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Corroles are the brightest representatives of the contracted tetrapyrrolic macrocycles whose electronic structure,

spectral-luminescent and photophysical properties are quite different from those of porphyrins. To date the number of
reviews has appeared dealing with the synthesis and applications studies, but much less attention has been paid to the
results of the fundamental studies on the electronic structure, aromaticity and photophysics of these compounds. This
review aims to summarize the peculiarities of the spectral-luminescent and photophysical properties of the free base
corroles unraveled in last twenty years.

Keywords: Free base corroles, m—conjugation, absorption, fluorescence, phosphorescence, excited state deactivation.

CrneKkTpaAbHO-AIOMHUHECHEHTHBIEe U POoTO(PU3NYeCKHUe CBOMCTBA
CBOOOAHBIX OCHOBAHUI KOPPOAOB

H. H. KPYK,a@ A. B. Kaennnkuit,® A. A. Trapkos”

VO «Benopycckuil 2ocyoapcmeennplii mexnonozuueckutt yuusepcumemy, 220006 Munck, benapyce
by O «benopycckas cocyoapcmeennas akademus cesizuy, 220114 Munck, bBenapyce
@ E-mail: krukmikalai@yahoo.com; m.kruk@belstu.by

IMTocrsmiaercs 80-reTuto co AHA pokpaeHUus Akapemuka O. U. Kotidpmana
u 95-AeTUIO CO AHSI POKAEHUSI OCHOBATeAS VIBAHOBCKOM IITKOABI
XUMHUU MaKpOTeTEePOIUKANYEeCKNX coepamHeHnu b. A. bepe3suHa

Kopponvt — apuativiue npedcmasumenu COKpAUeHHbIX MempanuppoibHblX MAKPOYUKIO8, DNEKMPOHHASA CIMPYKMYpd,
CHeKMPAbHO-IOMUHECYeHMHble U omopusuueckue CoUCMEa KOMOPHIX CYUWECMBEHHO OMIUNAIOMC  OM
noppupunos. K nacmoswemy epemenu noseuics pso 0030p08, NOCEIUWECHHLIX CUHME3Y U NPUKLIAOHBIM
UCCIe008AHUSIM, — OOHAKO — Pe3VIbMamam  (QYHOAMEHMANbHLIX — UCCAeO08AHULL  DJIEKMPOHHO20 — CMPOCHUS,
apomamuyHocmu U QomoQu3uUKy 3Mux coeOuHeHull yoensemcs 20pasz0o MeHvuiee sHumanue. Llenvio dannozo
0030pa  sensemcsi 00600ujeHUe BbISGIEHHBIX 34 NOCNeOHue 08adyamv Jjem O0CoDeHHOCmel CneKmpaibHO-
JHOMUHECYEHMHBIX U POMOPUIUUECKUX CEOUCME CBOOOOHBIX OCHOBAHUT KOPPOILOE.

KaroueBble cioBa: CBoOOIHbIE OCHOBaHHS KOPPOJIOB, T—CONPSDKEHHE, TMOIJIOlIeHHe, (IIyopecueHus,
(docdopecrenus, qe3aKTHBALMS BO30YKICHHBIX COCTOSHUIA.

102 © ISUCT Publishing Maxpozemepoyuxnet / Macroheterocycles 2024 17(2) 102-115



Electronic Structure, Aromaticity and
n—Conjugation
Corroles constitute the family of contracted

tetrapyrrolic compounds due to lacking of one methine
bridge in the macrocycle, and the C,-C, bond connects the
pair of adjacent pyrrole rings. Lacking one methine bridge
would decrease the number of m-electrons in the corrole
macrocycle, but the imine to amine rearrangement takes
place for the nitrogen atom in one of the pyrrole rings.
Having the same sp” hybridization as C,,-carbon has, the
amine nitrogen has two p,-electrons to donate into
conjugated m-system in contrast with only one for the imine
nitrogen. Because of such rearrangement, the total number
of m-electrons in the corrole macrocycle remains the same
as in the porphyrin macrocycle, namely 26 m-electrons.
Therefore, the free base corroles are isoelectronic with the
free base porphyrins and also fulfill the Hiickel rule for the
macrocycle aromaticity, requiring the macrocycle to have
the (4n + 2) m-electrons, where n is an integer. However,
the corrole macrocycle possesses the higher electron
density compared to that of the porphyrin since the same
number of m-electrons distribute over lower number of
skeletal macrocyclic atoms.! At the same time, it was
proposed that m-electron density has non-uniform
distribution over the macrocycle due to decrease in the
molecular symmetry of the free base corrole molecule down
to Cp (Cy) compared to the D,, for the free base
porphyrin.?! The dipyrrole unit of the macrocycle is
suggested to be more electron rich, whereas dipyrromethene
unit has lower electron density. These differences are
expected to affect the macrocycle aromaticity.!"

The evaluation of the aromaticity of the contracted
corrole macrocycle is nontrivial problem. The imine to
amine rearrangement in the corrole macrocycle causes the
intrinsic macrocycle nonplanarity due to pronounced steric
hindrances of three protons in the macrocyclic core. The
type of the nonplanar distortions and its degree depend on
the architecture of the peripheral substitution. This issue has
been discussed in detail recently.”! Another consequence of
the rearrangements in the macrocycle core is the ultimate
coexistence of NH-tautomers, which may undergo mutual
transformations in the ground and excited electronic states.
Although NH-tautomers are isoelectronic, the electron
density distribution over the macrocycle being different,
and provides the basis for the formation of different -
conjugation pathways, which, in their own turn, affect the
aromaticity.

The aromaticity of the macroheterocyclic systems has
hierarchical character. Aromatic pyrrole rings possessing
the (local) aromaticity themselves are involved into
formation of m-electron system of the macrocycle, whose
aromaticity is the key element of the electronic structure of
molecule. The planar configuration of all the subunits of the
macroheterocyclic molecule favors the m-electron
conjugation, but the free base corrole macrocycle is
intrinsically nonplanar.” The saddling dihedrals y; between
the pairs of adjacent pyrrole rings may amount of up to
88.7°" providing extremely poor conditions for the
n—orbitals overlap. On the level of local aromaticity of the
pyrrole rings the deviations from planarity have been
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reported repeatedly (in fact, it was a reason of introducing
two sets of (outer y; and inner y%) saddling dihedrals). Then,
the nitrogen pyramidalization was found to take place for
all the pyrrole rings,”® which also disfavors m-orbitals
overlap within pyrrole rings. The nonplanar distortions of
macrocycle are able to modulate the conjugation via
changes of the valence angles between skeletal atoms along
the macrocycle.

There are several variants of the m-conjugation
pathways in the corrole macrocycle with 8 bifurcation
points. According to the Hiickel rule, one can suggest the
pathways family containing 26, 22 or 18 m-electrons.
Taking into account the macrocycle asymmetry, the
architecture of the peripheral substitution and NH-
tautomerization, the total number of possible conjugation
pathways differs. Thus, in case of C,-substitution with
symmetrical A; and A,B patterns, or Cy-substitution with
symmetrical substitution of 4B and CD pairs of pyrrole
rings, the total number of different n-conjugation pathways
will be 8. According to the concept proposed recently, all
the macrocycle atoms participate in the formation of
conjugated m-system, but with different weights,” the
conjugation pathway to be the linear combination of these
above-mentioned 8 pathways.

The molecular conformation optimization with density
functional theory (DFT) methods and the harmonic
oscillator model of aromaticity (HOMA) have been
combined to identify the most probable m-conjugation
pathway in the corrole macrocycle and to evaluate the
aromaticity degree.'®”! Substantially different participation
of the macrocycle skeletal atoms in formation of the -
conjugation pathway has been established, and it was
proposed that pathways consisting of 18 m-electrons were
dominating for both NH-tautomers. It was found that the
degree of aromaticity depends on both NH-tautomer
structure and the architecture of the peripheral substitution
for each of two tautomers, which possess its own
dominating m-conjugation pathway, which consists of the
dipyrromethene fragment. In the ground S, state the
aromaticity of the long wavelength TI1 tautomer
(aromaticity index Iyoma= 0.600 — 0.665) is slightly higher
compared the that of the short wavelength T2 tautomer
(Inoma =0.590-0.642) for different architecture of
peripheral substitution."”’

Authors have suggested and experimentally proved
the method of the control over the equilibrium between two
NH-tautomers, which consisted in design of the specific
electronic density distribution reflecting the m-conjugation
pathway of given NH-tautomer by means of the peripheral
substitution macrocycle. Provided that n-conjugation
pathways differ for two NH-tautomers, such tautomers
should form preferably and the NH-tautomeric equilibrium
shifts in the direction of its stabilization. The increase in the
degree of aromaticity also contributes to the stabilization of
given NH-tautomer. The dominating m-conjugation
pathways for two NH-tautomers are shown in Figure 1. One
should notice, that the dominating m-conjugation pathway
of the T2 tautomer does not depend on the substitution
architecture among the studied compounds, whereas two (or
even three) m-conjugation pathways reveal very close
aromaticity index lyoma for the T1 tautomer as a function of
the substitution pattern.
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Figure 1. NH-tautomer equilibrium of the free base corroles:

a) long wavelength T1 tautomer; b) short wavelength T2 tautomer.
Dominating 18-membered conjugation pathways for the tautomers
are shown with solid line.!® Dotted rectangles represent the
dipyrromethene fragments of the macrocycle involved into the
conjugation. The arrows indicate the direction of the electron
density shift in the macrocycle.

The Baird rule!"” on the inversion of the aromaticity
in the excited (either S; or T;) state have been proven to
hold in case of the free base corroles.”” The dominating 7-
conjugation pathways differ for NH-tautomers, but in the
ground singlet Sy and excited triplet T, states the
dominating m-conjugation pathways for each of the
tautomers keep the same. The estimated with ljjoma index
aromaticity degree in the triplet T, state decreased distinctly
compared to the ground S, state. The aromaticity index
Tioma= 0.475—0.547 in the lowest triplet T, state was
found to be of the same order of magnitude as that for the
norcorrole derivatives in the ground S state and hexaphyrin
derivatives in the lowest triplet T, state, which are known to
be antiaromatic. Therefore, the conclusion has been made
that the free base corrole tautomers undergo the aromaticity
inversion upon excitation into the lowest triplet T, state.”’

The Formation of the Ground State Absorption
Spectra

The free base corrole electronic structure differs
substantially from that of the porphyrins, however, in spite
of these differences listed above, the basic principles
underlying the aromaticity and electronic structure of the
free base corroles seem to be the same in both cases.
Starting from the very first spectroscopic studies the similar
pattern of the ground state absorption spectra of the corroles
and porphyrins has been noticed. The spectra were shown
to have the weak absorption bands in the visible range and
the strong (or stronger) Soret band at the edge of visible and
ultraviolet spectral ranges.!'''? These circumstances have
damped the interest to the deep studies of the electronic
structure and interpretation of the electronic absorption
spectra for about 40 years after the discovery of corrole
molecules./*"*" Instead to elucidate the peculiarities of the
spectral-luminescent properties of the free base corrole,
most of the authors limited themselves to mentioning that
“the spectral properties of the studied free base corroles
being similar to those of the free base porphyrins”.

A distinguishing feature of free base corroles is the
distinct dependence of absorption band maxima in the
electronic absorption spectra as well as their relative
intensities on the nature of the solvent,!*¢:!!:16-19 and Refs. therein]
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The spectra are often characterized by strongly overlapping
bands that form broad structureless contours. This spectral
pattern is contrasting with the absorption spectra of the free
base porphyrins, which have well-resolved bands of both
electronic and vibronic transitions in the visible and near-
UV regions and very weak spectral shifts upon changing
the solvent.l*”! Several reasons leading to the above features
of free-base corrole absorption spectra have now been
established.

First of all, the contracted macrocycle of free base
corroles is asymmetric because one Cm carbon atom is
missing. Thus, the macrocycle core contains three protons.
This causes the free base corroles ultimately form the NH
tautomers and, correspondingly, absorption spectra of their
solutions to appear as superimposed absorption spectra of
the NH tautomers.>*'*1"8) The key point for the inter-
pretation the ground state absorption spectrum consisted in
the proposal to consider the spectrum of the free base
corrole solution as two superimposed spectra belonging to
pair of the NH-tautomers. The detailed interpretation of the
ground state absorption spectra of the free base corroles in
solutions has been obtained for the first time in the series of
papers of Kruk and Maes et al.,”*'*""*!) where combining
of the four-orbital model of Gouterman and DFT quantum-
chemical calculations has been used. Although the four-
orbital model initially has been developed strictly for the
porphyrins,?**!"! it was shown later that it holds too in case
of the corrole macrocycles.””?! The four-orbital model
expects that there are four electronic transitions for a given
porphyrin molecule: Sy—S; and Sy—S, transitions in the
visible range (giving rise to two Q-bands) and S;—S; and
S¢—S4 transitions in the UV range (giving rise to the Soret
B-band due to smaller energy splitting between them).
Experimentally observed four bands in the visible range for
the free base porphyrins are due to the equidistant
vibrational progression with vibrational spacing Av
belonging to each of two Q-bands. The vibrational spacing
Av can be derived from the analysis of the fluorescence

spectra.
According to the results of quantum-chemical
calculations,®**?!) the relative positions of the four

orbitals in the free base corroles differ strongly compared to
the free base porphyrin with the same architecture of
peripheral substitution (Figure 2).

Two lowest unoccupied molecular orbitals LUMO (c)
and LUMO+1 (c,) is known to degenerate in the porphyrin
macrocycles which substituted with aryl groups in the C,-
positions. The highest occupied molecular orbital HOMO
(by) energy increases due to the donation of the electron
density from aryl substituents, whereas HOMO-1 (b,)
position remains unchanged since it has nodes at the C-
positions. On the contrary, according to the quantum-
chemical calculations,[é’13'15’2” in the free base corrole
macrocycle LUMO and LUMO+1 orbitals do not
degenerate, the energy difference AE(LUMO+1 — LUMO)
is even higher than AE(HOMO — HOMO-1) gap (Figure 2).
It was shown, in going for the Tl to T2 tautomer the
AE(HOMO —HOMO-1) gap barely increases due to
decrease in energy of HOMO-1 (b,) orbital, and at the same
time the AE(LUMO+1 — LUMO) gap increases noticeably
due to increase in energy of LUMO+1 (c2).1%"! The orbital
origin for each of four molecular orbitals does not change

Maxpoeemepoyuknvt / Macroheterocycles 2024 17(2) 102-115



upon NH-tautomerization. Analysis enabled authors to
identify the individual spectra of the T1 and T2 tautomers
of the 10-(4,6-dichloropyrimidinyl)-5,15-dimesitylcorrole
H;PMes,Cor, bearing the substituents in Cy-positions
(Figure 3).

Cy A
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b

Figure 2. Schematic molecular orbitals diagram for: a) T1
tautomer of the C-substituted corrole; b) T1 tautomer of the
Cy-substituted corrole. Dotted arrows indicate the direction of
LUMO+1 and HOMO-1 shifts in going from T1 to T2
tautomer.[*2!]
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Figure 3. Assignment of the bands in the absorption spectrum of
the 10-(4,6-dichloropyrimidinyl)-5,15-dimesitylcorrole
H;PMes,Cor to the transitions belonging to individual NH-
tautomers.'® The absorbance in the 450-660 nm range has been
multiplied by factor 5 for sake of clarity.
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Later the same approach has been applied to make the
transitions assignment in absorption spectra of the
2,3,7,13,17,18-hexamethyl-8,12-di-n-butylcorrole and 7,13-
dimethyl-8,12-di-n-butylcorrole, bearing the substituents in
Cy-positions (Figure 4).*) A comparison of bands
assignment in the electronic absorption spectra of C,-
substituted alkylated corrole free bases and C-substituted
aryl derivatives led to the conclusion that ordering of the
electronic states were different in these corrole deri-
vatives.!**'! The second excited singlet S, state of the long-
wavelength tautomer T1 of H;OAlkCor and H;TAlkCor was
lower in energy compared to the S, state of the short-
wavelength tautomer T2 while the opposite pattern was
observed for the C-substituted aryl derivatives, i.e., the S,
state of tautomer T2 lies lower than that of tautomer T1.
This was a direct consequence of the two highest occupied
molecular orbitals (HOMOs) being inverted depending on
the architecture of the peripheral substitution on the corrole
macrocycles. The HOMO was by(ay,)-like for C,-
substitution and by(a;,)-like for Cy-substitution while the
HOMO-1 was bj(ay,)-like for Cy-substitution and b,(aj,)-
like for C,-substitution.

The Cy-substitution architecture with alkyl groups has
been proposed to have a significant effect on the molecular
conformation of the shortened corrole macrocycle. In
contrast to Cy-alkylated porphyrins, in which steric inter-
actions of substituents are localized on the individual
pyrrole rings, the reduction in the distance between the
carbon atoms C, and Cig in the dipyrrole fragment of the
corrole macrocycle leads to the fact that, upon the intro-
duction of substituents at these positions their Van der
Waals spheres may overlap, and the "sterically perturbed"
region extends over two adjacent pyrrole rings (Figure 5).

0.0 _ T .. g I AT PRI T
400 450 500 550 600 650
Wavelength, nm

Figure 4. Ground state absorption spectra of the Hy;TAlkCor
(dotted line) and the H;OAIkCor (solid line) in DCM at 293 K.1¥!
The absorbance in the 490 — 650 nm range has been multiplied by
factor 5 for sake of clarity. The arrows indicate the direction of
spectral changes in the spectrum of the H;TAIkC due to increased
proportion of the T1 tautomer formed at the expense of the T2
tautomer. The T1 tautomer absorption bands of the H;OAlkCor
are barely visible, and the T2 tautomer absorption dominates.
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Figure 5. Schematic representation of sterical interactions
between substituents in C, and C g positions of dipyrrole fragment
and its influence on the C,—C,9 bond 1ength.[6‘21]

The C;—C;9 bond length decreases if these positions
are not substituted, the size of the macrocycle core
decreases, and prerequisites for non-planar distortions are
created. On the contrary, steric interactions of substituents
at the C, and C,g positions lead to an increase in the C;—Cy
bond length and, accordingly, to the planarization of the
macrocycle. The above-mentioned H;TAlkCor belongs to
the first case, and H;OAlkCor belongs to the second one.
Since the electronic effects of n-alkyl substituents are weak,
it was assumed that these structural differences in the C,-
derivatives make the main contribution to the observed
peculiarities in the spectral-luminescent and photophysical
characteristics found for the tetra- and octa-substituted free
base corroles: the efficient NH-tautomerization in the
lowest excited singlet S; state was found for the H;TAlkCor
but there was no evidences of the tautomerization for the
H;0AlkCor.”!

One can point out one more distinct difference of the
absorption spectra of the free base corroles and porphyrins.
The first one consists in smaller difference in the extinction
coefficient between the Q-bands and Soret band in corroles.
It is likely to be the result of the shifts of HOMO and
LUMO orbitals compared to the porphyrin. Indeed, both
dihydro- and tetrahydroporphyrins have similar arrange-
ment of HOMO and LUMO orbitals and reveal the same
trend in the absorptivity of bands.

The macrocycle of the free-base corroles is
significantly more acidic than the macrocycle of
porphyrins.**¥ This favors dissociation of the pyrrole
protons and creates prerequisites for formation of the
deprotonated form.>>****! The molecular structures of the
deprotonated form of corroles and the products formed
upon dissolution of the free base corroles in polar (electron-
donating) aprotic solvents were convincingly proven to be
identical by spectroscopic methods.">2*>*

In Figure 6, the gradual transformation of the free base
corrole (in EtOH) to deprotonated form (in MeCN) is
shown upon change in the proportion of two solvents in the
binary mixtures.”! Trace amounts of water in the aprotic
solvents such as MeCN or DMF was found to promote the
shift of the equilibrium between deprotonated form and the
free base corrole in the direction of latter.
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Figure 6. Ground state absorption spectra of the 10-(4,6-
dichloropyrimidinyl)-5,15-dimesitylcorrole H;PMes,Cor in binary
EtOH/MeCN mixtures (vol.%).>
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Figure 7. Ground state absorption spectra of the 10-(4,6-
dichloropyrimidinyl)-5,15-dimesitylcorrole H;PMes,Cor in
pyridine (1) and methanol (2); the 2,3,7,13,17,18-hexamethyl-
8,12-di-n-butylcorrole H;OAlkCor in ethanol (3) and
dichloromethane (4).*”) Spectra in each pair were normalized on
the maximum of the B band (Soret) of T2 tautomer. The

absorbance in the 500 — 690 nm range has been multiplied by
factor 3 for sake of clarity.

Solvatochromism of two free base corroles (Figure 7)
with different architecture of peripheral substitution in a
series of solvents of different nature has been studied.*”
The nature of the solvatochromic effects is analyzed by the
Valentine method,m] where as a measure of the solvation
ability of solvent the function the solvent refraction index
fln) = (n* — 1)/(2n* + 1) has been taken []. The function
quantifies the general solvent effects upon solvation arising
due to electron density redistribution in the solvent
molecules.®! The Valentine method has been used
successfully to distinguish between general and specific
solvent effects in the solutions of the 5,10,15,20-
tetraphenylporphyrin free base and its zinc complex, and
the dodecaphenylporphyrin  free base.***  Linear
dependence of the spectral shift versus f{n) indicates the
absence of specific effects upon solvation in given solvents.
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Figure 8. The B-band maximum plotted versus the solvent
refraction index function f{n) = (n* — 1)/(2n*+ 1) for two NH
tautomers of: a) H;PMes,Cor; b) H;OAlkCor. Lines are the linear
regressions as described in text.[*”)

The dependences were satisfactorily approximated by
the linear function Eg = af{n) + b, where the slopes a were
different for the two tautomers, namely — 4040 cm ' for the
T1 tautomer and — 4550 cm™' for the T2 tautomer (Figure
8a). The short-wavelength T2 tautomer of the H;OAlkCor
is also solvated stronger compared to the long-wavelength
T1 tautomer. The slope a of linear regression for the T1
tautomer is —5270 cm™', whereas for the T2 tautomer it goes
up to 6800 cm’' (Figure 8b). Thus, the spectral shifts of the
absorption bands of NH tautomers of the H;PMes,Cor and
H;0AIkCor are explained by nonspecific solvation general
nonspecific interactions, and the short-wavelength T2
tautomer experiences stronger solvation in both cases. It
was suggested that stronger solvation of the T2 tautomer
bring to its domination in the solution.

In polar aprotic solvents (acetone, acetonitrile,
dimethylformamide, and dimethylsulfoxide), specific acid-
base interactions occur simultaneously with general solvent
effects, leading to the formation of the deprotonated
form.[>*2%3 Such specific interactions are stronger for the
C-substituted corroles compared with Cy-substituted ones,
due to their higher acidity.

The steric interactions of the three protons in the
macrocycle core of free-base corroles are able to cause the
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nonplanar conformers even without steric strain on the
macrocycle periphery, and the formation of nonplanar
conformers is known to induce the shifts and broadening of
bands in absorption spectra of tetrapyrrolic compounds.P*>*
This factor plays synergistically together with combined
C,- and C,-substitution giving rise to huge nonplanar
distortion clearly visible in the batochromic shift of
spectrum,***6]

The significant nonplanar distortions of the
macrocycle, which result in the pyrrole and pyrrolenine ring
N atoms being exposed in solution,?” create the conditions
for specific solvation of the macrocycle core, primarily
formation of intermolecular H-bonds with solvent
molecules. The significant pyramidal nature of the pyrrole
ring N atoms facilitates this,”**"! because the manifestation
(increase) of pyramidal nature is proportional to the
increased acidity of the pyrrole ring and the macrocycle in
general.®”) Because the molecular orbitals involved in
electronic transitions in the visible and UV spectral regions
have nonzero electron density on the nitrogens of pyrrole
rings, the involvement of the Ilatter in specific
intermolecular interactions can markedly affect the spectral
and photophysical properties of the free base
corroles. %23

Peculiarities of Excitation Energy Deactivation in
the Free Base Corroles

The excited state properties of the free base corroles
are similar to those of the free base porphyrins, but the
differences in the molecular and electronic structure bring
new specific features. First of all, due to coexistence of
NH-tautomers all the photophysical parameters found for
the free base corrole solutions should be treated as
variables, depending on the given proportion of NH-
tautomers, if only they are not related to one of them. In
addition, the NH-tautomerization in the lowest excited
singlet S; state was found to take place with high
efficiency."® The excitation energy deactivation pathways
analysis in the free base 10-(4,6-dichloropyrimidinyl)-5,15-
dimesityl-corrole demonstrate that NH-tautomerization in
the lowest singlet S; state of the T2 tautomer is able to
compete with the intersystem S;—T; crossing. Due to
activation character of the NH-tautomerization in the lowest
singlet S; state with activation energy E, lying in the range
of 1-5 kcal/mol, the rate constant of NH-tautomerization
increases dramatically with the temperature rise: from
1.48.10°s" at 293K up to 2.78.10°s’ at 318 K.*¥
Therefore with temperature increase T2—T1 NH-
tautomerization becomes the dominant process of the
deactivation of the short-wavelength T1 tautomer, and, after
phototautomerization almost 90% of the electronic
excitation energy of an ensemble of the 10-(4,6-
dichloropyrimidinyl)-5,15-dimesityl-corrole in solution is
accumulated on the lowest excited singlet S; state of the
long-wavelength T1 tautomer at a temperature of 318 K
(Figure 9). Thus, the second feature is that NH-
tautomerization in the lowest excited singlet S, state of the
short-wavelength T2 tautomer causes significant tempera-
ture dependence in the quantum yields of deactivation
pathways of its excitation energy (Figure 10).116:38
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Figure 9. Fluorescence spectra of the 10-(4,6-dichloro-
pyrimidinyl)-5,15-dimesitylcorrole in EtOH (black line), and its
decomposition to the individual spectra of T1 (blue line) and T2
(red line) tautomers.!®
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Figure 10. Quantum yields of deactivation channels of lowest
excited singlet S; state of the T2 tautomer of the H;PMes,Cor as a
function of temperature: 1 — NH-tautomerization, Oyy;

2 — intersystem crossing, ®jsc; 3 — fluorescence, OYE
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Figure 11. Fluorescence spectra of the 2,3,7,13,17,18-
hexamethyl-8,12-di-n-butylcorrole H;OAlkCor (solid line) and the
7,13-dimethyl-8,12-di-n-butylcorrole H;TAlkCor (dashed line) in
dichloromethane at 293 K.
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As a result of the NH-tautomerization in the lowest
excited singlet S, state the shape of the fluorescence
spectrum changes. Increase in the contribution of the short-
wavelength T2 tautomer takes place not only with the
temperature rise, but also due to changes in the architecture
of peripheral substitution (Figure 11), or isotopic H-D
exchange in the macrocycle core (Figure 12). In all these
cases the increase in its intensity takes place at the expense
of the emission band of T1 tautomer.

The main channel of the excited singlet S; state
deactivation the long-wavelength T1 tautomer of the free
base corroles is the S;—T; intersystem crossing. This
statement is also valid for the T2 tautomer at low
temperatures and in conditions where the NH-
tautomerization is prohibited. Direct phosphorescence
measurements for the series of the C,-substituted free base
corroles have revealed that the energy gap AE(S,;—T)) in the
T2 tautomer (this tautomer dominates at low temperatures,
which need to observe phosphorescence) of all studied
molecules had unusually large value amounting of 5300—
5500 cm.*”! Surprisingly, this value is much higher than
the corresponding value for the corrole metallomplexes
amounting of up to 4000 cm™.***) In case of porphyrins
the AE(S,;-T,) gap value is known to depend on both the
substitution pattern and the degree of nonplanar macrocycle
distortions, with the highest value of about 4800 cm™ has
been reported for the doubly protonated form of the
5,10,15,20-tetraphenylporphyrin.*>**! It was expected that
such a high energy gap AE(S,—T)) values originate due to
lifting of the LUMO and LUMO+1 orbital degeneracy,
which, in its own turn, influences the configuration
interaction in the triplet state in such a specific manner.*”
Recent communication about the AE(S;—T;) value of the
same order of magnitude for the deprotonated corrole
whose macrocycle is known to be planar, excludes any
possibility to account for large AE(S;—T;) value by
intrinsically nonplanar conformation of the free base
corroles macrocycle.*”!
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Figure 12. Fluorescence spectra of the 7,13-dimethyl-8,12-di-n-
butylcorrole H;TAlkCor in dichloromethane (solid line) and after
addition of two drops of EtOD (dotted line) at 293 K. Arrows
indicate the direction of spectral changes upon deuteration.*"
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Figure 13. Dependence of the the S;—T); intersystem crossing rate
constant kigc on the sum of the spin-orbit coupling constants
squared ¢ of ortho-halogens in C,,-aryl groups of free base
porphyrins (open circles) and corroles (closed circles) in double
logarithmic coordinates. Lines represent least-square linear
regressions.”

We think the large AE(S;-T)) gap to be the third
specific factor influencing the excited states deactivation in
free base corroles. Indeed, the intersystem crossing rate
constant kigc is inversely proportional to the AE(S;—T))
value.'*” Decrease in the kisc value enables the fluorescence
rate constant kg to compete. As a result, the reported to date
fluorescence quantum yields are systematically larger com-
pared to porphyrins with similar substitution pattern.***"!
The spin-orbit interactions caused by the attachment of aryl
groups with ortho-substituted halogen atoms to the C,,-posi-
tions of the tetrapyrrolic macrocycle of the free base
corroles and porphyrins have been studied recently.”” The
relationship between the intersystem crossing rate constant
kst and the sum of the spin-orbit coupling constants squared
ZCZ of halogen atoms was analyzed (Figure 13). The slope a
of dependence lgksr = algZC> + b is for 2,1 times higher for
the studied free base porphyrins series compared to that for
the corroles series. It was concluded that the internal heavy
atom effect, caused by halogen atoms, in porphyrins led to
two-fold increase in the rate of the intersystem crossing
growth as compared to corroles. It is proposed that this is
due to significant differences in the energy gap between the
lowest excited singlet S; and triplet T, states AE(S,—T))
between corroles and porphyrins. Therefore, one can state
that the internal heavy atom effect on the S;—T; transition
in the corrole macrocycles is weaker compared to that in the
porphyrins. This feature makes corroles attractive from
point of view of design of dual emitters, since the fluores-
cence is not quenched when the phosphorescence appears,
and two emissions have comparable quantum yields.

Fluorescence of Free Base Corroles

Under excitation into any of Q- or B-bands the free
base corroles reveal the fluorescence with the structured
spectrum and the lifetime in the nanosecond range.”" '™
10:18.24.48495154] The fluorescence quantum yield @y was
found to be of the same order of magnitude or even higher
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as it was in the free base porphyrins. The fluorescence
spectra have been measured for practically all new free base
corrole derivatives prepared, but the detailed analysis of
fluorescence properties has not been carried out. Most of
the studied compounds were corrole derivatives substituted
in the C,-positions with different aryl groups,“g"‘g"‘g’5 1:33]
and much less of papers dealt with the alkylated derivatives
substituted in the C,-positions or those having mixed
C,+C, architecture of substitution.>>"** It should be
stressed that taking into account NH-tautomerization and,
especially, easy formation of deprotonated species in polar
aprotic solvents, all the early data should be analyzed with
care.

The most reliable considerations can be done for the
5,10,15-triaryl-corrole family (see Table 1) which can be
divided into two structural groups with or without the
sterical hindrances for the aryl rings rotation. Nevertheless,
as one can see from the data presented in Table 1, there are
no noticeable differences for the representatives of these
two groups. Both of them have the fluorescence quantum
yield order of 0.20, and barely depend on the structure of
the aryl groups. The @y values in Table 1 are mutually
consistent between the reports from different groups. It is
worth to point out, that these derivatives have the
substitution patterns of AB, and Aj; type.

The decrease in the @y value found for the derivatives
having high loading of macrocycle (or C,- aryl substi-
tuents) with halogens should be commented separately. The
fluorescence quenching should be related to the
enhancement of the spin-orbit coupling (SOC) due to heavy
atom effect. Thus, the spin-orbit coupling constant values
of F, Cl, Br and I are 269, 587, 2460 and 5069 cm™."°! As
the rate of spin-orbit coupling depends on the sum of
squared { values, the overall influence will be sufficiently
large even for the fluorine substituted derivatives. Higher
@y values reported for the derivatives with fluorine
substitution at meta- or para-positions of aryl rings
compared with those at ortho-positions, are in line with
observation made for the porphyrin derivatives,”">* that
spin-orbit coupling differs for ortho-, meta- and para-
positions of aryl ring, with that for the substitution in the
ortho-positions has the highest one. Thus, the fluorescence
quenching should be stronger in such a case. In previous
section we have stressed, that heavy atom effects are
weaker than in the porphyrins due to larger energy gap
between S, and T, states in the free base corroles.”*”

The fluorescence quantum yield @y value for the
2,3,7,8,12,13,17,18-octaalkyl-corrole derivatives was found
to be of the same order of magnitude. Introduction of the
electron-withdrawing NO, group into one of the C,
positions or in the aryl ring was found to lead to the
pronounced fluorescence quenching by the charge-transfer
mechanism.***"¥ Tt is worth to point out that the solvent
dependence of the fluorescence quantum yield @y has been
observed for the 2,3,7,13,17,18-hexamethyl-8,12-di-n-
butylcorrole H;OAIkCor.”” The observed differences have
been assigned to the solvent induced shifts in the NH-
tautomeric equilibrium in the excited S; state. It was
suggested that activation barrier for NH-tautomerization is
modulated by solvation shell. In protic solvents, the barrier
height is lower, and in aprotic it goes up.
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The derivative with mixed C,, + C, architecture of
substitution revealed the huge decrease in the ®y value

down to 6:10° without the substitution with heavy
atoms.” By analogy with polysubstituted sterically
hindered porphyrins one can suggest an increase in the
radiationless deactivation rate k4 in such a case due to
macrocycle deformation and promotion of the fast
radiationless decay of the S, state. Here it is a case, since
the phenyl ring attached to the carbon C;, of macrocycle
has hindered contacts with two neighboring alkyl groups
attached at Cg and C; positions of adjacent pyrrole rings.
An extension of the number of available free base
corrole derivatives enabled to verify and go further in the
revealing relationships between the molecular structure and
fluorescent properties of the lowest excited S; state. Thus,

Table 1. The photophysical properties of selected free base corroles*.

in case the aryl rings bearing bulky groups in their ortho-
positions, the aryl planes keep in the almost perpendicular
positions to the neighboring fragment of the macrocycle,
and the rigid molecular conformers form which are revealed
by narrowing of the bands in the absorption and
fluorescence spectra. The radiationsless deactivation in
these conformers decreases and higher fluorescence
quantum yield @y value are expected.”!

The signatures of the spin-orbit coupling has been
proved with a large set of 5,10,15-triarylcorroles of AB,,
BA, and Aj; types of C-substitution with aryl groups bear-
ing the fluorine, chlorine and bromine atoms in the ortho-
positions."*”! The phosphorescence spectra have been meas-
ured for these compounds at 77 K due to enhancement of
both the S;—T, and T,—S, intersystem crossing rates.””’

No. Corrole Solvent @107 Tg, NS kﬂ’s_l 107’ D5/ Dy Ref.
1 5,10,15-tris-phenylcorrole toluene  21/16 4.8 44/35 /051 18]
2 5,15-dimesityl-10-(4-CN-phenyl)corrole toluene 18.0 6.3 2.9 —0.52 8
3 5,10,15-tris(4-CF5-phenyl)corrole toluene 20.0 52 3.9 —/0.61 (48]
4 5,10,15-tris(3,5-di-CF;-phenyl)corrole toluene 20.0 5.7 3.5 —/0.64 18]
5 5,15-di-C¢Fs-10-tolylcorrole toluene 14.0 4.1 34 —/0.77 (48]
6  5,10,15-tris-CgFs-corrole toluene 13/6 4.8 2.7 0.72/ 8y
/DCM 0.71 53]
7 10-(4,6-di-Cl-pyrimidinyl)-5,15-dimesitylcorrole toluene 6.0 23 2.6 0.85/— 139
10-phenyl-5,15-(4,6-di-Cl-pyrimidinyl)corrole toluene 4.6 1.4 3.3 0.90/— 139
9  5,10,15-tris(4,6-di-Cl-2-sylfomethylpyrimidinyl)corrole toluene 2.5 0.85 2.9 0.94/— 139
10 10-(4,6-di-Br-pyrimidinyl)-5,15-di-(4,6-di-Cl-2-sylfomethyl-  toluene 0.45 0.1 45 0.99/— 139
pyrimidinyl)corrole
11 2,3,7,8,12,13,17,18-octamethylcorrole MeTHF 7.0 7.5 0.93 —/— 134]
12 2,3,7,8,12,13,17,18-octamethyl-5-phenylcorrole MeTHF 0.05 <0.4 >0.13 —/- B34
13 2,3,7,8,12,13,17,18-octamethyl-5,10,15-triphenylcorrole toluene  0.006 <0.5 >0.012 —/— B
14 5,10,15-tri(3-NO,-phenyl)corrole toluene 8.2 5.2 1.6 —/— sh
15 5,10,15-tri(4-NO,-phenyl)corrole toluene 9.5 5.7 1.7 —/- i1
16  10-(methoxycarbonylphenyl)-5,15-di-C¢Fs-corrole toluene 15.0 4.1 3.7 —/- (3]
17 2,3-di-Br-10-(methoxycarbonylphenyl)-5,15-di-C¢Fs- toluene 1.1 0.24 4.6 —/— 1]
corrole
18 zéi;zz:ri-Br- 10-(methoxycarbonylphenyl)-5,15-di-C¢Fs- toluene 051 0.12 43 e [1s]
19 2,3,17,18-tetra-Br-10-(methoxycarbonylphenyl)-5,15-di- toluene 0.47 0.084 5.6 —/— 1]
CgFs-corrole
20 10-(4,6-di-Cl-pyrimidinyl)-5,15-di(2,6-di-Cl-phenyl)corrole =~ DCM 2.0 0.8 2.5 —- 9]
21  10-(4-NO,-phenyl)-5,15-di-(4,6-di-Cl-2-syl fomethyl- DCM 1.1 0.42 2.6 —/- 4]
pyrimidinyl)corrole
22 10-(4-Cl-phenyl)-5,15-di-(4,6-di-Cl-2-sylfomethyl- DCM 3.6 1.42 2.5 —/- 4]
pyrimidinyl)corrole
23 2,3,17,18-tetra-1-5,10,15-triphenylcorrole DCM <0.09 - - -/0.97 160
24 5,15-di-C¢Fs-corrole DCM 8.5 - — - o1l
25 5,10-di-C¢Fs-corrole DCM 7.7 - - - ts1]
26 10-NO,-5,15-di-C4Fs-corrole DCM <1 - - - t62]
27  5,10-di-C4F5-15-2,6-di-Cl-phenylcorrole DCM 5.9 - - - 1631
28 5,10-di-C¢Fs-15-mesitylcorrole DCM 9.9 - - - 1631
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29 5,10-di-C¢F5-15-(4-NO,-phenyl)corrole

30 5,10-di-C¢F5-15-(2,4,5-trimethoxyphenyl)corrole

31  5,10-di-C4Fs-15-naphthylcorrole

32 5,10-di-C4F5-15-(4,6-di-Cl-pyrimidinyl)corrole

33 5,15-di(2,3,5,6-tetra-F-4-methoxyphenyl)corrole

34 10-Cl-5,15-di(2,3,5,6-tetra-F-4-methoxyphenyl)corrole

35 10-phenylamino-5,15-di-(2,3,5,6-tetra-F-4-
methoxyphenyl)corrole

36 10-carbazolyl-5,15-di(2,3,5,6-tetra-F-4-
methoxyphenyl)corrole

37 10-C¢Fs-5,15-di(diethoxycarbonyl)corrole

38  5,15-di(diethoxycarbonyl)corrole

39  10-(4-NO,-phenyl)-5,15-di(diethoxycarbonyl)corrole
40  10-(4-OH-phenyl)-5,15-di(diethoxycarbonyl)corrole
41  10-(CpHps)-5,15-di(diethoxycarbonyl)corrole

42 10-(Cy6Hs3)-5,15-di(diethoxycarbonyl)corrole

43 7,13-dimethyl-8,12-di-n-butylcorrole

44 2,3,7,13,17,18-hexamethyl-8,12-di-n-butyl-corrole

45 10-(4,6-diphenyl-pyrimidinyl)-5,15-(4,6-di-Cl-
pyrimidinyl)corrole

DCM 4.0 - _ _ 163]
DCM 9.2 — — _ [63]
DCM 9.4 - - _ 163]
DCM 4.1 - _ _ [63]
DCM 9.2 — — _ [64]
DCM 2.3 - . _ [64]
DCM 10.4 - _ _ [64]
DCM 9.2 — — _ [64]
DCM 16.5 4.13 4.0 - 153
DCM 11.0 2.44 45 - 1551
DCM 17.0 3.01 5.6 - 151
DCM 16.0 3.92 4.1 - (53]
DCM 17.5 3.02 5.8 - 1551
DCM 16.0 3.02 53 - 153
DCM 12.0 - . _ [21]
EtOH 5.9 - _ _ [21]
DCM 14.0 - _ _ [59]
MeCN 12.0 - _ _ 59]
DMF 14.2 — — _ [59]
EtOH 8.3 - _ _ [59]
acetone 153 — — _ [59]
DCM 10.0 432 231 - [53. 6]

*The photophysical properties for the series of AB,, BA, and Aj; types of C-substituted free base corroles are reported (32 molecules in
total).[**33536%] part of them have barely distinguished photophysical properties due to similar structure of substituents. Therefore, one-two

typical representatives have been included in the Table 1.

The correlations of changes in the radiationless
deactivation rate k4 and fluorescence quantum yield @y
from one side, and the 28;2 value of chlorine atoms, from the
other, unambiguously demonstrated that the heavy atom
effect leads to the quenching, and also promotes the
intersystem crossing.”**! This concept has been developed
later for the free base (and metallated) corroles.'>*"%
When number of bromine or iodine atoms attached to the
C,-positions of the pyrrole rings 4 and D increases, the
gradual quenching of the fluorescence has been observed.
In case of metallated derivatives the intensity of the T{—S,
phosphorescence increases simultaneously giving rise to
dual emission at room temperature. The proportion of the
fluorescence and phosphorescence can be finely tuned with
temperature enabling to design molecular luminescent
thermometer.!*%)

Asymmetric  5,10-substitution compared to the
symmetric 5,15-substitution was found do not bring
specific features into the deactivation rates.!® Structural
factors could be expected here, since in case of the 5,10-
substitution formally four NH-tautomers coexist. But in the
first approximation there is no strong structural effects and
the observed differences can be rationalized in terms of the
variation of electronic effects of substitution (see Table 1).

The fluorescence spectrum profile consists of two
distinct bands as in the free base porphyrins, but for
numerous free base corrole derivatives the distinct third
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band appears in the spectrum, or it is clearly visible as a
shoulder at the short-wavelength side of the 0-0 band
(Figures 9,11,12). Its origin has been uncovered using the
concept of coexistence of two NH-tautomers."® According
to it, the measured fluorescence spectrum consists of the
major contribution from one NH-tautomer (in the used
terms, the long-wavelength T1 tautomer) and minor
contribution of the second NH-tautomer (i.e. the short-
wavelength T2 tautomer). The proportion of the emission
from two NH-tautomers was shown to depend strongly on
the temperature.'® The influence of solvent on the
tautomeric equilibrium has been also mentioned. The
proportion between the individual emission spectra of two
NH-tautomers was shown to change upon the deuteration
on the macrocycle core.!'” Isotope D/H exchange in the
pyrrole rings change dramatically the rate constant of NH-
tautomerization, giving rise to increased proportion of the
short-wavelength T2 tautomer emission. The slight increase
in the fluorescence quantum yield has been reported upon
deuteration of the free base corroles.

The total emission spectrum can be deconvoluted and
the individual fluorescence spectra of NH-tautomers have
been presented,'” and their quantum yields have been
measured. Thus, for example, the fluorescence quantum
yield of the T1 tautomer of the 10-(4,6-dichloropyrimi-
dinyl)-5,15-dimesitylcorrole was found to be 0.045,
whereas the @y value for the T2 tautomer was as high as
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0.155.") On the contrary, there were no difference in the
fluorescence quantum yield ®g values for two tautomers of
the 7,13-dimethyl-8,12-di-n-butylcorrole H;TAlkCor in
dichloromethane solutions.”!’ Tt seems that there is no
general trend in this case. To date there were no reports on
the differences in the fluorescence decay time for two NH-
tautomers. It is not surprising, provided that efficient NH-
tautomerization takes place in the lowest excited singlet S,
state these figures should be practically indistinguishable.
Formation of deprotonated of monoprotonated
products keeps the fluorescence properties of the corrole
macrocycle.”?***! It should be pointed out, that the
formation of both monoprotonated and deprotonated mole-
cules takes place with two distinct stages, reflecting their
formation from two NH-tautomers with different rates.!'”)
However, being formed the unique species are observed.
Observation of two states indicates that the rate of the
protonation/deprotonation is faster compared to that of the
NH-tautomerization. Temperature increases the NH-tauto-
merization rate and the formation of these species takes
place with unique rate.!'”! Each of these species has its own
distinct fluorescence spectrum (Figure 14). The Stockes
shift value has the same magnitude for all three species
resulting in the same order of the bands as it holds for the
absorption spectra. As for the fluorescence quantum yield
@y, the highest value has been measured for the free bases.
The @y value decreases slightly for the monoprotonated
species. Concerning the ®g value for the deprotonated
corrole molecules both high and very low values have been
reported.’>* The possible explanations lies in the different
solvation of molecule in the aprotic and protic polar
solvents and trace amounts of acids/bases. Specific
solvation of the macrocycle core could take place, i.e. true
deprotonation is observed in one case, when the H-bonded
associates are formed in another one.”®”" Since the
vibrational modes of the core in tetrapyrrolic macrocycles
participate in the radiationless deactivation of the excited
states, ™! such a difference could contribute noticeably in
the total rate of deactivation of the lowest excited S; state.
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Figure 14. Fluorescence spectra of the 10-(4,6-dichloropyrimi-
dinyl)-5,15-dimesitylcorrole free base H;PMes,Cor (solid line)
and its deprotonated (dashed line) and monoprotonated (dotted
line) forms at 298 K.I'"
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Such a possibility has been studied using the
sequential formation of protonated and deprotonated forms
of the 2,3,7,13,17,18-hexamethyl-8,12-di-n-butyl-corrole in
solution.”™ Tt was found that in the ground electronic state
the spectral characteristics of each of the two forms are the
same when they directly formed from the free base and
from the antipodal form, while the fluorescence spectra of
each of two forms differ depending on their formation way.
It is proposed that there are specific interactions between
the protonated and deprotonated forms of corroles in the
lowest excited singlet S; state, due to the formation of a
complex solvation shell which leads to hysteresis of the

fluorescent characteristics of the protonated and
deprotonated forms of corrole during their mutual
transitions.

Properties of the Triplet States of the Free Base
Corroles

There is limited information on the formation and
deactivation of the lowest triplet T, state of the free base
corroles compared to that on the lowest excited singlet S,
state. There were few reports where these properties have
been studied in detail.”>* The reason for this that triplet
state intersystem crossing is expected to be noticeably
higher for the metallated corroles rather than for the free
bases, so the triplet state population for the possible
applications would be higher in the former case. Thus, these
circumstances reduce the interests to the triplet state studies
for the free bases corroles.

As it has been shown in previous section, the
intersystem crossing plays important role in the excitation
energy deactivation of the free base corroles, and the
intersystem crossing quantum yield ®sc can be enhanced
with appropriate substitution promoting the spin-orbit
coupling. The efficient population is of interest from two
points of view. First, quenching of the long-lived triplet T,
states by molecular oxygen leads to the photosensitized
formation of singlet molecular oxygen, which is a key agent
in the photodynamic processes of Type IL®” Second, triplet
T, states are the source of the NIR phosphorescence that is
of interest for the intracellular imaging and design of
perspective organic phosphors. The applied works on the
photosensitization with corroles are numerous (see
review!’"), but these entire studies skip the detailed
photophysical studies and limited in the most cases with
measurements of the quantum yield of photosensitized
formation of singlet oxygen ®,. It should be noticed that
such measurements are much simpler to carry out compared
the measurements of the intersystem crossing quantum
yield. Since @, value is the ®gc product the probability of
the singlet oxygen formation upon quenching of one
molecule, the former value is often used as a lowest limit of
®jgc value.[® Both values are identical in case when there
is no competing (with quenching by molecular oxygen)
deactivation processes.

The intersystem crossing ®gc values of the free base
corroles have been reported (see Table 1).°***! There was
no relationship between the @5 (P,) values with
architecture of peripheral substitution. The only clearly
observed trend was as increase in the intersystem crossing
yield when macrocycle substituted with groups having (or
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being themselves) heavy atoms such as halides. Thus, in
going from the 5,10,15-tris-phenylcorrole to the 5,10,15-
tris-pentafluorophenylcorrole the ®, value was found to
increase from 0.51 to 0.71.* The ®ysc value for 5,10,15-
triarylcorroles of AB,, BA, and A; type (A is 4,6-
dichloropyrimidinyl) increased from 0.85 to 0.94, and, when
two chlorine atoms were replaced with bromine, amounted of
0.99.2% The fluorescence has been strongly quenched in the
last case, its quantum yield @y is 0.45.107 only.

Triplet state lifetimes lie in the range from about 50 to
150 microseconds, thus allowing the complete quenching of
the T, states with molecular oxygen.” The bimolecular
quenching rate constant k, values are of the same order of
magnitude as those for the free base porphyrins.**"! So far,
there was no reported on the correlation between the rate
constant k; and oxidation potential of corrole macrocycle.
One can suggest that in the early studies the confusion with
assignment of the species to the free base took place and
some of the figures have been taken for the deprotonated
molecules.

The possibility of the radiative deactivation of the
lowest triplet T, state of the free base corroles has been
discussed repeatedly but, there were no reports on the
phosphorescence measurements until recently,” in contrast
with numerous phosphorescence observations in the
metallocomplexes.[6!64 and Refs. thereinl o G emission has
been measured for the first time at 77 K for the series of
5,10,15-triarylcorroles with different strength of the spin-
orbit coupling due to multiple halide atoms attached to C,,-
substituents (Figure 15). It was expected that quantum yield
of the phosphorescence would enhance with increase in the
sum of spin-orbit coupling constants squared 3¢ value of
halides. The experiment was found to be in the full
agreement with these expectations. Thus, the phosphores-
cence quantum yield ®c value of 9.7.10* has been
measured for the molecule with one 4,6-dichloropyrimidinyl
group, whereas ®gc = 1.7.10° has been obtained for the
molecule with two 4,6-dichloropyrimidinyl and one 4,6-
dibromopyrimidinyl groups.[39] For the latter derivative due
to simultaneous quenching of the fluorescence quantum yield
@4 and enhancement of the phosphorescence quantum yield
®5c both emissions have the intensity in the same range, i.e.
dual emission with intensity in the same range is observed.

Triplet T, state lifetime at 77 K, measured with
phosphorescence decay kinetics, decrease from 6.6 milli-
seconds down to 0.4 milliseconds in going from the 10-(4,6-
dichloropyrimidinyl)-5,15-dimesitylcorrole to the 10-(4,6-
dibromopyrimidinyl)-5,15-di-(4,6-dichloro-2-sulfomethyl-
pyrimidinyl)corrole. This trend is reciprocal to that observed
for the S, state lifetime, and it is consistent with the signature
of the heavy atom effect. The reported phosphorescence data
should be assigned to the short-wavelength T2 tautomer.™ It
is due to the absence of excited state NH-tautomerization in
the S, excited state at 77 K,“G] as a result single species exist
in solid solution at this temperature. In relation to this fact, it
is worth to compare the value ®;5c= 0.72 for the T2 tautomer
of the 5,10,15-tris-C¢Fs-corrole at 77 K and ®,=0.71
measured in the heterogeneous solution of the T1 and T2
tautomers at 298 K.P**! Practically the same figures allow
suggesting that intersystem crossing quantum yield ®@igc in
both NH-tautomers is the same within experimental error.
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Figure 15. Normalized phosphorescence spectra of the free base
corroles at 77 K in glassy mixture toluene : EtOD (10:1):

1 — 10-(4,6-di-Cl-pyrimidinyl)-5,15-dimesitylcorrole;

2 — 10-phenyl-5,15-(4,6-di-Cl-pyrimidinyl)corrole;

3 —5,10,15-tris-(4,6-di-Cl-2-sylfomethylpyrimidinyl)corrole;

4 — 10-(4,6-di-Br-pyrimidinyl)-5,15-di-(4,6-di-Cl-2-sylfomethyl-
pyrimidinyl)-corrole; 5 — 5,10,15-tris-C¢Fs-corrole.*”)

Conclusions

The free base corroles being structurally similar to the
free base porphyrins but lacking of one methine bridge in
the macrocycle reveal their own unique spectral-
luminescent and photophysical properties. Due to
macrocycle core rearrangement the NH-tautomeric forms
coexist that results in the intrinsic heterogeneity of the free
base corroles samples. Each of the NH tautomers has its
own unique electronic density distribution and -
conjugation pathway. The NH tautomerization was shown
to occur in both the ground and excited states. The ground
state energies of NH-tautomers are similar and the
tautomerization barrier is low leading to barely
distinguished temperature dependence. On the contrary, the
pronounced temperature dependences of the fluorescence
spectra as well as the rates of the excitation energy
deactivation have been reported with the NH-
tautomerization rate constant in the lowest excited S, state
being the dominate one. Overcrowding of three core
protons leads to the formation of highly distorted
macrocycle with pyrrole/pyrrolenine nitrogens being
exposed to the solvent. Such structural changes are
responsible for the pronounced general and specific
solvation effects, which are able to promote the chemical
alterations such as core protonation/deprotonation without
any traces of acids or bases. Finally, macrocycle contraction
leads to the lifting of degeneracy of two lowest unoccupied
molecular orbitals. Increase in the energy spacing between
them changes the interaction between two one-electron
configurations reflected by the spectral changes. Changes of
the molecular orbitals energies lead to huge increase in the
S,—T, energy gap, which, in its own turn, modulates the
spin-orbit coupling strength and the competition between
all the rates of the lowest S; excited state deactivation.
Beside these features, larger S;—T; energy gap leads to
decrease in the sensitivity of corroles with respect to the
heavy atom effects.
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This short review aims to summarize the experimental
signatures of these specific free base corrole spectral-
luminescent and photophysical properties for the first time.
The compilation list of the most relevant available photo-
physical parameters for the forty five free base corrole
derivatives with different architecture of the peripheral
substitution is presented. The authors have attempted to
trace the “structure-property” relationship through the
discussion but not to present the exhaustive database of the
photophysical properties.
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