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ABSTRACT: A three-component reaction of antiaromatic meso-mesityl-3-nitronorcorrolatonickel(II) 1-NO2 with dialkyl
acetylenedicarboxylate and PBu3 yields aromatic zwitterionic corrole nickel(II) complexes 3-R with one of the meso-substituents
comprising a positively charged tributyl phosphonium group and negatively charged coordination core. Reaction of 1-NO2 with
PBu3 alone resulted in a nonaromatic chiral adduct 5 of a zwitterionic phlorine character with a −PBu3+ group at a pyrrole β-
position.

Norcorrrole is a tetrapyrrolic macrocycle of [16]-
porphyrin(1.0.1.0) structure and antiaromatic character

due to a 16π-electron delocalization pathway. The pioneering
work of Bröring1 followed by a gram-scale synthesis of
norcorrole nickel(II) (Chart 1, 1, R = mesityl) and copper(II)

complexes introduced by Shinokubo et al.2 opened an avenue
for application of this porphyrinoid as an emblematic example
of a stable and easy to handle antiaromatic system.3 Complex 1
undergoes various substitution,4 addition,4e,g,5 or inser-
tion4g,5a,b,d reactions. The inert metal ion in 1 secures planarity
of the system adopting a square-planar geometry while
dianionic ligand fully neutralizes electric charge of Ni2+. This
is unlike corrolatonickel(II) (Chart 1, 2-Ni) where due to
incompatibility of a tris(anionic) [18]porphyrin(1.1.1.0) ligand
and divalent metal ion, the macrocycle acts as a noninnocent

ligand of a π-radical electronic structure.6 The radical form of
the corrole ligand has been indicated in other corrole
complexes,6b,7 including those of zinc(II),8 copper(II),6a,9 or
chloroiron(III).10 Although some diamagnetic nickel(II)
complexes of corrole derivatives or heteroanalogues, including
meso-oxa-, -aza-, and -phosphacorroles have been repor-
ted,5b,d,11 none of them consists of an unaltered aromatic
corrole ring of an “all-carbon” perimeter.
In this paper, we report transformations of norcorrolato-

nickel(II) into diamagnetic corrolatonickel(II) or phlorine-like
meso-hydronorcorrolatonickel(II) systems that are air-stable
despite negatively charged coordination cores.
The three-component,12 one-step, one-pot reaction of

antiaromatic 3-nitro-5,14-dimesitylnorcorrolatonickel(II)4f (1-
NO2) with dimethyl or diethyl acetylenedicarboxylate (DMAD
or DEAD) in the presence of tributylphosphine gave rise to the
adducts 3-Me or 3-Et in about 50% yields (Scheme 1). The
high-resolution ESI-MS(+) indicated addition of DMAD or
DEAD and phosphine molecules (calcd 965.3791 [M]+, obsd
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965.3800 for 3-Me; calcd 993.4104 [M]+, obsd 993.4101 for 3-
Et), while NMR confirmed the aromatic character of the
formed corroles and the presence of a phosphonium group.
A plausible mechanism of the addition of the phosphine and

DMAD or DEAD to 1-NO2 (Scheme S4 in SI) involves
formation of an activated zwitterionic adduct composed of
dialkyl acetylenedicarboxylate and Bu3P.

12a That intermediate
adds regioselectively to the neighboring pyrrole α-carbons of
the norcorrole (C9 and C10), thus forming a cyclopropane-
containing transient species12d which then undergoes a series
of rearrangements leading to 3-R. The NMR indicated a C1
symmetry of 3-R. Their configurational stability allowed
separation of enantiomers using a chiral stationary phase
HPLC and recording of their weak CD spectra (Figure S55 in
the SI). The structure of 3-Et was confirmed by a single-crystal
X-ray diffraction analysis (Figure 1A) revealing almost planar
structure of the macrocycle and trigonal geometry of the ylide
carbon C38 attached to the corrole meso-position.
The reaction of 1-NO2 with Bu3P alone yielded a

nonaromatic adduct 5 (Scheme 1) that was characterized by

ESI HRMS (calcd 822.3441 [M − H]+, obsd 822.3389),
multinuclear NMR, single crystal X-ray diffraction analysis
(Figure 1B), UV−vis spectroscopy, and CD (Figure 2).
Calculation of a Mulliken charge distribution in the DFT-
optimized model of 5 indicated a positive charge on the
phosphorus (+0.685) and, thus, trivalent phosphonium
structure of the substituent and zwitterionic character of 5,
in line with the P1−C2 distance of 1.764(2) Å that is typical
for a P−C(sp2) single bond. A similar nonaromatic but not
zwitterionic adduct has been very recently obtained in a
reaction of 1 with N-heterocyclic carbene precursor.5d The
zwitterionic character has been established for some bis-
(corrole) free bases and antiaromatic deprotonated [28]-
hexaphyrins(1.1.1.1.1.1).13

In both homologues 3-R, the substituents attached to ylide
carbon C38 are prone to hydrolysis (Scheme 1). The ESI(+)
HRMS of the hydrolysis products indicated a loss of monoalkyl
carbonate. 1H NMR of the hydrolyzed species revealed the
presence of two diastereomers 4-R of equal populations due to
a chiral center at the pyramidal carbon atom C1′ at the meso-
position and the planar chirality of the whole system together
giving rise to two pairs of enantiomers (Figure S57). They
could not be effectively separated due to racemization which
was completed within minutes at room temperature (Figures
S57−S59 in the SI). The racemization was likely caused by a
keto−enol tautomery occurring within the substituent,
involving the proton transfer from the pyramidal carbon C1′
onto the carbonyl oxygen. The resulting tautomer 4′-Et of
trigonal C1′ was shown by the DFT calculations to be about
13.7 kcal/mol less stable than that with sp3-hybridized C1′;
thus, its population is expected to be undetectably low.
Nevertheless, it may be a transient product upon the
configuration change taking place at C1′ (Figure S59). Each
diastereomer gave rise to a doublet of doublets at δ 6.62 or
6.66 ppm (2JPH = 16.6 or 16.5 Hz and 0JHH = 0.8 or 0.7 Hz,
respectively) due to 1′-H, correlating with a distinct 31P
nucleus resonating either at δP 35.7 or 35.5 ppm, respectively
in a 1H,31P HMBC map. Interestingly, in a 1H,1H COSY, 1′-H
correlated through-space with one of the adjacent β-pyrrole
protons, i.e., either 8-H or 12-H (Figure S57C). Otherwise, the
NMR characteristics of the stereoisomers 4-R resemble those
of the parent adducts 3-R reflecting diamagnetic and aromatic
character of the macrocycles. Chemical shifts calculated by the
GIAO approach for the DFT-optimized structures of 3-Et and
4-Et satisfactorily match the experimental data (Figure S60).
Also the electronic spectra of 3-R and 4-R are similar
comprising a split Soret-type band in the region of 350−500
nm and an intense Q-type band near 615 nm with a shoulder
tailing to 750 nm (Figure 2).
Spectrophotometric titrations of 3-Et with trifluoroacetic

acid (TFA) in DCM resulted in significant spectral changes
(Figures S61 and S62) that could be only partially reversed by
addition of a base. The 1H NMR monitored titrations of
zwitterions with TFA at low temperatures (Figures S63−S65
and S67−S74) revealed considerable broadening of all spectral
lines of the starting substance that may indicate a paramagnetic
character of the primary protonated species and its fast
chemical exchange with the starting zwitterion (Scheme 2).
Concurrently, at the temperatures below 253 K, a new set of
sharp signals indicated formation of another protonation
product [H-3-R]+ (Scheme 2) with sp3 hybridization of C17.
Apart from the singlet of 2-H at δ 8.08 ppm, there were two
AB systems typical for the pyrrole β-protons in the region of δ

Scheme 1. Reactions of 3-Nitronorcorrolatonickel(II) with
Dialkyl Acetylenedicarboxylates and Tributylphosphine and
Hydrolysis of the Meso-Substituent in the Adducts

Figure 1. Stick diagrams of the molecular structures of 3-Et (A and
A′) and 5 (B and B′). In the side views A′ and B′ at the bottom, all
hydrogens were removed, and in A′, both meso-mesityls were hidden
for clarity.
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7.40−7.76 ppm and, quite unexpectedly, a triplet at δ 7.39 ppm
(3J = 2.8 Hz, 3-Et, CDCl3, 233 K) correlating in a COSY
spectrum with two barely separated signals of diastereotopic
protons of ABX system (2J = 26.8 Hz, 3J = 2.8 Hz) centered at
δ 3.61 ppm (Figure 3). In the NOESY spectrum, the triplet
signal correlate with the singlet of 2-H, thus allowing
assignment the triplet to 18-H and the diastereotopic
methylene to the site C17. Such a structure is apparently
incompatible with a π-electron delocalization over the whole
macrocyclic ring. Nevertheless, the system remains aromatic as
it can be inferred from the values of the experimental and
GIAO-calculated chemical shifts of protons, negative signs of
NICS(1) calculated over the macrocycle as well as from the
anisotropy of the induced current density (AICD)14 revealing

uninterrupted density delocalization in the macrocycle and
clockwise orientation of the vectors (Figure 3). Analogous
systems have been already reported more than a half century
ago by Grigg et al.,15 although aromaticity of those species has
never been discussed.
The electrochemistry (Figures S79−S83, Table S3) showed

reversible first and second oxidation processes (ox1, ox2) for
all systems with potentials Eox1 ranging from −0.13 to 0.07 V
and Eox2 at about 0.6 V (all potentials vs Fc/Fc+ internal
standard). The reductions occurring between −2.04 and −1.79
V were irreversible for 3-R and 4-R and reversible for 5.
Importantly, the first oxidation potentials Eox1 were by about
0.40−0.60 V lower than that of parent 1-NO2

4f and from 0.5 to
1.5 V lower than observed for other metallocorroles.6b

Remarkably, similarly low values of the oxidation potentials
have been reported for the free base corrole monoanions
([CorH2]

−) in pyridine or benzonitrile.16

Calculations of the charge distribution over the zwitterionic
system 3-Et with Multiwfn package17 indicated delocalization
of the net negative charge on the part of the macrocyclic ring
(Figure 4). As expected, the positive charge resided mostly on
the phosphonium moiety of the substituent at meso-carbon
C10 (Figure 4B). The calculations performed for the models of

Figure 2. (A) Optical spectra (DCM, 298 K) of 3-Et (purple), 4-Et (red), and [3•-Et]I (orange). For comparison, the spectrum of 1-NO2 is
included (dashed black trace). (B) Absorption (bottom) and CD (top) spectra (DCM, 298 K) of enantiomers of 5.

Scheme 2. Protonation of 3-R

Figure 3. Comparison of the selected regions of 1H NMR spectra (600 MHz, CDCl3, 233 K) of 3-Et (lower trace) and [H-3-Et]+ (upper trace)
along with partial peak assignments (green numbers and colored symbols: s, residual CHCl3 signal; w, dissolved water signal), and AICD plots. The
inset shows selected region of the COSY map of [H-3-Et]+ presenting correlation of diastereotopic protons at C17 with the triplet of 18-H. The
GIAO chemical shifts (ppm) of the pyrrole β-protons (purple numbers), and NICS(1) (rose numbers) at the central point of each of the rings are
provided with the structures of the molecules.
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one-electron oxidized ([3•-Et]+) or protonated ([H-3-Et]+)
species showed no net negative charge on the macrocycle,
unlike for a one-electron reduced corrole [3•-Et]− (Figure
S84). In all these systems, the net positive charge is localized
on the phosphonium group with a Mullikan charge on the P
atom of about +0.75. To elucidate an effect of the cationic
group on the charge distribution, we calculated DFT model of
a virtual anionic system [3-Et-C]− where the phosphorus was
exchanged by a carbon in the substituent at C10. The
calculation indicated a considerable increase of the net
negative charge on the macrocyclic ring (Figure 4C). As
expected, the presence of the negative charge strongly
destabilizes both filled and virtual orbitals (Figure 4). The
HOMO energy in 3-Et is by 1.28 eV higher than that in the
cationic [H-3-Et]+. On the other hand, the phosphonium
moiety in 3-Et stabilizes HOMO of the zwitterion by about 0.6
eV with respect to that of [3-Et-C]−. The relation between the
redox potentials of the first oxidation and the HOMO energy18

accounted for the unique resilience of 3-R and 4-R to
autoxidation. The oxidation potential estimated for [3-Et-C]−

is about −0.7 V and for an analogue without −NO2 substituent
even below −0.9 V, which is close to the first reduction
potential (−0.85 V) of the neutral corrolatonickel(II) radical
formed upon oxidation of an elusive anionic complex with the
atmospheric oxygen.6

Chemical oxidation of 3-R or 4-R solution in dichloro-
methane was carried out by addition of I2 solution resulting in
decrease of absorbance near 610 nm and formation of new
bands at 709 and 800 nm in the UV−vis spectra (Figures 2,
S85, S86, and S88A). Addition of iodine to the EPR-silent
solutions of 3-R or 4-R gave rise to a featureless signal with g0
= 2.0140 for the fluid solutions at room temperature (peak
separation ∼8 G) and orthorhombic spectrum (g1 = 2.0185, g2

= 2.0074, g3 = 2.0029, 3-Et) for the frozen solution (77 K)
indicating radical6a,8 rather than nickel(III)19 character of the
cationic monooxidized species (Figures S87 and S88B). That
conclusion was corroborated by the spin density calculation for
[3•-Et]+ indicating a negligible contribution of the metal
orbitals to the SOMO (Figure S88C).
In summary, we have shown that antiaromatic norcorrole

nickel(II) complex can be efficiently transformed into a
diamagnetic and aromatic corrolatonickel(II) zwitterion that
is stable toward autoxidation. The positively charged
substituent as well as additional meso-carbon can be introduced
by means of [2 + 1] cycloaddition of the in situ formed active
phosphonium ylide and consecutive rearrangements taking
place at the reaction site. These new corroles provide unique
examples of stable neutral aromatic [18]porphyrin(1.1.1.0)
systems with unbalanced negative charge of the macrocyclic
core. The coordination, spectroscopic, and redox properties of
these and analogous ligands with other metals will be further
studied in our laboratories.
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