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Abstract: Using regular nonlocal density functional theory (DFT) as well as combined DFT and configuration
interaction calculations, we have carried out a first theoretical study of the electronic structure of metallocorroles.
The valence orbital energy spectra and the calculated electronic absorption spectrum of (CorjGa=(Cor
corrolato), a prototype non-transition-metal corrole, are qualitatively similar to those of a metalloporphyrin
such as zinc porphyrin. The “four-orbital model” holds well for corroles. Tharad h HOMOs of (Cor)Ga

are crude analogues of the well-known, and &, porphyrin HOMOSs, respectively. Thus, as in the case of
porphyrins, there are two nearly equienergatication radical states for corroles. DFT also appears to provide

a good description of the stabilization of high-valent transition-metal centers and of ligand noninnocence, two
intertwined and central themes in metallocorrole chemistry. The calculated ground state of (Cor)Cu is a
diamagnetic 8iCu(lll) state, with Cu(ll)z-cation radical states only slightly higher in energy, which faithfully
mirrors the experimental scenario. In contrast, there are no known Cu(lll) porphyrin complexes. For (Cor)Ni,
low-spin Ni(ll) z-cation radical states are significantly lower in energy than a Ni(lll) state, again consistent
with experiment, reflecting the favorable energetics ®f&duare planar complexes. The various optimized
geometries reveal significant, characteristic structural changes accompanying the formatigrantl A3 -

type corrolerr-cation radicals. We predict that the resonance Raman spectra of metallocorroles should reflect
these structural features and, thereby, assist in the assignment of valence tautomeric states of transition-metal
corrole complexes.

I. Introduction variety of transition metals including Cr, Mn, Fe, Co, and“@u.
) ) Second, corroles are now readily available as a result of one-
The chemistry of porphyrins and related macrocycles appearsy ot syntheses® Third, early results indicate that transition-metal
to be a never-ending wellspring of interesting problems, of both ¢qrgles should be excelient catalysts, in terms of stability and
fundamental and applied nature, for researchers across the em”@fﬁciency, for a variety of synthetic reactiofgs a result of

spectrum of the chemical sciencesfter 50 years of theoretical  ege developments, the chemistry of corroles is experiencing
study? quantum chemists wonder at the Shakespearean varletyrapid even explosive, growtt

of the electronic structures of these molecules that seemingly
“age cannot wither nor custom stafeAt present, the chemistry

of corroles provides a good example of the vibrancy of
porphyrin-related researéf First synthesized by A. W. Johnson

Ic?ftzenlu?gg:} Co?rrrtzcezn?r?j:\:gfcl)curgger:?sne,x\vse(:rlig;eigﬁé 6:|S grzgzu'me energetics of metal- versus ligand-centered oxidation? How
P ) 9 ' do these states differ in terms of electron distribution? Before

corroles have been found to stabilize high-valent states of aaddressing these issues involving transition metals, however,

Theoretical chemists have a major role to play in the current
development of corrole chemistry. The high-valent nature of
many transition-metal corrole complexes raises the prospect of
ultiple valence-tautomeric stat¥sln other words, what are

T University of Tromsg. we need to take a step back and characterize some basic aspects
* To whom correspondence should be addressed. Email: abhik@chem.Of the electronic structure of non-transition-metal derivatives
uit.no; FAX +47 77644765, of corrole. To our knowledge, there are no major first-principles
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relative energetics of different tetrapyrrolic corrole isomers, both Table 1. Frontier Orbital Energies (eV) of (Cor)Ga from RHF/
in their free-base forms and as a function of different sizes of 6-311G(d.,p) and PW91/TZP Calculations

complexed non-transition-metal iotsSome basic unanswered MO RHF/6-311G(d,p) PW91/TZP
guestions are as follows. Does Gouterman'’s four-orbital médel HOMO-6 ~10.231 (3) —6.681 (h)
apply to corrole? What are some of the lowest ionization HOMO-5 —10.134 (a) —6.668 (b)
potentials (IPs) and the electron affinity (EA) of a prototype HOMO-4 —9.802 (h) —6.225 (a)
metallocorrole? Are the two HOMOs of corroles near-degenerate ~ HOMO-3 —9.359 (h) —6.172 ()
and is there the possibility of two different types of metallo- HOMO-2 —9.055(3) —5.919(3)
corrole cation radicals, analogues of the well-knowsy-Aand HOMO-1 —6.534 () —4.824 ()
Aatype metalloporphyrin radical¥What are the unpaired spin HOMO —6.146 (a) —4.723 (h)
density profiles of corroler-cation radicals? Here we have LUMO 0.533 (a) —2.793 (a)
investigated these questions using nonlocal density functional ~ LUMO+1 1.478 (h) —2.439 (h)
theory. Having laid the necessary groundwork, we have also LUMO++2 2.541 (h) —1.196 (k)
studied the twin issues of stabilization of high-valent transition- LUMO+3 3.645 () —0.401 (a)
LUMO+4 3.908 () —0.362 (h)

metal centers versus ligand noninnocence, increasingly central
aspects of the chemistry of metallocorroles. In particular, we
describe the relative energetics, spin density profiles, and key molecular orbital eigenvalues are taken from NLDFT calculations for
structural features of metal(lll) versus metal(ll) corrole radical the construction of the CI Hamiltonian matrix. These calculations have
states for Cu and Ni corrole complexes. Overall, these early been performed with the TURBOMOLE suite of programs, the
theoretical results should serve as a springboard for future B3LYP exchange-correlation functional, and valence dogigkzussian
theoretical studies of many important issues such as the basis sets with d-polarization functions for carbon and nitrogen (C, N:
electronic effects of peripheral substitution and other structural [352p1d]; H: [2s]) (VDZPY? All single excitations from the occupied
perturbations, the diverse electronic structures of middle- valence MOs to the virtual space were included in the DFT/SCI

transition-metal (Mn, Fe, Co) corroles, and excited states and Ca?ﬁﬁﬂo?;ut ee svmmetny Iabels. refer o the metallocormole
electronic spectr&® ghout, 2 SY! ry

molecule being in thgz plane with thez axis as the molecular 2-fold
axis. With respect to the molecular plane, theaad b orbitals ares
and the aand h orbitals arex.

Il. Methods

For the majority of the calculations, we have used nonlocal density
functional theory (NLDFT), the PW91 exchange correlation functional,
triple-G Slater-type basis sets, a spin-unrestricted formalism, a fine mesh . .
for numerical integrations, and full geometry optimizations ur@gr (A) Ga(lll) Corrole and Its lonized and Excited States.
symmetry constraints, as implemented in the program system*ADF. A key motivation for studying a non-transition-metal complex
For (Cor)Ga (Cot = corrolato), vertical IPs and the vertical EAwere  of corrole has been to determine whether the electronic structure
calculated as energy differences between the un-ionized state andconforms to a porphyrin-type four-orbital model. On the basis
ionized states of different electron occupancies, the geometry being of the qualitative similarity of the electronic absorption spectra
that optimized for the un-ionized state. Using the Gaussian98 prd§ram, qf porphyrins and corroles, experimentalists have conjectured

IIl. Results and Discussion

we have also carried out a single-point RHF/6-311G(d,p) calculation
on the NLDFT optimized geometry of (Cor)Ga.

The singlet excited states of (Cor)Ga were studied with the DFT/
SCI method described by Grimm&The method is based on the single-
excitation configuration interaction (SCI) approach with the CI
Hamiltionian matrix elements modified and corrected empirically.

(11) We are aware of two other theoretical studies: (a) Endeward, B.;
Plato, M.; Will, S.; Vogel, E.; Szycewski, A.; Maus, K. Appl. Magn.
Reson199§ 14, 69. (b) Hush, N. S.; Dyke, J. M.; Williams, M. L.; Woolsey,

1. S.J. Chem. Soc., Dalton Tran%974 395.

(12) Ghosh, A.; Jynge, KChem. Eur. J1997, 3, 823.

(13) Gouterman, M. InThe Porphyring Dolphin, D., Ed.; Academic:
New York, 1978; Vol. lll, Part A, Physical Chemistry.

(14) (a) Dolphin, D.; Felton, R. HAcc. Chem. Resl974 7, 26. (b)
Dolphin, D.; Muljiani, Z.; Rousseau, K.; Borg, D. C.; Fajer, J.; Felton, R.
H. Ann. N. Y. Acad. Scll973 206, 177. (c) Gruhn, N. E.; Lichtenberger,
D. L.; Ogura, H.; Walker, F. Alnorg. Chem1999 38, 4023 and references
therein.

(15) The ADF program is obtainable from the following: Scientific
Computing and Modelling, Department of Theoretical Chemistry, Vrije
Universiteit, 1081 HV Amsterdam, The Netherlands.

(16) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Burant,
J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M.
C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.; Mennucci,
B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G. A.;
Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.; Rabuck, A. D;
Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov,
B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.;
Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson,
B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. A. Gaussian98, Revision A.5; Gaussian, Inc.,
1998. Additional technical details about the calculations are obtainable from
the Gaussian98 program manual.

(17) Grimme, SChem. Phys. Lettl996 259, 128.

that the four-orbital model should hold for corrofesUsing
simple z-electron Cl calculation&!® Hush and co-workers
confirmed this expectation many years ago. The present
calculations on (Cor)Ga simply give a more quantitative picture
of the ionization and excitation energies of the corrole macro-
cycle. More importantly, they prepare the stage for calculations
of more challenging aspects of corrole chemistry, viz. the
question of metal- versus ligand-centered oxidation. Table 1
presents the RHF/6-311G(d,p)//PW91/TZP and PW91/TZP MO
energies of (Cor)Ga. The two HOMOs; and h, are near-
degenerate, as are the two LUMOs, alsaad h, and these
four frontier orbitals are well-separated energetically from the
rest of the orbital energy spectrum.

Table 2 shows the results of the DFT/SCI calculations on
the excited states of (Cor)Ga, which are qualitatively very similar
to those for a simple metalloporphyrin such as zinc porphy-
rin.2%22 The near-degenerate; &nd S states with energies
around 2.33 eV and oscillator strengths around 0.025 correspond
to the Q-bands whereas thga&hd S states with energies around
3.7 eV and much higher oscillator strengths around 1.25
correspond to the B or Soret bands. The four lowest excited
states of (Cor)Ga share with the porphyrins a pronounced two-

(18) Ahlrichs, R.; Ba, M.; Haser, M.; Horn, H.; Kdmel, C.Chem. Phys.
Lett. 1989 162 165.

(19) Treutler, O.; Ahlrichs, RJ. Chem. Phys1995 102 346.

(20) Dunning, T. H.; Hay, P. J. IlModern Theoretical Chemistry
Schaefer, H. F., Jr.; Ed.; Plenum Press: New York, 1977; Vol. 3.

(21) Parusel, A. B. J.; Ghosh, A. Phys. Chem. 2000 104, 2504.

(22) Parusel, A. B. J.; Grimme, S. Porphyrins Phthalocyaninesn
press.
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Table 2. B3LYP/SCI Results on the Singlet Excited States of (Cor)Ga

state energy (eV) oscillator strength composition

S 2.32 0.0233 55% HOMO-LUMO, 42% HOMO-1 LUMO+1

S, 2.34 0.0273 57% HOMO-%+ LUMO, 41% HOMO— LUMO+1
S 3.66 1.1590 48% HOMO-1+ LUMO+1, 35% HOMO- LUMO
S, 3.80 1.3710 49% HOMG- LUMO+1, 33% HOMO-1- LUMO
S 4.24 0.0752 92% HOMO-2 LUMO

S 4.38 0.0131 89% HOMO& LUMO+-2

S; 4.49 0.0058 80% HOMO-3 LUMO, 13% HOMO-4— LUMO+1
S 457 0.0045 89% HOMO-%+ LUMO+2

62 b1
Figure 1. The two HOMOs of (Cor)Ga.

Table 3. Relative Energies (eV) of Different Electronic States of Table 4. Gross Atomic Spin Populations of [(GyGd"]+

Metallocorroles m, 5
compd state rel energy '

[(ConGd']° A, 0.000

[(Cor)Ga']* 2By 6.745

[(CorGa']* 2p, 6.840

[(ConGd']~ A, —-1.110

[(Cor)Cu]° 1A, 0.000

[(Cor)Cu']° (@ — YU, (3A2) 0.161

[(Cor)Cu'l® (X% — y)la'(®By) 0.354

[(ConNi"']° Ay 1.271

[(Cor)Ni'° B, 0.018

[(Cor)Ni"]° 2, 0.000

spin population spin population
configuration character, consistent with the four-orbital model. atom 2B, 2, atom 2g, 2,
I—!lghgr excited states are close in energy tp it have m 02383 —0.0490 b 0.0579 0.0166
significantly smaller oscillator strengths thap &d S. m, 01829 —0.0191 B —0.0047 0.0444
Table 3 presents the relative energies of different ionized and oy —0.0421 0.1381 Ba 0.0851 0.0058

excited states of (Cor)Ga, (Cor)Cu, and (Cor)Ni, calculated using 2 0.0205 0.1036 Ba —0.0357 0.0494
normal ground-state DFT methods. The two lowest IPs and the % _8-83% 8-(1)%? V1 8-8%; _060025)313
EA of (Cor)Ga are 6.745, 6.840, and 1.110 eV, which cor- ’ ' ZZ 0.0392 0.0005

respond to?B;, 2A,, and?A; ionized states, respectively. IPs
calculated at this level of theory (PW91/TZP) are expected to )
be in near-quantitative agreement with experinféat.2Each ylporphyrin) are 0.47, 0.67, and 1.36 V versus the saturated

of the two lowest IPs of (Cor)Ga are lower than the lowest c@lomel electrode, respectively. Our calculations and electro-
calculated IP of zinc porphyrin (7.04 eV), consistent with chemical measurements thus agree that a corrole derivative has

electrochemical finding® Thus, in dichloromethane, the first @ lower IP than a closely analogous porphyrin derivative.
oxidation potentials of (OECor)Sn{8s), (OECor)SnCl, and The two lowest IPs of (Cor)Ga are extremely close to each
(OEP)SnCJ (OECor= p-octaethylcorrole, OER= B-octaeth- other. Thqs, thglaIaQUQ|chotomy that domma.tes the chemlst.ry
of porphyrin cation radicals has an analogue in corrole chemistry
(23) Ghosh, AJ. Am. Chem. S0d 995 117, 4691. as well. The open-shell orbitals of t#8; and?A; states of

ggg gﬂgzﬂ ﬁ;&é’f“cgﬁg;?' ;Térgeggé%hler?égmcl%?, 97, 143. [(Cor)Ga]" are shown in Figure 1. Table 4 shows the gross

(26) Kadish, K. M.; Will, S.; Adamian, V. A.; Walther, B.; Erben, C.;  &tomic spin populations for th#, and A, states of [(Cor)-
Ou, Z.; Guo, N.; Vogel, Elnorg. Chem 199§ 37, 4573. GajJ*. There are crude similarities between thaad h HOMOs
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of (Cor)Ga and the @ and a, HOMOs of a typical metal- Table 5. Selected Optimized Distances (A) and Angles (deg)
loporpyrin, respectively. Indeed, after a hypothetical desym-
metrization of aD4, metalloporphyrin to &,, metallocorrole
through extrusion of a meso methine unit, thg and a,
porphyrin HOMOs would transform ag and h in the corrole.

Like the a, porphyrin HOMO, the acorrole HOMO has zero

or relatively small amplitudes at the “meso” positions. Like the
&y porphyrin HOMO, the b corrole HOMO has large ampli-
tudes at the “meso” positions. However, this porphyitiorrole
analogy is limited and is intended mainly as a mnemonic for
remembering the shapes of the corrole HOMOs. In this study,
we have not considered the effects of peripheral substituents

on the relative energies éB; and?A, metallocorrole radicals. (Con)Cu
However, Figure 1, Table 4, and a large body of information (Cor) Ni z-cation

on porphyrin cation radicalé do permit some qualitative (Cor) Ga -cation W
predictions. Thus, we expect that a metallocorrole with electron- i, A, B, ZA,  A: )bt y)al

donating meso substituents, such asesetriphenylcorrole
derivative, should forn3B; cation radicals whereas a metallo- & i'igg iggg iiﬁ i'ggg %ggi ii;g i'ggg
corrole_ with electron-withdrawing meso su_bstituents, such as a % 1406 1396 1388 1407 1395 1398 1425
mesetris(pentafluorophenyl)corrole derivative, should fothAy ar 1433 1412 1440 1.392 1.409 1.459 1.412
cation radicals. Because the; Gpin populations are roughly b, 1.387 1.382 1.377 1.369 1.380 1.370 1.362
comparable for the two lowest cationic states of [(Cor)Ga] . 1396 1391 1377 1396 1390 1370 1.396
the relative energetics of tBB; and?A radicals of3-substituted by 1371 1369 1372 1.349 1368 1368 1.340
metallo_corroles is more delicately balanced and hence difficult cf 1432 1434 1436 1448 1434 1440 1458
to predict. C 1.434 1434 1436 1443 1434 1440 1.456
(b) Energetics of Cu(lll) and Ni(lll) Corrole and Their cs 1433 1432 1439 1450 1.432 1445 1.458
Valence Tautomers.Having established some of the funda- ¢ 1423 1419 1427 1428 1418 1436 1437
mentals of corrole electronic structure, we can begin to explore &~ 1.375 1371 1.372 1363 1370 1376 1.363
the electronic structures of transition-metal corroles in all their d 1392 1389 1385 1378 1388 1386 1.380
rich variety. Here we illustrate the utility of NLDFT calculations o, 1926 1870 1.860 1.844 1.865 1923 1.016
for comparing the energetics of metal- versus ligand-centered 9, 91.42 91.10 91.37 91.17 9096 91.51 91.47
oxidation in copper and nickel corroles. Table 3 presents the 6 96.68 96.06 9578 9544 96.26 96.68 96.58
energies of the different electronic states studied. v 8048 8173 8148 8223 8182 8030 80.48

: 4 v 109.26  108.57 107.28 107.64 108.60 109.06 109.43
The calculated ground state of (Cor)Cu is a Cu(lll) state, with v, 11088 11041 109.22 10919 11042 11074 110.81

the two Cu(ll) corrole radical states only slightly higher in o, 10753 108.10 109.38 109.01 108.10 108.32 108.07
energy. This result faithfully mirrors the experimental scen&lrio. o, 106.86 107.57 109.10 108.36 107.59 108.07 107.36

Thus, the NMR spectra of a copper octaalkylcorrole exhibited oz 106.57 106.61 107.60 107.81 106.56 106.79 107.21
strong temperature dependence; sharp signals were obtained a« 107.29 107.62 109.22 108.31 107.64 108.22 107.33
room temperature, whereas significant line-broadening occurred?t
W|th increasing temperature. This temperat_qre_—dependent mag-g. 107.85 108.17 107.38 107.81 108.24 106.79 107.62
netic behavior was ascribed to an equilibrium between a g, 107.42 107.19 106.58 106.74 107.14 106.79 107.03
diamagnetic 8Cu(lll) corrole and a paramganetic Cu(ll) corrole  y, 123.72 124.71 123.64 124.46 125.02 123.45 124.35
mr-cation radical of higher energy. %2 12555 12590 125.10 125.66 126.00 124.87 125.58

For (ConNi, Ni(ll) corrole radical states are much preferred 2 119.80 121.02 120.11 120.62 121.38 119.92 120.35

- - . . . xa 112,63 112.09 111.37 111.75 112.05 112.24 112.62
over a Ni(lll) state, again consistent with experiment. The- UV 5, 12678 124.84 125.46 12405 124.47 127.55 125.89

vis spectrum of a nickgd-octaalkylcorrole exhibits an unusually s, 12505 122.85 12354 122.33 122.33 125.55 124.38
weak Soret absorption, suggesting a corrole radical. In addition,

the EPR spectrum is unlike that of Ni(lll) porphyrifs.

The above results reflect the favorable energetics of metal geometries. The general features of metallocorrole molecular
@8 configurations for square-planar complexes. However, the Structures have been discussed in detail elsewfiekechar-
stabilization of Cu(lll) appears to be unique to corroles and other acteristic feature of corroles is the relatively long—C,
ligands with high negative charge. Thus, to our knowledge, Cu- bond in the bipyrrole unit, which is comparable in length to
(II) porphyrins are unknown. In this connection, it may be worth  the G.—Cjy bonds. Another consistent feature appears to be that
pointing out that Ag(lll) is much more readily stabilized, and the metat-nitrogen bonds marked,én Table 5 are shorter
Ag(lll) complexes are known for both dianionic porphyrin and than the bonds marked;.eThe bond angles are largely
trianionic inverted porphyrin ligand:2° unremarkable.

(c) Optimized Molecular Structures. Table 5 presents key A topic of considerable potential interest concerns the small
structural parameters from the different PW91/TZP optimized but significant structural changes that accompany cation radical
formation. These structural changes can be interpreted in terms
of the nodal structure of the,@nd h MOs. For example, the

(27) will, S.; Lex, J.; Vogel, E.; Schmickler, H.; Gisselbrecht, J.-P.;
Haubtmann, C.; Bernard, M.; Gross, Mngew. Chem., Int. Ed. Endl197,

36, 357. bonds marked ain Table 5 contract and expand on the
(28) Fuhrhop, J.-H.; Kadish, K. M.; Davis, D. G. Am. Chem. Soc formation of A- and B- type sz-cation radicals, respectively,
%%38%% 5140. Furuta, H.; Maeda, H.; Osuka, A.Am. Chem. S0200Q consistent with the antibonding and bonding character ofthe a

(29) Furuta, H.; Ogawa, T.; Uwatoko, Y.; Araki, knorg. Chem1999 and b MOs, respectively, across this bond. The bongsaa

38, 2676. cs, and @, expand appreciably and the bondska, b,, and h
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contract appreciably on the formation of;-Bpe m-cation holds well for corroles. The,and h HOMOs of (Cor)Ga are
radicals. The bondszaby, ¢, ¢, ¢3, and g (which include all crude analogues of the well-knownyaand &, porphyrin
Cy—Cp bonds) expand appreciably and the bongsa b, b, HOMOs. Thus, as in the case of porphyrins, there are two nearly
d1, and d@ (which include all G—Cg bonds) contract appreciably  equienergeticr-cation radical states for corroles.

on the formation ért_ypen-cation r_adicals_. The meta_hitrogen 2. The ground state of (Cor)Cu is a diamagneficCai(lIl)
bonds are shorter in Atype zz-cation radicals than in Btype state, with Cu(ll)z-cation radical states only slightly higher in
radicals consistent with the higher amplitudes of th&® on energy, which faithfully mirrors the experimental scenario. In

the corrole nitrogens relative to the MO and decreasing  contrast, there are no known Cu(lll) porphyrin complexes.
metal-nitrogen attraction with decreasing occupancy of the b 3. For (Cor)Ni, low-spin Ni(ll)z-cation radical states are

MO. Note also the short metahitrogen bond distances for Cu- significantly lower in energy than a Ni(lll) state, again consistent

oo o o e 0 O e YA, i rprnn ko e i e
: g g planar complexes.

different valence tautomers may not be easily observable from L ) o L
4. The optimized geometries reveal significant, characteristic

crystallographic analyses, they clearly reflect significant dif- ; ¢
ferences in bond force constants between the different speciesStructural changes accompanying the formation gfahd B-

which should be discernible from resonance Raman studies ofYP&7-cation radicals. We predict that resonance Raman spectra
metallocorroles. As in the case of metalloporphyrins, we expect of metallocorrples should reflect th.ese structural featqres and,
that a number of structure-sensitive vibrational marker b¥nds thereby, provide valuable information on the electronic states
will be observed for metallocorroles, which should greatly assist ©f transition-metal corrole complexes with multiple valence
in the determination of different valence tautomeric electronic tautomers.

states that are possible for the molecules being studied. Overall, we have clarified some of the basic electronic
_ structural issues of corrole chemistry. We have also studied the
Conclusions stabilization of high-valent transition metals and the possibility

The main conclusions are as follows. of ligand noninnocence, two recurring themes in metallocorrole
1. The valence orbital energy spectra and the calculated chemistry. We plan to continue using the methods employed
electronic absorption spectrum of a prototype non-transition- Nere, density functional theory and its excited-state implementa-
metal corrole, (Cor)Ga, are qualitatively similar to those of a tons, o study a variety of additional transition-metal complexes

metalloporphyrin such as zinc porphyrin. The four-orbital model ©f corroles.

(30) For a review, see: Terner, J.; Gold, A.; Weiss, R.; Mandon, D.;
Trautwein, A. X.J. Porphyrins Phthalocyaninesn press. JA9943243



