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Human cytomegalovirus (hCMV) is responsible for several pathologies impacting immunocompromised
patients and can trigger life-threatening infection. Several antivirals are available and are used in the clinic,
but hCMV resistant strains have appeared and patients have encountered therapeutic failure. Hence, there
is a constant need for new best in class or first in class antiviral molecules. We have previously shown that
nitrocorroles could be used as a potent anti-hCMV agent without acute toxicity in mice. They therefore
represent an excellent platform to perform structure-activity relationship (SAR) studies and to increase
efficiency or reduce toxicity. We have generated original A,B- and As-substituted nitrocorroles and have
discovered optimized compounds with selectivity indices above 200. These compounds are easily
synthesized in only one to two-step reactions; they are up-scalable and cost efficient. They are therefore
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Introduction

The human cytomegalovirus (hCMV) is a DNA virus of the
Herpesviridae family which currently infects nearly 80% of the
world's population.”®  Although infection is generally
asymptomatic in immunocompetent persons, hCMV remains
a major opportunistic pathogen in immunocompromised
individuals. This is mainly the case of transplanted
individuals in whom the infection can be life-threatening.’ In
HIV infected patients, hCMV retinitis is the leading cause of
blindness and the use of highly active antiretroviral therapy
has strongly decreased hCMYV associated complications. As for
all herpes viruses, after primary infection, the virus persists in
a lifelong latent state. The hCMV reservoir is known to be
present in monocytes and CD34" progenitors. Latent infection
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excellent candidates for hCMV therapies and they pave the way for a new generation of molecules.

reactivates in outbreaks that depend on environmental factors
e.g. immune state and stress level. hCMV is a common virus
that infects people of all ages and usually spreads from person
to person through body fluids, such as blood, saliva, urine,
semen, and breast milk. Most hCMV infections are usually
silent, which means that the majority of people who are
infected with hCMV have no signs or symptoms. However,
pregnant women who are infected during the first quarter of
pregnancy can transmit hCMV to their foetus, sometimes
causing congenital hCMV infection.'® Congenital hCMV
infection can cause problems from hearing loss to severe
developmental and neuronal disabilities (resulting in some
cases in foetal and neonatal death or in the development of
serious clinical sequelae).’® In the US, hCMV infection is the
first cause of congenital malformation and human
cytomegalovirus today is still the leading non-genetic cause of
congenital malformation in developed countries.

A current treatment of hCMYV infection is based on a limited
number of molecules that are mainly nucleotide or nucleoside
analogues inhibiting viral DNA polymerase,'" albeit new
antiviral compounds with different mechanisms of action, such
as letermovir, have been developed.’ Some of these compounds
can have serious side effects, making them unsuited for
widespread and repeated treatments. Resistant hCMV strains
have also emerged, leading to therapeutic failure in some
patients. The National Cytomegalovirus Research Center has
estimated that 15% of patients either are non-responders to
the proposed antiviral therapy or have to stop because of severe
hematologic or renal toxicity.'* It has been estimated that
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virological resistance represents 50% of the etiologies of non-
response to treatment and concerns up to 7% of organ
recipients treated in France and 3% of hematopoietic stem cell
recipients.”® As a result, the development of new hCMV
inhibitors, used in first line or in combination with pre-
existing treatments, is a major public health issue.

Being interested in evaluating different corrole/porphyrin
derivatives as potential inhibitors of the human
cytomegalovirus (hCMV), we have previously screened over 200
porphyrinoid derivatives (e.g. porphyrin and corrole derivatives)
against hCMV." Interestingly, strong antiviral and
antiproliferative activities were detected for two hits: two nitro-
corroles (isomers of the same corrole macrocycle) without acute
in vivo toxicity."* Indeed, daily injection in mice did not induce
weight loss or any behaviour modifications. Although selectivity
indices were not very high from these first-generation
compounds, the nitro-corrole core is an interesting platform on
which to perform structure-activity relationship studies in the
aim of optimizing activity or decreasing toxicity.

We have focused our work on the synthesis and antiviral
activity evaluation of a new generation of A;- and A,B-
nitrocorroles, substituted by one or several additional
halogen atoms at the meso-phenyl position of the corrole
macrocycle. The relative ease of synthesis of free-base corrole
macrocycles (from one-pot synthesis to only 2 steps) makes
them ideal candidates for further antiviral studies.

Seventeen corroles were thus synthesized and tested for
antiviral activity. A new series of Aj-corroles bearing a nitro
EWG group either at the ortho-, meta- or para-positions was
first prepared and fully characterized (Chart 1).

The later compounds differ by the position of one
additional halogen atom (e.g. a fluorine atom in most cases
but also a chlorine atom for one analog) or one additional
electron-donating group (EDG: eg dimethylamine) or
electron-withdrawing group (EWG: e.g. nitro,
trifluoromethyl) substituents. Thanks to its peculiar
properties,”>>° fluorine has been extensively studied and
used in drug design and development. In medicinal
chemistry, the nitro group is considered to be a unique and
versatile functional group thanks to its strong electron
attracting ability that creates localized electron deficient
sites within molecules.>® The nitro group can also interact
with different biological nucleophiles present in living
systems, such as amino acids, nucleic acids, proteins and
enzymes.”’ A SAR study was carried out. As mentioned
above, we have previously observed a meso-ring SAR for
analogs of the tris-para-nitrophenyl corrole free base
(previous hit); only analogs bearing at least one nitro,
electron-withdrawing substituent, were potent (Scheme 1).

With the objective of interrogating the relevance of the A;-
substitution of the corrole scaffold, some A,B-corroles were
also synthesized wherein the aromatic group at the 10-meso
position was replaced by a different phenyl-substituted ring,
bearing in all cases a fluorine atom and a nitro group (Chart 1).

Overall, 11 compounds produced detectable antiviral activity
against hCMV at a micromolar concentration (Tables 1 and 2).
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Chart 1 Structures of the As- and A,B-fluoronitrocorroles.

Results and discussion
Chemistry

Two different procedures were used for the synthesis of the
Ag-nitrocorroles®®>* and a third one for the synthesis of the
A,B-nitrocorroles (see Experimental section).>* Indeed, the
synthesis of the A,B-corroles necessitates one additional step
compared to that of the Aj-corroles and usually requires the
synthesis of a dipyrromethane precursor.>° This latter can
be synthesized by two main pathways. The first one consists
in the use of a large excess of pyrrole (25 to 100 equivalents)

and an acid catalyst.”>*' The second pathway allows the

ON

Corrole should be
as a free base
(no metal center)

O,N
Previous Hit -NO,: effect of the o, m and p-positions
As-corrole -Y: effect of the addition of one or
several halogen atom(s)

Scheme 1 meso-Ring SAR for analogs of our previous hit.
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Table 1 In vitro activity of Az-corroles
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Ajz-Corroles

Compound identity A Cell type CCsp (1M) ICs0 (LM) SI
1 F. MRC-5 >50 711 >7
\©\ ARPE-19 >50 521 >10
NO,
) m\@ MRC-5 >50 NE —
o, ARPE-19 >50 NE —
5 F MRC-5 >50 3i >16
@\ ARPE-19 >50 431 >11
NO,
4 GF, MRC-5 >50 2.8 i >17
@ ARPE-19 >50 51 >10
7 NO,
5 ~N7 MRC-5 >50 NE —
@ ARPE-19 >50 NE —
NO,
6 NO, MRC-5 >50 1.81 >27
@(F ARPE-19 >50 0.6 1 >82
. F MRC-5 >50 NE —
@/Noz ARPE-19 >50 NE —
g F NO; MRC-5 >50 NE —
\© ARPE-19 >50 1.91 >26
0 NO, MRC-5 3.7 1.51 2.4
F/©/ ARPE-19 50 1.3 1 39
10 NO, MRC-5 8.77 0.86 i 10.20
F,@F ARPE-19 9.80 0311 31.61
» Br MRC-5 >50 NE —
@/NOZ ARPE-19 >50 NE —
E
" NO, MRC-5 3.4 0.7 i 4.5
@\ ARPE-19 5.3 0.25 i 21.2
E
13 NO; MRC-5 >50 NE —
ARPE-19 >50 NE —

e

i = infection, NE = no effect. Value >50 means that CCs, is above the maximum concentration tested.

synthesis of dipyrromethanes simply by mixing 1 equivalent
of arylaldehyde with 2.5 equivalents of pyrrole in water in the
presence of acid,>**** leading (after reaction) to the
precipitation of the dipyrromethane and easy filtration of the
corrole precursor. The synthesis of A,B-corroles consists in
mixing one equivalent of arylaldehyde with two equivalents
of dipyrromethane in a methanol/water mixture (which varies
from 1:1 for dipyrromethanes to 2:1 for sterically hindered
dipyrromethanes) with an excess of hydrochloric acid for one
to two hours (the amount engaged being twice as large when
a hindered dipyrromethane is used).”® The bilane

This journal is © The Royal Society of Chemistry 2020

precipitation is observed, which is further extracted with
chloroform and oxidized with p-chloranil (or DDQ).>* All A;-
and A,B-corroles were fully characterized by "H NMR (as well
as '°F NMR in some cases), low and high resolution (MALDI/
TOF and ESI-MS, respectively), and by HPLC analysis to
address the question of purity.

The SAR study that we first pursued resulted in A;-
corroles varying in the position and number of one
lipophilic halogen group (e.g. -F, -Br or -Cl halogen atoms)
and one nitro group on the meso-phenyl substituent, the
corrole core being kept as a free-base as shown in Scheme 1

RSC Med. Chem.


https://doi.org/10.1039/d0md00034e

Published on 19 May 2020. Downloaded by Uppsala University on 5/20/2020 6:28:05 AM.

Research Article

Table 2 In vitro activity of A;B-corroles
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A,B-Corroles

Compound identity A B Cell type CCso (LM) ICs (UM) SI
14 o @ MRC-5 >50 NE —

G.. . ARPE-19 >50 NE —
15 o T MRC-5 >50 NE —

%}” @/ O ARPE-19 >50 5i >10
16 0N F MRC-5 18 NE —

D” \©\NO ARPE-19 16.5 0.32 51

2
¢ .
NO, F NO, MRC-5 >50 21 >25
\@ ARPE-19 >50 0.22 i >227

17 Q
I3

i = infection, NE = no effect. Value >50 means that CCs, is above the maximum concentration tested.

and Chart 1. As an example, corroles 7, 8 and 9 differ only
in the position of the fluorine from the para to meta and
then the ortho-position of the phenyl ring. Corrole 4 can be
seen as a derivative of corrole 3 by increasing the electro-
attractive (-I) inductive effect of the para-substituent. In
corrole 5, the fluorine atom of 3 has been replaced by a
dimethylamino EDG. Some A,B-fluoronitro-corroles were
also prepared in order to investigate any key effects of the
substituents at the 10-meso position as well as any effects
also of the symmetry of the corrole. Four A,B-
fluoronitrocorroles 14-17 were prepared by varying the
nature of the aryl substituents at the 5,15-meso positions
(Chart 1). As an example, corrole 16, an A,B-corrole, can be
considered as a hybrid between corrole 1 and corrole 8,
shifting at the B meso-position one (and only one) nitro-
group from the meta to the ortho-position.

In vitro activity

We have previously shown that mono-substituted
nitrocorroles displayed antiviral activity against hCMV
in vitro."* This first-generation compound was used as a
platform to synthesize several di- or tri-substituted
nitrocorroles, either with As;- or A,B-geometry (symmetry). To
further investigate the antiviral potency of the synthesized
compounds, two cell lines that mimic hCMV infection were
used: MRC-5 cells (primary human fibroblast) and ARPE-19
(retinal cell line). We first started by assessing the efficiency
of a di-substituted fluoronitro-As;-corrole derivative against
hCMYV infection in MRC-5. Cells were treated with increasing
concentration of test compound 9 and immediately infected
with ANCHOR hCMV at a multiplicity of infection MOI of 1.
ANCHOR is a new DNA labeling technology®*** which
enables live cell visualization of the whole infection cycle,
from infection to replication and propagation, of the
fluorescently labeled virus.>® Cells were cultured for 6 days
following infection, then fixed and processed for high
content imaging.
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Fixation was required to stain nuclei and conserve plates
until imaging. Infection rates and virus replication levels
were scored by quantification of the ANCHOR hCMV
fluorescence intensity using a compartmental analysis
algorithm coupled with a spot detector. Imaging clearly
display antiviral effects, with a global decrease in the
infection rate and replication center intensity in cells treated
with compound 9 compared to untreated cells (Fig. 1A, left).

High content quantification confirms that infection is
reduced by 60% at the maximum concentration of compound
9 and that replication decreases up to 80% (Fig. 1B, middle).
Treatment with compound 9 triggers a strong drop in
cytopathic effect (data not shown), confirming that
compound 9 display a true antiviral effect and does not
interfere with the ANCHOR system. Toxicity assessment for
the synthesized compounds indicates that this compound
can be toxic at high concentration, with a cytotoxic
concentration CCs, at 3.69 uM (Fig. 1B, bottom) in MRC-5.
However, compound 9 still displays potent antiviral activity
at lower concentrations. In ARPE-19 cells, compound 9
displays very strong antiviral activity, triggering a 10-fold
reduction of the infection rate and 5-fold reduction of the
replication level (Fig. 1A right and C). The toxicity of the
compound in the ARPE-19 cell line was clearly lower than
that in MRC-5 with a CCsy, of 22.41 uM. Therefore, the
selectivity index in ARPE-19 was higher, as high as 39 vs. 2.4
in MRC-5 cells. Several variants of compound 9 were then
generated, mainly di- or tri-substituted A;- or A,B-
nitrocorroles, most of them having at least one fluorine atom
on a phenyl-substituent. This second generation of
fluoronitrocorroles was then assessed for both toxicity and
antiviral activity, as described for compound 9. Newly
synthesized compounds with increased selectivity indices
(either showing an increase in antiviral activity and/or a
decrease of the toxicity) were expected.

To score toxicity, we plated MRC-5 and ARPE-19 cells and
treated cells with increasing concentrations of test
compounds 24 h post seeding. Cells were then fixed 6 days

This journal is © The Royal Society of Chemistry 2020
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Fig. 1 Identification of fluoro-nitrocorroles as potent anti-hCMV
inhibitors. A) MRC-5 cells (left) and ARPE-19 cells (right) infected with
hCMV and treated with the vehicle alone (DMSO) or compound 9 at
0.75 uM. B) Quantification of the infection rate (top), hCMV replication
level (middle) and compound toxicity (bottom) of MRC-5 cells treated
with compound 9 at an increasing concentration normalized under
DMSO treated conditions 6 days post infection/treatment. C) Same as
B, but ARPE-19 cells are used. Results are the average of three
independent wells + SD.

post-treatment for MRC-5 and 10 days for ARPE-19, and
stained with Hoechst 33342. Toxicity scoring was performed
using the same incubation time as for antiviral evaluation.
Nuclei were counted and fluorescence intensity were scored
using a cell cycle algorithm Thermo Cellinsight CX7
microscope. Toxicity, ie. CCs, is expressed as the
concentration reducing the counted nuclei of 50% under
treated versus untreated conditions. All synthesized variants
were tested using the same pipeline and results are presented
in Tables 1 and 2. An example of results obtained for
compound 6 is shown in Fig. 2.

In Fig. 2A, ARPE-19 cells (top) treated with the vehicle
alone (DMSO, left) or compound 6 at 50, 12.5 or 3.1 uM are
imaged. No significant impact on the cell health can be
imaged at 12.5 uM or below. Quantification of nuclei number
in treated vs. untreated cells revealed that the CCs, in ARPE-
19 was above the maximal concentration tested (50 uM) after
6 days of treatment. Similar experiments were performed in
MRC-5 cells (A, bottom and B, right) to calculate a CCs, above

This journal is © The Royal Society of Chemistry 2020
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Fig. 2 Examples of toxicity testing of newly synthesized fluoro-
nitrocorroles. A) ARPE-19 (top) and MRC-5 (bottom) treated with the
vehicle alone (DMSO) or increasing concentration of compound 6.
Cells were fixed 6 days post-treatment and stained to visualize nuclei
and typical images are shown. B) Calculation of the toxicity of
compound 6 according to the number of nuclei count per well
normalized under the vehicle treated conditions for ARPE-19 (left) and
MRC-5 (right). Results are the average of two independent wells + SD.

50 uM 6 days post-treatment. The antiviral inhibition
concentration ICs, of all variants was assessed as described
for compound 9.

Fig. 3 and 4 show examples of the antiviral effect of newly
synthesized A,B- and A;-fluorocorroles on hCMV infection in
ARPE-19 and MRC-5 cells, respectively.

In Fig. 3, ARPE-19 cells treated with the vehicle alone
display hCMV fluorescent plaques with very intense
replication centers.

These plaques are completely abolished in the presence of
compound 6 at 2.5 uM and are present but less intense at
1.25 uM. The presence of compound 17 at 1.25 uM prevents
plaque propagation with few cells being infected. Compound
17 still displays a moderate effect at 0.3 uM. Compound 3
also displays a moderate effect but at higher concentration.
The same trends can be observed in MRC-5 cells, as shown
in Fig. 4. By using Thermo Celllnsight compartmental
analysis, coupled with a spot detector algorithm, we can
determine the infection rate (the number of GFP positive
cells over the total number of cells) and the viral DNA
replication level (the integrated intensity of hCMV ANCHOR
spots in the nucleus) of these compounds (Fig. 5). The
infection rates in both MRC-5 and ARPE-19 cells decrease in
a dose response manner for all compounds. While there is
no impact on hCMV replication in MRC-5 cells, compounds
also inhibit replication in ARPE-19 cells at high
concentrations. This drop in replication may be linked to the
increased incubation time for ARPE-19. As CCs;, is above 50
uM for both cell lines with all three compounds, these
compounds seem to be highly potent molecules to treat
hCMV infection.
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1.25 uM Corrole 17

0.3 uM Corrole 17

2.5 uM Corrole 3

Fig. 3 Inhibitory effect of Az- and A,B-corroles on hCMV infection in
ARPE-19 cells. Cells were treated with different concentrations of
indicated compounds and infected with hCMV ANCHOR for 10 days.
Representative pictures are shown.

Removing or replacing one fluorine atom completely
abolishes the antiviral activity of the nitrocorroles (see
compounds 14, 5 and 2). In addition, adding a bromine atom
at the C4 para-phenyl position of compound 9 to create
compound 11 abolishes the activity. Modifying the respective
position of the fluorine and nitro groups in the A;- and A,B-
corroles can have a high impact. In general, the presence of a
fluorine and a nitro group at the ortho position (relative to each
other) correlates with a decrease in activity (compounds 7, 13,
15), except for compound 6 which displays antiviral activity
similar to compound 9 but reduced toxicity (in this latter
corrole, the fluorine atom was shifted to the ortho position of
the meso-phenyl ring). These results suggest that the relative
positions of the -NO, and -F groups are important in
maintaining the activity. The best selectivity index (>227) is
provided by compound 17, an A,B-nitrocorrole with -F and
-NO, in the para position (relative to each other) for A (phenyl
ring) and in the meta position for B (phenyl ring, relative to
each other). The difference in selectivity index between MRC-5
and ARPE-19 may reflect an increased sensitivity to the
compound for MRC-5. The difference in activity may also be
linked to a difference between the nature of the cell lines.
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Nucleus hCMV-ANCHOR Merge

DMSO
5 uM Corrole 6

1.25 uM Corrole 6

5 uM Corrole 17

Fig. 4 Inhibitory effect of As- and A;B-corroles on hCMV infection in
MRC-5 cells. Cells were treated with different concentrations of
indicated compounds and infected with hCMV ANCHOR for 6 days.
Representative pictures are shown.

2.5 uM Corrole 17

5 uM Corrole 3

Indeed, ARPE-19 cells are epithelial whereas MRC-5 cells are
fibroblasts; differences in the entry mechanism have been
observed for hCMV between these two cell types.*® Also, as the
virus was produced in MRC-5 cells and is therefore adapted for
fibroblasts, this may explain the high concentration needed to
infect epithelial cells such as ARPE-19 and the propagation in
the focal zone.”” Adding an extra fluorine atom on compound 9
increases the antiviral effect in both cell lines, being almost
two to four times stronger for compound 10 than for
compound 9. However, the CCs, of compound 10 also
decreases and impacts the selectivity index. This finding
therefore suggests that the presence of extra fluorine atoms on
the meso-phenyl ring of the corrole macrocycle can greatly
impact the antiviral activity.

Conclusions

In conclusion, starting from a nitro-corrole platform, we have
synthesized and optimized variants displaying antiviral activity
against hCMV with a SI of above 200. Out of these, 4
compounds achieved an ICs, at a nanomolar concentration (as
low as 220 nM). The maximal activity is scored for ARPE-19 cell

This journal is © The Royal Society of Chemistry 2020
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Fig. 5 Asz- and A,B-corroles induce potent antiviral effects.
Quantification of the infection rate (top) and hCMV replication levels
of cells treated with the indicated dose of the compound normalized
under DMSO treated conditions (either 6 dpi or 10 dpi, as indicated).
Results are the average of two independent wells + SD.

lines, our model of hCMV retinitis, indicating that these
compounds could be efficient in treating hCMV associated
retinopathy where new treatment options are lacking. Related
porphyrin analogs (e.g. verteporfin) are already used in
combination with photodynamic therapy (PDT) for the
treatment of wet age-related macular degeneration (AMD).**™*!
Adding extra fluorine atoms on the corrole ring greatly increases
the efficiency of the compound, indicating that the generated
fluorinated variants may reach even greater antiviral potency
and that their application should be further investigated.

Experimental

Cells, culture and media

MRC-5 human primary fibroblasts and ARPE-19 epithelial
cells were purchased from ATCC (CCL171/CLR2302). Cells
were grown in DMEM medium without phenol red (Sigma
Aldrich), supplemented with 10% FBS, 1 mM sodium
pyruvate, and 1x Glutamax (all from Gibco).

Toxicity assessment

Cells were plated at 8k per well in Corning Cellbind 96 well-
plates in complete DMEM. 24 h post-seeding, cells were

This journal is © The Royal Society of Chemistry 2020
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treated with test compounds at the indicated concentration.
Cells were then incubated at 37 °C and 5% CO, for 6 days.
Following incubation, media were removed and cells are
fixed with formalin (Sigma) for 10 min at RT. Cells were
washed with PBS and incubated with PBS Hoechst 33342 (1
ug mL™"). Cells were then imaged on a Thermo Celllnsight
CX7 HCS microscope using the cell cycle algorithm to count
cell nuclei per condition. Results were extracted, normalized
under the vehicle (DMSO) treated conditions and expressed
as the average of two independent wells + SD.

Screening of antiviral activities using high content imaging

The hCMV ANCHOR strain has been previously described.?
ARPE-19 and MRC-5 cells were seeded at 8k cells per well in
Corning Cell-bind glass bottom 96 well plates. 24 h post
seeding cells were infected with 10 pL of hCMV ANCHOR
dilution to reach a targeted multiplicity of infection MOI of 1
(MRC-5) or 10 (ARPE-19). 6 or 10 days post infection, cells
were fixed as described in the toxicity section and imaged
using a Thermo Scientific Cellinsight CX7 HCS microscope. A
compartmental analysis coupled with a spot detector
algorithm was used to detect and quantify the infection rate
(number of fluorescent cells over total number of cells) and
hCMYV DNA replication level (integrated intensity of the hCMV
ANCHOR spots). Results are displayed following automatic
measurement of at least 1000 cells per well. Results are
displayed as average of three independent wells + SD.

Chemicals

2-Fluoro-4-nitrobenzaldehyde, 2,6-difluoro-3-
nitrobenzaldehyde, 3-fluoro-5-nitrobenzaldehyde, 4-fluoro-2-
nitrobenzaldehyde, 4-fluoro-2-nitrobenzaldehyde, 4-fluoro-3-
nitrobenzaldehyde and 5-fluoro-2-nitrobenzaldehyde were
purchased from Fluorochem. 5-Chloro-2-nitrobenzaldehyde,
2-nitro-4-(trifluoromethyl)benzaldehyde and 4-dimethylamine-
2-nitrobenzaldehyde were purchased from Sigma-Aldrich.
2-Fluoro-5-nitrobenzaldehyde and 3-fluoro-4-nitro-
benzaldehyde were purchased from Apollo Scientific. 4-Bromo-
2-fluoro-5-nitrobenzaldehyde was purchased from Key
Organics. 4-Nitrobenzaldehyde was purchased from Acros
Organics. Benzaldehyde was purchased from Janssen Chimica.

Instrumentation

CDCl;, THF-dg, DMSO-d¢ and C¢Dg were used as solvents for
'"H NMR spectra which were recorded on a Bruker AVANCE
III spectrometer (500 MHz). The measurements were made at
the PACSMUB-WPCM technological platform, which relies on
the “Institut de Chimie Moléculaire de ['Université de
Bourgogne” and Welience “TM”, a Burgundy University private
subsidiary. Chemical shifts were expressed in ppm.
Hydrazine hydrate was added to enhance the resolution of
the spectra. Mass spectra were recorded on a Bruker Ultraflex
Extreme MALDI Tandem TOF mass spectrometer using
dithranol as the matrix or on a LTQ Orbitrap XL (Thermo)
instrument in the ESI mode (for the HRMS spectra). HPLC
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measurements were performed on a Dionex Ultimate 3000
system (Thermo Scientific). Condition #A: C18 Chromolith®
SpeedROD column (Merck, 2 um, 50-4.6 mm); 5 mL min
injected volume 2 uL; wavelength detection: 400, 420, 440 nm
or 465 nm; solvent A 0.1% TFA in H,O; solvent B acetonitrile.
Conditions #B and #C: silica column (Syncronis, 3 pm, 150 x
4.6 mm); flow rate 0.5 mL min™"; injected volume 2 pL;
wavelength detection: 420 nm, 465 nm; isocratic mode,
solvent CHCl;/MeOH/NEt; (99.9/3/0.1) for condition #B and
CHCIl;/MeOH/NEt; (89.5/10/0.5) for condition #C.

General procedure A for the synthesis of As-corroles by
Gryko's method**

Aromatic aldehyde (1 equiv.) and freshly distilled pyrrole (2
equiv.) were added to MeOH (40 mL mmol ™" aldehyde) in an
Erlenmeyer flask. An acidic mixture of H,O (40 mL mmol ™"
aldehyde) and HCI 37% (0.85 mL mmol ' aldehyde) was
introduced under vigorous agitation. The reaction mixture
was allowed to stir in the dark at room temperature for 2 h,
then extracted with CHCI; (3 x 10 mL mmol " aldehyde), and
washed with NaHCO; saturated aqueous solution (1 x 20 mL
mmol ™" aldehyde) and water (2 x 15 mL mmol ™" aldehyde).
The organic phase was further dried over MgSO, and the
total volume of CHCl; was adjusted to 60 mL mmol™
aldehyde. An oxidant was added to the solution in a round-
bottom flask and left stirring overnight at room temperature.
Hydrazine hydrate 64% (0.50 mL mmol™" aldehyde) was
added for 10 minutes before filtrating off insoluble materials
over a Dicalite® plug. The solution was evaporated to dryness
and the crude compound was then purified. The batch scale
(amount of aldehyde), specific variations to the general
procedure, and purification steps are detailed below for each
compound.

General procedure B for the synthesis of A;-corroles by
Paolesse's method**

Aromatic aldehyde (1 equiv.) and freshly distilled pyrrole (3
equiv.) were added to glacial acetic acid (12.5 mL mmol™
aldehyde) in a round-bottom flask. The reactional mixture
was refluxed in the dark for 3.5 h and the acetic acid was
evaporated to dryness. The crude compound was directly
purified afterwards. The batch scale (amount of aldehyde),
specific variations to the general procedure, and purification
steps are detailed below for each compound.

General procedure C for synthesis of A,B-corroles by Gryko's
method™*

Aromatic aldehyde (1 equiv.) and dipyrromethane (2 equiv.)
were dissolved in MeOH (100 mL mmol ™" aldehyde) in an
Erlenmeyer flask. An acidic mixture of H,O (100 mL mmol™
aldehyde) and HCl 37% (5 mL mmol " aldehyde) was
introduced under vigorous agitation. The reaction mixture
was allowed to stir in the dark at room temperature for 1 h,
then extracted with CHCI; (3 x 50 mL mmol ™" aldehyde), and
washed with NaHCO; saturated aqueous solution (1 x 100
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mL mmol " aldehyde) and water (2 x 100 mL mmol™"
aldehyde). The organic phase was further dried over MgSO,
and the total volume of CHCIl; was adjusted to 500 mL
mmol ™" aldehyde. An oxidant (3 equiv.) was added to the
solution in a round-bottom flask and left stirring overnight at
room temperature. Hydrazine hydrate 64% (1 mL mmol ™"
aldehyde) was added for 10 minutes before filtrating off
insoluble materials over a Dicalite® plug. The solution was
evaporated to dryness and the crude compound was then
purified. The batch scale (amount of aldehyde and
dipyrromethane), specific variations to the general procedure,
and purification steps are detailed below for each compound.
5,10,15-Tris(5"-fluoro-2"-nitrophenyl)corrole 1. Corrole 1
was synthesized following general procedure A starting from
11.83 mmol (1 equiv., 2.00 g) of 5-fluoro-2-nitrobenzaldehyde.
p-Chloranil (35.49 mmol, 3 equiv., 8.73 g) was chosen as the
oxidant. The purification process used a SiO, plug (DCM)
and a SiO, column (CHClz/heptane 9:1) followed by
recrystallization from heptane. Corrole 1 was isolated as a
dark green solid with 1.0% yield (27 mg). UV/vis (CH,Cl,):
Jmax (Nm) (& x 107 L mol™ em™) = 412.9 (74.5), 574 (17.5),
611 (11.8), 647 (6.3). "H NMR (500 MHz, CDCl; + one drop of
hydrazine hydrate 64%) ¢ (ppm): 8.97-8.90 (m, 2H), 8.62-8.34
(m, 9H), 8.08-7.95 (m, 3H), 7.54 (m, 3H). "°F NMR (470 MHz,
THF-dg + one drop of hydrazine hydrate 64%) J (ppm):
-108.09 to —109.86 (m, 3F). MS (MALDI-TOF, dithranol) m/z =
715.83 [M + HJ", 716.15 caled for C;,H,,F;N,0s. HR-MS (ESI)
mlz = 716.1498 [M + H]', 716.1500 caled for Cs;H,;F3N,O.
HPLC (B): tg = 3.3 min (purity 100% at 420 nm).
5,10,15-Tris(5'-chloro-2'-nitrophenyl)corrole 2. Corrole 2
was synthesized following general procedure B starting from
11.63 mmol (1 equiv., 2.16 g) of 5-chloro-2-nitrobenzaldehyde.
The purification process used a SiO, plug (CHCl;), a Bio-
Beads® gel permeation chromatography column (SX-3, THF)
and another SiO, column (CHCls/heptane 7: 3). Corrole 2 was
isolated as a dark green solid with 0.7% yield (66 mg). UV/vis
(CH,ClL): Amax (nm) (& x 107 L mol™ em™) = 414 (45.9), 578.1
(9.6), 610 (6.4), 643.7 (3). 'H NMR (500 MHz, THF-dg + one
drop of hydrazine hydrate 64%) ¢ (ppm): 8.94 (m, 2H), 8.57-
8.23 (m, 12H), 7.91 (m, 3H). MS (MALDI-TOF, dithranol) m/z =
763.83 [M + HJ", 764.06 calcd for C;,H,;CI;N,0q. HR-MS (ESI)
m/z = 764.0619 [M + H]', 764.0613 calced for C;,H,,CI;NOg.
HPLC (B): tg = 3.8 min (purity 87% at 420 nm).
5,10,15-Tris(4"-fluoro-2"-nitrophenyl)corrole 3. Corrole 3
was synthesized following general procedure B starting from
14.78 mmol (1 equiv., 2.50 g) of 4-fluoro-2-nitrobenzaldehyde.
The purification process used a SiO, plug (CHCl;) and a Bio-
Beads® gel permeation chromatography column (SX-3, THF)
followed by recrystallization from a THF/heptane mixture.
Corrole 3 was isolated as a dark green solid with 0.9% yield
(30 mg). UV/vis (CH,CL): Amax (M) (¢ x 107 L mol ™" em™) =
410 (73.7), 575.1 (13.9), 610 (9.1), 644.9 (4.1). '"H NMR (500
MHz, THF-dg + one drop of hydrazine hydrate 64%) ¢ (ppm):
8.92 (m, 2H), 8.50-8.08 (m, 12H), 7.75 (m, 3H). '°F NMR (470
MHz, THF-dg + one drop of hydrazine hydrate 64%) ¢ (ppm):
-113.64 to —114.12 (m, 3F). MS (MALDI-TOF, dithranol) m/z =
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716.14 [M + HJ', 716.15 caled for C;,H,,F;N;06. HR-MS (ESI)
m/z = 716.1514 [M + H]", 716.1500 calcd for C;,H,oF;N,Og.
HPLC (B): tg = 3.8 min (purity 97% at 420 nm).
5,10,15-Tris(2"-nitro-4"-trifluoromethyl)corrole 4. Corrole 4
was synthesized following general procedure B starting from
9.13 mmol (1 equiv., 2.00 g) of 2-nitro-4-(trifluoromethyl)-
benzaldehyde. The purification process used a SiO, plug
(CHCl3) and a Bio-Beads® gel permeation chromatography
column (SX-3, THF). Corrole 4 was isolated as a dark green
solid with 1.0% yield (26 mg). UV/vis (CH,Cl,): Amax (nM) (& x
107 L mol™ em™) = 414.9 (50.4), 576 (13.3), 611.7 (10), 655
(6.6), 742 (0.8). 'H NMR (500 MHz, THF-dg + one drop of
hydrazine hydrate 64%) J (ppm): 8.93 (m, 2H), 8.67-8.39 (m,
10H), 8.26 (m, 5H). "°F NMR (470 MHz, THF-dg + one drop of
hydrazine hydrate 64%) J (ppm): —64.81 to —64.87 (m, 9F).
MS (MALDI-TOF, dithranol) m/z = 866.40 [M + H]', 866.14
caled for CyoH,,FoN,Og. HR-MS (ESI) m/z = 866.13923 [M +
H]', 866.14041 caled for C,oH,;FoN,Og. HPLC (B): t = 3.88
min (purity 91% at 420 nm).
5,10,15-Tris(4-dimethylamino-2"-nitrophenyl)corrole 5.
Corrole 5 was synthesized following general procedure A
starting from 5.99 mmol (1 equiv, 1.16 g) of
4-dimethylamine-2-nitrobenzaldehyde.  p-Chloranil  (11.98
mmol, 2 equiv., 2.95 g) was chosen as the oxidant. The
purification process used a SiO, column (CHCIl;) and Bio-
Beads® gel permeation chromatography columns (SX-3,
CHCI; then SX-1, CHCl;) followed by recrystallization from
an AcOEt/heptane mixture. Corrole 5 was isolated as a dark
green solid with 2.2% yield (35 mg). UV/vis (CH,CL): Amax
(nm) (¢ x 10 L mol™" em™) = 407.1 (64.6), 630.1 (12.8). 'H
NMR (500 MHz, DMSO-d,s + one drop of hydrazine hydrate
64%) 6 (ppm): 8.78 (m, 2H), 8.34 (m, 2H), 8.22 (m, 2H), 8.10
(m, 3H), 7.95 (m, 2H), 7.48 (m, 3H), 7.31 (m, 3H), 3.21 (m,
18H). MS (MALDI-TOF, dithranol) m/z = 791.13 [M + H]',
791.31 caled for C,43H;30N;006. HR-MS (ESI) m/z = 791.3050 [M
+ HJ", 791.3049 caled for C43H30N;40g. HPLC (B): tg = 3.8 min
(purity 99.9% at 420 nm).
5,10,15-Tris(2'-fluoro-3"-nitrophenyl)corrole 6. Corrole 6
was synthesized following general procedure B starting from
8.87 mmol (1 equiv., 1.50 g) of 2-fluoro-3-nitrobenzaldehyde.
The purification process used a SiO, plug (CHCI;) and a Bio-
Beads® gel permeation chromatography column (SX-3, THF)
followed by recrystallization from a THF/heptane mixture.
Corrole 6 was isolated as a dark green solid with 3.2% yield
(67 mg). UV/vis (CH,Cl,): Amax (nm) (¢ x 107 L mol™ em™) =
414 (11.2), 568.9 (19.1), 607.9 (9.6), 637.9 (4). 'H NMR (500
MHz, THF-dg + one drop of hydrazine hydrate 64%) ¢ (ppm):
8.98 (m, 2H), 8.57-8.34 (m, 12H), 7.69 (m, 3H). '°F NMR (470
MHz, THF-dg + one drop of hydrazine hydrate 64%) ¢ (ppm):
-120.22 to —121.91 (m, 3F). MS (MALDI-TOF, dithranol) m/z =
716.14 [M + H]", 716.15 caled for C;,H,,F;N,0q. HR-MS (ESI)
mlz = 716.1497 [M + HJ', 716.1500 caled for Cs;H,;F3N;O.
HPLC (A): tg = 6.2 min (purity 97% at 400 nm).
5,10,15-Tris(4'-fluoro-3"-nitrophenyl)corrole 7. Corrole 7
was synthesized following general procedure A starting from
13.38 mmol (1 equiv., 2.26 g) of 4-fluoro-3-nitrobenzaldehyde.
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DDQ (13.38 mmol, 1 equiv.,, 3.04 g) was chosen as the
oxidant. The purification process used a SiO, column (CHCl;/
heptane 9:1) and a Bio-Beads® gel permeation
chromatography  column (SX-3, THF) followed by
recrystallization from a THF/heptane mixture. Corrole 7 was
isolated as a dark green solid with 0.5% yield (15 mg). UV/vis
(CH,CL,): Zmax (nm) (¢ X 10 L mol™* em™) = 418.9 (84.9), 577
(13.4), 616.9 (8.4), 646.1 (5.7). 'H NMR (500 MHz, THF-dg +
one drop of hydrazine hydrate 64%) ¢ (ppm): 9.36 (m, 2H),
8.99-8.51 (m, 12H), 8.18 (m, 3H). '’F NMR (470 MHz, THF-dy
+ one drop of hydrazine hydrate 64%) J (ppm): -116.49 (m,
2F), -124.87 (m, 1F). MS (MALDI-TOF, dithranol) m/z = 715.70
[M + HJ", 716.15 caled for Cs;H,,F3N,0s. HR-MS (ESI) m/z =
716.1487 [M + H]', 716.1500 calcd for C;,H,,F3N,0q. HPLC
(B): tgr = 3.8 min (purity 100% at 420 nm).
5,10,15-Tris(3"-fluoro-5"-nitrophenyl)corrole 8. Corrole 8
was synthesized following general procedure A starting from
5.91 mmol (1 equiv., 1.00 g) of 3-fluoro-5-nitrobenzaldehyde.
p-Chloranil (11.83 mmol, 2 equiv., 2.91 g) was chosen as the
oxidant. The purification process used a SiO, column (CHCl;/
petroleum ether 8:2) and a Bio-Beads® gel permeation
chromatography  column (SX-3, THF) followed by
recrystallization from a DCM/heptane mixture. Corrole 8 was
isolated as a dark green solid with 2.1% yield (30 mg). UV/vis
(CH,Cl,): Amay (nm) (& x 107 L mol™ em™) = 420.9 (76.2), 579
(15.1), 612.1 (8.9), 642 (5.6). 'H NMR (500 MHz, THF-d; + one
drop of hydrazine hydrate 64%) J (ppm): 9.01 (m, 4H), 8.87
(m, 1H), 8.75 (d, J = 4.5 Hz, 2H), 8.62 (d, J = 4.0 Hz, 2H), 8.47
(m, 2H), 8.43 (d, J = 4.5 Hz, 2H), 8.33 (m, 2H), 8.24 (m, 2H).
'F NMR (470 MHz, THF-dg + one drop of hydrazine hydrate
64%) & (ppm): —114.85 (t, J = 9.0 Hz, 2F), -116.05 (t, J = 9.0
Hz, 1F). MS (MALDI-TOF, dithranol) m/z = 715.86 [M + HJ',
716.15 caled for Cj,H,;F3N;0. HR-MS (ESI) m/z = 716.1501
[M + H]', 716.1500 calcd for C;,H,,F;N,Oq. HPLC (B): tg = 3.9
min (purity 100% at 420 nm).
5,10,15-Tris(2'-fluoro-5"-nitrophenyl)corrole 9. Corrole 9
was synthesized following general procedure B starting from
18.84 mmol (1 equiv., 3.18 g) of 2-fluoro-5-nitrobenzaldehyde.
The purification process used a SiO, column (toluene/
petroleum ether 9:1) and a Bio-Beads® gel permeation
chromatography column (SX-3, THF) followed by
recrystallization from a THF/ethanol mixture. Corrole 9 was
isolated as a dark green solid with 3.7% yield (166 mg). UV/vis
(CH,Cl): Amax (nm) (¢ X 107 L mol™ em™) = 416 (65.3), 570
(12.2), 609 (6.1), 638 (2.7). "H NMR (500 MHz, THF-dg + one
drop of hydrazine hydrate 64%) J (ppm): 9.03 (m, 5H), 8.59
(m, 5H), 8.50 (m, 2H), 8.34 (m, 2H), 7.72 (m, 3H). "°F NMR
(470 MHz, THF-dg + one drop of hydrazine hydrate 64%) J
(ppm): -102.02 (m, 1F), -103.00 (m, 2F). MS (MALDI-TOF,
dithranol) m/z = 714.82 [M]", 715.14 calcd for Cs;H,oF3N,O.
HPLC (A): tg = 6.4 min (purity 100% at 440 nm).
5,10,15-Tris(2',6"-difluoro-3'-nitrophenyl)corrole 10. Corrole
10 was synthesized following general procedure B starting
from 6.80 mmol (1 equiv, 1.27 g) of 2,6-difluoro-3-
nitrobenzaldehyde. The purification process used a SiO, plug
(CHCl;) and a Bio-Beads® gel permeation chromatography
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column (SX-3, THF) followed by recrystallization from a THF/
heptane mixture. Corrole 10 was isolated as a dark green
solid with 4.0% yield (70 mg). UV/vis (CH,CL,): Amax (Nm) (& %
107 L mol™ em™) = 410 (105.3), 563 (18.4), 605 (9.6), 655
(2.7). '"H NMR (500 MHz, CDCl; + one drop of hydrazine
hydrate 64%) d (ppm): 9.07 (m, 2H), 8.71 (m, 2H), 8.58-8.53
(m, 7H), 7.52 (m, 3H). "°F NMR (470 MHz, CDCl; + one drop
of hydrazine hydrate 64%) -95.30 to —96.41 (m, 3F), -109.39
to -110.39 (m, 3F). MS (MALDI-TOF, dithranol) m/z = 769.95
[M + H]', 770.12 caled for Cs,H;3FeN,0. HR-MS (ESI) m/z =
770.1213 [M + H]', 770.1217 caled for C;,H;3F¢N,Oq. HPLC
(A): tg = 6.0 min (purity 100% at 440 nm).
5,10,15-Tris(4"-bromo-2'-fluoro-5"-nitrophenyl)corrole ~ 11.
Corrole 11 was synthesized following general procedure A
starting  from  4.05 mmol of 4-bromo-2-fluoro-5-
nitrobenzaldehyde (1 equiv., 1.00 g). The purification process
used a alumina plug (CHCly/heptane 8:2) and a Bio-Beads®
gel permeation chromatography column (SX-3, THF) followed
by recrystallization from an AcOEt/heptane mixture. Corrole
11 was isolated as a dark green solid with 0.9% yield (11 mg).
UVvis (CH,CL): Amax (nm) (& x 107 L mol™ em™) = 420.9
(59.5), 571 (11.1), 609 (7.6), 645 (5). 'H NMR (500 MHz, THF-
dg + one drop of hydrazine hydrate 64%) ¢ (ppm): 8.95 (m,
2H), 8.80 (m, 3H), 8.59 (m, 2H), 8.51 (m, 2H), 8.36 (m, 2H),
8.06 (m, 3H). 'F NMR (470 MHz, THF-dg + one drop of
hydrazine hydrate 64%) § (ppm): —102.82 (m, 1F), -103.96 (m,
2F). MS (MALDI-TOF, dithranol) m/z = 949.61 [M + HJ',
949.88 caled for Cs,H,4Br;F;N,0s. HPLC (C): tx = 3.6 min
(purity 100% at 420 nm).
5,10,15-Tris(2'-fluoro-4'-nitrophenyl)corrole 12. Corrole 12
was synthesized following general procedure B starting from
3.85 mmol (1 equiv., 650 mg) of 2-fluoro-4-nitrobenzaldehyde.
The purification process used a SiO, plug (CHCI;) and a Bio-
Beads® gel permeation chromatography column (SX-3, THF)
followed by recrystallization from a CHClz/heptane mixture.
Corrole 12 was isolated as a dark green solid with 7.4% yield
(68 mg). UV/vis (CH,Cly): Amax (nm) (¢ x 107 L mol™ em™) =
431 (65.5), 585.1 (23.3). 'H NMR (500 MHz, THF-dg + one
drop of hydrazine hydrate 64%) J (ppm): 8.96 (m, 2H), 8.59
(m, 2H), 8.51 (m, 2H), 8.45-8.33 (m, 11H). '’F NMR (470
MHz, THF-dg + one drop of hydrazine hydrate 64%) ¢ (ppm):
-110.16 to 110.52 (m, 1F), -111.14 to 111.75 (m, 2F). MS
(MALDI-TOF, dithranol) m/z = 715.75 [M + H]', 716.15 caled
for Cs,H,,F3;N,05. HR-MS (ESI) m/z = 716.1506 [M + HJ",
716.1500 caled for Cs;H,1F3N;O0q. HPLC (A): g = 6.5 min
(purity 95% at 400 nm).
5,10,15-Tris(3'-fluoro-4"-nitrophenyl)corrole 13. Corrole 13
was synthesized following general procedure B starting from
12.89 mmol (1 equiv., 2.18 g) of 3-fluoro-4-nitrobenzaldehyde.
The purification process used a SiO, plug (CHClz/heptane 9:
1) and a Bio-Beads® gel permeation chromatography column
(SX-3, THF), followed by recrystallization from a CHCl;/MeOH
mixture with subsequent heptane washing. Corrole 13 was
isolated as a dark green solid with 6.7% yield (205 mg). UV/
vis (CH,CL): Amax (nM) (¢ X 107 L mol™ em™) = 448 (74.3),
597 (23.5). "H NMR (500 MHz, CDCIl;) § (ppm): 9.10 (m, 2H),
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8.98 (m, 2H), 8.88 (s, 1H), 8.70 (m, 2H), 8.59-8.51 (m, 5H),
8.34 (m, 4H), 8.17 (m, 2H). '°F NMR (470 MHz, THF-dg + one
drop of hydrazine hydrate 64%) J (ppm): -120.39 (m, 2F),
-121.81 (m, 1F). MS (MALDI-TOF, dithranol) m/z = 715.76 [M
+ HJ', 716.15 caled for C;;H, F3N,Os. HR-MS (ESI) mfz =
716.1503 [M + HJ', 716.1500 calcd for C;,H,,F3N,0q. HPLC
(A): tg = 6.5 min (purity 100% at 440 nm).
5,15-Bis(3'-nitrophenyl)-10-(phenyl)corrole 14. Corrole 14
was synthesized following general procedure C starting from
3.74 mmol (1 equiv., 381.2 pL) of benzaldehyde and 7.48
mmol (2 equiv., 2.00 g) of 5-(3-nitrophenyl)-dipyrromethane.?
p-Chloranil (11.23 mmol, 3 equiv., 2.76 g) was chosen as the
oxidant. The purification process used a SiO, plug (DCM)
followed by recrystallization in a CHCI;/EtOH mixture.
Corrole 14 was isolated as a dark green solid with 49.5% yield
(1.142 g). Corrole 14 was obtained according to a different
protocol than the one previously reported in the literature.*’
'"H NMR (500 MHz, THF-dg + one drop of hydrazine hydrate
64%) 6 (ppm): 9.17 (m, 2H), 9.02 (m, 2H), 8.78 (m, 2H), 8.73
(m, 2H), 8.58 (m, 2H), 8.53 (m, 4H), 8.17 (m, 2H), 8.01 (m,
2H), 7.70 (m, 3H). MS (MALDI-TOF, dithranol) m/z = 616.83
[M + HJ]", 617.20 caled for C;;H,5NgO, HR-MS (ESI) m/z =
617.1925 [M + H]", 617.1932 calcd for C;,H,5NgO,. HPLC (B):
tg = 3.7 min (purity 84% at 420 nm).
5,15-Bis(3'-nitrophenyl)-10-(4'-fluoro-3'-nitrophenyl)corrole
15. Corrole 15 was synthesized following general procedure C
starting from 1.91 mmol (1 equiv.,, 323 mg) of 4-fluoro-3-
nitrobenzaldehyde and 3.82 mmol (2 equiv., 1.03 g) of 5-(3"-
nitrophenyl)-dipyrromethane (3.82 mmol).>> p-Chloranil (5.73
mmol, 3 equiv.,, 1.41 g) was chosen as the oxidant. The
purification process used a SiO, plug (CHCI;) followed by
recrystallization in EtOH. Corrole 15 was isolated as a dark
green solid with 28.0% yield (366 mg). UV/vis (CH,CL): Amax
(nm) (¢ x 10 L mol™* em™) = 418 (82.8), 578.1 (15.2), 616.9
(10.5), 646.9 (7.7). "H NMR (500 MHz, DMSO-d + one drop of
hydrazine hydrate 64%) J (ppm): 9.03 (m, 4H), 8.70 (m, 4H),
8.63 (m, 1H), 8.57 (d, J = 4.0 Hz, 2H), 8.51 (d, J = 8.5 Hz, 2H),
8.46 (d, J = 4.0 Hz, 2H), 8.32 (d, J = 8.5 Hz, 1H), 8.09 (t, /= 7.5
Hz, 2H), 7.95 (d, J = 8.5 Hz, 1H). '°F NMR (470 MHz, THF-d
+ one drop of hydrazine hydrate 64%) J (ppm): -126.09 (s,
1F). MS (MALDI-TOF, dithranol) m/z = 679.78 [M + HJ',
680.17 caled for C3,H,;FN,0q. HR-MS (ESI) m/z = 680.1686 [M
+ HJ", 680.1688 calcd for Cs;,H,3FN,Os. HPLC (B): tx = 3.8
min (purity 100% at 420 nm).
5,15-Bis(3’-fluoro-5'-nitrophenyl)-10-(5'-fluoro-2'-
nitrophenyl)-corrole 16. Corrole 16 was synthesized following
general procedure C starting from 1.45 mmol (1 equiv., 245
mg) of 5-fluoro-2-nitrobenzaldehyde and 2.89 mmol (2 equiv.,
825 mg) of 5-(3-fluoro-5"-nitrophenyl)-dipyrromethane. DDQ
(4.35 mmol, 3 equiv., 987 mg) was chosen as the oxidant. The
purification process used a SiO, plug (CHCl;) followed by
recrystallization in a CHClz/heptane mixture. Corrole 16 was
isolated as a dark green solid with 32.8% yield (340 mg). UV/
vis (CH,Cly): Amax (Nm) (¢ x 107 L mol™ em™) = 420.9 (92),
580 (18.8), 618 (11), 650.7 (5.7). "H NMR (500 MHz, THF-dg +
one drop of hydrazine hydrate 64%) J (ppm): 9.04 (m, 4H),
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8.76 (d, J = 4.5 Hz, 2H), 8.65 (d, J = 4.0 Hz, 2H), 8.49 (m, 2H),
8.38 (m, 3H), 8.29 (td, J = 2.0 Hz, J = 9.0 Hz, 2H), 8.04 (dd, J =
3.0 Hz, ] = 9.0 Hz, 1H), 7.67 (m, 1H). "°F NMR (470 MHz, THF-
dg + one drop of hydrazine hydrate 64%) ¢ (ppm): —110.89 (s,
1F), -114.56 (s, 2F). MS (MALDI-TOF, dithranol) m/z = 715.78
[M + HJ', 716.15 calcd for C;,H,,F3N,0. HR-MS (ESI) m/z =
716.1500 [M + HJ", 716.1450 caled for Cs;;H, F3N,0s HPLC
(B): tg = 3.9 min (purity 96% at 420 nm).

5,15-Bis(5'-fluoro-2'-nitrophenyl)-10-(3'-fluoro-5'-
nitrophenyl)corrole 17. Corrole 17 was synthesized following
general procedure C starting from 2.66 mmol (1 equiv., 450
mg) of 3-fluoro-5-nitrobenzaldehyde (2.66 mmol) and 5.32
mmol (2 equiv,, 1.52 g) of 5-(5-fluoro-2-nitrophenyl)-
dipyrromethane. DDQ (7.98 mmol, 3 equiv.,, 1.81 g) was
chosen as the oxidant. The purification process used a SiO,
plug (CHCl/cyclohexane 8:2) and a Bio-Beads® gel
permeation chromatography column (SX-3, THF) followed by
recrystallization in a CHClz/heptane mixture. Corrole 17 was
isolated as a dark green solid with 48.3% yield (612 mg).
Notably, the purified compound is composed of several
atropisomers. It has to be noted that the atropisomers were
not easily separable (we tried but were not successful) and
the isolation of the atropisomers was not the purpose of this
SAR study. UV/vis (CH,CL,): Amax (nm) (¢ x 10 L mol™" em ™)
= 412.9 (44.2), 575.1 (9.3), 607.9 (5.9), 646.3 (2.7). '"H NMR
(500 MHz, THF-dg + one drop of hydrazine hydrate 64%) o
(ppm): 8.92 (m, 3H), 8.59 (m, 2H), 8.41 (m, 8H), 8.10 (m, 2H),
7.64 (m, 2H). "F NMR (470 MHz, THF-dg + one drop of
hydrazine hydrate 64%) J (ppm): —108.03 to —108.86 (m, 3F),
-113.82 (m, 1F). MS (MALDI-TOF, dithranol) m/z = 715.79 [M
+ HJ', 716.15 caled for Cs;H,,F3;N;0,. HR-MS (ESI) m/z =
716.1506 [M + HJ", 716.1500 calcd for C;,H,,F3N,04. HPLC
(B): tg = 3.9 min (purity 95% at 420 nm).
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