m.p. >300°C (decomp); 'H NMR (CDCl;, 300 MHz at —40°C):
6=10.04 (s, 2H), 8.84 (m, 6H), 0.85 (s, 2H, NH), —0.54 ppm (s, 2H,
NH); FABMS: m/z 1251 [M]*; UV/Vis (CH,Cl,):

Jmax (€ [mol™ dm?cm™]) =341 (10000), 393 (20000), 446 (8500), 542
(77000), 585 (87000), 716 (7200), 801 (12000), 875 nm (1900).

6: m.p. >300°C (decomp); 'H NMR (CDCl;, 300 MHz at —40°C):
8=10.22 (s, 1H), 9.63 (s, 1H), 8.83 (d,J=6 Hz, TH), 8.70 (d, ) =6 Hz,
2H), 8.57 (d, =3 Hz, 1H), 8.30 (m, 1H), 8.23 (d, ) =3 Hz, 1H), 0.90 (s,
2H, NH), —4.26 ppm (s, 1H, NH); FABMS: m/z 1351 [M]*; UV/Vis
(CH,CL): Ay (€ [mol ™ dm? cm ™)) =354 (28000), 406 (41000), 582
(96000), 627 (87000), 778 (13000), 818 (14000), 922 nm (9700).

oxidizing agent from p-chloranil to 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ) (Scheme 1b). The FAB mass
spectrum of 4 showed a molecular ion signal at m/z 1232,
which indicated the presence of a pentaphyrin skeleton as
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well as an oxo group. In fact, the presence of a
C=0 group was confirmed by the presence of
a band at #=1716 cm™" in the IR spectrum.
The 'HNMR spectrum of 4 recorded in
CDCl; at —40°C showed the three different
NH signals at 6 =3.65, 1.42 (CONH), and
1.10 ppm. The B-CH proton of the inverted
oxo-substituted pyrrole (ring A) resonated at
0=9.19 ppm while the a- and -CH (ring B)
protons of the confused pyrrole were
observed at 0 =2.44 and 8.78 ppm, respec-
tively, which proved that the product was a
227 electron aromatic compound (Table 1).
Further support for this aromaticity came
from the electronic absorption spectrum,
which displayed a Soret-like band at 544 nm
(Figure 1). However, the compound was
relatively unstable and gradually oxidized in
CH,Cl, at room temperature over seven days
into doubly N-confused dioxopentaphyrin
(N,CO,Ps, 5) in 45 % yield.

The FAB mass spectrum of 5§ showed the
molecular ion signal at m/z 1251, which
suggested the presence of two oxo groups in
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Figure 1. Absorption spectra of 4 (blue), 5 (red), and 6 (green) in
CH,Cl.

the pentaphyrin skeleton. The presence of a C=0O group was
confirmed by a band at 1710 cm™' in the IR spectrum. The
"H NMR spectrum of 5 recorded in CDCl, at —40°C showed
only four signals, thus indicating the symmetrical structure of
the aromatic compound S. As expected, the a-CH proton of
ring B observed in the spectrum of 4 disappeared and a set of
two signals for the NH and B-CH groups in ring A and B
appeared at 0 = —0.54 and 10.04 ppm, respectively, while the
remaining two NH signals were observed at ¢ =0.85 ppm
(Table 1). The aromatic structure of 5 was also suggested from
the absorption spectrum, which displayed an intense, split
Soret-like band at 542 and 585 nm as well as Q-bands from
700 to 900 nm (Figure 1).

The explicit structural details of 4 and 5 were revealed by
X-ray single-crystal analyses (Figure 2a and b).”) Consistent
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Figure 2. X-ray structures of a) 4, b) 5, and c) the Rh' complex of 5 (6), top view (upper) and side view. (lower). meso-Aryl groups are omitted for
clarity in the side view. Hydrogen-bonding interactions are indicated by broken lines.

with the above observations were the findings that both the
confused pyrrole rings are inverted and one oxygen atom
(O1) is attached at the inner a-carbon atom in 4, while two
oxygen atoms (O1, O2) are present in 5. The bond lengths
between the carbon and oxygen atoms are in the range of a
C—0 double bond, that is, 1.25(1) A for 4, and 1.224(8) and
1.231(7) A for 5. The pentaphyrin structure of 4, which
consists of the core 30 atoms, is highly distorted from the
least-square plane, with a mean deviation of 0.32(1) A and a
tilting angle of the oxygen-substituted pyrrole (ring A) from
the core plane of 146.0(4)°. The dihedral angles ~ CNC clearly
indicate that there are three inner NH protons located at N1,
N2, and N5. Namely, these angles are larger than 110°, while
those of N3 and N4 are smaller than 106°.®! Two of the three
NH protons (at N2 and N5) form intramolecular hydrogen
bonds with the neighbors (N2—H--N3 and N4--H—NS5, with
lengths of 3.00(1) A for N2-+N3 and 2.55(1) A for N4--N5),
while the remaining N1—H proton forms an intermolecular
hydrogen bond with the N1'—H group in another molecule to
form a dimer (Figure 3). The distance between the N1 and

Figure 3. Hydrogen-bonded dimer of 4. meso-Aryl groups are omitted
for clarity. Hydrogen-bonding interactions are indicated by broken
lines.
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O1’ atoms in the dimer is 2.84(1) A and each molecule is
arranged in a parallel fashion at an intermolecular distance of
4.3(2) A.'Y The CONH units present in 5 do not form such
hydrogen-bonding interactions to form a dimer or oligomer,
instead, four intramolecular hydrogen bonds are observed
between O1---H—N2, O2---H—N3, N1-H--N5, and N4—H--N5
with lengths of 2.639(5), 2.567(6), 2.587(7), and 2.509(7) A for
O1--N2, O2--N3, N1--N5, and N4--NS5, respectively. The
intramolecular hydrogen-bonding interactions result in the
pentaphyrin core of 5 being less distorted (0.270(7) A) than 4
(Figure 2b).I""!

The metal coordination chemistry of the stable compound
5 was examined using a Rh' salt. Treatment of 5 with
[{Rh(CO),Cl},]in the presence of sodium acetate in refluxing
CH,Cl, resulted in the formation of the Rh' complex 6 in
quantitative yield (Scheme 1¢).”! The unsymmetrical struc-
ture of the complex was suggested by the appearance of two
different pyrrole f-CH (rings A and B) signals at 6 =10.22
and 9.63 ppm in the 'H NMR spectrum of 6. The remaining
pyrrole NH protons and the significantly shielded oxopyrrole
NH (ring A) proton resonated at 6 =0.90 and —4.26 ppm,
respectively, which confirms that only two pyrrolic nitrogen
atoms are coordinated to the Rh' center in the cavity
(Table 1). The electronic absorption spectrum of 6 displayed
a split Soret-like band at 582 and 627 nm and the longest
wavelength Q-bands appeared at 922 nm, which are 40 to
46 nm (Soret and Q-bands, respectively) bathochromic
shifted relative to 5 (Figure 1).”

The structure of the Rh'complex 6 was confirmed by
single-crystal X-ray analysis (Figure 2¢).”! As predicted from
the above observations, there is only one Rh atom coordi-
nated to the pentaphyrin skeleton in 6. One imino (N5) and
one amino (N4) nitrogen atom of the macrocycle are
coordinated to the Rh'ion and the other two coordination
sites are occupied by the carbonyl ligands. The Rh atom is
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located above the mean plane of the macrocycle and the
geometry around the metal center is close to square-planar
(N4-Rh-N5, 80.2(2)°). The angle between the plane contain-
ing the Rhecenter and its coordinated atoms and the
pentaphyrin plane is 54.64(9)°. Similar to 5, intramolecular
hydrogen bonds are formed between O1--H—N2 and O2-+-H—
N3 in 6 and the atom distances of O1---N2 and O2--N3 are
2.643(5) and 2.557(6) A, respectively. The pentaphyrin plane
of 6 is highly distorted from the core plane with a mean
deviation of 0.362(5) A, while the intermolecular Rh--Rh
distance is 3.3405(5) A (see Supporting Information), which is
considerably longer than a Rh'-Rh' single bond (2.617-
2.705 A).t1

In conclusion, we have synthesized doubly N-confused
oxopentaphyrin and doubly N-confused dioxopentaphyrin as
well as demonstrating the coordination chemistry of the latter
compound. It has been clearly shown that the introduction of
one more confused pyrrole ring into the macrocycle frame-
work resulted in the remarkable structural diversity.
Although the oxo-substitution mechanism is not clarified
yet, the doubly N-confused oxopentaphyrins shown here are
the first examples of a stable nonfused, meso-aryl-type
pentaphyrin.’1213 The present study exploited the interac-
tion of Rh' ions, but other metal ions are likely to interact with
the macrocycle. Similar to doubly N-confused dioxohexa-
phyrins (N,CO,H), efforts are currently underway to prepare
a variety of bismetal complexes.

Experimental Section

3: A mixture of 1 (150 mg, 0.27 mmol) and 2 (190 mg, 0.27 mmol) in
CH,Cl, was stirred in a nitrogen atmosphere for 15 min at room
temperature. p-TSA (7.7 mg, 0.040 mmol) was then added to the
mixture and the solution was stirred for a further 1 h in the dark. The
reaction mixture was then passed through a column of silica gel using
CH,CI, (200 mL) as the eluent. p-Chloranil (199 mg, 0.81 mmol) was
added to the combined solution and the mixture refluxed for a further
1 h, then stirred at room temperature for 2 days. After removal of the
solvent, the crude product was purified by column chromatography,
first on basic alumina and then on silica gel. A blue fraction was
eluted with CH,Cly/hexane (35:65), which gave 3b (40 mg, 12%) as a
blue solid after removal of the solvent. Another blue fraction was
eluted with CH,Cl,/hexane (50:50) and afforded 3a (76 mg, 23 %) as a
blue solid.

4: DDQ (183 mg, 0.81 mmol) instead of p-Chloranil was added to
the mixture in the synthesis of 3. The solution was stirred for 1 h at
room temperature. After removal of the solvent, the crude product
was purified by column chromatography, first on basic alumina and
then on silica gel. A pink fraction was eluted with CH,Cl,/hexane
(45:55), which gave 4 (106 mg, 32 %) as a greenish solid after removal
of the solvent.

5: Compound 3 (50 mg, 0.041 mmol) was dissolved in CH,Cl,
(15mL) and the solution stirred at room temperature. The reaction
was monitored by TLC (silica gel) after every 10 h. The color of the
solution gradually changed from pink to purple over 7 days. The
solvent was evaporated, and the residue was purified by column
chromatography on silica gel. A purple fraction was eluted with
CH,Cl,/hexane (30:70) which gave 5 (23 mg, 45 %) as a greenish solid.
The remaining product was identified as starting material 4.

6: Compound 5 (25 mg, 0.02 mmol) was dissolved in CH,Cl,
(50 mL). Anhydrous sodium acetate (16 mg, 0.2 mmol) and
[{Rh(CO),Cl},] (16 mg, 0.04 mmol) were added to the solution and
the mixture was stirred under reflux for 3 h. After removal of the

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

solvent, the residue was purified by column chromatography on silica
gel. A blue fraction was eluted with CH,Cl,/hexane (40:60), which
gave 6 (quantitative) as a green solid after removal of the solvent.
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