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Metalation of meso-hexakis(pentafluorophenyl)-substituted [26]- Chart 1

hexaphyrin(1.1.1.1.1.1) (1) has been explored with group 12 metal Cof's | CeFs CeFs
ions Zn(ll), Cd(ll), and Hg(ll). Zn(ll) and Cd(ll) ions afforded
dinuclear gable-shaped complexes 2 and 3 in good yields, while
Hg(Il) ion provided bis-Hg(ll) and mono-Hg(ll) planar complexes
(4 and 5) via C—H bond cleavage.

1 2 M= 2Zn(ll)
3 M= cd(ll)

A recent surge in the development of various expanded
porphyrins is owed largely to their attractive optical,
electrochemical, and coordination properties arising from CsFs
their larger & conjugation than that of porphyrifs.

In particular, expanded porphyrins are highly promising as
multi-metal coordinating ligands, allowing formation of
polynuclear complexes with notable metahetal interaction

. 23 ! )
or cgtalytlc activity: mgseHexakls(peqtafluorophgnyl) and the related reaction using dipyrromethane and tripyrrane
substituted [26]hexaphyrin(1.1.1.1.1.7) €irst synthesized precursors:

by Cavaleiro et al. possesses an important and unique With an efficient synthetic procedure dfin hand, we
position that connects porphyrin and higher expanded por-giarted our own studies on its metalation behaviors toward

phyrin congeners in view of its flat structure and strong cy(i1y, cu(l), Ni(l), Pd(ll), Pt(l1), and Au(lll) ions’ Gable

aromaticity? Independently, we reported the improved pjs-Cu(ll) complexes with variable anti-ferromagnetic in-

synthesis ofl via modified RothemundLindsey protocol  teractions were obtained with Cu(ll) idA,while Cu(l)
metalation induced double pyrrolic rearrangement to provide

*To whom correspondence should be addressed. E-mail: osuka@ a bIS-Cu(II) C(_)mplgx of dOUbIW'Confused hexaphyn_ﬁ’.
kuchem.kyoto-u.ac.jp. Fax#+81-75-753-3970. In the case with Ni(ll), Pd(ll), and Pt(If; mono- or bis-

(1) (&) Jasat, A;; Dolphin, DChem. Re. 1997, 97, 2267. (b) Lash, T.D.  metal complexes with a €metal bond were obtained.
Angew. Chem., Int. E®200Q 39, 1763. (c) Furuta, H.; Maeda, H.; R Kabl | d bis-Au(lll |
Osuka, A.Chem. Commur2002 1795. (d) Sessler, J. L.; Seidel, D. emarkably, planar mono- and bis-Au(lll) complexes were

Angew. Chem., Int. EQR003 42, 5134. (e) Chandrashekar, T. K.;  obtained from the metalation with Au(lll) ion, both of which

Venkatraman, SAcc. Chem Res 2003 36, 676. (f) Shimizu, S.; A ; ; : ; i ~
Osuka, A.Eur. J. Inorg. Chem2006 1319, exhibit facile aromatie-antiaromatic switching upon two

(2) (a) Charriee, R.; Jenny, T. A.; Rexhausen, H.; Gossauer, A. electron redox proceg$.These results indicate that at the

Heterocycles1993 36, 1561. (b) Sessler, J. L.; Weghorn, S. J.; i i
Hisaeda, Y- Lynch. VChem. Eur. 11995 1. 56. (¢) Werner, A. present stage the metalation behaviorsl gfre somewhat
Michels, M.; Zander, L.; Lex, J.; Vogel, Angew. Chem., Int. Ed

1999 38, 3650. (d) Vogel, E.; Michels, M.; Zander, L.; Lex, J.; Tuzun, (5) (a) Shin, J.-Y.; Furuta, H.; Osuka, Angew. Chem., Int. EQ2001

N. S.; Houk, K. N.Angew. Chem., Int. EQ2003 42, 2857. (e) 40, 619. (b) Shin, J.-Y.; Furuta, H.; Yoza, K.; Igarashi, S.; Osuka, A.
Veauthier, J. M.; Cho, W.-S.; Lynch, V. M.; Sessler, Jinorg. Chem J. Am. Chem. So@001, 123 7190.
2004 43, 1220. (6) (a) Taniguchi, R.; Shimizu, S.; Suzuki, M.; Shin, J.-Y.; Furuta, H.;
(3) (a) Tanaka, Y.; Hoshino, W.; Shimizu, S.; Youfu, K.; Aratani, N.; Osuka, A.Tetrahedron Lett2003 44, 2505. (b) Suzuki, M.; Osuka,
Maruyama, N.; Fujita, S.; Osuka, A. Am. Chem. SoQ004 126, A. Org. Lett.2003 5, 3943.
3046. (b) Shimizu, S.; Tanaka, Y.; Youfu, K.; Osuka, Angew. (7) (a) Shimizu, S.; Anand, V. G.; Taniguchi, R.; Furukawa, K.; Kato,
Chem., Int. Ed2005 44, 3726. (c) Kamimura, Y.; Shimizu, S.; Osuka, T.; Yokoyama, T.; Osuka, AJ. Am. Chem. SoQ004 126, 12280.
A. Chem. Eur. J2007, 13, 1620. (b) Suzuki, M.; Yoon, M.-C.; Kim, D. Y.; Kwon, J. H.; Furuta, H.;
(4) Neves, M. G. P. M. S.; Martins, R. M.; TomA. C.; Silvestre, A. J. Kim, D.; Osuka, A.Chem. Eur. J2006 12, 1754. (c) Mori, S.;
D.; Silva, A. M. S,; Féix, V.; Drew, M. G. B.; Cavaleiro, J. A. S. Shimizu, S.; Taniguchi, R.; Osuka, Morg. Chem 2005 44, 4127.
Chem. Commuril999 385. (d) Mori, S.; Osuka, AJ. Am. Chem. SoQ005 127, 8030.
4374 Inorganic Chemistry, Vol. 46, No. 11, 2007 10.1021/ic7004216 CCC: $37.00  © 2007 American Chemical Society

Published on Web 04/25/2007



Figure 1. X-ray crystal structure o2. The thermal ellipsoids are scaled
to the 50% probability level. In the side viewnesepentafluorophenyl
substituents are omitted for clarity.

unpredictable, varying upon metal ions and metalation
conditions, in sharp contrast to those of porphyrins. In this
paper, we report on the metalation bfoward zZn(ll), Cd-
(1), and Hg(ll) ions.

A solution of 1 and Zn(OAc)-2H,0 in a 4:1 mixture of
CHCl; and methanol was refluxed in the presence of sodium
acetate for 24 h. Aqueous workup including washing with
brine gave bis-Zn(ll) complex2 in 91% vyield. High-
resolution electrospray ionization time-of-flight (HR-ESI-
TOF) mass measurement reveals the parent ion pe2labf
m/z = 1640.8879 ([M— H]"), calcd for GeH12NgF300Zn,-

Cl: 1640.8840 (Supporting Information). A single-crystal
X-ray diffraction analysis revealed a gable bis-Zn(ll) struc-
ture, where the two zinc ions are similarly bound to the three
pyrrolic nitrogen atoms of the semi-planar tripyrrolic ligand

and are bridged by the chloride atom and the oxygen atom
attached at the meso position in a square pyramidal fashion

(Figure 1) The zinc ions are displaced by 0.420 and 0.396
A from the mean plane defined by three nitrogen atoms of
pyrrole rings and the oxygen bridge. The-Z@l lengths are
2.3777(10) and 2.3941(9) A, the Z® distances are 2.151-
(2) and 2.167(2) A, and the ZZn distance is 3.24 A. This

gable structure is essentially the same as that of a bis-Cu(ll)

complex of1.”2TheH NMR spectrum o® exhibits signals
due to the pyrroligs-protons in the range of 6.565.06 ppm

and a signal due to the meso proton at 10.75 ppm that has

no correlation with other peaks in the HH COSY spectrum.
This large downfield shift can be explained by the strong
hydrogen bonding with the bridging oxygen atom, as is

evident from the short distance of 2.91 A between the meso

sp’ carbon and the oxygen atom. In tH€ NMR spectrum,
a peak due to the ggarbon at meso position is observed at
41.0 ppm, which has a correlation with the meso proton in

(8) Crystallographic data & CeeH13NeF3001Zn2Cl1-4(CHCN)-2(0), My,
= 1838.23, triclinic,P1 (No. 2),a = 12.159(3) Ab = 14.350(3) A,
c=22.245(5) A,o. = 97.110(4}, B = 97.185(4}, y = 110.593(3),
V = 3545.5(14) &, D, = 1.722 g/cmd, Z = 2, R1= 0.0543 ( >
2.00(1)), wR2 = 0.1686 (all data), GOF= 1.037 ( > 2.00(l)).
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Figure 2. Absorption spectra ol (black), 2 (red), 3 (green),4 (blue),
and5 (orange) in CHCly.

Figure 3. X-ray crystal structure 08. The thermal ellipsoids are scaled
to the 50% probability level. In the side viewnesepentafluorophenyl
substituents are omitted for clarity.

the CH-hetero COSY spectrum. Reflecting the disruption of
cyclic full conjugation, complex2 features an ill-defined
absorption spectrum with attenuated absorbance (Figure 2),
which is similar to that of the bis-Cu (II) complex.

Cd(Il) metalation ofl was conduted with Cd(OAgRH.O.
By the use of the same procedure asXdsis-Cd(Il) complex
3 was isolated in 62% yield. HR-ESI-TOF mass spectroscopy
exhibits the parent ion peak aiz= 1734.8319 ([M— H]")
(calcd for GgH12NeF30OCACl, 1734.8369). The single-
crystal X-ray structure revealed a gable structure with two
Cd(ll) ions, which are bound with the tripyrrolic ligand and
bridged by the chloride and meso-attached oxygen atom in
a square pyramidal fashion (Figure °3Jhese structural
features are similar to those @f The Cd-N distances are
in the range 2.2022.250 A, the Ce-Cl distances are 2.578-
(2) and 2.5731(17) A, the Ce distances are 2.336(5) and

(9) Crystallographic data d: CeeH13NeF3001ChCl1-2(CHCE), My,
1855.46, monoclinicP2;/c (No. 14),a = 18.2170(18) Ap = 32.707-
(3) A, c=125752(13) Ap = 101.453(2), V = 7343.4(12) R, D,
=1.678 g/lcm, Z= 4, R1= 0.0929 ( > 2.00(l)), wR2= 0.2123 (all
data), GOF= 1.104 ( > 2.00(l)). Some unassigned electron density
due to severely disordered solvents was removed by use of the utility
SQUEEZE in PLATON software package.; SQUEESE-PLATON: (a)
Spek, A. L.PLATON, A Multipurpose Crystallographic TedJtrecht
University: Utrecht, The Netherlands, 2005. (b) Sluis, P. V. D.; Spek,
A. L. Acta Crystallogr. A199Q 46, 194.
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Figure 4. X-ray crystal structure ofl. The thermal ellipsoids are scaled
to the 50% probability level. In the side viewnesepentafluorophenyl
substituents are omitted for clarity.

2.300(6) A, and the CdCd distance is 3.47 A. Théd NMR
spectrum shows signals due to the pyrrgliprotons in the
range of 6.53-6.15 ppm similarly to those df, but a singlet

in a flat tridentate cavity. The distances between the Hg ions
and -carbon atoms of the unbound pyrrole are 2.82 and
2.95 A, being shorter than the sum of van der Waals radii
(3.32 A). This suggests favorable merctisp? carbon
interaction. The mean plane deviation defined by the three
pyrrolic units is 0.043 and 0.139 A. On the other hand, the
opposite pyrrole is significantly tilted at 48.8vith respect

to the mean plane of 36 atoms of macrocycle, probably to
escape the steric repulsion. TheHy distances are 2.343-
(4), 2.142(4), 2.331(4), and 2.132(4) A, and the +@
distances are 2.045(5) and 2.033(5) A. In accord with the
Cssymmetric structure4 displays a simple'H NMR
spectrum consisting of a singlet at 0.26 ppm for the inner
pyrrolic 5-protons, two sets of doublets at 9.95 and 9.70 ppm
and 9.56 and 9.22 ppm for the outer pyrrofieprotons
(Supporting Information), indicating a strong diatropic ring
current. Mono-Hg(ll) comple% exhibits the parent ion peak
at m'z = 1691.0535 ([M+ H]") (calcd for G7H1sNgFs0-
OHg, 1691.0542), hence suggesting an addition of a methoxy
group to the molecule. THél NMR spectrum exhibits eight
outerf-proton signals in the range 9.78.03 ppm, a set of
mutually coupled doublets at0.70 and—1.28 ppm due to
the innerB-protons, and a broad NH proton singletat.76

due to the meso proton is observed at 7.75 ppm, which is ppm. In addition, a singlet at4.51 ppm due to the methoxy

considerably upfield-shifted by 3 ppm as compared With

group is observed. These data support again a diatropic ring

This suggests weaker hydrogen-bonding interaction with the current for5 as similar tol and 4. In accord with this

bridging oxygen atom, which is supported by a longer
distance (3.31 A) between the3sgarbon and the oxygen
atom. The absorption spectrum 8fis similar to that of2
(Figure 2).

Finally, Hg(ll) metalation ofl was investigated with Hg-
(OAC), in a toluene-methanol mixture. After being stirred
for 1 h atroom temperature, the solution color changed from
violet to green, and the usual workup gave bhis-Hg(ll)
complex4 and mono-Hg(ll) complex in 27% and 29%
yields, respectively. Complekexhibits the parent ion peak
at m/z = 1858.9973 ([M+ H]+), (CalCd for GeH11NgF30-
Hg,, 1858.9970). The structure 4fwas determined by X-ray
diffraction analysis, as shown in Figure'%Interestingly,
the two inner pyrrolic G-H bonds of the same pyrrole are
cleaved to form He-C bonds'! Each Hg(ll) ion is addition-
ally bound with the two pyrrolic nitrogen atoms and fitted

(10) Crystallographic data @ CgeH13NsF3oHg2:2(C7Hg), My, = 2042.25,

monoclinic,P2:/n (No. 14),a = 13.475(3) Ab = 18.844(3) Ac =

26.843(5) A8 = 101.689(9), V = 6675(2) B, D, = 2.032 g/crd, Z

=4, R1=0.0396 ( > 2.00(l)), wR2 = 0.0995 (all data), GOF

1.030 ( > 2.00(1)).

(11) (a) Morris, K.; Snow, K. M.; Smith, N. W.; Smith, K. MJ. Org.
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structural assignment, the absorption spectruisfsimilar
to those ofl and 4 in respect of a strong Soret-like band
and several Q-like bands (Figure 2). The Soret-like bands
are observed at 636 and 655 nm fand 611 nm forb.

In summary, the metalation df with Zn(ll) and Cd(Il)
led to the formation of the gable-shaped bis-metalated
complexe< and3, while the metalation with Hg(ll) provided
bis-Hg(ll) complex4 and mono-Hg(ll) comple® via C—H
bond cleavage, both of which preserve planar rectangular
shapes and strong aromaticity. Currently, further work is
underway to explore other metal complexed and utility
as reaction catalysts.
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