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Since the development of one-pot syntheses of corrole a few (Cor)] complexes were prepared, containing 5,10,15-triphenylcor-
years ago, the chemistry of corroles has grown by leaps androle (TPC), 5,10,15-tris(4-methylphenyl)corrole (T(4-MR)C),
bounds!? Indeed, both the coordination chemistry and range of 5,10,15-tris(4-fluorophenyl)corrole (T(4-#P)C), and 5,10,15-tris-
applications of corroles promise to be just as diverse as those of[(4-trifluoromethyl)phenyl]corrole (T(4-Cf#~P)C). However, al-
porphyrins? There are major differences between the two classes though the synthesis appears to be quite general, it did not work
of ligands, of course. Unlike porphyrins, corroles, as trianionic for 5,10,15-tris(4-methoxyphenyl)corrole (T(4-Me®)C), presum-
ligands, readily form stable, formally high-valent transition metal ably because the methoxy groups react competitively with BF
complexes.One interesting limitation of corrole chemistry is that the related porphyrin complexes®F,(Por) (Por= octaethylpor-
all transition metal and main group corrole complexes known to phyrin, OEP; 5,10,15,20-tetrakis(4-chlorophenyl)-porphyrin, T(4-
date contain a single coordinated heteroelement. This is in contrastCI—P)P) each boron atom is bonded to two adjacent pyrrole
to our work on boron porphyrin complexes, which shows that nitrogens!® A similar coordination mode might be expected for
coordination of two boron atoms per porphyrin is possible and leads the corrole complexes, but the lower symmetry of the corrole and
to unusual chemistry at both the boron and the porpHyrinA the presence of both dipyrromethene and bipyrrole sites implies
study of boron corroles was undertaken not only to pursue novel that multiple isomers are possible.
coordination chemistry, but also to investigate the development of  Full assignment of théH NMR spectrum of each analogue was
new boron reagents for neutron capture therapy, sugar sensing, an@chieved using COSY and NOESY experiments (see Supporting
other applicationg2 Might the binucleating behavior of porphyins  Information for details). The molecular structure of the TPC
extend to corroles and will further unusual chemical reactivity be complex (Figure 1) confirms the presence of a)B,(TPC)] anion
stimulated? No experimental precedence is available that allowsand a [HNPREt]* cation. Each boron atom in the FBOBF unit is
an answer to this question; the only reported boronated corrole coordinated to two adjacent nitrogen atoms in the dipyrromethene
complexes contain carboranyl groups covalently attached to thesites indicating that coordination of boron in the bipyrrole site is

macrocycle peripheries. less favored.
Furthermore, the FBOBF group occupies one face of the corrole
F\ /F ] in a cisoid arrangement 1), in contrast to the corresponding

(,_%_H;(:L porphyrin complexes EDF,(Por), which adopt an asymmetric
%N// N— - transoid geometry with the FBOBF group threaded through the
H—_._‘EI)TX—’N::‘_‘-\

porphyrin core such that the F atoms lie on opposite sides of the

B . . .
F/ \ porphyrin plane Z).4¢ The corrole macrocycle is domed with each
F B(Cor) i i i
(BF o(Cor)] (strongly ruffled) pyrrole ring tilted toward a coordinated boron.
AE = 41.5 kcal/mol F\ o /F F\
B, B—0

\\‘B 1, W —
A density function theory (DFT) study of the isodesmic reaction U m

shown above indicates that the diboron starting material is favored
by over 40 kcal mol! relative to the monoboron products. 1 (cisoid)
Moreover, the optimized structures of a variety of diboron corrole
derivatives revealed no evidence of undue structural strain, prompt- Figure 2 depicts selected DFT (OLY®PZ2P, ADF 2006
ing us to undertake the syntheses reported herein. The reaction oforogram syste) geometry parameters for four alternative isomers
BF;-OE® with mesetriarylcorroles and diisopropylethylamine in  of the peripherally unsubstituted JBF;(Cor)]~ anion. The observed
dichloromethane has resulted in the first boron corrole complexes. cisoid arrangement with both boron atoms in the dipyrromethene
Elemental analysis and mass spectrometry data indicate that thesites (Figure 2a) is 16.1 kcal mdlmore stable than the isomer
anionic complexes comprise a corrole trianion (Cproordinated with one boron in the dipyrromethene site and the other in the
to an FBOBF moiety and a diisopropylethylammonium counter- bipyrrole site (Figure 2b). This is consistent with the coordination
cation. Oxygen in the product derives from partial hydrolysis at mode observed for the mono- and bis.BBmplexes of amethyrin
boron by adventitious water, as observed in the related reactions(a macrocyclic hexapyrrole containing two dipyrromethene and four
of free-base porphyrins with BFOEt.46 Four [HNPRLEt][B,OF,- bipyrrole sites) in which the Bfgroups bond to two adjacent
e Unverei o Avokiand nitrogens in the dipyrro_m(_ethene sites ofliigure 2 structures b
iUnfverr;'i‘t’;frosf't.{.rng‘;C_ and. apd d shgw Iarge.va.rlat!ons betweenl the EaN&hglgs at thg
§ University of the Free State. bipyrrole nitrogens, indicating that these isomers are highly strained.

2 (transoid)
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Figure 1. Molecular structure of the [BOF(TPC)]” anion. Selected
average bond lengths (A): -BN, 1.551; B-F, 1.432; B-0, 1.395. Average
bond angles (deg) FBO, 107.30; NBN, 102.45; FBN, 107.03; OBN, 116.20;
BOB, 126.13.

(a) E ; 5 (b)
© . L (d)

Figure 2. Optimized (OLYP/TZ2P) structures of jBF,(Cor)]~ for (a)
cisoid dipyrromethenes-only (0 kcal mdl relative energy), (b)isoid
dipyrromethene/bipyrrole16.1 kcal mof?), (c) transoiddipyrromethenes-
only (+19.5 kcal mot?), and (d)transoiddipyrromethene/bipyrrole#32.3
kcal mol?) coordination modes. See Supporting Information for metrical
data.

All calculated metrical parameters for the lowest energy structure

(Figure 2a) are in reasonable agreement with those observed

experimentally. Theransoid geometry for [BOF,(Corr)]~ was
computed to be 19.5 and 32.3 kcal mblless stable for the
dipyrromethene (Figure 2¢) and bipyrrole (Figure 2d) arrangements,
respectively. This is in contrast to porphyrin analogue®B(Por)
for which the observettansoidgeometry was calculated to be 15.9
kcal mol~* lower in energy than theisoid arrangement$

Diboron porphyrin complexes undergo a marked tetragonal
distortion of the macrocyle to accommodate the two boron atoms.
For example, in BOF,(T(4-CI—P)P) the nonbonded-NN distance
parallel to the BB axis is 1.06 A longer than the perpendicular
N---N distance! A similar effect is also seen for F(TPC)T,
where the N:--N distances parallel to the bipyrrole,€C, bond
(and B+-B axis) are 2.919 and 3.282 A, and the perpendicular
N---N distance is 2.420 A. In other words, the distances between
adjacent N’s in the boron corroles span a slightly shorter range
(0.86 vs 1.06 A) than in boron porphyrins. The range, however, is
still impressive, considering the inherently smalle; dbre of
corroles. Tharansoidisomers (Figure 2c,d) have more pronounced
distortions than thecisoid isomers (Figure 2a,b) and this may
contribute to the higher energy of these isomers.

Although the metrical parameters of the pyrrole rings are
essentially the same as in common corrole derivatives, the bond
angles at the centrahesocarbon in the FBOBF complexes flex
and expand to accommodate the tetragonal distortion. Thus, in
[BoOR(TPC)] the G,—Cess—Cy angles are only cdll9® at G
and Gs but ca. 130 at Cyo. The corresponding angles for free-
base and mononuclear corrole derivatives all hover around
125.

Unlike many transition-metal corrole derivatives whose Soret
maxima are exceedingly sensitive to peripheral substituéie
four FBOBF derivatives studied exhibit nearly identical dvis
spectra (see Supporting Information, p S21), a scenario similar to
that found for free-basenesetriarylcorrole derivative!2 DFT
studies indicate that the substituent sensitivity of the Soret bands
of many transition-metal corroles reflects charge-transfer transitions
to low-lying empty metal d orbitals or ligand hol&sClearly, a
similar situation is out of the question for the electronically saturated
boron complexes studied here.

Overall, the rich chemistry observed for both boron and the
porphyrin ligand in boron porphyrin complexXe$ may extend to
corroles as well. In particular, the corrole ligand, despite its smaller
N4 core size, can accommodate two coordinated boron atoms. The
sterically driven spontaneous reductive coupling in the reaction of
BBr; and Bk with porphyrins to give a product containing a-B
bond may be even more facile for the corresponding corrole
complexes.
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