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CONSPECTUS

Ithough they share some superficial structural similarities with porphyrins,
corroles, trianionic ligands with contracted cores, give rise to fundamentally
different transition metal complexes in comparison with the dianionic porphyrins.
Many metallocorroles are formally high-valent, although a good fraction of them
are also noninnocent, with significant corrole radical character. These electronic-
structural characteristics result in a variety of fascnating spectroscopic behavior,
induding highly characteristic, paramagnetically shifted NMR spectra and textbook o1
cases of charge-transfer spectra. Although our early research on corroles focused
on spectroscopy, we soon learned that the geometric structures of metallocorroles o
provide a fascinating window into their electronic-structural characteristics. Thus,
we used X-ray structure determinations and quantum chemical studies, chiefly
using DFT, to obtain a comprehensive understanding of metallocorrole geometric and electronic structures.

This Account describes our studies of the structural chemistry of metallocorroles. At first blush, the planar or mildly domed
structure of metallocorroles might appear somewhat uninteresting particularly when compared to metalloporphyrins.
Metalloporphyrins, especially sterically hindered ones, are routinely ruffled or saddled, but the missing meso carbon apparently
makes the corrole skeleton much more resistant to nonplanar distortions. Ruffling, where the pyrrole rings are alternately twisted
about the M—N bonds, is energetically impossible for metallocorroles. Saddling is also uncommon; thus, a number of sterically
hindered, fully substituted metallocorroles exhibit almost perfectly planar macrocycle cores.

Against this backdrop, copper corroles stand out as an important exception. As a result of an energetically favorable
Cu(dy, —y2) —corrole(s) orbital interaction, copper corroles, even sterically unhindered ones, are inherently saddled. Sterically
hindered substituents accentuate this effect, sometimes dramatically. Thus, a crystal structure of a copper f-octakis-
(trifluoromethyl)-meso-triarylcorrole complex exhibits nearly orthogonal, adjacent pyrrole rings. Intriguingly, the formally
isoelectronic silver and gold corroles are much less saddled than their copper congeners because the high orbital energy of
the valence dy,.y, orbital discourages overlap with the corrole s orbital. A crystal structure of a gold S-octakis-
(trifluoromethyl)-meso-triarylcorrole complex exhibits a perfectly planar corrole core, which translates to a difference of
85° in the saddling dihedral angles between analogous copper and gold complexes. Gratifyingly, electrochemical, spectroscopic, and
quantum chemical studies provide a coherent, theoretical underpinning for these fascinating structural phenomena.

With the development of facile one-pot syntheses of corrole macrocycles in the last 10—15 years, corroles are now almost as
readily accessible as porphyrins. Like porphyrins, corroles are promising building blocks for supramolecular constructs such as
liquid crystals and metal—organic frameworks. However, because of their symmetry properties, corrole-based supramolecular
constructs will probably differ substantially from porphyrin-based ones. We are particularly interested in exploiting the inherently
saddled, chiral architectures of copper corroles to create novel oriented materials such as chiral liquid crystals. We trust that the
fundamental structural principles uncovered in this Account will prove useful as we explore these fascinating avenues.
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1. Introduction

Porphyrin chemistry, nicely summatrized in a single volume
just over 35 years ago,' is today a veritable ocean of
knowledge. Even porphyrin analogues, such as carbapor-
phyrins, heteroporphyrins, and expanded and contracted
porphyrins, mere curiosities a couple of decades ago, need
book-length treatment for adequate coverage.? The sheer
diversity of such ligands is breathtaking, and any attempt to
enumerate them is certain to be out-of-date within a few
months. A variety of considerations drives this enterprise,
including synthesis for synthesis' sake, creating molecules
with novel geometric and electronic structures, of which
Mobius aromatics are a spectacular example,® and techno-
logical and biomedical applications. Of particular interest
from the point of view of applications are ligands that can
be accessed with reasonable ease by moderately skilled
synthetic chemists, in reasonable quantities (hundreds of
milligrams) and within reasonable time frames (in under
about a week). A number of porphyrinoids fulfill this criter-
ion, and corroles are preeminent among them.*

Although corroles cannot match the biological impor-
tance of porphyrins, corrole chemistry has begun to rival
porphyrin chemistry in other respects, particularly in terms
of the rich coordination chemistry and the wide range of
applications. The remarkable growth of the corrole field is a
relatively recent occurrence, having begun with reports of
one-pot syntheses of corroles only some 15 years ago.>®
Many fundamental aspects of corroles are therefore still
being discovered. Indeed, important aspects such as struc-
tural chemistry, spectroscopy, and quantum chemical stud-
ies of corrole derivatives remain to be reviewed; these are
actually the areas where we have focused our attention over
the past decade or so and where we hope to continue to
contribute. Over a hundred crystal structures of corrole
derivatives have now been reported, allowing for structural
trends to be discerned and generalizations made; these form
the subject of this Account.

Much of this work was conducted at the University of
Tromsp by authors KE.T. and A.B.A. and has focused on
coinage metal corroles. To the extent it makes sense to talk
about an overarching goal, we were motivated by a desire
to discover unusual geometric and electronic structures,
particularly nonplanar and noninnocent systems, a point
of view that proved rewarding. Our findings have allowed us
to formulate generalizations and rules of thumb governing
the structural chemistry of metallocorroles, as discussed
below. While X-ray crystallography was the main workhorse
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FIGURE 1. Gouterman four orbitals: the two HOMOs and the two
LUMOs of [Mg(Q)] .

in this effort, quantum chemical calculations, mostly using
density functional theory (DFT), proved invaluable in plac-
ing the geometric structures in an appropriate electronic-
structural context. The close synergy between experimental
and DFT studies is perhaps the most distinctive aspect of this
work. The theoretical work was initiated by former post-
doctoral associate Emmanuel Gonzalez and subsequently
expanded upon by author J.C.

As tetrapyrrolic, aromatic N4 ligands, corroles are super-
ficially similar to porphyrins. A Key similarity involves
Gouterman's four-orbital model for porphyrins, according
to which the two HOMOs are near-degenerate, and so are
the two LUMOs, and these four frontier MOs are well
separated energetically from all other occupied and unoc-
cupied MOs.” The rule applies to free base porphyrins and
complexes involving closed-shell ions and our early quan-
tum chemical studies showed that the model applied to
corroles as well.® These four MOs are depicted for an
idealized G,, metallocorrole, [Mg(CQ)] ~, in Figure 1. Analogous
porphyrins and corroles thus exhibit roughly similar elec-
tronic absorption spectra and photophysical properties.
Beyond that, however, the similarities rapidly give way to
a plethora of moderate and major differences.

A key difference obviously centers around the fact the
corroles are trianionic ligands, whereas porphyrins are
dianionic. Thus, for a given metal, overall stoichiometries
are often different between related metalloporphyrins
and metallocorroles. The trianionic corroles are also much
more effective than porphyrins at stabilizing high-valent
transition metal centers such as Cr'0, Mn'V—Ar, Fe'V—Ar,
Fe'V—0-Fe', and Ag", although in some cases such as



Cu and FeCl,? a noninnocent corrole*?~ formulation has
been preferred.

Table 1 presents a list of mononuclear metallocorrole
crystal structures reported to date, multinuclear complexes
having been omitted for simplicity. Abbreviations for var-
ious ligands are listed in Table 2 and are used in the text
without further explanation. One of the more general fea-
tures of metallocorrole structures is the shortness of the
metal—nitrogen (M—N) distances, which are typically about
1.9 A for first-row transition ions, compared to a value of 2.0 A
or higher for metalloporphyrins. This may be seen from
Table 1 for Cr, Mn, Fe, and Co corroles as well as for Al, Ga,
and Ge complexes. For second- and third-row transition ions,
the M—N distances are somewhat longer, 1.95—-2.00 A, as is
the case for Mo, Ru, Rh, Ag, Re, Ir, and Au corroles, as well as
for Sb and Sn corroles.

Aside from M—N distances, the structural chemistry of
metallocorroles differs from that of metalloporphyrins in
numerous other ways. Some of these differences are rather
unexpected and these form the heart of this Account.

2. The Planar Conformation

Metallocorroles are generally planar, a generalization that
should be clear from a perusal of Table 1. It would be wrong,
however, to construe this generalization as a suggestion that
the structural chemistry of corroles is “uninteresting” or
“boring”. Seen from a porphyrin perspective, the planarity
of some of the more sterically hindered metallocorrole
frameworks is remarkable. Thus, the undecasubstituted
Co corroles Co|EtgTPC](PPhs) (WETBUS)'® and the related
Ir corrole Ir[BrgTPFPC|(NMes), (COHYOO)'! are character-
ized by planar corrole macrocycles (Figure 2). Analogous
dodecasubstituted porphyrins, regardless of the coordi-
nated central ion, by contrast, are invariably strongly
saddled.

To appreciate these structures in terms of an ener-
getics picture, we evaluated DFT saddling potentials for
a set of four Co-PPhs corroles, involving progressively
sterically hindered ligands: unsubstituted corrole (C),
meso-triphenylcorrole (TPC), f-octabromo-meso-triphenyl-
corrole (BrgTPC), and g-octakis(trifluoromethyl)-meso-tri-
phenylcorrole [(CF5)sTPC].'? As shown in Figure 3, planar
conformations were indicated for all four complexes,
which is broadly consistent with experimental observa-
tions but is nonetheless remarkable. In the absence of
special electronic effects, peripheral substituents, how-
ever sterically hindered, are not particularly effective at
engendering saddling in metallocorroles.
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3. The Domed Conformation

An interesting aspect of metallocorroles compared with
metalloporphyrins is a preponderance of five-coordinate
structures, concomitant with a relative rarity of six-coordinate
ones.* It is thus understandable that domed conforma-
tions are not uncommon for metallocorroles. True macro-
cycle doming, however, is more uncommon than cases
where the coordinated metal simply sits atop a relatively
planar corrole. As in the case of porphyrins, true doming is
associated with large coordinated atoms such as Mo, Re,
Sn, and Bi that would not fit well within a planar macro-
cycle. A selection of domed metallocorrole crystal struc-
tures is shown in Figure 4.'3

4. Ruffling, a Forbidden Distortion Mode
Table 1 lists a handful of saddled metallocorroles, chiefly
involving copper, but note the striking absence of the ruffled
conformation. By contrast, ruffling is one of the most com-
mon distortion modes for porphyrins, where it is most
frequently associated with a small central metal ion such
as Ni(ll) or low-spin Fe(lll), but is also known to result from
sterically hindered meso-substituents such as perfluoroalkyl
and t-butyl. The following examples illustrate well this key
difference between porphyrins and corroles.

Coordination of very small ions such as phosphorus(V),
which has an ionic radius of only 0.52 A, invariably leads to
strong ruffling in porphyrins.'® By contrast, the sole structu-
rally characterized PV corrole [P(Et,MegC)(OH)] * (NUHDUP)'>
has a planar macrocycle.

To compare the effects of meso-CF5 groups on corroles
versus porphyrins, we determined single-crystal X-ray
structures of Co"[(CFs)sCor](PPhs) [(CFs)sCor = meso-tris-
(trifluoromethyl)corrolato] (UWULEE)'? and Cu[(CFs)sPor]
[(CF3)4Por = meso-tetrakis(trifluoromethyl)porphyrinato]
(ITEXUB).'® As shown in Figure 5, the corrole is planar and
the porphyrin strongly ruffled. These results are consistent
with the X-ray structures of Re[(CFs);Cor](O) (NUHJOP)'”
and Ga|(n-CsF5)sCorl(py) (py = pyridine, QORBOO),"® which
also exhibit planar corrole ligands. In contrast, the meso-
perfluoroalkylated metalloporphyrins Zn[(n-C5F;)4Porl(py)
(TOJLIN)'® and Ni[(n-C3F;)4Por] (HUPDEB)?° exhibit strongly
ruffled macrocycles.

Again, to place these observations in an energetics con-
text, we evaluated BP86-D ruffling and saddling potentials
(Figure 6) for selected cobalt and copper porphyrins and
corroles. Figure 6a defines the ruffling and saddling dihe-
drals. Figure 6b confirms planar minima for all cobalt
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TABLE 2. Abbreviations used in Table 1

abbreviation

explanation

BMePyPFPC
BrgTPC
Brg(pOMeP),TC
BrgTNPC
BrgTPFPC
BT-PFP-pBrP-C
(CF3)2PFC
(CF3)gTPFPC
Dmes-Py*C
DNO,-TPFPC
DPFPThC
DpivNP-TOMeP-C
DPpOMePC
Et,MeqC
EtsMe5R5C
Et;Me,C
Et;R>Me,C
EtsMe,C
EtgACC
EtgPhoC
EtgToC

Ets TPC
1,TPFPC
Me4PhsC
MegC
MegTPC
NO,-TPFPC
OEC
(DCF3P),pOMePC
Ps,TPFPC
Ps>TPFPC'
T2ThC

T3ThC
TPTBuUC
TPTBzC
TCsF,C
TCbPC

TCFsC

TDCPC
TMePyC
TNO>-Et4R>MesC'
TNO,-TPFPC
TPC

TPFPC
TPFPC-CHO
TPFPC-COOH
TpOMePC
TTC

TMesC

TNPC
(o-TolPh)(PFP),C

5,15-bis(N-methylpyridinium-4-yl)-10-(pentafluorophenyl)corrolato
5,10,15-triphenyl-2,3,8,12,17,18-hexabromocorrolato

2,3,7,8,12,13,17,18-octabromo-10-(4-methylphenyl)-5,15-bis(4-methoxyphenyl)corrolato

2,3,7,8,12,13,17,18-octabromo-5,10, 15-tris(4-nitrophenyl)corrolato
2,3,7,8,12,13,17,18-octabromo-5,10,15-tris(pentafluorophenyl)corrolato
5-(benzothiophen-2-yl)-10-(pentafluorophenyl)-15-(4-bromophenyl)corrolato
5,15-bis(trifluoromethyl)-10-(pentafluorophenyl)corrolato
2,3,7,8,12,13,17,18-(trifluoromethyl)-5,10, 15-tris(p-fluorophenyl)corrolato
10-[4,6-bis(4-t-butylphenoxy)pyrimidin-5-yl]-5,15-dimesitylcorrolato
3,17-dinitro-5,10,15-tris(pentafluorophenyl)corrolato
5,15-bis(pentafluororphenyl)-10-(3-thienyl)corrolato
10-(3,4,5-trimethoxyphenyl)-5,15-bis|2,6-bis(pivaloylamino)phenyl]corrolato
10-(p-methoxyphenyl)-5,15-diphenylcorrolato
8,12-diethyl-2,3,7,13,17,18-hexamethylcorrolato
2,3,17,18-tetra-ethyl-8,12-bis[2-(methoxycarbonyl)ethyl]-7,13-dimethylcorrolato
2,3,7,8-tetraethyl-12,13,16,17-tetramethylcorrolato
7,8,12,13-tetraethyl-2,18-bis[2-(methoxycarbonyl)ethyl]-3,17-dimethylcorrolato
2,3,8,12,17,18-hexaethyl-7,13-dimethylcorrolato
10-acetyl-2,3,7,8,12,13,17,18-octa-ethylcorrolato
2,3,7,8,12,13,17,18-octaethyl-5,15-diphenylcorrolato
2,3,7,8,12,13,17,18-octaethyl-5,15-bis(p-methylphenyl)corrolato
5,10,15-triphenyl-2,3,7,8,12,13,17,18-octamethylcorrolato
2,3,17,18-tetraiodo-5,10,15-tris(pentafluorophenyl)corrolato
7,8,12,13-tetramethyl-2,3,10,17,18-pentaphenylcorrolato
2,3,7,8,12,13,17,18-octamethylcorrolato
2,3,7,8,12,13,17,18-octamethyl-5,10, 15-triphenylcorrolato
3-nitro-5,10,15-tris(pentafluorophenyl)corrolato
2,3,7,8,12,13,17,18-octaethylcorrolato
10-(p-methoxyphenyl)-5,15-bis[p-(trifluoromethyl)phenyl]corrolato
2,17-bis(piperidinylsulfonyl)-5,10,15-tris(pentafluorophenyl)corrolato
3,17-bis(piperidinylsulfonyl)-5,10,15-tris(pentafluorophenyl)corrolato
5,10,15-tris(2-thienyl)corrolato

5,10,15-tris(3-thienyl)corrolato
5,10,15-triphenyl-2:3,7:8,12:13,17:18-tetrabutanocorrolato
5,10,15-triphenyl-2:3,7:8,12:13,17:18-tetrabenzocorrolato
5,10,15-tris(heptafluoropropyl)corrolato
5,10,15-tris[4-(1,2-dicarba-closo-dodecaboran-1-yl)phenyl|corrolato

5,10, 15-tris(trifluoromethyl)corrolato
5,10,15-tris(2,6-dichlorophenyl)corrolato
5,10,15-tris(N-methyl-o-pyridylium)corrolato

5,10,15-trinitro-2,3,17,18-tetraethyl-8,12-bis(methoxycarbonylmethyl)-7,13-dimethylcorrolato

2,3,17-trinitro-5,10,15-tris(pentafluorophenyl)corrolato
5,10,15-triphenylcorrolato
5,10,15-tris(pentafluorophenyl)corrolato
5,10,15-tris(pentafluorophenyl)corrolato-3-carbaldehyde
5,10,15-tris(pentafluorophenyl)corrolato-3-carboxylic acid
5,10,15-tris(p-methoxyphenyl)corrolato
5,10,15-tri(p-methylphenyl)corrolato
5,10,15-trimesitylcorrolato
5,10,15-tris(4-nitrophenyl)corrolato
10-(4,1'-biphenyl-1-yl)-5,15-bis(pentafluorophenyl)corrolato

corroles, including Co™[(CF3)3Cor](PHs), and for copper por-
phine. Figure 6¢ compares the ruffling and saddling poten-
tials for unsubstituted cobalt and copper corrole complexes.
Note that the potential for the ruffling dihedral y is much
steeper than that for the saddling dihedral y. The re-
sult is nicely consistent with the fact that although ruffled
metallocorroles are essentially nonexistent, saddled ones
do occur, albeit infrequently.

A final question to consider in this connection is whether
the impossibility of ruffling is a trivial issue for metallocor-
roles. Given that ruffling involves pyramidalization of the
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bipyrrolic double bond, it is not surprising, one might argue,
that it is highly unfavorable. Pyramidalization of the bipyr-
rolic double bond does occur for domed corroles; that,
however, never translates to ruffling, that is, alternate twist-
ing of the pyrrole groups about the metal—nitrogen bonds.

5. Saddling: The Unique Case of Copper
Corroles

The structural chemistry of copper corroles is of particular
interest to us and a key highlight of this Account. Our
interest in this area began with the observation some



CO[E‘t.TPC](PPh:)
WETBUS

Mn[Et,Ph,C](1)
XIDRUY

Ir{Br,TPFPC](NMe,),
COHYOO

P[Et,Me,C](OH)
NUHDUP

FIGURE 2. Examples of planar corroles.
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FIGURE 3. OLYP/STO-TZP saddling potentials for a set of four Co-PPh3
corroles, involving progressively sterically hindered ligands: unsubsti-
tuted corrole (C), meso-triphenylcorrole (TPC), f-octabromo-meso-tri-
phenylcorrole (BrgTPC), and -octakis(trifluoromethyl)-meso-
triphenylcorrole [(CF3)gTPC].%
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FIGURE 4. Examples of domed corroles.
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three years ago that two sterically unhindered copper meso-
triarylcorroles, Cu[DPpOMeP(] (LUMDON) and Cu|(pCFsP),-
pOMeP(C] (LUMDUT) (see Table 2 for ligand abbreviations),
exhibited substantially saddled corrole rings with y ~ 45°
(Figure 7).2" A survey of available crystal structures of
copper corroles showed that they too were saddled, although
for copper p-octaalkylcorroles (RINCAS,>> QEVQAK?3) the
degree of saddling was more muted than that found for
the triarylcorrole complexes examined by us. This was an
intriguing observation, in view of the general rarity of
saddled metallocorroles, prompting us to investigate the
possibility of an electronic driving force behind the ob-
served saddling. We therefore undertook a DFT study of
copper complexes with four different corrole ligands:
unsubstituted corrole, TPC, BrgTPC, and (CF3)gTPC.

The saddling potentials of these four copper corroles are
shown in Figure 8, and they capture much of the unique
structural chemistry of these complexes.?' First, a distinctly
saddled minimum is indicated for even sterically unhindered
copper corroles, including unsubstituted copper corrole and
Cu[TP(]. Second, the degree of saddling can be signifi-
cantly enhanced by introducing bulky g-substituents. Thus,
a saddling dihedral of about 70° was predicted for
Cu[BrgTP(], whereas adjacent pyrrole rings in Cu[(CF5)gTPC]
were predicted to be essentially orthogonal, rather a dra-
matic prediction for a class of porphyrinoids known to be
exceptionally resistant to such distortions. Recall from
Figure 3 that the analogous cobalt complexes were all
predicted to be planar. Fortunately, crystal structures could
be obtained for close analogues of all these copper com-
plexes and to our considerable satisfaction they nicely
confirmed the DFT predictions.

A aystal structure of the copper s-octabromo-meso-triaryl-
corrole Cu[Brg(pOMeP),TC] (UKETAG)** revealed a saddling
dihedral y of 67.8°, in essentially perfect agreement with the
OLYP/TZP value (67.0°). For Cu[(CF3)gTpFPC],** the observed
x of 84.5°, while dramatic, turned out to be somewhat lower
than the OLYP value of 99.8° (Figure 9). As of today, these
two complexes are the preeminent examples of strongly
saddled corroles, which naturally raises a couple of ques-
tions. Why are such saddled structures so rare? Why are
these two structures so strongly saddled?

The rarity of saddled metallocorroles and the fact that
saddling seems to occur primarily for copper corroles
strongly suggests the operation of a coppetr-specific metal—
ligand orbital interaction.?® Such an interaction is well-
established for nickel and copper porphyrins, where saddling
switches on a metal(dx..y»)—porphyrin(a,,-HOMO) interaction.
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FIGURE 5. ORTEPs (20% thermal ellipsoids): (a) Co™[(CFs)3Cor](PPhs) and (b) Cu[(CF5)4Por] (‘top” and “side” views).'?

An exactly analogous scenario may be envisioned for me-
tallocorroles, whose ring HOMOs closely resemble porphyr-
in HOMOs in shape. An examination of the HOMO of any
copper corrole readily confirms this hypothesis, as illustrated
in Figure 10 by the HOMO of Cu(TPC).>* Saddling allows a
good deal (about 50%) of the electron density from the j-
symmetry (with reference to the G, point group) 7-HOMO
(the analogue of the porphyrin a,,-HOMO) to flow into the
space of the Cu dyx..y> orbital. In other words, the metal
center is not quite Cu(lll), despite the short Cu—N distance,
but has substantial Cu(ll) character. Copper corroles are thus
literally saddled with noninnocence!
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Once the dy.y>—"ay," interaction is present as a driving
force, sterically encumbering substituents can accentuate the
saddling quite dramatically. In the absence of an electronic
driving force, however, sterically encumbering substituents
alone seem powerless to engender significant saddling.?”~2°

6. Gold Corroles

Although silver corroles have been known for some
time, gold corroles have been reported only recently.>°
Like its iridium(lll) analogues,®' Au[BrgTPFPC| has tur-
ned out to be phosphorescent in the near-infrared.??
In our laboratory, we have synthesized a series of Au(lll)
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FIGURE 7. Examples of saddled corroles.

meso-tris(p-X-phenyl)corroles, Au[TpXP(C|, X = CFs, F, H,
CHs, OCHs, of which the p-F complex, Au[TpFP(], has lent
itself to single-crystal X-ray structure determination.??
The highly sterically hindered complex Aul(CFs)gTpFPC] could
also be synthesized and crystallographically analyzed
(Thomas, K. E.; Beavers, C. M.; Ghosh, A. Unpublished resullts).
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04 Cu(TPC): — Cu(C)
a=1.905A —— Cu(TPC)
b=1895A — Cu(BrgTPC)

v =43.8° —— CU[(CF,),TPC]

=
w
|

o
[N
|

energy (eV)

0.1+

0.0+

I I I [ | I I [
0 20 40 60 80 100 120 140
% (deg)

FIGURE 8. OLYP/TZP saddling potentials of four copper cor-
roles, the ligands being unsubstituted corrole, TPC, BrgTPC, and

(CF3)gTPC.2!

FIGURE 9. Two ORTEP views of Cul(CFs)gTpFPC]. Distances (A): Cu—NT1
1.929(3), Cu—N2 1.922(4), Cu—N3 1.927(3), Cu—N4 1.914(4).
Dihedrals (°): C3—-C4—-C6—-C7 83.2, C8—C10-C11-C12 84.5,
C13-C14-C16-C17 89.6, C2—-C1-C19-C18 57.2.
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FIGURE 10. OLYP/TZP frontier orbitals of Cu(TPC): (@) LUMO and
(b) HOMO.
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FIGURE 11. (a) Thermal ellipsoid (50%) diagram of Au[T(p-F)PC]. Dis-
ordered solvent was omitted for clarity. (b) Side-on view of Cu (red),
Ag (gray), and Au (gold) corrole cores overlaid on one another.

Conformationally, the gold corroles have turned out to be very
different from copper corroles.

Figure 11 depicts the crystal structure of Au[TpFPC] and
overlays the corrole core with those of Cu and Ag analogues.
Although the M—N distances differ only slightly between Cu
(about 1.90 A) and the heavier coinage metals (about 1.95 A
for both Ag and Au), the degree of saddling varies consider-
ably. Thus, y is only about 24.5° for Au[TpFPC], compared
with a value of almost twice that (48.7°) for Cu[TpFPC]. The
crystal structure of Au[(CF5)gTPC], shown in Figure 12, is even
more remarkable; the corrole core is essentially perfectly
planar. Between Au[(CFs)gTPC] and Cu[(CFs)gTPC], the sad-
dling dihedral y thus goes up by an astounding 85°!

7.Saddling as a Window Into Ligand
Noninnocence

Even though our focus here is on structural chemistry,
our main interest revolves around geometric structure,
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FIGURE 12. Crystal structure of Au[(CF3)sT(p-F)PC], with an essentially
planar corrole core.
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FIGURE 13. Cydlic voltammograms of M[T(p-F)PC], M = Cu, Ag, and Au,
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FIGURE 14. Electronic absorption spectra of Cu[T(p-X-P)C| in CH,Cl,.
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particularly saddling, as a window into electronic structure
and the question of corrole noninnocence. We will illustrate
this point through a consideration of the coinage metal
corroles. Figure 13 presents the cyclic voltammograms of
of M[TpFPC], M = Cu, Ag, and Au. The most striking aspect of
these is that whereas the first oxidation potentials vary little
across the coinage metal triad, the reduction potentials vary
dramatically, becoming increasingly negative down the
triad. Stated differently, the electrochemical "HOMO—-LUMO
gaps” (defined as the algebraic difference between the first
oxidation and reduction potentials) widen dramatically
down the triad, reflecting the increasingly higher energy of
the valence dy.y» orbital. The high energy of this orbital for
the heavier coinage metals, particularly Au, implies that
there is little imperative for a metal(dy..y2)—corrole(‘a,,")
interaction, explaining the relative lack of saddling for
gold corroles.* The high energy of the dy,.y, orbital also
explains the lack of substituent effects on the Soret bands of
Au[TpXP(], as a function of the para substituents X, as shown
in Figure 14; by contrast, note the strong shifts in the Soret
bands for Cu[TpXPC].

8. Conclusions and Perspectives

X-ray structure determinations, supplemented by quantum
chemical calculations, have uncovered a number of trendsin
the structural chemistry of metallocorroles, which may be
summarized as follows:

(@ Compared with metalloporphyrins, metallocorroles
are much more resistant to nonplanar distortions.

(b) Of the various possible nonplanar distortions, only dom-
ing can be said to be moderately common; it is most
commonly observed for five-coordinate metallocorroles.

(9 Ruffling, by contrast, is essentially a forbidden distor-
tion mode for metallocorroles.

(d) Saddling is uncommon, but copper corroles, even
sterically unhindered ones, are uniquely saddled as
aresult of an effective dy,.y>,—"a,” orbital interaction.
This saddling can be dramatically accentuated by
steric crowding on the corrole periphery.

(e) The high energy of the valence d,..,, orbital of Agand
Auis less conducive to saddling, relative to the copper
case. Gold corroles, even sterically hindered ones, are
thus relatively planar.

With these fundamentals in place, one might envision
significantly more ambitious structural studies involving
metallocorroles, involving supramolecular entities such as
liquid crystals and metal—organic frameworks. In contrast to
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nonpolar D4, metalloporphyrins, metallocorroles have
polar point group symmetry, G,, or one of its subgroups,
and corrole-based supramolecular constructs are therefore
expected to differ from porphyrin-based ones with respect to
their symmetry properties. In our laboratory, we are partic-
ularly interested in exploiting the chirality of copper corroles
and in developing novel oriented materials, such as chiral
liquid crystals, based on copper corroles. These remain
exciting goals for the future.
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