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The syntheses of the first transition metal corrolazine complexes,
in which the meso carbon atoms of a corrole framework have
been replaced by N atoms, are reported. Metalation of the
corrolazine [(TBP)sCzH3] (TBP = 4-tert-butylphenyl) (1) with Co-
(acac), gives [(TBP)gCzCo"] (2) in good yield. Addition of PPh; to
2 in pyridine results in the formation of [(TBP)sCzCo"(PPhs)] (3),
which was characterized by X-ray crystallography. Likewise,
addition of an excess of pyridine to 2 in CH,Cl, followed by slow
diffusion of MeOH gives [(TBP)sCzCa'"(py);] (4) as a crystalline
solid, which was also characterized by X-ray crystallography. The
crystal structures of 3 and 4 reveal that the corrolazine cavity is
significantly smaller (~0.1 A) than their regular corrole analogues.
Characterization of 2-4 by UV-vis spectroscopy reveals some
interesting features in the absorption spectra of these compounds,
including a dramatic red-shift of the Soret band. In addition, binding
of pyridine to 2 was evaluated quantitatively by UV-vis titration,
revealing a formation constant of 5, = 9.0 x 107 M2 , which is
larger than any of the regular Co™ corrole analogues.

of their relative ease of synthe&i$é compared to other
metallocorroles. We recently reported the synthesis of the
first triazacorrole (“corrolazine”, Cz) compound, [(TBE}P/-
(OH)](OH) (TBP = 4-tert-butylphenyl), in which the meso
carbon atoms of a conventional corrole ring have been
replaced with nitrogen atoms. This phosphorus-containing
corrolazine was converted to the free base [(T:BRMH;] (1)
by a novel reductive demetalation stratégddthough it was
predicted that metal-freé would allow entry into a new
family of transition metal corrole-like complexes, to date no
such complexes have been reported in the literature. Herein,
we describe the synthesis and spectroscopic characterization
of [(TBP)CzCd"], (2), [(TBP)CzCd"(PPh)] (3), and
[(TBP)CzCd" (py).] (4), starting from the versatile precursor
1. Compound®—4 are the first examples of transition metal
corrolazine complexes.

The neutral, four-coordinate ®aomplex [(TBP)}CzCd'"]
was prepared by heatirfgwith an excess of Cgacac) in
pyridine (Scheme 1). Removal of the pyridine under vacuum
and purification by column chromatography (silica gel,
hexanes/ChkCl, 1/1 (v/v)) led to the isolation of the product
in 86% vyield. Many of the other conventional cobalt(lll)

Transition metal corrole complexes have been under corroles (i.e., corroles with carbon atoms at the meso

intense investigation recently. Corroles are tetrapyrrolic positions) have been isolated and fully characterized only
macrocycles that have the samg-C, linkage as the cobalt-  in the presence of strong axial ligands (e.g., £Bridine),
containing nonaromatic corrin ring of vitamin B-12, yet they affording the five- or six-coordinate complex€s.In addi-
maintain the 18re~ aromatic core found in porphyrins and tion, a recent study of (tpfc)Co (tpfc = 5,10,15-tris-
phthalocyanines:? Considerable efforts have been expended (Peéntafluorophenyl)corrole) showed that in the absence of
on the syntheses and characterization of cobalt corroles in@xial ligands this complex was not stable and spontaneously
particular because of their biological relevance, and because?*idized to give a dimerized product with a direci-€C;

(4) Guilard, R.; Jedme, F.; Barbe, J.-M.; Gros, C. P.; Ou, Z.; Shao, J.;
Fischer, J.; Weiss, R.; Kadish, K. Nhorg. Chem2001, 40, 4856~

* Author to whom correspondence should be addressed. E-mail:

dpg@jhu.edu.

(1) Paolesse, R. lithe Porphyrin Handbogkkadish, K. M., Smith, K.
M., Guilard, R., Eds.; Academic Press: New York, 2000; Vol. 2, pp

201-232.

(2) Erben, C.; Will, S.; Kadish, K. M. InThe Porphyrin Handbogk
Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: New

York, 2000; Vol. 2, pp 233-300.

(3) Sessler, J. L.; Weghorn, S. Bxpanded, Contracted, & Isomeric

Porphyrins Elsevier Science Inc.: New York, 1997; Vol. 15.

10.1021/ic020297x CCC: $22.00
Published on Web 07/17/2002

© 2002 American Chemical Society

4865.

(5) Guilard, R.; Gros, C. P.; Bolze, F’réene, F.; Ou, Z.; Shao, J.; Fischer,
J.; Weiss, R.; Kadish, K. Minorg. Chem.2001, 40, 4845-4855.

(6) Mahammed, A.; Giladi, I.; Goldberg, I.; Gross,Zhem—Eur. J.2001,
7, 4259-4265.

(7) Paolesse, R.; Licoccia, S.; Bandoli, G.; Dolmella, A.; Boschindrg.
Chem.1994 33, 1171-1176.

(8) Ramdhanie, B.; Stern, C. L.; Goldberg, D.JPAm. Chem. So2001
123 9447-9448.

Inorganic Chemistry, Vol. 41, No. 16, 2002 4105



COMMUNICATION

Scheme 1 2

[—> N
R . R R " R R
e, P
7 N HN 3 a) A N, N \
N N —> N O N
y NH HN \ ) N N |
R Z AN R R Z X R
R R R R
(1)

@)
)
R = —O)-t-butyl

aReagents and conditions: (a) Co(agapyridine, 115°C, 1 h; (b) 5
equiv of PPB, pyridine, 115°C, 1 h; (c) 2% pyridine in CkCl.

bond® The stability of2 may be due to a combination of
the oxidatively resistant meso nitrogen atoms and phenyl
substituents that block all eight of tifepositions in the Cz
ring.

TheH NMR spectrum of in CDCl; exhibits sharp peaks
that are shifted over a wide rangeZ7 to —23 ppm). The
well-resolved pattern is easily interpreted according to the
C,v symmetry of2, with 4 peaks appearing between 1.6 and
5.1 ppm for thetert-butyl protons and 8 resonances between
26.4 and—21.9 ppm for the unique sets of phenyl ring
protons. The large chemical shifts indicate that the cobalt-

(1) ion is paramagnetic. .Recent DFT calculations have Figure 1. (a) ORTEP diagram of [(TBREZC! (PPh)] (3). Selected bond
shown that the ground spin state for square plana¥-€0  |engths [A]: Cot-N1 1.838(3), CotN2 1.852(3), CotN3 1.826(3),
corrole should beS = 1.° The magnitude and alternating Col-N4 1.834(3), CotP1 2.175(1). (b) ORTEP diagram of [(TBRCd'-

. : : ; ; (PY)2] (4). Selected bond lengths [A]: CeN1 1.838(3), Co:N2 1.850-
sign of the isotropic shifts for the phenyl ring protons suggest (4), Col-N3 1.830(3), CotN4 1.834(3), CoiN8 1.970(4), CoN9

that they are dominated by contact contributions arising from 2.000(4). Thermal ellipsoids are drawn at a 50% probability level. Hydrogen
significantzr-delocalization of the unpaired spin density on atoms have been omitted for clarity.

0,11 i i i i i i
the metal®!1 This delocalization brings to light the possible andH NMR spectroscopy revealed a diamagnetic spectrum,

“nonlnno.cent” nature of the corrolazine ring # which IS indicating that the C ion has been converted from a high-
of some interest because of the recent debate concerning thgpin to a low-spin configuration. The molecular structure of
noninnocence of conventional corrole rings in various high- 3'is shown in Figure 1& Despite the steric crowding that
—14 )
\Z/aollent com%legeé%lf H_owever, tthH NI\éIR spectrurfn (')fh might be expected from the 8 peripheral phenyl substituents,
: pe(;s, not by itse pot:nt 0 comé) d?tg charge transter; that y,q 93.atom corrole core exhibits substantial planarity, with
IS, it does not prove that ? ((2:2)_ escription Is more 0 aximum displacement from the average plane being
appropriate than a (82)Co" assignment. Further spectro- ~0.19(1) A for C(11) ¢-C atom adjacent to N(3)) and
scopic analysis is needed to provide a definitive description. _ 22(1) A for N(4), and the mean displacement from the
A solution of 5 equiv of PPhiand 2 in pyridine was  pjane being 0.10(1) AThe cavity size oB, as measured by

refluxed for 1 h, and then, tlfl1e pyridine was removed under i gistances between trans pyrrole nitrogen atorgs kN
vacuum to give [(TBRJCzCd' (PPh)] (3) as a crude green-  — 3 g3g and 3.612 A), is significantly smaller than the cavity

br_o_wn solid (Scheme 1). Purification by _chromat(_)graphy size of conventional Cb—PPh corroles ¢(N,—Np(av)) =

(silica gel, hexanes/CiEl, 1/1 (v/v)) gave3 in 83% yield, 3 77 A)716-18 There is also a larger displacement of thé'Co
: ) ) ) : ion out of the plane of the corrolazine, compare—@xz-
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spectrum upon addition of pyridine to obtain the formation
constant for4 via a spectrophotometric titration.
The inset of Figure 2 shows that upon successive addition
of pyridine in CHClI, the initial spectrum o2 is converted
to a spectrum that matches that 4f Clean isosbestic
behavior is present throughout the titration, indicating that
ixi 25050 660 70 bo sho the monopyridine intermediate, which would be a third
[ Wevelengtm =+ absorbing species, is not observed and the overall equilibrium
o is best described by the direct formation 4ffrom 2.
Quantitative evaluation of the formation constaf) (for
0 . . Y this reaction was obtained by a Hill pl&twhich exhibits a
400 500 600 700 800 900 . .
Wavelength / nm —» slop_e o_f~2 throughout the pyru_nlln(_a concgntranon range,
_ o - N b andd (-3 in confirming the presumed 2:1 binding stq|ch|ometry. The
(FZIIQ-]err:(Iezlzp.yriLc%e.Vllﬁsseq?(g;;r?ge(s i)niﬂcejgu(\ms s)plgc(t:rﬂrz\s uzpe:)nn titration of value Ofﬂ 2 : 9'.0 x 107 M~2 was dEterml.neq from this
pyridine (0; 6.2x 10-5—1.5 x 10-3 M) into a solution of2 (1.43 x 10-4 analysis and indicates very strong overall binding of the two
M) in CHCl,. axial pyridines, although the individual 1:1 binding events
(represented by the binding constaltsandK;) cannot be
distinguished. It is clear, however, thi&t must be signifi-
cantly larger thaiK; to account for the lack of any observable
monopyridine intermediate. Iron(lll) porphyrinatéshow
similar behavior in the binding of pyridine witk, > K;,
and onlyj, can be extrapolated. In contrast, a series df Co
corroles with both alkyl and aryp-carbon substituents
exhibits successive 1:1 binding of pyridine wiKh = 6.0 x
10°—-3.0 x 10 M~tandK, = 38—240 M, giving formation
constants f, = KiK,) of 6 x 10°—5 x 10/ M~25 The
formation constant found fo# is larger than those found
for any of the latter C# corrole complexes.
The smaller cavity size found for corrolazidés expected
to result in stronger donation from the pyrrole N atoms
and, hence, a decreased Lewis acidity at the metal center
compared to that of conventional corroles. This hypothesis
is clearly disproven by thé, value for 4, which implies
that the C#' ion in 4 is a better Lewis acid than in most
other corroles. A simple explanation comes from a com-
parison of the electronegativity of N versus C at the meso
positions; the more electronegative meso N atoms of a
corrolazine ring result in a Cbion that is significantly more
Lewis acidic?? These findings suggest that further novel
reactivity involving cobalt and other transition metal corro-
lazines can be expected.

A.71617The average CeN, distance for3 (1.838(9) A) is
also somewhat smaller than that found in the conventional
analogues (1.871.92 A)7.16-18

Addition of an excess of pyridine t& in CH,Cl, (CHy-
Cly/pyridine, 49/1, (v/v)), followed by the slow diffusion of
MeOH, gave [(TBPyCzCd"(py)] (4) (Scheme 1) as a
crystalline solid. The crystal structure #fs shown in Figure
1b15 As found in3, the cavity size (NN, = 3.663, 3.678
A) and the mean CeN, distance (1.838(9) A) o# are
smaller than those of recently reported analogues, for
example, (MgPhCor)Co(py) ((Co—Np)ay = 1.894(5) A,
Np—N, = 3.772, 3.790 A and [(tpfc)Co(py)] (Co—N, =
1.873-1.900 A, N—N, = 3.766, 3.774 AJ.As opposed to
3, the cobalt ion in4 is seated directly in the plane of the
ring (0.084 A out-of-plane displacement) in order to accom-
modate the second axial ligand. Curiously, t#80° dihedral
angle between the planes of the two axial pyridines is quite
different from the dihedral angle of0° for [(tpfc)Co(py)],®
yet it matches that for (M@h,Cor)Co(py}.®

A comparison of the UV-vis spectra o2—4 (Figure 2)
is enlightening. Although all three complexes exhibit spectra
that are similar to that of tetraazaporphyrins, with intense
Soret and Q-bands, the Soret bandsZe# (450, 441, and
445 nm, respectively) as well as for the phosphorus (447
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large orbital coefficients on the meso positions. We suggest
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