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Nickel(ll), palladium(ll), and platinum(ll) complexes of mesc-aryl-
substituted [26]hexaphyrin have been prepared and structurally
characterized. In mono-metalated complexes, the metal ion is
commonly bound with three pyrrolic nitrogen atoms and one pyrrolic
[-carbon, whereas a bis-Pd(1l) complex exhibits a unique structure
involving a Pd—C,, bond. These results reveal novel coordination
abilities of the hexaphyrin that lead to a metal—carbon bond at
either pyrrolic Cg or C, position.

activations have been demonstrated in several modified
porphyrinoids involving N-confused porphyrins (NCP%),
carbaporphyrinoid®,and benziporphyrirfsthat share the
same CNNN internal core. These reactivities allowed for the
creation of novel organometallic species of unusual valence
states. Despite this promise, metalationldias been only
poorly studied so faf-® Cu(ll) metalation ofl did not lead

to the formation of a metal complex with a carbemetal
bond but provided gable bis-Cu(ll) complexes, in which the
two Cu(ll) ions are each bound to three pyrrolic nitrogen

In recent years, increasing attention has been focused orftoms and an oxygen atom attached at the meso position.

the study of so-called expanded porphyrins that consist
of five or more conjugated pyrrolic subunitsOur own
activity in this area has been triggered by our unexpected
finding that a series ofmesearyl-substituted expanded
porphyrins can be prepared in a simple one-pot reaction of
a 2,6-substituted aryl aldehyde with pyrrole under modified
Rothemuner-Lindsey conditiong. Among these expanded
porphyrins, [26]hexaphyrinl, is a particularly attractive
molecule in light of its strong aromaticity and planar and
rectangular structure with two inverted pyrrofésyhich are
analogous to the characteristics of porphyrins. Moreover the
hexaphyrinl can be easily reduced to its;28tate by NaBH
reduction? In view of the rich chemistry of metalloporphy-
rins, the metalation of [26]hexaphyrin is also intriguing. In
particular, the inverted pyrrole rings Inare quite attractive

in light of C—H bond activation, as they might offer an
opportunity to form a metaicarbon bond. Such €H

(1) Franck, B.; Nonn, AAngew. Chem., Int. Ed. Engl995 34, 1795.
(b) Jasat, A.; Dolphin, DChem Rev. 1997, 97, 2267. (c) Lash, T. D.
Angew Chem, Int. Ed. 200Q 39, 1763. (d) Furuta, H.; Maeda, H.;
Osuka, A.Chem Commum2002 1795. (e) Sessler, J. L.; Seidel, D.
Angew Chem, Int. Ed. 2003 42, 5134. (f) Setsine, J.; Katakami, Y.;
lizuna, N.J. Am. Chem. S0d999 121, 8957. (g) Vogel, E.; Michels,
M.; Zander, L.; Lex, J.; Tuzun, N. S.; Houk, K. Mngew Chem,
Int. Ed. 2003 42, 2857.
Shin, J.-Y.; Furuta, H.; Yoza, K.; Igarashi, S.; OsukaJAAm Chem
Soc 2001 123 7190. (b) Shin, J.-Y.; Furuta, H.; Osuka, Angew.
Chem., Int. Ed2001, 40, 619. (c) Shimizu, S.; Shin, J.-Y.; Furuta,
H.; Ismael, R.; Osuka, AAngew Chem, Int. Ed. 2003 42, 78.
(3) Neves, M. G. P. M. S.; Martins, R. M.; TomA. C.; Silvestre, A. J.
D.; Silva, A. M. S,; Féix, V.; Drew, M. G. B.; Cavaleiro, J. A. S.
Chem Commun 1999 385.

@

10.1021/ic050447e CCC: $30.25
Published on Web 05/06/2005

© 2005 American Chemical Society

In this Communication, we report metalations lofvith
group 10 metals such as Ni(ll), Pd(ll), and Pt(Il). When a
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Figure 1. Absorption spectra of (—), 3 (-**), 5(-+---),6(— - —), and
7 (- - -) in CHzClz.

toluene solution ofl and 10 equiv of Ni(acag)s refluxed

for 1 h in thepresence of sodium acetate under anaerobic

conditions, nickel(Il) hexaphyrin complekwas isolated in

50% yield after separation over a silica gel column. By high- (b)

resolution ESI-TOF mass spectroscopy, the molecular weight

of 3 was determined to bavz = 1517.0091 ([M— H]");

calcd for GgNeF3oH13Ni 1517.0082. The absorption spectrum

(Figure 1) shows a Soret-like band at 604 nm and a Q-band-

like band at 892 nm. ThéH NMR spectrum of the

diamagnetic compleR exhibits signals for three NH protons

at 9.02, 5.33, and 2.30 ppm; 10 resonances due to the pyrrolic

ﬂ-protons in the range of 7.666.71 ppm; and one doublet  Figure 2. _Cry_stal structure oB: (a) top view erd (b) side view. Th(_e
_ - . - thermal ellipsoids are scaled to the 50% probability level. In the side view,

COUpIe.d (] =2 HZ) W'_th a pyrro"c NH proton appearing at mesepentafluorophenyl substituents are partially omitted for clarity.

exceptionally higher field, 1.70 ppm. BecaiB@as unstable

under aerobic conditions in solution, crystals3$uitable Chart 1

for X-ray crystallography were grown by vapor diffusion of Ar Ar

heptane into a CHCl, solution of 3 in a glovebox. The J

structure of3 was solved by single-crystal X-ray diffraction Ar

analysis (Figure 23° The pyrroles F, A, B, and E constitute

an NCP-like hemimacrocycle, in which the nickel atom is

bound with three pyrrolic nitrogen atoms (the pyrroles F, Ar Ar
A, and B) and the;B-carbon atom of the inverted pyrrole 1 Ar = pentafluoropheny! 3 M = Ni(ll), Ar = pentafluorophenyl
2 Ar = 2,6-dichloropheny! 4 M = Ni(ll), Ar = 2 6-dichlorophenyl

E with bond distances of NiNg 1.891(2) A; Ni-Na,
1.904(2) A; Ni-Ng, 1.878(2) A; and N-C, 1.898(3) A. The
pyrroles C, D, and E are indicated to bear a NH hydrogen,
thus leading to assignment 8fas a [28]hexaphyrin. Three
Ni—N bonds and the NiC bond in3 are all slightly shorter
than those in NINCP#*<The pyrroles F, A, B, and inverted

E are helically arranged with a large mean plane deviation
of 0.55 A defined by the constituent 23 atoms. The tilting
angles of pyrroles F, A, B, and E to this mean plane are
14.5°, 22.1°, 44.5, and 21.8, respectively. Curiously, one
meso-substituted pentafluorophenyl group (marked Ar* in  Whenmesehexakis(2,6-dichlorophenyl)hexaphy@was
Chart 1) is located quite near the Ni(ll) atom, which is used instead ofl, nickel(ll) hexaphyrin complex4 was
displaced by 0.18 A toward Ar* from the mean plane. On obtained in 66% yield. Complex exhibits the parent
the basis of the X-ray crystal structure, the doublet at ion peak atm/z = 1390.8153 ([M — H]~) (calcd for
1.70 ppm was assigned to tjieproton (H) of the pyrrole CoseNeCl12H31Ni, 1390.8157), and its absorption spectrum

5 M = Pd(ll), Ar = pentafluorophenyl
7 M = Pt(ll), Ar = pentafluorophenyl

6 Ar = pentafluorophenyl

E because of its location just over the pyrrole B ring. shows bands at 604 and 892 nm that are quite similar to
those of3. The preliminary X-ray crystal structure @f
(10) Crystallographic data for3: CrsHaNeFsoNi, My, = 1619.73,  (Supporting Information) is practically the same as that of
monoclinic, space groujP2/n (No. 14), a = 15.063(2) A,b = 3. In the 'TH NMR spectrum of4, it is interesting to note
é‘f'igi(.ééég;ni&z“igﬁ)éﬁ E_égé'?éiz[(lz’;\gz gﬁ;f’l%%% that a set of signals is observed in a rather high-field region
GOF = 1.443] > 3.00()]. at 5.97 (meta), 5.70 (para), and 5.14 ppm (meta), which has
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Figure 3. Crystal structure 06. The thermal ellipsoids are scaled to the
50% probability level.mesePentafluorophenyl substituents are partially
omitted for clarity.

been assigned to the 2,6-dichlorophenyl group (denoted a

Ar* in Chart 1) that is placed just below the Ni(ll) center.
Pd(ll) metalation was performed by refluxing a &b

solution of1 and 10 equiv of PdGlfor 12 h in the presence

of sodium acetate. Separation over a silica gel column gave

mono-Pd(Il) complexs and bis-Pd(ll) complex6 in 50%
and 9% yields, respectively. Compl&exhibits the parent
ion peak atm/z = 1564.9831 ([M — H]") (calcd for
CssNsF3oH13Pd, 1564.9784). The absorption spectrunbof
shows bands at 618 and 876 nm, which is quite similar to
the spectra o8 and4. The'H NMR spectrum of5 is also
quite similar to those 08 and4, featuring three signals due
to the NH protons and 10 signals due to the pyrrolic

pB-protons in the normal region, as well as one doublet due

to the -protons of the pyrrole E at 0.80 ppm (Supporting
Information). X-ray crystallographic analysis revealed that
5 has a structure similar to those 8fand 4 with bond
distances of PeNg, 2.007(6) A; Pd-N,, 2.034(6) A; Pd-
Ng, 2.011(5) A; and PdC, 1.993(7) Al Unlike the Ni
complex3, the Pd compleX is rather stable in solution in
the presence of air.

The absorption spectrum d exhibits a broad band

between 651 and 709 nm and a small band at 888 nm, which

are quite different from those 85. The'H NMR spectrum

of 6 shows no NH signal and 12 signals due to the pyrrolic
pB-protons in the range of 7.36.31 ppm, in addition to two
mutually coupled doublets at 8.82 and 5.61 ppm. The
structure of 6 was determined by single-crystal X-ray
diffraction method as shown in Figure'30f two Pd(Il)
ions that are bridged by a chloride atom, one Pd(ll) ion is

(11) Crystallographic data fob: CggH14NgF30PdCE, My, = 1803.97,
triclinic, space grougl (No. 2),a = 7.4793(8) A,b = 17.2353(18)
A, ¢ = 252503) A, a = 77.918(2}, B = 86.328(2}, y =
86.770(2), V = 3173.2(6) R, D. = 1.888 g/cm, Z= 2, R = 0.0944,
Ry (all data)= 0.1134, GOF= 1.047 | > 2.0 o(1)].

(12) Crystallographic data fo6: CrzeH12NgF20PdhClg, My, = 1985.42,
triclinic, space groupPl (No. 2),a = 13.838(7) Ab = 14.394(8) A,
¢ = 18.255(10) Ao = 99.10(5}, B = 90.36(4}, y = 104.40(53,
V = 3473(3) A, D, = 1.898 g/cm, Z = 2, R= 0.0988 R, (all data)
= 0.2846, GOF= 1.028 | > 2.0 o(l)].

(13) Suzuki, M.; Taniguchi, R.; Osuka, Zhem. Commur2004 2682.
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bound to three pyrrolic nitrogen atoms with bond distances
of 2.031(7), 1.984(8), and 2.046(7) A, and the other is bound
to two pyrrolic nitrogen atoms with bond distances of
2.080(8) and 1.952(7) A, and a pyrroliccarbon, at which
pyrrole a N-fusion reaction takes place to form a planar
tricyclic ring.:3 The Pd-C, bond distance is 2.106(9) A, and
the Pd-Cl bond distances are 2.372(2) and 2.439(3) A. The
two Pd atoms are coordinated in a square-planar manner with
mean plane deviations of 0.18 and 0.05 A. The fused tricyclic
moiety is tilted against the Pd-coordinating square planes
with 87.3 and 34.8. Formation of the PdC, bond causes
disruption of a conjugated-network of hexaphyrin, which
leads to attenuation of the absorption coefficient 6f
compared to those df Because the pyrrole E has a different
environment from the rest of the pyrroles, the pairs of
doublets at 8.82 and 5.61 ppm that are differentiated from
the other signals are tentatively assigned totprotons of

She pyrrole E.

Finally, Pt(ll) metalation ofl. was performed by refluxing
a solution ofl and sodium acetate in GHI, in the presence
of 10 equiv of PtC] under argon atmosphere. Monitoring
of the reaction mixture revealed that the metalation was quite
slow in comparison to Ni(ll) and Pd(ll) metalations but the
amount of a mono-Pt(ll) hexaphyrin complex gradually
increased without any indication of further metalated product.
After 5 days of refluxing, the usual workup provided
platinum(ll) hexaphyrin compleX in 56% yield. Complex
7 exhibits the parent ion peak atvz 1654.0301
(IM — H]7) (calcd for GeHisFs0NsPt, 1654.0380) and the
absorption spectrum characterized by bands at 586 and
844 nm. The'H NMR spectrum is quite similar to those of
the mono-metalated complex@s5. Therefore, we assigned
7 again as the mono-Pt(ll) complex, whose structure is
similar to those o8—5. A preliminary X-ray crystal structure
of 7 also supports the assigned structure. Finally, the stability
of 7 is comparable to that .

In summary, the metalations afwith Ni(ll), Pd(ll), and
Pt(Il) metal ions led to the formation of the mono-metalated
complexes3, 5, and7, in which the internap-pyrrolic C—H
bond is activated to form a metatarbon bond. The bis-
Pd(Il) complex6 was also isolated and structurally character-
ized to contain a PdC, bond. These results reveal novel
coordination abilities of [26]hexaphyrins.
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