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ABSTRACT: Steady-state fluorescence measurements and quantum-chemical DFT geometry
optimizations are applied to extend the structure-property relationships between the free base corrole
macrocycle conformation and its basicity to the lowest excited S; and T states. Direct basicity estimation
in the lowest excited S state is demonstrated by means of fluorescence quantum yield measurements. The
long wavelength T1 tautomer is found to retain its basicity in the S; state, whereas the short wavelength
T2 tautomer shows a noticeable decrease in basicity in the S state, which is related to the in-plane tilting
of the pyrrole ring to be protonated. The conformational changes upon going from the ground to the
lowest excited T, state and the influence of the meso-aryl substitution pattern on the overall degree of
distortions and tilting of the pyrrole ring to be protonated are also discussed from the point of view of

macrocycle basicity.
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INTRODUCTION

Tetrapyrrolic macrocycles are known to display both basic and acidic properties, which results in proton(s) binding or
dissociation under appropriate conditions. Macrocycle basicity has been studied repeatedly for a large number of
porphyrin derivatives differing in their peripheral substitution pattern, with the main attention being devoted to the
structural features of doubly protonated species [1-10 and refs. therein]. The pronounced nonplanar macrocycle
distortions observed for doubly protonated porphyrins render these compounds useful model systems for studies on the
relationship between the type and degree of macrocycle distortions and different physico-chemical porphyrinoid
properties. The nonplanar distortion of the porphyrin macrocycle was found to increase both the basicity of the
pyrrolenine nitrogen atoms and the acidity of the pyrrole NH protons quite dramatically [5]. These features can be
explained by tilting of the pyrrole and pyrrolenine rings out of the macrocycle plane, leading to the exposure of the
pyrrolenine nitrogen lone pair and pyrrole NH groups to the bulk solvent, thus facilitating intermolecular interactions.

<Figure 1 here>

In corroles, one pair of adjacent pyrrolic rings is bound directly through a C,-C, bond due to the lack of one C, atom,
thus forming a contracted macrocycle (see Figure 1). The aromatic stabilization in such a contracted macrocycle is
achieved by the increase in the number of pyrrole rings at the expense of pyrrolenines, thus keeping the number of r-
electrons the same as in porphyrins. As a result, the corrole macrocycle consists of three pyrrole and one pyrrolenine
ring rather than two pyrrole and two pyrrolenine rings in free base (i.e. non-metalated) porphyrins. The decrease in the
macrocycle core size and the increase in the number of pyrrole NH protons are considered to be the two main reasons
which ultimately lead to the nonplanar macrocycle conformation in free base corroles. The corrole macrocycle has
pronounced out of plane distortions, even when the sterical strains imposed by the peripheral substitution are absent
[11,12]. The asymmetry of the corrole macrocycle results in different tilting angles of individual pyrrole/pyrrolenine
rings relative to the mean macrocycle plane [12], and this feature was proposed to account for the different basicity of
individual pyrrolenine rings. This has been demonstrated explicitly through spectrophotometric titration experiments
[13], wherein the protonated corrole species was found to form via two parallel ways with different rates. Due to
efficient ground state NH tautomerization, the ring to be protonated is different for the two corrole NH tautomers
(Figure 1), i.e. the long wavelength and short wavelength T1 and T2 tautomers with proton-free rings D and C,
respectively [13,14]. Based on the calculated tilting angles, the higher basicity was assigned to the T1 tautomer because
of the larger tilt angle of ring D, while the lower basicity was assigned to the T2 tautomer due to the lower tilt angle of
ring C [13]. These findings have been supported afterwards by DFT geometry optimizations and ab initio molecular
dynamic simulations, which demonstrated that the nitrogen atom of the pyrrole ring to be protonated is not only tilted
stronger, but it is also substantially more accessible for protons in case of the T1 tautomer as compared to the T2
tautomer [14]. Distribution of the electrostatic potential over the corrole macrocycle was shown to facilitate proton
binding by the T1 tautomer as well, but the structural factors play the major role [14].

The pKa value for pyrrolenine nitrogen protonation can vary noticeably in case of peripheral substitution with
electron-donating or electron-withdrawing groups at the Cr, or Cy, carbon atoms of the corrole macrocycle [15-19]. Gross
et al. suggested that formation of the monoprotonated corrole species (HsCor [1  HCor*) can be related to the second
protonation step in porphyrins, i.e. HsP* [ H4P?*, due to the similar structural features of free base corroles and
monoprotonated porphyrins [15]. It was proposed that for both macrocycles the major steric penalty is paid upon adding
the first proton. The formal charge of the molecules is not so much of importance, but the number of NH protons in the
macrocycle core is. However, recent quantum-mechanical and ab initio molecular dynamic simulation studies

demonstrated that the rate of the second protonation step in porphyrins depends strongly on the interplay between the



nonplanar macrocycle distortions and the electrostatic potential of the binding site [20]. Meanwhile, the hypothesis of
Gross et al. enables to explain qualitatively the huge increase in acidity of free base corroles as compared to porphyrins
with the same peripheral substitution pattern (both meso- and pyrrole-substituted), whereas their basicity constants are
very close to each other.

A characteristic feature of nonplanar tetrapyrrolic compounds is the large Stokes shift of the fluorescence signal,
which is due to conformational rearrangements in the excited singlet S; state [21,22]. The mean value of the macrocycle
atom displacement A23 (vide infra) for the ground state of free base corroles varies from 0.15 A in the pristine
unsubstituted  corrole  up to 0503 A in undecasubstituted 2,3,7,8,12,12,17,18-octabromo-5,10,15-
tris(pentafluorophenyl)corrole [23,24]. Thus, for free base 5,10,15-triarylcorroles, whose A23 values range from 0.20 to
0.25 A, substantial conformational flexibility may be suggested. Upon photoexcitation, redistribution of the electronic
density takes place and one can expect changes in the molecular conformation, which would lead to the alteration of the
basicity of the pyrrolic NH protons. Recently, it was demonstrated that the A23 value, which is characteristic for the
molecular conformation as a whole, does not always run in parallel with the local conformational changes of the
macrocycle [25], which, as has been indicated above, plays a crucial role in the macrocycle basicity. It was pointed out
by Kadish et al. that the basicity of triaryl-substituted corroles with a varying degree of sterical hindrance induced by the
aryl substituents is different [16-19]. Meso-aryl-substituted corroles have a distinctly different basicity than Cy-alkyl-
substituted corroles [26,27]. These results seem to point to an important role for meso-aryl substitution in the
stabilization of the corrole macrocycle conformation.

In this paper we report on our studies on structure-property relationships to understand the basicity of free base
corroles in their lowest excited S; and T states. Steady-state fluorescence measurements and quantum-chemical (DFT)
geometry optimization have been carried out for the ground and exited states of 10-(4,6-dichloropyrimidinyl)-5,15-
dimesitylcorrole (hereafter referred as the H3AB; corrole), for which extensive data on the ground state acid-base
equilibria have been gathered earlier [13]. We present experimental data on the basicity of the lowest excited S; state
and discuss the molecular conformational changes upon photoexcitation. Then, the analysis of the molecular
conformation of the HzAB; corrole in the lowest triplet T, state is presented and its basicity is compared to both ground
So and lowest excited S; states. Finally, we discuss the influence of the meso-aryl substituents on the ground and excited
state basicity of free base corroles by comparison of their molecular conformations.

EXPERIMENTAL

Synthesis of the 10-(4,6-dichloropyrimidin-5-yl)-5,15-dimesitylcorrole (HzAB;) was carried out in accordance with a
previously published synthetic procedure [28,29]. Ground state absorption and steady state fluorescence spectra were
measured with a spectrofluorometer SM 2203 (JSC “Solar”, Belarus) equipped with a temperature-controlled cell holder
at 298 K. The sample emission was measured at a right angle to the excitation light. The concentrations of the corrole
solutions in ethanol did not exceed 1.0-10-°> M and were measured spectrophotometrically by means of known extinction
coefficients at 298 K: Amax/nm (log e/M-1cmt) 410 (5.02), 427 (4.92), 570 (4.30), 599 (4.05) and 635 (3.28) for the free
base H3AB: corrole, and 421 (5.07), 533 (3.77), 597 (3.87) and 644 (4.56) for the protonated H4AB:* corrole [13]. The
samples were handled in standard spectroscopic rectangular quartz 1x1 cm cells with a tight stopper. Fluorescence
quantum yield (®q) values were determined with the standard sample method, using free base 5,10,15,20-

tetraphenylporphyrin (®% = 0.09 [30]) as a standard.



The solvent used was purified with a standard procedure [31]. The choice for ethanol as the solvent for the titration
was based on the fact that it is inert toward tetrapyrrolic macrocycles and exhibits the properties of a weak acid and a
weak base simultaneously. A solution of sulfuric acid in ethanol was used as the titrant. The titrant concentration was
chosen as such that the total volume changes of the solution by the end of the titration procedure did not exceed 5%. The
measured spectra were corrected for the dilution of the solution. The ethanol-sulfuric acid system was studied previously
in the range of acid concentrations from 0.01 to 11.22 M, and the dependence of the acidity function Ho (Hammett
constant), which characterizes the proton donating power of the medium, on the sulfuric acid concentration was
evaluated [13].

The 7C plane [32,33], given by the least-square distances to carbon atoms C;, C4, Cs, Cg, Co, C16 and Cig, Was used
as the mean macrocycle plane. The overall degree of macrocycle distortions was taken as the A23 value:

1 23 )
A23: - AZ 1
23%: '

where Az; is the deviation for the i-th atom of the macrocycle from the mean plane.

Molecular geometry optimizations of the ground singlet So and lowest excited triplet T, states of the two corrole NH
tautomers of the studied free base corroles and the normal modes were carried out using density functional theory (DFT)
with the PBE exchange-correlation functional and the three-exponent basis set 3z using the algorithm implemented in
the quantum chemical program Priroda [34,35]. At first, the molecular geometries were optimized. Then, normal modes
were calculated for the optimized molecular geometries and the absence of imaginary values for the mode frequencies
served as a criterion for the stationary point.

RESULTS AND DISCUSSION

Fluorescence titration of 10-(4,6-dichloropyrimidin-5-yl)-5,15-dimesitylcorrole (H3AB2)

The fluorescence spectra for a corrole solution of HzAB, measured over the course of the titration experiment are shown
in Figure 2a. One can see that an increase in sulfuric acid concentration in the sample solution leads to a decrease in the
intensity of the bands with maxima at 606 and 644.5 nm, which belong to fluorescence originating from the T2 and T1
tautomer of the free base H3AB; corrole, respectively. Simultaneously, a new broad fluorescence band with a maximum
at 675 nm appears in the spectrum due to the formation of the monoprotonated H4sAB,* corrole. The observed
broadening of the fluorescence spectrum is in line with earlier observations for mono- and doubly protonated porphyrins
[6], and should be related to both the degree of nonplanar macrocycle distortions and the increase of the conformational
degree of freedom, the latter promoting out-of-plane vibrational modes [36]. The Stokes shift for H4/AB-*, calculated as
the difference in the energy of the 0-0 band maxima in the absorption and fluorescence spectra, is 713 cm™. Such a
value is indicative for substantial conformational rearrangements in the excited S; state of the monoprotonated species
as compared to those expected for the T1 and T2 free base corrole tautomers, for which the Stokes shifts are 233 and

192 cm?, respectively.
<Fig. 2 here>

According to the model of parallel protonation of tautomer T1 and T2, whose protonation constant ratio is y [13], one

can write that:
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where the fractions represent the residual ratios of tautomer concentrations at each protonation step to

their initial concentrations. This means that the proportion of the concentrations of the T1 and T2 tautomers in the
lowest singlet excited S; state will vary during the protonation procedure. Indeed, the plot of the peak fluorescence
intensity at 644.5 nm as a function of the peak fluorescence intensity at 606 nm has a slightly concave shape (Figure 2b).
This observation is in line with our previous finding derived from the ground state absorption titration data that the
protonation of the T1 tautomer occurs faster than for the T2 tautomer [13].

A fluorescence quantum yield of 0.076 was determined for the free base HzAB- corrole solution in ethanol at 298 K.
This figure is an average value over the two corrole NH tautomers as their individual fluorescence quantum yield values
differ [37]. ®n = 0.045 = 0.01 has been measured for the T1 tautomer and this value was shown to be independent of
temperature [37], whereas that of the T2 tautomer revealed a strong temperature dependence due to efficient NH
tautomerization in the lowest excited singlet S; state [37,38]. Using a mathematical model describing the excitation
energy deactivation of the lowest excited state of the T2 tautomer, temperature dependence of the fluorescence quantum
yield has been noticed, giving rise to a @5 value of 0.095 £ 0.01 at 298 K [38]. Taking into account the equal probability
of S; state population upon excitation into the isosbestic point, the ®f value for the T1 tautomer was calculated to be
0.056 + 0.01, which agrees rather well with the above mentioned experimental value. Formation of the monoprotonated
H4AB,* corrole results in an increase of the fluorescence intensity. The fluorescence quantum yield of the
monoprotonated HsAB;* species in ethanol reveals an almost two-fold increase, up to 0.126. The fluorescence quantum
yield shows two distinct steps when plotted as a function of the sulfuric acid concentration added to the solution (Figure
3). The sharp increase in fluorescence quantum yield at the start of the titration (up to a sulfuric acid concentration of
~1.0-10* M) should mainly be related to the formation of the HsAB* corrole by protonation of the T1 tautomer,
whereas the gently sloping second step accounts for the slower protonation of the T2 tautomer. One needs to keep in
mind that both tautomers coexist during the whole titration procedure, but a higher proportion of the T1 tautomer is
consumed at the start of the protonation process, whereas at the terminal states a higher proportion of the T2 tautomer is
protonated.

<Fig.3 here>

Basicity of the NH tautomers in the lowest excited singlet S: state and structural prerequisites for basicity

changes

The fluorescence intensity as measured in the titration experiments is proportional to the fluorescence intensity of the
initial species, i.e. the two NH tautomers of the free base HzAB- corrole and the monoprotonated HsAB,* corrole. Each
of these species has its own fluorescence quantum yield. The measured fluorescence quantum vyield is hence
proportional to the sum of those contributions, i.e. ®n ~ ®n(T1)[HsAB2(T1)] + Oa(T2)[H3AB(T2)] + ©n(P)[HsAB2].
Taking into account that the averaged fluorescence quantum yield values fall within a 10% range of fractional error
when the NH tautomer ratio varies from 3/7 to 7/3 (this range is higher than the ratio expected at the last stages of the
titration experiments [13]), the above trinomial can be reduced to a two term function: ®x(FB)[HsAB2(T1+T2)] +
®n(P)[H2AB2*]. When the total concentration of emissive species equals the sum [HzAB2(T1+T2)] + [H4AB2*], the
fluorescence quantum yield is in direct proportion to the concentration of the monoprotonated species (Figure 3, inset).
The experimental fluorescence quantum yield dependence on acid concentration can easily be transformed into a
dependence of the relative concentration of the monoprotonated corrole [HsAB2*]/[HsAB2* ]max in the lowest excited
singlet S; state on acid concentration (Figure 4, black triangles). The relative concentration of the monoprotonated

corrole in the ground singlet Sg state is directly derived from the spectra measured upon spectrophotometric titration as



the ratio of the absorbance at the maximum of the 0-0 band during the titration to the absorbance after complete

conversion of the free base molecules to the monoprotonated species (Figure 4, white triangles).
<Fig. 4 here>

Comparison of the two superimposed plots shown in Figure 4 allows to make unambiguous conclusions about the
basicity in the lowest singlet S; state as compared to that in the ground S state. One can see that the data points for the
faster stage of the protonation, corresponding to the equilibrium HsAB2(T1)[1  H.AB.*, overlap. This indicates that the
corresponding basicity value of the T1 tautomer remains unchanged upon photoexcitation to the lowest singlet S; state.
The amounts of the protonated molecules at higher acid concentrations do reveal a difference between the ground singlet
So and excited singlet S; states. Formation of the HsAB:* corrole species occurs faster in the ground state. This means
that the equilibrium HsAB,(T2)[]  H4AB:* shifts in the direction of the free base HsAB; corroles in the lowest singlet

S: state, i.e. the ground Sy state of the T2 tautomer has a higher basicity as compared to its lowest excited singlet So

state.

The different basicity of the two corrole NH tautomers can be explained by referring to the critical contribution of
the molecular geometry [13,14]. In a planar macrocycle the nitrogen lone pair of the pyrrole ring to be protonated is
barely accessible for intermolecular interactions due to shielding by the macrocycle core. When this ring undergoes out-
of-plane tilting, the pyrrole nitrogen atom becomes accessible for any kind of intermolecular interactions in the solvent.
Such a ‘deshielding’ was proposed to be the reason for the enhanced basicity of highly distorted nonplanar porphyrins
[5] and free base corroles, whose macrocycle is intrinsically nonplanar. The two corrole NH tautomers have a distinctly
different tilting of the pyrrole ring relative to the mean macrocycle plane [32,33]. Based on the DFT optimized
molecular geometry [32], the tilting angle of pyrrole D in the T1 tautomer was calculated to be 6.7°, whereas the tilting
angle for pyrrole C in the T2 tautomer was 3.9° [33]. Such a difference is supposed to account for the different basicity
of the two NH tautomers in the electronic singlet So ground state. This structure-property relationship we now apply to
rationalize the macrocycle basicity in the lowest excited singlet S; state (Figure 4). In this framework, the same value for
the basicity of the T1 tautomer in the ground and lowest excited singlet states is indicative for the negligible changes in
macrocycle conformation, at least in the macroring quadrant containing pyrrole ring D. The absence of large
conformational changes in the excited singlet S; state for both corrole NH tautomers is supported by the moderate value
of the Stokes shift (see above). The T2 tautomer reveals a decrease in basicity in the excited singlet S; state as compared

to the ground state, which is expected due to the smaller tilting angle of pyrrole ring C.

Molecular conformations of the corrole NH tatomers in the lowest triplet T state and implications for basicity

Considering the prospects of photochemical applications of metal free corrole macrocycles, where intermolecular
interactions occur in the electronic excited states, the properties of those molecules in the long living triplet state play a
key role. The catalytic activity of free base tetrapyrrolic macrocycles revealed recently [39,40] may be substantially
altered in the excited state, since this activity was postulated to relate to the degree of nonplanar macrocycle distortions
which enable the core NH protons and the nitrogen lone pairs to be exposed out of the macrocycle plane, thus
facilitating intermolecular contacts. Thus, inactive compounds in the ground state can become active when the excited
states are populated and vice versa. The concentration of molecules in the lowest excited triplet T, state can be
measured either with the transient triplet-triplet absorption or the phosphorescence technique. Being an excellent tool for
the studies of the dynamics of excitation energy relaxation, the triplet-triplet absorption (T-T absorption) method is not
the best choice for the exact evaluation of the concentrations of excited species. The T-T absorption spectra of

tetrapyrrolic compounds are not characteristic, so the possibility to discriminate between the different absorbing species



is limited. The necessity to know the exact extinction coefficients of the T-T absorption bands adds a lot to these
limitations. On the other hand, the phosphorescence of free base corroles is weak — to date the reported quantum yields
do not exceed 1.7-10% — and is observed at temperatures of 77 K and lower [41]. In addition, it was reported that due to
suppression of the NH tautomerization rate at low temperature, a single rather than both tautomers populate the triplet
state [41]. Thus, spectroscopic techniques at room temperature are not appropriate for acid-base equlibria measurements
in the excited triplet T; state. One needs to search for a back-of-an-envelope method to estimate the basicity in the
excited triplet Ty state. Projection of the established structure-property relationships on the triplet states seems to be a

reasonable way.

Our recent preliminary communication on the molecular conformation of free base corroles in the lowest triplet T,
state unambiguously demonstrates an increase in the degree of out-of-plane macrocycle distortions upon photoexcitation
[42]. Compared to the electronic singlet Sp ground state, where both NH tautomers revealed the same A23 value (0.198
and 0.200 A), both the type and the degree of distortions differ between the two corrole NH tautomers in the triplet T,
state (Figure 5 and Table 1). The T1 tautomer has wave type distortions amounting to a A23 value of 0.330 A, while the

T2 tautomer has boundary (somewhat mixed saddle-wave) type distortions with a A23 value of 0.246 A.
<Fig. 5 here>
<Table 1 here>

What happens if we apply the relationship between the tilt angle of the pyrrole ring to be protonated and the basicity
of the macrocycle to the lowest triplet T, state? The pyrrole C tilting angle of 4° in the T2 tautomer remains practically
the same as it was in the electronic ground state. Its neighboring ring D lies almost in the mean macrocycle plane, thus
adding to the shielding of pyrrole C from the bulk solvent. These two structural factors decrease the basicity. On the
contrary, the tilt of pyrroles A and B increases, rendering ring C more accessible. Taking into account the moderate
increase in the overall degree of nonplanar distortions based on the A23 values (Table 1), one can expect a very small
increase in basicity, if any. As for the T1 tautomer, the overall increase in the degree of nonplanar distortions (the A23
value rises to 0.330 A) seems to overcome the slight decrease in the pyrrole ring D tilting down to 4.5 A. As a result,
one can expect a small increase in the basicity due to deshielding of the protonation site in such a distorted macrocycle.

Influence of the substitution pattern on the macrocycle conformation and basicity

Meso-substituted and p-alkylated free base corroles differ quite strongly in their acidity and basicity [26]. This feature
parallels with that observed for porphyrins with the same peripheral substitution architecture. The sterically hindering
mesityl and 4,6-dichloropyrimidinyl groups of H3;AB, promote nonplanar macrocycle distortions. The calculated A23
values for the ground Sy state of the unsubstituted corrole macrocycle decrease as compared to those of the triaryl-
substituted molecules, amounting to 0.163 and 0.152 A for the T1 and T2 tautomers, respectively (Figure 6 and Table
1). Thus, the overall accessibility of both the NH protons and the nitrogen lone pairs of the pyrrole/pyrrolenine rings
decreases as compared to that of the meso-aryl-substituted derivatives. All tilt angles (see Table 1) decrease as
compared to the values found for the tri-aryl-substituted H3AB- corrole. One can conclude that meso-free corrole

derivatives possess a decreased basicity.
<Fig. 6 here>

The degree of nonplanar macrocycle distortions increases upon population of the excited triplet T, state and the A23
values amount to 0.209 and 0.204 A for the T1 and T2 tautomer, respectively. These figures are about the same for the

two NH tautomers and close to the values reported for the ground Sy state of the meso-aryl substituted corrole. The type



of nonplanar macrocycle distortions differs for the two NH tautomers. For the T1 tautomer, a wave-type distortion is
observed, whereas the clear alternative up and down tilting of the pyrrole rings in the T2 tautomer indicates the
formation of a saddle-type distorted macrocycle. The meso-aryl-substitution pattern promotes the nonplanar macrocycle
distortions in both the ground So and lowest excited T triplet states and tends to switch the type of distortions in the
triplet state, since for the tri-aryl-substituted HsAB; corrole a mixed saddle-wave distortion type was found (see above).
At the same time one can see that the T1 tautomer in the triplet T, state deviates more strongly from planarity than the
T2 tautomer, giving rise to differences in the acid-base properties of the studied meso-aryl-substituted compound.
Therefore, the unsubstituted macrocycle (the conclusion is likely to be valid for B-alkylated derivatives as well) has an
equal accessibility of the macrocycle core (the A23 values are almost the same) and any difference in basicity could be
due to a difference in the tilting angles of the pyrrole rings to be protonated. The tilting of ring D in the T1 tautomer is
three times smaller as compared to that in the electronic ground state (1.9° versus 5.9°). Therefore, meso-free corroles in
the lowest triplet T state should definitely be less basic as compared to the ground state.

The T2 tautomer should be substantially less basic than the T1 tautomer, as evident from the in-plane tilting of the
pyrrole ring to be protonated and the adjacent pyrrole rings (Table 1). As a result, the accessibility for the molecules
from the bulk solvent decreases and such a relationship holds in both the ground singlet Sp and lowest excited triplet T
state. Comparing the molecular geometries of meso-aryl-substituted and unsubstituted corroles, one can suggest an
intrinsically lower basicity of the T2 tautomer as compared to the T1 tautomer.

CONCLUSIONS

The basicity in the lowest excited S state of 10-(4,6-dichloropyrimidinyl)-5,15-dimesitylcorrole has been evaluated by
steady-state fluorescence spectroscopy. It was found that the basicity of the T1 tautomer remains essentially the same as
it was in the ground Sy state, while the basicity of the T2 tautomer noticeably decreases. Based on the structure-property
relationships between the tilting angle of the pyrrole ring undergoing protonation and its basicity, in-plane movement of
the unprotonated pyrrole ring in the excited S state is expected. The macrocycle conformation in the lowest excited T
state reveals two opposite trends: the pyrrole rings to be protonated adopt a more in-plane conformation, whereas the
total out of plane macrocycle distortion increases. Thus, the basicity in the lowest excited T state reflects the
competition between these trends. Meso-aryl substitution leads to an increase in both the overall degree of nonplanar
macrocycle distortion in the ground Sp and lowest excited T, states and the out of plane tilting of the pyrrole ring to be
protonated, thus providing conditions for an increase in the basicity of the macrocycle. Further studies aiming to
quantify the discussed structure-property relationships are in progress.
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Table 1. Calculated pyrrole tilting angles ¢ and A23 values for the free base H3AB: and unsubstituted corrole in the ground

singlet So and lowest triplet T, states.

Parameter Compound _
H3AB; corrole Unsubstituted corrole
T1 tautomer T2 tautomer T1 tautomer T2 tautomer
So T So T: So T: So T:
O, 19.0 21.9 19.3 24.1 16.3 20.2 17.4 21.6
o8, ° 11.4 25.0 7.3 14.7 75 14.1 3.7 9.3
oc, ° 5.6 11.4 3.8 4.0
o, °
A23, A




PROTONATED CORROLE

Tl FREE BASE T2

Fig. 1. Acid-base equlibria in free base corroles. Ri = mesityl and Rz = 4,6-dichloropyrimidinyl relate to the substituents of the

corrole molecule studied in this paper. Capital letters from A ot D denote the pyrrole rings as they are referred to in the text.
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Fig. 2. (top) Fluorescence spectra of the HsAB2 meso-pyrimidinylcorrole measured over the course of the titration with H2SOx4 in
ethanol (Aexe = 465 nm). Arrows indicate the direction of intensity changes during the titration. (bottom) Intensity vs. intensity plot
demonstrating the changes in the proportion between the excited singlet Si state concentrations of the two NH tautomers over the
course of the titration. The dotted straight line indicates the hypothetic proportion when the two corrole NH tautomers are protonated

at the same rate. See text for details.
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Fig. 3. Dependence of the fluorescence quantum yield ®g, measured over the course of the titration of HzAB2 meso-
pyrimidinylcorrole, on the acid concentration in solution. The inset shows the calculated relationship between the fluorescence

quantum yield and the relative amount of protonated HsAB2* corrole during the titration.
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Fig. 4. Relative amount of protonated H4AB2* corrole in the ground singlet So (A) and lowest excited S1 (V) states as a function of

acid concentration in solution.
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Fig. 5. Diagram of atom deviations from the macrocycle mean plane for 10-(4,6-dichloropyrimidinyl)-5,15-dimesitylcorrole (in A):
a,b) T1 and T2 tautomers in the ground singlet So state; ¢,d) T1 and T2 tautomers in the lowest excited triplet T state. Pyrrole rings

A, B, C and D are counted from left to right and the pyrrole rings to be protonated are shaded.
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Fig. 6. Diagram of atom deviations from the macrocycle mean plane for the unsubstituted free base corrole (in A): a,b) T1 and T2
tautomers in the ground singlet So state; c,d) T1 and T2 tautomers in the lowest excited triplet T1 state. Pyrrole rings A, B, C and D

are counted from left to right and the pyrrole rings to be protonated are shaded.



