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ABSTRACT: A new method of activating corrole macrocycles via an
in situ generated SCN radical has been developed at very mild
conditions at room temperature. This photoredox reaction resulted in
the generation of tetrathiocyanatocorroles in good yields. The
synthesis of tetrathiocyanatocorroles was never reported earlier.
Single-crystal XRD analysis reveals that the insertion of four
thiocyanate moieties at the four β-pyrrolic positions has imparted
significant distortion to the corrole macrocycle. The generated
tetrathiocyanatocorroles are different from the parent corroles in
many ways. The photophysical properties of the newly synthesized
tetrathiocyanatocorroles are dramatically altered from the parent
corroles. The absorption feature of these modified corrole derivatives
(both position and intensity) bears a nice similarity with the
chlorophyll-a macrocycle. Thus, these newly synthesized molecules can be considered as spectroscopic model systems for
chlorophyll-a pigments. The observed absorption and emission spectra of these tetrathiocyanatocorroles certainly point out that
these newly developed ligand scaffolds and their various metal complexes will have immense potential as pigments in solar cells and
also as NIR-emissive dyes. The observed C-H···Au weak interactions in a representative Au(III)-corrole complex point out that these
complexes are capable of activating the unfunctionalized C−H groups and thus will have potential implications in C-H activation
reactions.

■ INTRODUCTION
Porphyrinoids are traditionally used as photosensitizers in
singlet oxygen generation reactions.1−3 However, the applica-
tions of porphyrinoids in photoredox reactions are rather
limited.4,5 Depending on the reaction conditions, the photo-
excited triplet states of porphyrinoids can behave as either
oxidant or reductant. A close comparison with the values of
both ground state and excited state redox potentials of
tetraphenylporphyrin reveals that, in the excited state, the
porphyrinoids are more efficient electron donors and more
efficient electron acceptors than in the ground state.6 Thus,
porphyrinoids have great potential to replace the traditional
photoredox catalysts like [Ru(bpy)3)]

2+ and [Ir(ppy)3] {bpy =
bipyridine and ppy = 2-phenylpyridine}.7,8 Advantageously, the
electronic and physicochemical properties of porphyrinoids
can be fine-tuned by suitable functionalization at the
periphery.9 Porphyrinoids, which will absorb the whole UV−
vis region of the spectrum, will have great potential in this
regard. Corrole, a contracted version of porphyrin having 18 π-
electrons has many similarities with porphyrins.10 The
spectroscopic properties of corroles are similar to those of
porphyrin in many aspects.10−33 The triplet state lifetime of
corroles is in the range of 10−4 to 10−5 s.10 Similar to
porphyrin, corroles also act as a photosensitizer.34,35 Although
there are few examples of porphyrin in photoredox catalysis,

similar studies in corroles are still rare. Herein, we have
reported the application of corroles in a photocatalysis
reaction. A unique reaction has been designed, in which
corrole acts as a self-catalyst and introduces four thiocyanato
groups in the β-pyrrolic positions and thus resulted in the
formation of tetrathiocyanatocorroles. It is well-known that the
thiocyanate motif is a potential building block in organic
chemistry as it is the precursor of a host of sulfur-containing
functional groups (e.g., sulfides, thioesters, and thiophenols)
and also acts as a starting material of various heterocyclic
compounds (e.g., thiazoles).36,37 Visible light-induced thiocya-
nation has recently gained ground to synthesize various
thiocyanato appended arenes and heterocycles.38−40 Thus,
these thiocyanato appended corroles will act as possible
precursors for the synthesis of several sulfur-containing corrole
derivatives and which will have potential implication in dyes
and drugs. It was also observed that the β-substitutions at the
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corrole ring has a pronounced effect on its electronic
structure.41−45

We have observed previously that, through ordinary
chemical means, up to two thiocyanato groups can be inserted
in the corrole periphery. The insertion of two thiocyanato
groups in the corrole periphery was achieved in very drastic
conditions and with low yields.46 Although numerically it may
not be a very big deal to insert four thiocyanato groups instead
of two thiocyanato groups. However, to our ultimate surprise,
we have observed that the photophysical properties are
drastically altered in the case of tetrathiocyanatocorroles in
comparison to dithiocyanatocorroles. In general, 18 π-electron
systems like porphyrins and corroles have strong absorption in
the 400−450 nm region, and also, they have much weaker
absorption at around 500−650 nm (Q peaks).9,10 However, in
the case of tetrathiocyanatocorroles, we have observed strong
absorption in the whole visible region of the spectrum with a
high molar absorption coefficient. To generalize this photo-
chemical thiocyanation reaction, the substituents at the meso-
phenyl rings of corroles are varied from electron-withdrawing
groups (−CN [2A], −NO2 [3A], −F [4A], and −Br [5A]) to
electron-donating groups (−OMe [6A]) including the
unsubstituted phenyl ring (−H [1A]). All the tetrathiocyana-
tocorroles were thoroughly characterized by several spectro-
scopic techniques. A representative example was also
characterized by single-crystal XRD analysis. The present
work thus describes the synthesis and characterization of six
new tetrathiocyanatocorroles, namely, 2,3,17,18-tetrathiocya-
nato-5,10,15-triphenylcorrole, 1; 2,3,17,18-tetrathiocyanato-
5,10,15-tris(4-cyanophenyl)corrole, 2; 2,3,17,18-tetrathiocya-
nato-5,10,15-tris(4-nitrophenyl)corrole, 3; 2,3,17,18-tetrathio-
cyanato-5,10,15-tris(pentafluorophenyl)corrole, 4; 2,3,17,18-
tetrathiocyanato-10-(4-bromophenyl)-5,15-bis(4-cyano-
phenyl)corrole, 5; and 2,3,17,18-tetrathiocyanato-10-(4,7-di-
methoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl)corrole, 6
(Scheme 1). Four A3-corrole and two trans-A2B corrole have
been chosen here as substrates to have the difference in
energies of their molecular orbitals and thus having a difference
in their photophysical properties. To explore the ability of
these newly synthesized FB corroles {FB = free base} as
potential ligand scaffolds, we have synthesized a new gold
corrole complex, namely, {2,3,17,18-tetrathiocyanato-5,10,15-
tris(4-cyanophenyl) corrolato-Au(III)}, 2-Au. The corrolato-
Au(III) complex, 2-Au, was thoroughly characterized by
several spectroscopic techniques including single-crystal XRD
analysis.

■ RESULTS AND DISCUSSION
Synthesis and Characterization. Tetrathiocyanatocor-

role derivatives (1−6) were synthesized by following a
photocatalytic synthetic process developed by us. The
corresponding free-base corroles (1A−6A) were dissolved in
acetonitrile, and then excess NH4SCN was added to it. The
reaction mixture was stirred at room temperature under
irradiation with a CFL lamp {CFL = compact fluorescent
lamps} (20 W) for 5 h in the air, which resulted in the
formation of tetrathiocyanatocorrole derivatives (1−6) in good
yields (Scheme 2). Au(III) was inserted in the corrole cavity
using gold acetate as a metal precursor in an acetonitrile and
pyridine mixture at RT {RT = room temperature). Purity and
composition of the tetrathiocyanatocorrole derivatives (1−6)
and the corrolato-Au(III) complex, 2-Au, were established by
their satisfactory elemental analyses, UV−vis, emission, IR,

NMR, and ESI-MS data and single-crystal XRD data (Figures
S1−S46 and Tables S1−S3; see the Supporting Information).
A series of different solvents were screened to search for the

most effective reaction media for these catalytic reactions.
Polar solvents (as NH4SCN is soluble in polar solvents) such
as acetone, ethanol, THF {THF = tetrahydrofuran}, CH3OH,
DCE {DCE = 1,2-dichloroethane}, and 1,4-dioxane were
screened for this purpose. We have observed that 2,3,17,18-
tetrathiocyanatocorroles (1−6) were formed in trace amounts

Scheme 1. Structures of the Corroles 1A−6A and Their
Corresponding 2,3,17,18-Tetrathiocyanatocorrole
Derivatives 1−6
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(yields < 1.0%) in THF and DCE solvents. Negligible yields
(yields < 5.0%) were also obtained in CH3OH and 1,4-dioxane
medium. A yield of less than 10.0% was also obtained in
acetone. A slight improvement in reaction yield was observed
in the case of ethanol medium (yields < 15.0%). Alcohols,
acetone, THF, 1,4-dioxane, and DCE are well-known free
radical scavengers and thus lead to the destruction of in situ
generated SCN radical, and as a result, they dictate the
formation of 2,3,17,18-tetrathiocyanatocorroles (1−6). It is
worthwhile to mention here that CH3CN turns out to be the
most effective solvent, and the reaction yields are consistently
high with a value of as high as ∼50.0%. We have observed that
there are no traces of mono/di/tri-substituted corroles formed
in most of the cases as side products in the optimized reaction
conditions.
It was also observed that, in the absence of a CFL lamp, the

reaction failed to deliver the desired product even after
performing this reaction at room temperature and keeping all
reactants, reaction conditions, and reaction time unchanged.
This confirms that the light energy from a CFL lamp is
necessary for this reaction, and it is a purely light-driven
reaction. This reaction also failed to deliver the product in the
absence of a thiocyanate source. NH4SCN has turned out to be
the best source of a thiocyanate group here.47 It is possible to
use KSCN as an alternate thiocyanate source; however, in

comparison to NH4SCN, a 50% lowering of reaction yield was
observed.
The 1H NMR spectrum of 1 exhibits sharp peaks in the

region δ, ∼8.17−7.64 ppm; 2 exhibits sharp peaks in the region
δ, ∼8.09−7.74 ppm; 3 exhibits sharp peaks in the region δ,
∼8.41−7.68 ppm; 4 exhibits sharp peaks in the region δ,
∼7.93−7.66 ppm; 5 exhibits sharp peaks in the region δ,
∼7.97−7.69 ppm; and 6 exhibits sharp peaks in the region δ,
∼8.27−6.52 ppm. The peaks are shielded by ∼0.8 ppm in the
2,3,17,18-tetrathiocyanatocorroles (1−6) corresponding to
their starting FB corrole (1A−6A) analogues (see Supporting
Information; Figures S34−S44). The 13C NMR spectrum of all
these tetrathiocyanatocorrole derivatives shows their character-
istic signals due to the presence of a SCN moiety at δ values of
around ∼111.0−112.0 ppm. The diamagnetic nature of the
corrolato-Au(III) complex, 2-Au, is evident from its sharp
resonances and having normal chemical shifts (Figures S45 and
S46). The FT-IR spectra of 1−6 as KBr pellets show peaks at
2158, 2159, 2157, 2162, 2155, and 2156 cm−1, respectively,
due to strong S-CN stretching vibration (see Supporting
Information; Figures S20−S25).

Crystal Structure. The crystal system of 2,3,17,18-
tetrathiocyanatocorrole, 2, is triclinic in nature, and the unit
cell has two molecules of 2. Although statistically four possible
atropisomers can be obtained (based on the orientation of the
SCN moieties at above (β) or below (α) the plane of the
corrole ring), we have obtained only one atropisomer48 (α2β2
isomers) here (Figure 1 and Figure S1). Important crystallo-
graphic parameters for 2 are summarized in Table S1. Bond
angles and distances of 2 tally well with the previously reported
other FB corrole derivatives.10 The pyrrolic nitrogen atoms
deviate from the 19-carbon atom mean corrole plane by
distances ranging from 0.189 to (−0.149) Å in 2. The
deviations observed in 2 are very much similar to those of the
5,10,15-triphenylcorrole (TPC). The corresponding deviations
in TPC are 0.128−(−0.195) Å.49 However, the dihedral angles

Scheme 2. Synthetic Application of 2,3,17,18-
Tetrathiocyanatocorroles

Figure 1. Single-crystal X-ray structure of 2. Hydrogen atoms are omitted for clarity.
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(between the planes of the meso-substituted phenyl rings and
the 19-carbon mean corrole plane) in 2 differ significantly in
comparison to the TPC. The dihedral angles in 2 are in the
range of 63.64−85.46°, and the corresponding values in TPC
are in the range of 41.74−50.33°.49 Thus, the insertion of four
thiocyanate moieties at the four β-pyrrolic positions (2, 3, 17,
and 18) has imparted significant distortion to the corrole
molecule, 2.
The two thiocyanate groups are attached to each pyrrolic

ring in cis fashion, but they are in trans orientation concerning
the thiocyanate group attached with the neighboring pyrrole
ring. The four CN (derived from SCN unit) bond distances
of 2 are in the range of 1.11−1.16 Å, and the four ∠S−CN
bond angles are in the range of 176.47−179.07° (Figure 1).
The crystal system of {2,3,17,18-tetrathiocyanato-5,10,15-

tris(4-cyanophenyl) corrolato-Au(III)}, 2-Au, is monoclinic in
nature, and the unit cell has four molecules of 2-Au. In contrast
to the FB 2,3,17,18-tetrathiocyanatocorrole, for 2-Au, we have

obtained only the α4 atropisomer. Important crystallographic
parameters for 2-Au are summarized in Table S2. Bond angles
and distances of 2-Au tally well with the previously reported
other Au(III)-corroles.50 The gold atom deviates from the
mean N4 corrole plane by 0.0083 Å (Figure 2 and Figure S2).
The geometry around the gold center is not perfectly square
planar.
The bite angles of N1−Au−N2, N2−Au−N3, N3−Au−N4,

and N4−Au−N1 are 90.81°, 94.23°, 93.69°, and 81.27°,
respectively. The Au−N bond distances are in the range from
1.98 Å for Au−N2 to 1.91 Å for Au−N1 bonds and are slightly
longer than those of a related Au(III) corrole.51 The pyrrolic
nitrogen atoms deviate from the 19-carbon atom mean corrole
plane by distances ranging from 0.0196 Å to (−0.0584) Å. The
dihedral angles in 2-Au are in the range of 48.82−75.56°. X-ray
single-crystal structure analysis of 2-Au shows C-H···Au
interactions between neighboring 2-Au molecules, and it
thus constitutes a rare example of C-H···Au interaction driven

Figure 2. Single-crystal X-ray structure of 2-Au. Hydrogen atoms are omitted for clarity.

Figure 3. X-ray single-crystal structure analysis of 2-Au, showing C-H···Au interactions [∠C−H···Au = 108.42° and C-H···Au = 2.838 Å] between
neighboring molecules. The entry in square brackets is the angle and distance.
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supramolecular assembly formation in the gold chemistry
(Figure 3). Earlier researchers have concluded that a significant
strong C-H···Au interaction exists if the H···Au separation falls
in the range of 2.3−3.0 Å, the C-H···Au angle falls in the range
of 120−180°, and also an observable change noticed in the
confirmation analysis.52−55 Herein, we have observed a H···Au
distance of 2.838 Å and C−H···Au angle of 108.42°. The
orientation of thiocyanate group also changes and resulted in
the transformation of the α2β2 atropisomer in corrole (2) to an
α4 atropisomer in the gold corrole (2-Au).
Electronic Absorption Spectroscopy. The electronic

absorption spectra of tetrathiocyanatocorroles, 1−6, are shown
in Figures S8−S13 (see the Supporting Information). The
Soret band here is further split into at least three distinct
bands, which thus indicates a lower symmetry compared to the
FB corroles (Table S3, Figure 4, and Figures S8−S13). The

most interesting phenomena are the appearance of at least four
Q bands; out of them, the lowest energy band is as intense as
the Soret bands. The Q bands in porphyrinoids are in general
pseudoparity-forbidden and thus very weak.56 Thus suitable
external substitution can break this pairing property, and Q
bands can be intensified. Unlike porphyrin and corroles, these
absorption features of Q bands are fairly similar to the Q-type
bands in the chlorophyll-a molecule. It was observed that the
absorption feature of these modified corrole derivatives (both
position and intensity) bears a nice similarity with the
chlorophyll-a macrocycle.57

Emission Properties. These tetrathiocyanatocorroles, 1−
6, showed a significant red-shifted emission band compared to
their parent corroles (1A−6A). The tail of the emission band
reaches up to 850 nm (Figure 5, Figures S15−S19). These
tetrathiocyanatocorrole derivatives (1−6) thus has the strong
potential to become near-infrared (NIR)-emissive dyes. The
obtained fluorescence quantum yields of 1−6 were estimated
to be 0.07 for 1, 0.08 for 2, 0.11 for 4, 0.10 for 5, and 0.15 for
6, respectively. The low-lying singlet excited states of 1−6 are
responsible for the origin of these kinds of emissive
properties.10

Analysis of the Reaction Mechanism. To understand
the reaction mechanism, several control reactions were
performed (Figures S3−S7). To clarify if the reaction proceeds

via a radical pathway, we have used a radical inhibitor (see the
Supporting Information for Mechanistic Studies). When 2.5
equiv of a commonly used radical inhibitor, like TEMPO
{TEMPO = 2,2,6,6-tetramethyl-1-piperidinyloxyl}, was used in
the reaction mixture, we have not observed the formation of
the desired 2,3,17,18-tetrathiocyanatocorrole derivatives (1−
6). Besides that, while treating the reaction mixture with
another radical inhibitor, like BHT {BHT = butylated
hydroxytoluene), we have observed the formation of an adduct
of BHT with a thiocyanate radical. The adduct was
characterized by ESI-MS spectra (Figure S3). While perform-
ing the reaction of 5,10,15-tris(4-cyanophenyl)corrole with
NH4SCN under irradiation with a CFL lamp, we have
observed the presence of (SCN)2 in the reaction mixture by
ESI-MS spectra (Figure S4). The origin of (SCN)2 can be
demonstrated via the coupling of two thiocyanate radicals. All
this evidence supports the formation of a thiocyanate radical
via the photoexcitation of a mixture of free base corrole and
NH4SCN. It has been observed that the excited state of
porphyrinoids is more potent oxidants and reductants in
comparison to their ground state. The oxidation and reduction
potential in the excited state of corroles can be estimated from
the Gibbs energy of the PET {PET = photoinduced electron
transfer} processes.58 For example, the reduction potential of
the 5,10,15-tris(4-cyanophenyl)corrole in the excited state was
found out to be +1.03 V vs SCE (see the Supporting
Information for Mechanistic Studies, Figures S5−S7). This
value is higher than the oxidation potential of NH4SCN (Eox =
0.65 V vs SCE). Thus, the oxidation of NH4SCN is
thermodynamically favorable. In addition to that, we have
also recorded the EPR spectrum of a mixture of 5,10,15-tris(4-
cyanophenyl)corrole and NH4SCN in CH3CN solution under
the irradiation of a CFL lamp (20 W) at 298 K. An isotropic
EPR signal is observed with a g value of 2.003 (Figure 6). A
peak-to-peak separation of 15 G is also observed. However, the
hyperfine coupling due to nitrogen nuclei is not resolved. The
isotropic EPR signal having a narrow line width and a g value
close to the free radical value indicates a corrole based
radical.59

This, in conjugation with the favorable reduction potential
of the FB corrole, clearly indicates the generation of a corrole
based radical anion (corrole−•). On the basis of the above

Figure 4. UV−vis absorption spectra of 5,10,15-tris(pentafluoro-
phenyl)corrole, 4A (green line), and 2,3,17,18-tetrathiocyanato-
5,10,15-tris(pentafluorophenyl)corrole, 4 (blue line), in acetonitrile.

Figure 5. Normalized emission spectra of 2,3,17,18-tetrathiocyanato-
corrole derivatives 1 (red line) in dichloromethane, 2 (navy blue
line), 4 (violet line), 5 (magenta line), and 6 (olive green line) in
acetonitrile.

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://dx.doi.org/10.1021/acs.joc.0c02683
J. Org. Chem. 2021, 86, 3324−3333

3328

http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02683/suppl_file/jo0c02683_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02683?fig=fig5&ref=pdf
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02683?ref=pdf


observations, and also from the previous literatures,39 we have
proposed a plausible mechanism for the formation of
tetrathiocyanatocorrole derivatives (1−6) (Scheme 3). FB

corroles and NH4SCN in CH3CN solution under the
irradiation of a CFL lamp resulted in the formation of excited
corroles (corrole*). In the next step, a single electron is
transferred from −SCN anion to the excited corroles
(corrole*), and this resulted in the generation of a •SCN
radical and corrole radical anion (corrole−•), respectively.
This corrole radical anion can be quenched via the transfer

of an extra electron to atmospheric O2, and it thus resulted in
the formation of O2

−•. In the succeeding step, the generated
•SCN radical can directly couple with the corrole macrocycle
and produce the monothiocyanatocorrole radical intermediate.

Subsequent oxidation, followed by deprotonation, resulted in
the formation of monothiocyanatocorrole derivatives. The
process can work cyclically and generates the tetrathiocyana-
tocorrole derivatives (1−6). We have used the NH4SCN in
excess quantities, which thus is responsible for the insertion of
four thiocyanato groups in the corrole periphery.

■ CONCLUSIONS
In conclusion, we have developed a new synthetic method-
ology for the facile synthesis of a new class of corrole ligands
bearing four thiocyanate groups at the four neighboring β-
positions (2, 3, 17, and 18) in the corrole periphery. To date,
there is no synthetic protocol available in the literature that
describes the synthesis of tetrathiocyanatocorroles in general.
A photocatalytic synthetic pathway was developed for the first
time to establish the synthesis of these new classes of tetra-
substituted corroles (1−6). Single-crystal XRD analysis reveals
that these tetrathiocyanatocorrole macrocycles (1−6) are
significantly distorted and exist as α2β2 atropisomers. The
mechanism of this reaction has been thoroughly investigated,
and it indicates that a radical pathway is involved. The
absorption and emission spectra of these tetrathiocyanatocor-
role macrocycles (1−6) vary significantly in comparison to
those of the starting free base corroles (1A−6A). In the
absorption spectra, the Soret region is split into three bands of
equal intensity and the intensity of the Q bands is significantly
strengthened. This can be considered as a rare occasion in
which the intensity of Soret and Q bands equalizes. The
absorption feature of these modified corrole derivatives (both
position and intensity) bears a nice similarity with the naturally
occurring chromophore, chlorophyll-a. Thus, these newly
synthesized molecules can be considered as a spectroscopic
model for chlorophyll-a pigments. The emission region is
significantly red-shifted and falls in the NIR region. In a
representative corrolato Au(III) complex (2-Au), the observed
Au···H−C interactions certainly point out that these Au(III)-
corrole complexes are capable of activating the unfunctional-
ized C−H groups via weak interactions and thus will have
potential implications in C-H activation reactions.60 Thus, the
present synthetic protocol will pave the way for the future
development of a new series of FB corroles and their possible
metal complexes for a wide range of applications.

■ EXPERIMENTAL SECTION
Materials. The precursor’s pyrrole, p-chloranil, and aldehydes

were purchased from Aldrich, USA. NH4SCN (>98.5% purity) and
acetonitrile (HPLC) were purchased from Merck Pvt. Ltd Chemicals.
Other chemicals were of reagent grade. Hexane, CH2Cl2, and CH3CN
were distilled from KOH and CaH2, respectively. For spectroscopy
studies, HPLC grade solvents were used. For the synthesis of FB
corroles, a protocol developed by Gryko et al. was used. The synthetic
methodologies and full spectroscopic characterization of free base
corroles, 5,10,15-triphenylcorrole, 5,10,15-tris(4-cyanophenyl)corrole,
5,10,15-tris(4-nitrophenyl)corrole, 5,10,15-tris(pentafluorophenyl)-
corrole, 10-(4-bromophenyl)-5,15-bis(4-cyanophenyl)corrole, and
10-(4,7-dimethoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl)corrole,
are provided in the previous literatures.27,32,33

Physical Measurements. The elemental analyses were carried
out with a Euro EA elemental analyzer. UV−vis spectral studies were
performed on a Perkin-Elmer LAMBDA-750 spectrophotometer.
Emission spectral studies were performed on a Shimadzu RF-6000
spectrofluorophotometer using an optical cell of 1 cm path length.
FT-IR spectra were recorded on a Perkin-Elmer spectrophotometer
with samples prepared as KBr pellets. The NMR measurements were
carried out using a Bruker 400 MHz NMR spectrometer. Chemical

Figure 6. EPR spectrum of a mixture of 5,10,15-tris(4-cyanophenyl)-
corrole and NH4SCN in CH3CN solution under the irradiation of a
CFL lamp (20 W) at 298 K.

Scheme 3. Proposed Mechanism
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shifts are expressed in parts per million (ppm) relative to residual
acetonitrile (δ = 1.93). Electrospray mass spectra were recorded on a
Bruker Micro TOF-QII mass spectrometer. Cyclic voltammetry
measurements were carried out using a CS350 electrochemical test
system (China). A glassy carbon working electrode, a platinum wire as
an auxiliary electrode, and a Ag-AgCl reference electrode were used in
a three-electrode configuration. Tetrabutylammonium perchlorate
(TBAP) was the supporting electrolyte (0.1 M), and the
concentration of the solution was 10−3 M with respect to the
complex. The half-wave potential E0

298 was set equal to 0.5 (Epa +
Epc), where Epa and Epc are anodic and cathodic cyclic voltammetric
peak potentials, respectively. The scan rate used was 100 mV s−1. EPR
spectra at X-band frequency (ca. 9.5 GHz) were obtained with a
Bruker EMX (ER 073) System. The measurements were carried out
in synthetic quartz glass tubes. For light promoted reactions, a Philips
energy saver CFL/LED lamp 20W B22 (200−240 V, ∼50 Hz;
Luminous Flux: 2000 lm; Photometric Code: 865/15157; crystal
white/6500k) was placed in front of the borosilicate reaction vessel at
a distance of 20 cm without any filter.
Crystal Structure Determination. See the Supporting Informa-

tion.
Synthesis of 2,3,17,18-Tetrathiocyanato-5,10,15-triphenyl-

corrole, 1. 50 mg (0.095 mmol) of 5,10,15-triphenylcorrole was
dissolved in 15 mL of acetonitrile, and then 500 mg of NH4SCN (6.6
mmol) was added to it. The reaction mixture was stirred at room
temperature under irradiation with a CFL/LED lamp (20 W) for 2.5
h in the air. At this point, the second batch of reagents, NH4SCN
(500 mg) and acetonitrile (15 mL) were added to the reaction
mixture. The solution was stirred for another 2.5 h. The residual
solvent was evaporated to dryness, and the crude product was
dissolved in dichloromethane. The crude product was purified by
using column chromatography through silica gel (100−200 mesh).
The desired product was eluted by using a mixture of 97% DCM and
3% acetonitrile. The final form of the compound was obtained as
green crystalline materials.
For 2,3,17,18-Tetrathiocyanato-5,10,15-triphenylcorrole, 1.

Yield: 30% (21 mg). Anal. Calcd for C41H22N8S4 (1): C, 65.23; H,
2.94; N, 14.84. Found: C, 65.34; H, 2.99; N, 14.71. λmax/nm (ε/M−1

cm−1) in CH2Cl2: 408 (32000), 433 (30000), 456 (34000), 539
(7000), 581 (15700), 632 (14000), 686 (34000) (Figure S8). 1H
NMR (400 MHz, Chloroform-d) δ 8.17 (m, 2H), 7.96 (m, 4H), 7.86
(m, 4H), 7.72 (m, 6H), 7.64 (m, 3H). 1 displayed strong fluorescence
at 734 nm in CH2Cl2 (Figure S15). HRMS (ESI) m/z: [1 − H]−

Calcd for C41H21N8S4 753.0767; Found 753.1355 (Figure S27).
Synthesis of 2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-

cyanophenyl)corrole, 2. 50 mg (0.083 mmol) of 5,10,15-tris(4-
cyanophenyl)corrole was dissolved in 15 mL of acetonitrile, and then
500 mg of NH4SCN (6.6 mmol) was added to it. The reaction
mixture was stirred at room temperature under irradiation with a
CFL/LED lamp (20 W) for 2.5 h in the air. At this point, the second
batch of reagents, NH4SCN (500 mg) and acetonitrile (15 mL) were
added to the reaction mixture. The solution was stirred for another
2.5 h. The residual solvent was evaporated to dryness, and the crude
product was dissolved in dichloromethane. The crude product was
purified by using column chromatography through silica gel (100−
200 mesh). The desired product was eluted by using a mixture of 85%
DCM and 15% acetonitrile. The final form of the compound was
obtained as green crystalline materials.
For 2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-cyanophenyl)-

corrole, 2. Yield: 32% (22 mg). Anal. Calcd for C44H19N11S4 (2):
C, 63.67; H, 2.31; N, 18.56. Found: C, 63.54; H, 2.20; N, 18.43. λmax/
nm (ε/M−1 cm−1) in CH3CN: 400 (41671), 426 (38104), 451
(37821), 528 (9656), 570 (17030), 619 (20716), 671 (37985)
(Figure S9). 1H NMR (400 MHz, Acetonitrile-d3) δ 8.09 (d, J = 7.8
Hz, 4H), 8.03 (d, J = 7.9 Hz, 4H), 7.99 (d, J = 3.5 Hz, 4H), 7.95 (d, J
= 4.8 Hz, 2H), 7.74 (d, J = 5.0 Hz, 2H). 13C {1H} NMR (101 MHz,
CD3CN) δ 150.7, 145.7, 143.8, 137.5, 136.1, 133.8, 131.2, 129.8,
128.3, 125.6, 123.5, 122.2, 119.1, 117.3, 113.7, 111.8, 111.3, 110.6. 2
displayed strong fluorescence at 712 nm in CH3CN (Figure S16).

HRMS (ESI) m/z: [2 − H]− Calcd for C44H18N11S4 828.0624;
Found 828.1856 (Figure S28).

Synthesis of 2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-
nitrophenyl)corrole, 3. 50 mg (0.076 mmol) of 5,10,15-tris(4-
nitrophenyl)corrole was dissolved in 15 mL of acetonitrile, and then
500 mg of NH4SCN (6.6 mmol) was added to it. The reaction
mixture was stirred at room temperature under irradiation with a
CFL/LED lamp (20 W) for 2.5 h in the air. At this point, the second
batch of reagents, NH4SCN (500 mg) and acetonitrile (15 mL) were
added to the reaction mixture. The solution was stirred for another
2.5 h. The residual solvent was evaporated to dryness, and the crude
product was dissolved in dichloromethane. The crude product was
purified by using column chromatography through silica gel (100−
200 mesh). The desired product was eluted by using a mixture of 85%
DCM and 15% acetonitrile. The final form of the compound was
obtained as green crystalline materials.

For 2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-nitrophenyl)-
corrole, 3. Yield: 12% (8 mg). Anal. Calcd for C41H19N11O6S4 (3):
C, 55.34; H, 2.15; N, 17.31. Found: C, 55.45; H, 2.23; N, 17.24. λmax/
nm (ε/M−1 cm−1) in CH3CN: 403 (35000), 430 (35200), 457
(38600), 532 (10400), 573 (13500), 621 (18000), 674 (41000)
(Figure S10). 1H NMR (400 MHz, Acetonitrile-d3) δ 8.41−8.27 (m,
6H), 7.96 (d, J = 13.0 Hz, 6H), 7.84 (s, 2H), 7.68 (m, 2H). 13C {1H}
NMR (101 MHz, CD3CN) δ 151.1, 148.8, 146.4, 143.3, 140.3, 136.9,
135.5, 133.2, 131.9, 129.3, 123.3, 112.8, 112.1, 109.1, 107.1, 105.7.
HRMS (ESI) m/z: [3 − H]− Calcd for C41H18N11O6S4 888.0319;
Found 888.2065 (Figure S29).

Synthesis of 2,3,17,18-Tetrathiocyanato-5,10,15-tris-
(pentafluorophenyl)corrole, 4. 50 mg (0.063 mmol) of 5,10,15-
tris(pentafluorophenyl)corrole was dissolved in 15 mL of acetonitrile,
and then 500 mg of NH4SCN (6.6 mmol) was added to it. The
reaction mixture was stirred at room temperature under irradiation
with a CFL/LED lamp (20 W) for 2.5 h in the air. At this point, the
second batch of reagents, NH4SCN (500 mg) and acetonitrile (15
mL) were added to the reaction mixture. The solution was stirred for
another 2.5 h. The residual solvent was evaporated to dryness, and the
crude product was dissolved in dichloromethane. The crude product
was purified by using column chromatography through silica gel
(100−200 mesh). The desired product was eluted by using a mixture
of 88% DCM and 12% acetonitrile. The final form of the compound
was obtained as sea green crystalline materials.

For 2,3,17,18-Tetrathiocyanato-5,10,15-tris(pentafluorophenyl)-
corrole, 4. Yield: 35% (22 mg). Anal. Calcd for C41H7F15N8S4 (4): C,
48.05; H, 0.69; N, 10.93. Found: C, 48.13; H, 0.77; N, 10.86. λmax/nm
(ε/M−1 cm−1) in CH3CN: 407 (65000), 441 (55000), 528 (10300),
577 (28000), 601 (28500), 651 (60500) (Figure S11). 1H NMR (400
MHz, Chloroform-d) δ 7.93 (d, J = 4.9 Hz, 2H), 7.66 (d, J = 4.8 Hz,
2H). 19F {1H} NMR (377 MHz, Chloroform-d) δ −137.3 (m, 6F),
−152.8 (m, 3F), −161.9 (m, 6F). 4 displayed strong fluorescence at
677 nm in CH3CN (Figure S17). HRMS (ESI) m/z: [4 − H]− Calcd
for C41H6F15N8S4 1022.9353; Found 1022.9972 (Figure S30).

Synthesis of 2,3,17,18-Tetrathiocyanato-10-(4-bromophen-
yl)-5,15-bis(4-cyanophenyl)corrole, 5. 50 mg (0.076 mmol) of
10-(4-bromophenyl)-5,15-bis(4-cyanophenyl)corrole was dissolved in
15 mL of acetonitrile, and then 500 mg of NH4SCN (6.6 mmol) was
added to it. The reaction mixture was stirred at room temperature
under irradiation with a CFL/LED lamp (20 W) for 2.5 h in the air.
At this point, the second batch of reagents, NH4SCN (500 mg) and
acetonitrile (15 mL) were added to the reaction mixture. The solution
was stirred for another 2.5 h. The residual solvent was evaporated to
dryness, and the crude product was dissolved in dichloromethane.
The crude product was purified by using column chromatography
through silica gel (100−200 mesh). The desired product was eluted
by using a mixture of 90% DCM and 10% acetonitrile. The final form
of the compound was obtained as green crystalline materials.

For 2,3,17,18-Tetrathiocyanato-10-(4-bromophenyl)-5,15-bis(4-
cyanophenyl)corrole, 5. Yield: 48% (32 mg). Anal. Calcd for
C43H19N10S4Br (5): C, 58.43; H, 2.17; N, 15.85. Found: C, 58.57; H,
2.28; N, 15.71. λmax/nm (ε/M−1 cm−1) in CH3CN: 399 (38567), 423
(33328), 450 (29059), 530 (11358), 568 (16597), 619 (18791), 673
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(28850) (Figure S12). 1H NMR (400 MHz, Acetonitrile-d3) δ 7.97
(m, 8H), 7.84 (d, J = 4.7 Hz, 2H), 7.69 (m, 6H). 13C {1H} NMR
(101 MHz, CD3CN) δ 163.4, 152.0, 146.8, 144.9, 141.4, 137.1, 136.3,
134.7, 133.1, 132.1, 131.6, 131.2, 129.6, 122.0, 120.0, 117.2, 112.7,
112.3, 111.1, 109.2, 106.5. 5 displayed strong fluorescence at 722 nm
in acetonitrile (Figure S18). HRMS (ESI) m/z: [5 + H]+ Calcd for
C43H20N10S4Br 882.9758; Found 883.2458 (Figure S31).
Synthesis of 2,3,17,18-Tetrathiocyanato-10-(4,7-dimethox-

ynaphthalen-1-yl)-5,15-bis(4-cyanophenyl)corrole, 6. 50 mg
(0.073 mmol) of 10-(4,7-dimethoxynaphthalen-1-yl)-5,15-bis(4-
cyanophenyl)corrole was dissolved in 15 mL of acetonitrile, and
then 500 mg of NH4SCN (6.6 mmol) was added to it. The reaction
mixture was stirred at room temperature under irradiation with a
CFL/LED lamp (20 W) for 2.5 h in the air. At this point, the second
batch of reagents, NH4SCN (500 mg) and acetonitrile (15 mL) were
added to the reaction mixture. The solution was stirred for another
2.5 h. The residual solvent was evaporated to dryness, and the crude
product was dissolved in dichloromethane. The crude product was
purified by using column chromatography through silica gel (100−
200 mesh). The desired product was eluted by using a mixture of 80%
DCM and 20% acetonitrile. The final form of the compound was
obtained as green crystalline materials.
For 2,3,17,18-Tetrathiocyanato-10-(4,7-dimethoxynaphthalen-

1-yl)-5,15-bis(4-cyanophenyl)corrole, 6. Yield: 45% (30 mg). Anal.
Calcd for C49H26N10O2S4 (6): C, 64.32; H, 2.86; N, 15.31. Found: C,
64.23; H, 2.73; N, 15.44. λmax/nm (ε/M−1 cm−1) in CH3CN: 399
(38537), 422 (33403), 449 (28940), 529 (11477), 569 (16716), 621
(18764), 673 (28806) (Figure S13). 1H NMR (400 MHz,
Acetonitrile-d3) δ 8.27 (d, J = 9.4 Hz, 1H), 8.04−7.84 (m, 8H),
7.68 (m, 3H), 7.41 (s, 2H), 7.06 (d, J = 9.7 Hz, 1H), 6.89 (d, J = 7.9
Hz, 1H), 6.52 (s, 1H), 4.05 (s, 3H), 3.09 (s, 3H). 13C {1H} NMR
(101 MHz, CD3CN) δ 159.1, 156.5, 134.8, 134.6, 133.5, 132.1, 131.5,
130.7, 129.9, 129.7, 129.6, 124.6, 121.1, 120.0, 117.6, 112.8, 112.3,
112.1, 107.4, 106.5, 105.2, 102.3, 56.3, 55.3. 6 displayed strong
fluorescence at 733 nm in acetonitrile (Figure S19). HRMS (ESI) m/
z: [6 − H]− Calcd for C49H25N10O2S4 913.1039; Found 913.4438
(Figure S32).
Synthesis of {2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-cya-

nophenyl) Corrolato-Au(III)}, 2-Au. For the insertion of Au(III) in
the corrole cavity, a previously reported protocol was followed.50 32
mg (0.04 mmol) of 2,3,17,18-tetrathiocyanato-5,10,15-tris(4-
cyanophenyl)corrole was dissolved in 10 mL of acetonitrile, and
then the excess of gold acetate (112 mg; 0.30 mmol) was added to it,
followed by pyridine (10 mL). The reaction mixture was stirred for 45
min under room temperature. After that, the solvent was evaporated
and the brown color crude product was subjected to column
chromatography using a silica gel (100−200 mesh) column. The
desired product (reddish blue) was eluted by using a mixture of 96%
DCM and 4% acetonitrile. The final form of the compound was
obtained as reddish-pink crystalline materials.
For {2,3,17,18-Tetrathiocyanato-5,10,15-tris(4-cyanophenyl)

Corrolato-Au(III)}, 2-Au. Yield: 46% (18 mg). Anal. Calcd for
C44H16AuN11S4 (2-Au): C, 51.61; H, 1.58; N, 15.05. Found: C,
51.74; H, 1.69; N, 14.97. λmax/nm (ε/M−1 cm−1) in CH2Cl2: 404
(62628), 422 (60304), 536 (16883), 551 (21900), 577 (54309), 593
(64535) (Figure S14). 1H NMR (400 MHz, CDCl3) δ 8.50−8.42 (m,
4H), 8.23−8.06 (m, 12H). 13C {1H} NMR (101 MHz, CDCl3) δ
171.9, 153.2, 150.3, 147.3, 144.4, 142.8, 140.9, 133.6, 131.8, 128.2,
120.5, 118.0, 115.5, 114.3, 113.2, 109.6. HRMS (ESI) m/z: [2-Au +
Na]+ Calcd for C44H16AuN11S4Na 1046.0036; Found 1046.0104
(Figure S33).
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