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Abstract: Porphyrin (P), porphycene
(Pc), corrphycene (Cn), and hemipor-
phycene (Hpc) represent a series of well
defined ™4-N in∫ constitutional porphy-
rin isomers. These isomers, in the form
of their octaethyl derivatives, represent
a congruent set of porphyrinoids whose
properties can be compared. In this
study we report how variations in elec-
tronic structure and nitrogen-core size in
the free-base forms of these four systems
are reflected in the properties of their
corresponding metal complexes. Specif-
ically, the effects that these differences
have on the axial ligation properties of
the ZnII, MgII, NiII, and CoII complexes
of P, Pc, Cn, and Hpc in toluene using
pyridine as the axial ligand are detailed.
Also reported are the relative stabilities
of these complexes under acidic condi-
tions. It is shown that for the zinc,

magnesium, and cobalt complexes, there
are distinct differences in the ability to
maintain four-, five-, or six-coordinate
geometries in the presence of similar
concentrations of pyridine. By contrast,
no apparent differences in axial ligand
binding affinity are seen for the four
nickel complexes. Little difference in
stability was likewise seen when these
same complexes were subject to acid-
mediated demetallation, with all four
falling into stability class II, according to
the accepted porphyrin stability ranking
system. High stabilities were also seen in
the case of the cobalt complexes, with
the Pc and Cn complexes being of

stability class III and the P and Hpc
derivatives falling into stability class II.
The ZnII andMgII complexes were all far
less stable than the corresponding NiII

and CoII complexes. In this case, semi-
quantitative analyses of the rate of acid-
induced decomposition revealed the
following stability sequence P�Cn�
Hpc�Pc for both the ZnII and MgII

complexes. Single-crystal X-ray diffrac-
tion structures were solved for the ZnII,
MgII, and NiII complexes of the octaethyl
derivatives of Hpc, Cn, and Pc as well as
a CoII octamethylcorrphycene and are
reported as part of this study. These
solid-state structures confirm four-coor-
dinate species for the NiII complexes,
four- and five-coordinate species for the
MgII and ZnII complexes, and a six-
coordinate species for the lone CoII

complex.
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Introduction

Porphyrins are among the most extensively studied of all
ligand systems.[1, 2] Indeed, considerable effort continues to be
devoted to understanding, among other things, how changes

in electronic structure and size influence the metal coordina-
tion properties of these quintessential dianionic ligands.[3±10] In
this context, one of the simplest conceivable studies, involving
systematic variations in the shape of the central N4 core, has
not yet been performed. Now, however, with the advent of a
well-defined series of ™4-N in∫ constitutional isomers, namely
porphyrin (1; P), porphycene (2 ; Pc), corrphycene (3 ; Cn),
and hemiporphycene (4 ; Hpc), such a study has become
possible. Herein we report how key differences in N4 core
geometry, specifically square, rectangular, trapezoidal, and
distorted quadrilateral in the case of 1 ± 4, respectively,
influence such properties as metal complexes stability and
apical ligand coordination. In particular, we compare here the
properties of the octaethyl (OE) derivatives 5 ± 8, in the form
of their zinc(��), magnesium(��), nickel(��), and cobalt(��) com-
plexes. Isoporphycene, while a known ™4-N in∫ porphyrin
isomer, is currently available in only small quantities and was
not included in this study.[9]
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The most dramatic difference between the four porphyrin
isomers 5 ± 8, lies in the obvious disparities in core shape as
well as in more subtle variations in core size.[11] Data available
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from previously solved X-ray structures,[4, 6, 8, 12] as shown in
Table 1, provides for a simple, graphical representation of
each core and its respective geometry and area. As detailed
below, these manifest disparities in structure and symmetry
give rise to differences in observable optical properties as well
as in the chemistry of representative metal complexes derived
from these dianionic ligands.[1, 4, 8, 13]

Results and Discussion

Spectroscopic properties of metal-free systems : It has been
well documented that changes in the conjugation pathway and
symmetry of a porphyrin can affect its UV/Vis absorption
spectrum.[1, 14, 15] Stern and Wenderlein[16] and Gouterman[14]

have discussed the importance of charge localization on
electronic spectroscopic properties. Just as free base porphyr-
ins can show etio-, rhodo-, oxorhodo-, and phyllo-type spectra
as the result of changes in charge density due to the presence
of side chains, the present matched set of ™4-N in∫ isomers
also show variations in their respective absorption spectra.

A simple theoretical procedure that has been successfully
applied to rationalize the patterns observed in absorption and
magnetic circular dichroism (MCD) spectra of porphyrin,[17]

porphycene,[18] corrphycene,[19] and hemiporphycene[20] is
based on the so-called perimeter model.[21] In this approach,
the intensity ratio between the Q and Soret transitions should

be proportional to (�HOMO��LUMO)(�HOMO� �LU-
MO), where�HOMO and �LUMO denote the differences in
orbital energies between the two highest occupied and two
lowest unoccupied � molecular orbitals. The magnitudes of
the orbital splittings can be estimated qualitatively from the
inspection of the shape of the orbitals of the parent,
unperturbed perimeter, C20H20

2�.[22]

Appropriate B3LYP/6-31G(d,p) calculations yield �HO-
MO values of 0.16, 0.06, and 0.03 eV for porphyrin, porph-
ycene, and corrphycene, respectively. For the two possible
trans-tautomers of hemiporphycene, values of 0.04 and
0.11 eV are obtained. The corresponding �LUMO values
are 0.02, 1.33, and 0.07 eV for 1 ± 3 and 0.56 and 0.57 eV for the
two tautomeric forms of 4. These values indicate that the
relative intensity of the Q versus Soret transitions should be
largest in porphycene and smallest in porphyrin and corrph-
ycene, while hemiporphycene is expected to reveal an inter-
mediate behavior. This is indeed observed in the absorption
spectra of porphyrin isomers 5 ± 8 as shown in Figure 1. The

Figure 1. UV/Vis spectra of porphyrin isomers 5 ± 8 as recorded in CH2Cl2.

Soret-like band of porphycene 6 is observed at 385 nm (log
�� 5.16) with the Q-type absorption bands appearing at
wavelengths (log �) of 576 (4.55), 635 (4.29), and 665
(4.49) nm,[4] whereas porphyrin 5 displays a Soret band at
397 nm (log � 5.24) that is demonstrably red shifted compared
to this particular isomer, as well as Q-bands at 500 (4.08), 535

Table 1. Structural features of free-base porphyrin isomers 5 ± 8, shown with the �-pyrrolic substituents omitted for clarity. The bonds in bold print refer to
the 18 �-electron conjugation pathway. Bond lengths and core areas were derived from X-ray analysis.

Isomer OEP OEPc OECn OEHpc

symmetry group D4h D2h C2h Cs
N4 core shape square rectangular trapezoidal distorted quadrilateral
N4 area [ä2] 8.503 7.647 8.273 8.231
N�N bond lengths [ä] 2.916 2.799, 2.732 3.447, 2.799, 2.539, 2.799 3.129, 2.709, 2.627, 3.045
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(4.00), 569 (3.86), and 622 (3.61) nm.[1] By contrast, corrphy-
cene 7 has a Soret-like absorption maximum appearing at
414 nm (log � 5.18), while the corresponding Q-type bands fall
at 511 (4.20), 541 (3.60), 575 (3.81), 585 (3.64), and 630
(3.42) nm.[6] In accord with expectations, the Soret band of
hemiporphycene appears at 405 nm (log � 5.19), with the
corresponding Q-type bands being observed at 484 (3.59), 512
(3.88), 552 (4.41), 583 (3.95), and 632 (4.03) nm.[8] It is
important to note, however, that while the electronic spectra
of hemiporphycene appear to be qualitatively similar to those
of other isomers, the observed Hpc spectrum actually derives
from the sum of spectral contributions from the two trans-
tautomers.[8]

Metal complex formation : Previous studies involving binding
and stability of metalloporphyrin systems of the parent form 1
have revolved around a limited number of variables, the most
obvious of which being the size of the coordination cation.[23]

The electronic nature of porphyrins, and also the steric
accessibility of the bound metal center, can be varied by using
electron-donating or -withdrawing substituents at the meso-
carbon or �-pyrrolic positions. While such substituent-based
changes have been seen to influence the extent of apical
ligand binding, as well as the stability of the metal complexes,
there is a relatively small effect on the ability to insert cations
into the nitrogen core. Except in the most crowded of cases,
the core size and geometry of porphyrin 1 change very little
upon functionalization.[24] Porphyrin isomers 2 ± 4 differ con-
siderably from porphyrin in terms of core size and geometry,
thus introducing two additional variables with respect to
metalloporphyrin coordination chemistry. Therefore, key
questions we sought to address at the outset of this study
were whether metal complexes could be formed from Pc, Cn,
and Hpc and if the spectroscopic differences seen in the free-
base forms would be mirrored in the case of the corresponding
metal complexes. As part of this analysis, we were keen to see
whether the apical ligand binding properties of the putative P,
Pc, Cn, and Hpc metal complexes would differ for any given
metal center and whether the complexes in question would
vary in terms of their inherent stabilities.

Figure 2 provides a periodic table of all known metal
complexes of the porphyrin isomers P, Pc, Cn, and Hpc.[25]

This schematic representation is meant to highlight the fact
that porphyrin is not alone in being able to stabilize a wide
range of metal complexes but rather that its close congeners

Pc, Cn, and Hpc are also versatile ligands. Still, in spite of this
underlying similarity, there are important differences in the
metal complexes formed from P, Pc, Cn, and Hpc and this
table provides the starting point from which a range of inter-
comparisons may be made.

Within the lexicon of the metal complexes derived from 5 ±
8, those involving magnesium, aluminum, manganese, iron,
cobalt, nickel, copper, zinc, palladium, silver, indium, and tin
are already known for all four isomers. Of these, we consider
the ZnII, MgII, NiII, and CoII systems to be the most important
and potentially most informative. For this set of complexes
there are X-ray diffraction structures available for four-, five-,
and six-coordinate species (with pyridine as the axial ligand),
as well as extensive characterization data for each of the
isomers.

The zinc(��) complexes 9 ± 12 were made following the time-
honored direct insertion method used to prepare many
common metalloporphyrins. Specifically, it was found that
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the molar equivalent addition of a methanolic solution of
zinc(��) acetate, with or without pyridine depending on the
particular porphyrinoid system in question, to a solution of
the macrocycle in dichloromethane gave the corresponding
zinc complex in high yield.[1b] The progress of this metallation
process could be monitored easily using electronic spectro-
scopy. The disappearance of the free-base Q-bands with the
appearance of new, generally two, absorption bands indicated
that the metallation process was complete. These complexes
were easily purified by recrystallization from dichlorome-
thane/hexanes or by column chromatography over basic silica

gel. All proved stable as solids
as well as in aprotic solution,
yielding little or no degradation
over several months when pro-
tected from light and acid me-
dia.

In contrast to the above zinc
systems, the isomeric magnesi-
um complexes 13 ± 16 proved
difficult to prepare and manip-
ulate. This was not surprising in
so much as the problem of
introducing magnesium into
porphyrins is one that has been

Figure 2. Periodic table of known metal complexes of porphyrins, porphycenes, corrphycenes, and hemi-
porphycenes.[28] Solid coloring refers to complexes with solved X-ray structures. Hashed shading refers to
complexes that have been characterized by other methods.
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appreciated for many years.[1, 26] For the present studies, two
insertion methods were explored. The first involved the use of
magnesium(��) perchlorate[1] and pyridine, while the second
was a modification of the diisopropylamine andmagnesium(��)
bromide diethyl etherate method of Lindsey and co-work-
ers.[26] In both cases, metal insertion was easily monitored by
using electronic spectroscopy. Nonetheless, the complexes,
once obtained, proved tricky to work up. The complexes, as a
general rule, were found to be very sensitive to both acid and
base in (toluene or CH2Cl2) solution and were seen to
demetalate in a matter of seconds under these conditions.
Still, it was found that washing dichloromethane solutions of
the magnesium complexes rapidly with a solution of 5%
aqueous sodium bicarbonate provided an acceptable way to
remove excess metal salts. On larger scales, �0.1 mmol, the
resulting complexes could then be further purified by
recrystallization in yields of around 60%. On smaller scales,
work-up posed a significant problem. It was found that either
neutral silica gel or alumina induced demetallation; this
limited the use of chromatographic purification methods and
resulted in low yields of product. Even after purification, great
care had to be taken to keep any trace of acid or base away
from the complex. Consequently, solvents were generally
doubly distilled prior to use in any solution-phase studies
involving the magnesium complexes 13 ± 16. Nonetheless,
provided appropriate precautions were taken, including
protection from light, these complexes displayed little or no
degradation for months as solids and remained appreciably
stable for weeks as solutions in toluene.

The nickel(��) complexes 18 ± 20 were made by using
traditional porphyrin methods.[1, 27] As a general rule, the
octaethyl tetrapyrrole derivatives and five equivalents of
nickel(��) acetate tetrahydrate were heated at reflux in an
appropriate solvent system for one hour. The mixtures were
cooled, washed with water, and evaporated to dryness. The
resulting complexes were then purified by column chroma-
tography and/or recrystallization, in yields generally above
80%.

The cobalt(��) complexes 22 ± 24 were also made by using
methods similar to those used to obtain analogous CoII

porphyrin complexes (e.g. 21).[1, 27] For the octaethyl deriva-
tives 7 and 8, the macrocycle and ten equivalents of cobalt(��)
acetate were stirred in a 5:1 solution of dichloromethane and
methanol, in the presence of a few drops of triethylamine,
under argon for several hours. The mixture was then washed
with water and evaporated to dryness. The resulting com-
plexes were then purified by column chromatography and/or
recrystallization to produce the desired complexes in high
yields. Derivative 6 was added to ten equivalents of cobalt(��)
acetylacetonate and heated at reflux in phenol for half an
hour. The mixture was cooled, diluted with dichloromethane,
washed with water, and evaporated to dryness. The resulting
complex could then be purified by column chromatography
over silica gel and/or recrystallization from methanol.

Structural studies:As part of this work, nine newX-ray crystal
structures of the ZnII, MgII, NiII, and CoII complexes of Hpc,
Cn, and Pc were solved. In conjunction with several pre-
viously reported structures,[28] these new analyses allow

comparisons to be made between the four different ligands
and three different metals (the CoII ± octaethyl derivative
series has not been completed). Figure 3a ± d show the X-ray
structures for the four-coordinate NiIIOEHpc (20) complex,
the five-coordinate MgIIOEPc (14 ¥ py) and ZnIIOEHpc (12 ¥
py) complexes, and a six-coordinate CoII ± octamethylcorr-
phycene complex (25 ¥ py2). While not explicitly shown, the
corresponding structures for the MgII and ZnII complexes of
the other isomeric octaethyl-substituted porphyrinoids, all
also five-coordinate, are rather similar. Structural parameters
for these complexes are summarized in Table 2. Also sum-
marized in Table 2 are structural parameters for the four-
coordinate NiII complexes. While comparable X-ray data is
not yet available for the cobalt(��) octaethylporphyrin isomers,
Figure 3d shows a cobalt(��) octamethylcorrphycene bispyr-
idine complex (25 ¥ py2).

The data summarized in Table 2 reveal that the inherent
differences in the ligand core size and shape are manifest in a
number of ways. First, the variations in the porphyrin-like
framework are reflected in intuitively reasonable geometric
distortions that involve mainly ruffling and puckering of the
core (especially in the case of the NiII complexes). However,
they are also reflected in differences in the extent and nature
of the meridinal and apical metal coordination, the exact out-
of-plane position of the metal, as well as in the various within-
ligand bond angles and metal/ligand bond distances. While
these differences are real (i.e. , lie outside of crystallographic
error), they are rather subtle. Indeed, to a first approximation
all metal complexes of octaethylporphyrin, octaethylporph-
ycene, octaethylcorrphycene, and octaethylhemiporphycene
resemble one another, at least for any given centrally
complexed metal cation. However, these subtle differences
in structure have a substantial affect on the electronic
properties of the overall system (Figure 1), general metal
coordination chemistry (Figure 2), and, as discussed below,
the axial ligation properties and stability characteristics of the
ZnII, MgII, NiII, and CoII complexes (Table 3, Table 4, and
Table 5).

Spectroscopic properties of metal complexes : The close
correspondence between ™isomeric∫ porphyrinoid metal
complexes observed in the solid state led us to study these
systems in solution. One way of doing this is by examining the
spectral properties of the complexes. The position of the Q-
and Soret bands, as well as their intensity ratios in the metal
complexes, are similar to those observed for the free bases.
This is rather surprising, given that the symmetry of the
chromophore should be higher (except for hemiporphycene)
in the metal-containing systems. Even more significant, the
spectral differences between the four isomers observed in the
case of the free-base species are retained for the full set of
ZnII, MgII, NiII, and CoII complexes derived from all four
isomers. Thus, the smallest ratio of Q-band to Soret band
intensity is seen in the case of the porphyrin and corrphycene
complexes. Porphycene represents the other extreme, with the
intensities of these two quintessential bands being close to
each other, whereas hemiporphycene presents an intermedi-
ate case. These findings lead us to suggest that, for each
isomer, the difference between �HOMO and �LUMO in
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Figure 3. a) X-ray structure of the pyridine complex of ZnIIOEHpc (12 ¥ py) showing a partial labeling scheme. Displacement ellipsoids are scaled to the 30%
probability level. b) X-ray structure of the pyridine complex of MgIIOEPc (14 ¥ py). Displacement ellipsoids are scaled to the 50% probability level. Most
hydrogen atoms have been omitted for clarity. c) X-ray structure of NiIIOEHpc (20) showing a partial labeling scheme. Displacement ellipsoids are scaled to
the 30% probability level. d) X-ray structure of the bispyridine complex of CoIIOMCn (25 ¥ py2) showing the atom labeling scheme. Displacement ellipsoids
are scaled to the 30% probability level.
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each of the metal complexes is similar to that of the
corresponding free base chromophore, and should increase
in the order: porphyrin� corrphycene � hemiporphycene �

porphycene. Support for such a sequence in the case of the
free base porphyrin isomers has come from recent MCD
measurements.[64] In the MCD terminology, porphyrin and
corrphycene should be ™soft∫ chromophores (�HOMO�
�LUMO), whereas the sequence of frontier orbital energies
in porphycene is expected to correspond to that of a
™negative-hard∫ chromophore (�HOMO��LUMO).[65]

Standard B3LYP/6-31G(d,p) calculations performed for the
zinc complexes of the four isomers are in perfect agreement
with this prediction. For ZnP, the values obtained for
�HOMO and �LUMO are 0.01 and 0.00 eV, respectively,
with the latter value also being predicted for symmetry
reasons. Similar values, namely 0.03 and 0.01 eV, were
computed for ZnCn. Analogous calculations for ZnHPc
yielded �HOMO� 0.04 eV and �LUMO� 0.62 eV. In ZnPc,
the corresponding values are 0.02 and 1.38 eV, respectively,
findings that leave no doubt about the strong ™negative-hard∫
character of this and, presumably other, metalloporphycene
chromophores.

Axial ligation studies : Another critical feature that serves to
define the properties of a given metalloporphyrin complex is
the number and type of axial ligands. In particular, it is often
instructive to ask under what conditions, if any, the dominant
chemistry of a given complex is associated with four, five, or
six coordination and, likewise, whether the axial ligation
properties observed in the solid state are retained in solution.
An ancillary issue, germane to the present study, is how these
chemical features vary as a function of core geometry.

To address the above issue we have carried out titration
studies of ZnII, MgII, NiII, and CoII complexes of 5 ± 8 in
toluene using pyridine as a putative axial ligand. Briefly, we
have been able to show that, depending on the complex, the
normal four coordination sites provided by the dianionic
porphyrinoid ligand can be complemented by one or two
apical ligands (Scheme 1). Figure 4 shows the changes in

M
L

M
L

L

M
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L

Scheme 1. Schematic representation of apical ligand binding to a four-
coordinate metalloporphyrin complex.

spectral features when toluene solutions of ZnIIP and ZnIIHpc
are titrated with increasing quantities of pyridine. In the case
of the ZnIIP complex 9, clean isobestic behavior is observed
for a 1:1 binding process (i.e. , formation of a five-coordinate
complex 9 ¥ py).[66] In the case of ZnIIHpc, slight deviations
from strict 1:1 binding are observed even at rather low

Table 2. Structural data for zinc, magnesium, and nickel porphyrin isomers
as derived from single-crystal X-ray diffraction analysis. For those
structures solved previously, see the appropriate references.[4, 6, 8, 28]

OEP OEPc OECn OEHpc

Zn�N bond lengths [ä] 2.065 2.040 2.065 2.060
Zn�N (py) bond length [ä] 2.20 2.16 2.20 2.15
Zn out-of-plane displacement [ä] 0.31 0.39 0.298 0.35
Mg�N bond lengths [ä] 2.09 2.046 2.085 2.055
Mg�N (py) bond length [ä] 2.17 2.172 2.208 2.17
Mg out-of-plane displacement [ä] 0.31 0.381 0.344 0.36
Ni�N bond length [ä] 1.952 1.916 1.937 1.930
Ni out-of-plane displacement [ä] 0.00 0.00 0.01 0.02

Table 3. Binding constants for pyridine with metalloporphyrins 9 ± 24.
Equilibrium constants K11 and K12 are reported in ��1; errors are less than
10% unless otherwise indicated. Equilibrium constants �11 (K11) and �12

(K11K12) are reported in ��1 and ��2, respectively, errors are less than 20%
unless otherwise reported.

Compound K11 K12

9 2700 ±
10 16000 ±
11 29000 90
12 10700 80
13 4600 � 1
14 2200 � 1
15 1000 � 1
16 2900 � 1
17 17[a] 130
18 38 130[a]

19 29 97
20 24 130[a]

21 350 � 1
22 11[a] 70
23 1000 2000
24 510 1000

[a] Error greater than 20%.

Table 4. Decay times for toluene solutions of the zinc(��) complexes 9 ± 12
and the corresponding magnesium complexes 13 ± 16 reflecting the
demetallation process observed upon the addition of trifluoroacetic acid.
Errors are less than 20%.

Complex Equivalents Decay time [s] Decay time [s]
of TFA for 50% decomposition for 80% decomposition

9 1000 110 ±
11 100 100 ±
12 100 20 ±
10 10 20 ±
13 100 ± 40
15 10 ± 10
16 10 ± 7
14 10 ± � 5

Table 5. Stability class characterization for complexes 17 ± 24. Demetalla-
tion (�80%) was inferred from UV/Vis absorption analyses.

Complex Acid used to induce Stability
demetallation Class

17 100% H2SO4 II
18 100% H2SO4 II
19 100% H2SO4 II
20 100% H2SO4 II
21 100% H2SO4 II
22 HCl/H2O±CH2Cl2 III
23 HCl/H2O±CH2Cl2 III
24 100% H2SO4 II
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Figure 4. a) Changes in the electronic spectrum of 3.74� 10�6 � ZnIIOEP
(9) observed upon the addition of 10, 25, 55, 100, 200, 300, 700, 1400
equivalents of pyridine. The final species, characterized by a Soret
absorption band at 414 nm, is ZnIIOEP ¥ (py); b) Changes in the electronic
spectrum of 3.79� 10�6 � ZnIIOEHpc (12) observed upon the addition of 3,
10, 20, 40, 65, 130, 320, and 1200 equivalents of pyridine. The final species,
characterized by a Soret absorption band at 423 nm, is ZnIIOEHpc ¥ (py).

pyridine complex ratios, something we attribute to the
formation of a bis-ligated, six-coordinate complex (12 ¥ py2).
Other systems studied were found to display titration-induced
behavior analogous to, or intermediate between, these two
limiting extremes. Standard data analysis (see Experimental
Section) then allowed the corresponding binding constants to
be deduced. These are tabulated in Table 3 and shown
schematically in Figure 5.

The axial ligation equilibrium constants recorded in Table 3
provide a basis for further comparisons. This is because,
within an appropriate homologous series, differences in
binding may be used to obtain insights into the stability of
the various individual metal complexes. In the present
instance, this approach is likely to be particularly informative
since the ligands in question consist of delocalized � systems.
Thus, the effective charge, and hence apical ligand binding

Figure 5. Plot of the log of the first binding constant (K11 from Table 3) for
metal complexes 9 ± 24. The core size of each porphyrin isomer decreases
from right to left. The ionic radius of each metal ion also decreases from
right to left.[23] Error bars of 10%, also plotted on a logarithmic scale, are
included.

ability, of the entire system can be thought of as reflecting the
ability of the dianionic tetrapyrrolic ligand to donate charge to
an electron-deficient metal center. When the extent of this
donation is small, the metal center becomes electron deficient
and accepts electrons from an apical ligand, in this case
pyridine. Ligand-to-metal electron donation in turn reflects
the extent of the overlap between the sigma orbitals of the
nitrogen core and the appropriate valence orbitals of the
metal. As a consequence, qualitative insights into metal
complex electronic structure can be inferred from studies of
apical ligand binding effects.

From the apical ligand binding constant data collected in
Table 3, we are able to infer that porphyrin 5 is endowed with
a core geometry that is nearly ideal for zinc(��) and magne-
sium(��) ions. This is not surprising since deprotonated
porphyrins, with their D4h symmetry, are expected to provide
near-optimal overlap with the valence orbitals of these and
other metal cations. Among the other porphyrin isomer
ligands 6 ± 8, the data in Table 3 led to the conclusion that the
ability to donate charge density to the metal center can vary
not only from macrocycle to macrocycle but also from metal
to metal when considering the same porphyrin isomer.

For instance, the ZnIICn complex 11 was found to coor-
dinate pyridine strongly, while the ZnIIP complex 9 coordi-
nates pyridine an order of magnitude more weakly. Such
findings in accordance with the above assumption, led to the
conclusion that corrphycene provides a central core of a size
and geometry that is less than ideal for the complexation of
ZnII. In other words, it is suggested that the less ideal fit
between the ZnII ion and the corrphycene core leads to an
enhanced affinity for pyridine. Generalizing this conclusion
leads to the prediction that the extent of charge donation from
the porphyrin system to the metal center decreases in the
order P � Hpc � Pc � Cn, at least in the case of the well
behaved ZnII complexes 9 ± 12. The CoII complexes 21 ± 24
also exhibit this same behavior, only to a lesser extent. On the
other hand, for the MgII complexes 13 ± 16, the charge
donation of the metal center decreases in the reverse order
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of Cn�Pc�Hpc�P. This would indicate the axial ligation
properties of this set of isomers are a function of the
porphyrin core size as well as the size of the metal cation
within that core. The NiII complexes 17 ± 20 showed only a
small binding affinity for pyridine and little or no difference in
that binding between the different isomers. This is perhaps
best explained in one of two ways. Either planar distortions in
the macrocycle, as seen in other NiII porphyrin systems, are
blocking ligation by pyridine, or the NiII ion is accommodated
well in all four isomers, at least in an electronic sense.

Stability studies: As implied above, many metal complexes of
5 ± 8 are remarkably stable. Indeed, as previously discussed,
solid-state samples as well as organic solutions of many main
group complexes (stored in the absence of light) will last for
months with little or no degradation (vide supra). Nonethe-
less, it is of interest to determine how differences in electronic
structure and ligand orbital overlap with the metal center
translate into more precise differences in metal complex
stability. While theoretical calculations[67] and protonation[68]

studies involving free-base porphyrinoids provide a basis from
which the relative stability of isomeric metalloporphyrin
complexes can be inferred, little in the way of direct
experimental data touching on this matter exists at present.

To address this need, acid displacement (demetallation)
studies were carried out in accord with Equation (1). In the

MP� 2H��M2� � H2P (1)

case of the less stable zinc(��) and magnesium(��) complexes 9 ±
16, it was expected that such an approach would provide
quantitative or semiquantitative data that would allow the
relative kinetic stability of the isomeric complexes to be
compared directly. In the case of the more stable nickel(��) and
cobalt(��) complexes 17 ± 24 it was anticipated that more
forcing conditions would be employed that would preclude
useful kinetic analysis.[69] Nonetheless, it was expected that the
complexes could be grouped into the classic porphyrin
stability classes I ±V (most stable to most labile) based on
the strength of the acid needed to effect demetallation.[1a]

Most previous kinetic demetallation studies involving
porphyrin complexes were carried out in aqueous or alcoholic
environments.[69a, 70] The lack of solubility of complexes 9 ± 16
in these media precluded their use and, indeed, limited the
choice of acids and solvents. Ultimately, toluene was selected
as the solvent and trifluoroacetic acid (TFA) as the proton
source. Trifluoroacetic acid has been used previously to effect
the demetallation of divalent metalloporphyrins complexes of
lower to moderate stability (class III ±V) and is readily
miscible in toluene.[1a, 71]

For the ZnII and MgII complexes (9 ± 16), it was found that
the demetallation process did not follow simple pseudo-first-
order or pseudo-second-order reaction kinetics. This made
calculating reliable rate constants for acid-catalyzed deme-
tallation reactions difficult and necessarily precluded quanti-
tative analysis. Nonetheless, it still proved possible to make
qualitative comparisons in many cases. For instance, in the
case of the congeneric zinc(��) and magnesium(��) complexes,
9 ± 16, the changes in optical properties as a function of time

could be monitored in the presence of TFA. In particular, by
using identical concentrations of the porphyrin system in
question (i.e. 9 ± 16) and recording the time needed to attain
the same level of decomposition, insights into relative
stabilities could be inferred by comparing the number of acid
equivalents needed in each case (Table 4). Briefly, it was
found that the rates of decomposition increase in the order
P�Cn�Hpc�Pc and P�Cn�Hpc�Pc in the case of the
ZnII and MgII complexes, respectively.

Previous acid solvolysis studies of metalloporphyrins reveal
a general correlation between decomposition rate and the
basicity of the free-base porphyrin, a finding considered to
reflect the inherent tendency of the core pyrrolenine nitro-
gens to pick up protons.[70e, 72] To the extent such a trend holds
in the present case, it would suggest that basicity of the
octaethylporphyrin isomers 5 ± 8 decreases in the following
order OEPc�OEHPc�OECn�OEP. This inferred basicity
order is consistent with what was seen in direct aqueous
protonation studies carried out using analogues of isomers
1 ± 3.[68] These latter studies revealed that porphycene is 50%
doubly protonated at a pH of about 3.6. On the other hand,
porphyrin and corrphycene, were found to undergo proto-
nation/deprotonation in a stepwise manner, becoming mo-
noprotonated to the 50% level at pH 3.7 and 3.9, respectively,
and diprotonated to the 50% level at pH 0.8 and 1.3,
respectively. Hemiporphycene was not analyzed in this
previous study. Nonetheless, the present analysis leads us to
predict that this isomer would undergo protonation in a
stepwise manner and a bit more readily than corrphycene.

The ionic radius of any given cation and the extent to which
its size matches the N4 core of a porphyrin isomer are likely to
play key roles in regulating the thermodynamic and, perhaps,
kinetic stabilities of the metal complexes. Also important are
any potentially stabilizing NH ¥¥¥ N hydrogen-bonding inter-
actions that might exist in the metal-free form(s) of the
porphyrinoid macrocycles. Given that both ZnII and MgII

(ionic radii� 0.74 and 0.72 ä, respectively)[23] are somewhat
too large for the core of the porphyrin and hence proportion-
ately less well matched to corrphycene, hemiporphycene, and
porphycene. A simple size based argument would lead to the
prediction that the porphyrin complexes would be more stable
than the corresponding corrphycene and hemiporphycene
complexes (expected to be about equal in stability), which in
turn are expected to be more stable than the equivalent
porphycene complexes. The well-recognized NH ¥¥¥N hydro-
gen bonding motif seen in free-base porphycene,[3±5] but not in
the other porphyrin isomers, also leads to the prediction that
the MgII and ZnII complexes would be less stable than the
others. While involving issues of thermodynamic rather than
kinetic stability, it is of interest that these predictions, like
those associated with arguments involving inherent basicity,
are fully in accord with the experimental rate data. Whether
perhaps fortuitous, this close correspondence between ther-
modynamic predictions and kinetic observations is certainly
gratifying.

The nickel(��) and cobalt(��) (ionic radii� 0.690 and 0.745 ä,
respectively)[23] complexes 17 ± 24 proved too stable to study
under conditions of trifluoroacetic acid induced demetalla-
tion. The relative stability of these complexes could thus not
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be measured by following the rate of demetallation as a
function of time. However, they could be grouped according
to the standard porphyrin stability classes alluded to
above.[1a, 73] The results of these demetallation studies are
summarized in Table 5. While less informative than the
semiquantitative analysis made in the case of the MgII and
ZnII complexes, the data in this table are consistent with
metalloporphycene complexes being less stable than, at least,
the corresponding porphyrin and hemiporphycene ones. One
anomalous finding is that the cobalt(��) complex of corrphy-
cene, class III, is less stable than what would be predicted on
the basis of basicity considerations alone. This could reflect
the fact that this cation, with an ionic radius of 0.745 ä and a
preference for an octahedral coordination environment is
particularly poorly matched to the core of corrphycene.

In conclusion, the ™4-N in∫ constitutional porphyrin
isomers porphycene, corrphycene, and hemiporphycene, like
porphyrin itself, display a rich and diverse metal coordination
chemistry. While qualitatively similar in many respects, the
structure, properties, and stability of the complexes formed
from a given metal cation vary from isomer to isomer. In all
cases examined in detail (ZnII, MgII, NiII, and CoII), porphyrin
proved to be the ™best∫ ligand as judged from acid-catalyzed
demetallation studies. As a general rule, both corrphycene
and hemiporphycene proved to be a better ligand than
porphycene as judged by this criterion. A more complex
picture of what is the ™ideal∫ ligand emerges, however, if data
from apical ligand binding studies are considered. Here, the
ligand best able to stabilize a given coordination number
(four-, five-, or six-coordinate) for a given cation was seen to
vary, and importantly, was found not always to be porphyrin.
While the major contributors to these differences are most
likely the size and geometry of the nitrogen core, other
factors, such as the frontier orbital energetics of the chromo-
phores themselves and whether internal hydrogen bonding
interactions are present in the free-base forms, could also play
important roles. The interplay between these factors appears
to be rather subtle with the net result that it is difficult to
construct a set of overarching rules regulating axial ligation
effects in ™4-N in∫ porphyrin isomer complexes at present.
This lacuna provides an incentive to study these and other
porphyrin analogues more fully.

Experimental Section

Methods and Materials : Toluene and pyridine were dried by distillation
from sodium and barium hydroxide, respectively. All other solvents and
reagents were obtained from commercial sources and used as received.
Proton and 13C NMR spectra were recorded on a General Electric QE-300
instrument; chemical shifts are reported in ppm relative to internal TMS
(for samples in CDCl3) or relative to protons/carbon atoms in the other
deuterated solvent used. Low- and high-resolution mass spectra (MS and
HRMS) were obtained using dichloromethane solutions with samples
being run in the electron impact (EI), chemical ionization (CI), or fast atom
bombardment (FAB) modes at the University of Texas-Austin Deptart-
ment of Chemistry and BiochemistryMS Facility. Elemental Analyses were
performed by Atlantic Microlab, Inc., Norcross, GA. UV/Visible spectra
were taken with a DU 600 spectrophotometer (Beckman Instruments, Inc.,
Fullerton, CA.). Absorption maxima (� max) were given in nm and
extinction coefficients (�) are in units ofcm�1M�1.

Synthesis : 2,3,7,8,12,13,17,18-Octaethylporphyrin (5) (Aldrich 97%) was
used as received to make the corresponding zinc(��) (9), magnesium(��) (13),
nickel(��) (17), and cobalt(��) (21) complexes in accord with previously
reported procedures.[1, 26, 74] 2,3,6,7,12,13,16,17-Octaethylporphycene (6)
and its zinc(��) (10), nickel(��) (18), and cobalt(��) (22) complexes were
synthesized as reported in the literature.[4, 30, 75] 2,3,6,7,11,12,17,18-Octa-
ethylcorrphycene (7)[6] and 2,3,7,8,11,12,17,18-octaethylhemiporphycene
(8)[8] were synthesized by using published procedures.

Zinc(��) 2,3,6,7,11,12,17,18-octaethylcorrphycene (11): Corrphycene 7
(107 mg, 0.2 mmol) and zinc(��) acetate dihydrate (350 mg, 1.6 mmol) were
mixed together with chloroform (40 mL) and methanol (20 mL) and heated
at reflux for one hour. The mixture was washed with water (50 mL) three
times and the resulting organic phase was then evaporated off and the solid
purified by column chromatography over neutral silica gel (10� 1.5 cm)
using n-hexane/dichloromethane (2:1) as the eluent. The complex was the
first red fluorescent fraction off the column. Recrystallization from n-
hexane/dichloromethane (5:1) yielded 11 in the form of fine violet needles
(122 mg; 90%). M.p. 252 �C; 1H NMR (300 MHz, CDCl3, 25 �C): �� 10.08
(s, 2H), 9.94 (s, 2H), 4.10 (q, 4H), 4.07 (q, 4H), 4.04 (q, 4H), 4.01 (q, 4H),
1.90 (t, 6H), 1.88 (t, 6H), 1.85 (t, 6H), 1.82 ppm (t, 6H); 13C NMR (75 MHz,
CDCl3, 25 �C): �� 147.64, 145.45, 144.01, 143.47, 142.32, 141.21, 140.65,
136.41, 108.78, 103.31, 20.74, 20.30, 19.92, 19.05, 18.87, 18.79, 18.42 ppm;
UV/Vis (CH2Cl2); �max (�)� 284 (8000), 379 sh (28800), 432 (218600), 494
sh (1600), 527 sh (3300), 558 (16600), 596 (4100); MS (EI): m/z (%): 596
(100) [M]� ; elemental analysis calcd (%) for C36H44N4Zn: C 72.45, H 7.44,
N 9.39; found: C 72.26, H 7.40, N 9.27.

Pyridine complex of Zinc(��) 2,3,7,8,11,12,17,18-octaethylhemiporphycene
(12 ¥ py): Hemiporphycene 8 (107 mg, 0.2 mmol) was added to a mixture of
dichloromethane (20 mL) and methanol (5 mL) containing zinc(��) acetate
dihydrate (1 g, 0.5 mmol) and pyridine (0.4 mL, 0.5 mmol). After one hour
of stirring at room temperature the mixture was evaporated to dryness and
purified by column chromatography using basic silica (12� 2.5 cm) and
dichloromethane as the eluent. The product was then recrystallized from
hexanes/dichloromethane (5:2) to produce 12 ¥ py in the form of violet
cubes with a metallic luster (92 mg; 68%). Note: The pyridine-free
complex 12 can also be made by employing this method in the absence of
pyridine. M.p. 165 ± 167 �C; 1H NMR (300 MHz, CDCl3, 25 �C): �� 10.04
(s, 1H), 9.87 (s, 1H), 9.87 (d, 1H), 9.76 (d, 1H), 6.24 (m, 1H), 5.47 (m, 2H),
4.15 (q, 2H), 4.09 (q, 2H), 4.07 (q, 2H), 4.05 (q, 2H), 4.04 (q, 2H), 4.03 (q,
2H), 4.03 (q, 2H), 4.01 (q, 2H), 2.85 (br. s, 2H), 1.88 (t, 3H), 1.88 (t, 3H),
1.86 (t, 3H), 1.85 (t, 3H), 1.85 (t, 3H), 1.84 (t, 3H), 1.80 (t, 3H), 1.75 ppm (t,
3H); 13C NMR (75 MHz, CDCl3, 25 �C): �� 148.51, 146.48, 145.90, 144.77,
144.42, 143.90, 143.87, 142.81, 142.51, 142.20, 141.95, 141.00, 140.48, 139.40,
136.11, 136.05, 135.24, 121.88, 111.59, 105.67, 100.82, 100.24, 20.89, 20.89,
20.53, 20.26, 20.20, 19.98, 19.85, 19.71, 19.16, 19.06, 18.88, 18.83, 18.76, 18.76,
18.66, 18.40 ppm; UV/Vis (CH2Cl2); �max (�)� 349 sh (24100), 395 sh
(69200), 415 (187600), 492 (1400), 521 (4000), 564 (6600); MS (FAB): m/z
(%): 596 (100) [M�C5H5N]� ; elemental analysis calcd (%) for
C41H49N5Zn: C 72.71, H 7.29, N 10.34; found: C 72.59, H 7.43, N 10.28.

Magnesium(��) 2,3,6,7,12,13,16,17-octaethylporphycene (14): Porphycene 6
(36 mg; 0.067 mmol) was added to a solution of dichloromethane (3 mL),
trimethylamine (186 �L, 1.34 mmol), and magnesium(��) bromide diethyl
etherate (173 mg, 0.67 mmol, Aldrich 99%) under an inert atmosphere and
stirred for one hour. The mixture was diluted with dichloromethane
(40 mL), washed twice with 5% aqueous sodium bicarbonate (100 mL),
dried over sodium sulfate, and evaporated to dryness. The resulting solid
product was recrystallized from hexanes to provide 14 (19 mg) in a 50%
yield. 1H NMR (300 MHz, [D8]toluene, 25 �C): �� 9.71 (s, 1H), 4.19 (q,
2H), 4.01 (q, 2H), 1.90 (t, 3H), 1.86 ppm (t, 3H); 13C NMR (75 MHz,
[D8]toluene, 25 �C): �� 146.45, 144.35, 143.88, 136.93, 109.78, 45.39, 21.47,
19.27, 10.92 ppm; UV/Vis (toluene): �max (�)� 392 (112000), 605 (15900),
649 (70200); MS (CI): m/z (%): 534 (100) [M�Mg]� , 556 (37) [M]� ;
HRMS (CI): C36H44N4Mg calcd 556.3416, found 556.3432.

Pyridine complex of magnesium(��) 2,3,6,7,11,12,17,18-octaethylcorrph-
ycene (15 ¥ py): Corrphycene 7 (107 mg, 0.2 mmol) was taken up in dry
pyridine (50 mL) and placed under an inert atmosphere. Magnesium(��)
perchlorate (580 mg, 2.6 mmol) was added and the mixture was heated at
reflux for 36 h with an additional magnesium(��) perchlorate (580 mg,
2.6 mmol) being added after 18 h. The mixture was cooled to room
temperature and diluted with peroxide free diethyl ether (100 mL), washed
five times with 10% sodium acetate (50 mL total) and reduced in volume
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under vacuum. The crude product was then recrystallized from n-hexanes/
dichloromethane (5:1) containing a few drops of pyridine to yield 15 ¥ py in
the form of violet platelets (41 mg; 32%). M.p. 185 �C. 1H NMR (300 MHz,
CDCl3, 25 �C): �� 10.02 (s, 2H), 9.78 (s, 2H), 6.37 (m, 1H), 5.59 (m, 2H),
4.06 (q, 4H), 4.04 (q, 4H), 4.00 (q, 4H), 3.99 (q, 4H), 3.25 (m, 2H), 1.87 (t,
6H), 1.84 (t, 6H), 1.81 (t, 6H), 1.80 ppm (t, 6H); 13C NMR (75 MHz,
CDCl3, 25 �C ): �� 147.66, 145.41, 144.76, 144.53, 143.35, 143.07, 140.96,
140.43, 136.03, 135.41, 121.99, 108.40, 105.01, 20.76, 20.28, 20.18, 19.96,
19.15, 18.95, 18.59 ppm; UV/Vis (CH2Cl2): �max (�)� 250 (15700), 287
(8600), 350 (24300), 407 sh (63000), 427 (291400), 490 sh (2100), 524
(4100), 558 (18300), 595 (6200); MS (FAB): m/z (%): 557 (100) [M�H�
C5H5N]� ; elemental analysis calcd (%) for C41H49N5Mg: C 77.43, H 7.77, N
11.02; found: C 77.31, H 7.73, N 10.86.

Magnesium(��) 2,3,6,7,11,12,17,18-octaethylcorrphycene (15): Corrphycene
7 (22 mg, 0.04 mmol) was added to a solution of dichloromethane (2 mL),
triethylamine (113 �L, 0.8 mmol), and magnesium(��) bromide diethyl
etherate (104 mg, 0.4 mmol, Aldrich 99%) under an inert atmosphere and
stirred for one hour. The mixture was diluted with dichloromethane
(25 mL), washed twice with 5% sodium bicarbonate (50 mL), dried over
sodium sulfate and evaporated to dryness. The product was purified on a
neutral alumina column using dichloromethane/ethyl acetate (10:1) as the
eluent. Evaporation of the solvent yielded 15 in the form of a red/violet
powder (10 mg; 45%). M.p. 230 �C. 1H NMR (300 MHz, CDCl3, 25 �C):
�� 10.01 (s, 2H), 9.81 (s, 2H), 4.06 (q, 4H), 4.04 (q, 4H), 4.01 (q, 4H), 3.99
(q, 4H), 1.90 (t, 6H), 1.86 (t, 6H), 1.85 (t, 6H), 1.81 (t, 6H), �1.75 ppm (br.
s, 2H, H2O-Mg); 13C NMR (75 MHz, CDCl3, 25 �C): �� 146.60, 145.31,
145.00, 143.26, 141.07, 140.35, 136.18, 108.42, 105.02, 20.70, 20.22, 20.13,
19.90, 19.14, 18.89, 18.54 ppm; UV/Vis (CH2Cl2): �max (�)� 288 (9900), 351
(24300), 407 sh (60000), 427 (268100), 490 sh (2000), 524 (4000), 558
(18700), 595 (5600); MS (EI): m/z (%): 556 (100) [�]� .

Magnesium(��) 2,3,7,8,11,12,17,18-octaethylhemiporphycene (16): Hemipor-
phycene 8 (36 mg; 0.067 mmol) was added to a solution of dichloromethane
(3 mL), trimethylamine (186 �L, 1.34 mmol), and magnesium(��) bromide
diethyl etherate (173 mg, 0.67 mmol; Aldrich 99%) under an inert
atmosphere and stirred for one hour. The mixture was diluted with
dichloromethane (40 mL), washed twice with 5% aqueous sodium
bicarbonate (100 mL), dried over sodium sulfate, filtered, and evaporated
to yield a solid. The product was then purified by column chromatography
over neutral alumina using dichloromethane/ethyl acetate (1:1) as the
eluent. Evaporation to dryness yielded 16 in the form of a violet powder
(15 mg; 40%). Characterization data for this known substance proved
identical to that reported previously.[76]

Pyridine complex of magnesium(��) 2,3,7,8,11,12,17,18-octaethylhemipor-
phycene (16 ¥ py): Hemiporphycene 8 (107 mg, 0.2 mmol) was added to
pyridine (100 mL) along with magnesium perchlorate (1 g, 4.5 mmol) and
heated at reflux for 15 h under an inert atmosphere. The mixture was
cooled to room temperature and diluted with diethyl ether (750 mL). The
solution was washed with 10% aqueous sodium acetate and the organic
phase was reduced to a volume of 40 mL using the rotary evaporator and
allowed to sit for three days at �20 �C. The precipitate obtained was
washed with cold diethyl ether and recrystallized from hexanes/dichloro-
methane/pyridine (100:50:1) to yield 16 ¥ py as violet micro crystals with a
metallic luster (77.5 mg; 61%). M.p. 165 ± 167 �C. 1H NMR (300 MHz,
CDCl3, 25 �C): �� 10.07 (s, 1H), 9.91 (s, 1H), 9.85 (d, 1H), 9.76 (d, 1H),
6.22 (m, 1H), 5.43 (m, 2H), 4.16 (q, 2H), 4.09 (q, 2H), 4.08 (q, 2H), 4.05 (q,
2H), 4.05 (q, 2H), 4.05 (q, 2H), 4.04 (q, 2H), 4.02 (q, 2H), 2.78 (m, 2H),
1.89 (t, 3H), 1.88 (t, 3H), 1.88 (t, 3H), 1.86 (t, 3H), 1.85 (t, 3H), 1.85 (t, 3H),
1.81 (t, 3H), 1.77 ppm (t, 3H); 13C NMR (75 MHz, CDCl3, 25 �C): ��
149.02, 146.93, 146.40, 146.01, 145.81, 144.57, 144.48, 144.23, 143.02, 142.60,
142.51, 141.96, 141.69, 141.53, 140.81, 136.78, 136.26, 135.44, 122.00, 111.39,
105.62, 101.73, 101.38, 20.89, 20.89, 20.38, 20.26, 20.12, 20.01, 19.90, 19.79,
19.17, 19.12, 18.95, 18.85, 18.80, 18.77, 18.73, 18.46 ppm; UV/Vis (CH2Cl2):
�max (�)� 327 sh (18800), 395 sh (69000), 417 (225300), 525 (4600), 566
(7800), 606 (53300); MS (FAB): m/z (%): 556 (100) [M�C5H5N]� ;
elemental analysis calcd (%) for C41H49N5Mg: C 77.41, H 7.76, N 11.01;
found: C 77.68, H 7.86, N 11.04.

Nickel(��) 2,3,6,7,11,12,17,18-octaethylcorrphycene (19): Corrphycene 7
(107 mg, 0.2 mmol) was added to a solution of dichloromethane (40 mL),
methanol (20 mL), and nickel(��) acetate tetrahydrate (500 mg, 2 mmol)
and was heated at reflux for twelve hours under an inert atmosphere. The
mixture was washed twice with water (50 mL), dried over sodium sulfate,

and evaporated to dryness. The product was purified on a silica gel column
using n-hexane/dichloromethane (2:1) as the eluent. Recrystalization of the
first, nonfluorescent fraction from n-hexane/dichloromethane (5:1) yielded
15 in the form of dark red/violet crystals (44 mg; 75%). M.p. 192 �C.
1H NMR (300 MHz, CDCl3, 25 �C): �� 9.68 (s, 2H), 9.53 (s, 2H), 3.95 (m,
4H), 3.90 (m, 4H), 3.88 (m, 4H), 3.86 (m, 4H), 1.81 (m, 6H), 1.75 (m, 12H),
1.72 (m, 6H), 1.81 ppm (m, 6H); 13C NMR (75 MHz, CDCl3, 25 �C): ��
149.34, 144.13, 143.89, 142.93, 142.52, 140.92, 136.29, 134.19, 106.43, 100.58,
20.48, 20.41, 20.16, 19.58, 18.85, 18.53, 18.46, 18.12 ppm; UV/Vis (CH2Cl2):
�max (�)� 323 sh (9200), 397 (126100), 456 (23100), 543 (6700), 561 sh
(5800), 621 (5800); MS (EI): m/z (%): 590 (100) [M]� .

Nickel(��) 2,3,7,8,11,12,17,18-octaethylhemiporphycene (20): Hemiporph-
ycene 8 (53.4 mg, 0.1 mmol) was added to a solution of chloroform (50 mL),
methanol (50 mL), and nickel(��) acetate tetrahydrate (2.48 g, 10 mmol) and
heated at reflux for 1 h under an inert atmosphere. The mixture was cooled
to room temperature, evaporated to dryness, and filtered through silica gel
using dichloromethane. This solution was evaporated to dryness and
recrystallized from hot methanol/dichloromethane (5:1) to yield 20 as
violet platelets (51.6 mg; 87%). M.p. 167 ± 168 �C. 1H NMR (300 MHz,
CDCl3, 25 �C): �� 9.76 (s, 1H), 9.58 (s, 1H), 9.54 (d, 1H), 9.51 (d, 1H), 4.0
(q, 2H), 3.94 (q, 2H), 3.91 (q, 2H), 3.89 (q, 2H), 3.89 (q, 2H), 3.89 (q, 2H),
3.88 (q, 2H), 3.87 (q, 2H), 1.79 (t, 3H), 1.79 (t, 3H), 1.78 (t, 3H), 1.76 (t,
3H), 1.76 (t, 3H), 1.76 (t, 3H), 1.69 (t, 3H), 1.66 ppm (t, 3H); 13C NMR
(75 MHz, CDCl3, 25 �C): �� 149.16, 146.08, 145.61, 144.86, 144.57, 143.74,
143.29, 142.40, 141.60, 141.26, 141.12, 140.68, 140.11, 136.51, 136.24, 135.41,
106.66, 106.27, 98.40, 98.04, 20.67, 20.67, 20.48, 20.05, 20.05, 19.75, 19.61,
19.58, 18.71, 18.65, 18.53, 18.50, 18.40, 18.37, 18.15, 18.02 ppm; UV/Vis
(CH2Cl2): �max (�)� 390 sh (89700), 400 (99200), 594 (13200), 616 (11400);
MS (FAB): m/z (%): 590 (100) [M]� .

Cobalt(��) 2,3,6,7,11,12,17,18-octaethylcorrphycene (23): Corrphycene 7
(53 mg, 0.1 mmol) was added to a solution of chloroform (40 mL),
methanol (20 mL), and cobalt(��) acetate tetrahydrate (125 mg, 0.5 mmol)
and was heated at reflux for fifteen minutes under an inert atmosphere. The
mixture was washed twice with water (50 mL), dried over sodium sulfate,
and evaporated to dryness. The product was then purified by column
chromatography over neutral alumina using dichloromethane/n-hexane
(4:1) as the eluent. The first nonfluorescent fraction was then recrystallized
from n-hexane/dichloromethane(4:1) to yield 24 in the form of dark red/
violet needles (25 mg; 43%). M.p. 231 �C. UV/Vis (CH2Cl2): �max (�)� 403
(89100), 441 sh (35100), 545 (7300), 650 (2600); MS (EI): m/z (%): 591
(100) [M]� ; elemental analysis calcd (%) for C41H49N5Mg: C 73.08, H 7.50,
N 9.47; found: C 72.90, H 7.47, N 9.50.

Cobalt(��) 2,3,7,8,11,12,17,18-octaethylhemiporphycene (24): Hemipor-
phycene 8 (107 mg, 0.2 mmol) was added to a solution of dichloromethane
(15 mL) and cobalt(��) acetate tetrahydrate (100 mg, 0.4 mmol) and heated
at reflux for two hours under an inert atmosphere. The mixture was
evaporated down to 3 mL, diluted with dichloromethane (25 mL), and
filtered. The remaining solution was evaporated to dryness and recrystal-
lized from methanol/dichloromethane (5:1) to yield 23 as violet micro-
crystals with a metallic luster (59 mg; 501%). M.p. 222 �C. UV/Vis
(CH2Cl2): �max (�)� 292 (16200), 331 (20000), 399 sh (97700), 571
(13500); MS (EI): m/z (%): 591 (100) [M]� ; elemental analysis calcd (%)
for C41H49N5Mg: C 73.08, H 7.50, N 9.47; found: C 72.83, H 7.53, N 9.39.

Axial ligation studies : Binding titrations were conducted by using dilute
toluene solutions of the complex in question (concentrations between 2�
10�5 � to 2� 10�6 �). Concentration-dependent changes in both the Soret-
band and Q-band spectral regions were recorded for each isomer. Toluene
solutions containing between 1.24� 10�3 � and 1.24 � pyridine were then
added to septa-capped cuvettes containing solutions of the porphyrin
isomer. The mixtures obtained after adding each aliquot of pyridine were
allowed to equilibrate for three minutes prior to recording the spectrum. To
simplify calculations involving complexation equilibria, it was assumed that
the unbound pyridine concentration is equal to the total pyridine
concentration. The 1:1 binding equation used to determine the equilibrium
constants for axial ligation was adapted from Connors.[77] Solving for the
change in absorbance gives a relationship between the observed absorb-
ance change and the equilibrium constant K11 [Eq. (2) and (3)], where

[L]� [Ltot] (2)

�A�PtK11L(�11� �p)/(1�K11L) (3)
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[L]� [Ltot] represents the added pyridine concentration, �A is the change
in absorbance, Pt is the total porphyrin concentration, K11 is the 1:1 binding
constant, �11 is the extinction coefficient of the 1:1 porphyrin/pyridine
species, and �p is the extinction coefficient of the porphyrin.

Because the 2:1 binding process studied here did not generally consist of
two independent binding events, K11 and K12 are calculated as estimates
[Eq. (4) and (5)]. Again the method of Connors was followed.[77]

�11�K11� [��]/[P][Lt] (4)

�12�K11K12� ([PL]/[P][Lt])([PL2]/[PL][Lt])� [PL2]/[P][Lt]2 (5)

In Equation (4) �11 is the 1:1 binding constant, [PL] is the concentration of
the 1:1 species, in Equation (5) �12 is the 1:1 binding constant multiplied by
the 2:1 binding constant (K12), and [PL2] is the concentration of the 2:1
species.

Solving for the change in absorbance again gives a relationship between the
observed absorbance change and the equilibrium constants �11 and �12

[Eq. (6)].

�A�Pt(�11Lt � �12Lt
2)(�11 � �12)/(1��11L��12L2) (6)

In Equation (6), �12 is the extinction coefficient of the 2:1 species. Job plots,
determination of isosbestic points, and Benesi ±Hildebrand plots were used
as confirmatory tools of binding stoichiometry.[77, 78] Benesi ±Hildebrand
plots of the collected data were also used to confirm equilibrium constants
where applicable.

Kinetic demetallation studies were carried out using toluene solutions that
were between 3� 10�6 � and 6� 10�6 � in the complex in question. The
time course of the reaction was derived by following changes in the optical
signatures as a function of time at wavelengths where the absorbance
difference between the metallated and protonated form of each porphyrin
isomer species was greatest. Stability class measurements were performed
in accord with literature procedures.[1, 79]

Crystal Structure data for the structures discussed in the text are
summarized in Table 6. CCDC-175005, CCDC-175006, CCDC-175007,

CCDC-175008, CCDC-175009, CCDC-175011, CCDC-175012, and
CCDC-175202 contains the supplementary crystallographic data (exclud-
ing structure factors) for the structures reported in this paper. These data
can be can be obtained free of charge via www.ccdc.cam.ac.uk/conts/
retrieving.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: (�44)1223-336033; or
deposit@ccdc.cam.ac.uk).
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