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Abstract: Presented herein are two fully characterized gold tetrathiocyanocorroles representing a
potentially significant new class of NIR-emissive 5d-metallocorroles. The four SCN groups on the
bipyrrole unit of the corrole exert a powerful electron-withdrawing effect, upshifting both the
oxidation and reduction potentials by roughly half a volt relative to their unsubstituted
counterparts. That said, the upshift of the LUMO is somewhat higher than that of the HOMO so
these complexes also exhibit a smaller HOMO-LUMO gap, as evinced in both electrochemical
measurements and Q band energies (~595 nm relative to ~571 nm for their SCN-free counterparts).
The new compounds exhibit NIR phosphorescence under ambient conditions with emission
maxima around 900 nm (compared with 790 nm for simple Au triarylcorroles), phosphorescence
quantum vyields around 0.3%, phosphorescence lifetimes around 10 ps, and singlet oxygen
sensitization with a quantum yield of around 50 = 5 % in solution, together signifying wide-ranging

potential applications as triplet photosensitizers in oxygen sensing and photodynamic therapy.

KEYWORDS: Au(lll)Corrole / Single-crystal XRD / DFT-calculations / phosphorescence/
singlet oxygen (*O2)



Introduction

A major facet of porphyrin or porphyrin-type molecules consists of their light absorption
and emission properties. Of particular interest are 5d transition metal porphyrins, such as iridium
and platinum porphyrins, which exhibit NIR phosphorescence. 1 Of these, Pt porphyrins have
been the most widely used. In fact, they were already deployed in the previous century by Martin
Gouterman as pressure-sensitive paints for the aerospace industry.* Today, Pt porphyrins are
widely used in photomedicine as oxygen sensors as well as photosensitizers for photodynamic
therapy, where their stability and biocompatibility are major considerations. > More recently,
cationic Au(l11) porphyrins ° have been found to exhibit photocytotoxicity similar to that of Pt
porphyrins. In recent years, the 5d metallocorroles have also emerged as a promising new class of
triplet photosensitizers. Several have proved phosphorescent, including Re(V)0,'° Os(VI)N,
Ir(111), 22 Pt(1V), £ and Au(l11) derivatives** and Au corroles® and to a lesser extent, ReO corroles
19 have exhibited photo-cytotoxicity against different cancer cell lines.*1” A key way to improve
the performance of these photosensitizers is to tune the absorption of the chromophore to match
the biological transparency window, in the red-NIR part of the spectrum. A promising approach
has recently been outlined by Gross who found fascinating variations of photophysical properties
in 2,3,17,18-tetra-Br/I/CFs-substituted gold corroles.’® Herein, we report a new class of Au
corroles, 1°32 based on 2,3,17,18-tetrathiocyanocorrole ligands developed in one of our
laboratories.®* We accordingly describe two new complexes — 2,3,17,18-tetra(thiocyano)-
10—(4—bromophenyl)—5,15-bis(4—cyanophenyl)corrolato-Au(lll), 1, and 2,3,17,18-
tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl) corrolato-Au(lll)},
2 (Scheme 1). Full spectroscopic characterization and one crystal structure are presented for the
complexes. Excitingly, the complexes exhibit narrower electrochemical HOMO-LUMO gaps,
redshifted Q bands, and strongly redshifted NIR phosphorescence relative to simple Au
triarylcorroles. Like gold porphyrins, 3¢ gold corroles are also stable under physiological and
photochemical conditions. In addition, there will be a great demand for the phosphorescent
metalloporphyrinoid having reactive thiocyanate groups (electrophilic in nature) at the g-positions
due to ease in using them as labeling reagents for various bio-analytical experiments employing

Raman spectroscopy. ¥’
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Scheme 1 Synthesis of 2,3,17,18—tetra(thiocyano)—10—(4—bromophenyl)— 5,15—bis(4—cyano—
phenyl) corrolato-Au(lll)}, 1 and 2,3,17,18-
tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl)
corrolato-Au(lll)}, 2.



RESULTS AND DISCUSSION

Synthesis and characterization

FB 2,3,17,18-tetrathiocyano corroles (FB = free base) were prepared by following an
earlier literature method developed by us.*® Gold metallation was performed into the FB 2,3,17,18-
tetrathiocyano corrole cavity by using gold acetate as a metal precursor in an acetonitrile and
pyridine mixture at RT {RT= room temperature) in the aerial condition.?! The composition and
purity of the 2,3,17,18-tetra(thiocyano)corrolato-Au(l1l) complexes (1-2) were established by a
series of analytical techniques, i.e. CHN analyses, UV/Vis, FTIR spectroscopy, ESI-HRMS, NMR,
and single-crystal XRD analysis (Figs S1-S9, see ESIT). The diamagnetic nature of the 2,3,17,18-
tetra(thiocyano)corrolato-Au(l11) complexes (1-2) is evident from their sharp peaks with normal
chemical shifts at the expected regions. The *H NMR spectrum of both 1 and 2 exhibits intense
peaks in the region ¢, ~ 8.50-7.86 ppm and o, ~ 8.49-6.40 ppm respectively. In the case of
complex 2, two sets of sharp singlets appeared at 4.22 and 3.24 ppm corresponding to two sets of
methoxy protons. The FT-IR spectra (as KBr pellets) of 1-2 exhibited strong S-CN stretching
vibration at 2164, and 2157 cm™, respectively (Figs S5-S6, see ESI¥).
Crystal Structure

The crystal system of 2,3,17,18-tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-
5,15-bis(4-cyanophenyl) corrolato-Au(lll)}, 2 is orthorhombic and the unit cell has sixteen
molecules of 2 (Fig. 1). Important crystallographic parameters for 2 are summarized in Table 1.
Key features of the structure are similar to those observed in previously obtained structures for Au
corroles. The bite angles of N1-Au-N2, N2-Au-N3, N3-Au-N4, and N4-Au-N1 are 92.03°, 95.08°,
91.65°, and 81.20°, respectively and matches well with the earlier reported Au(lll) corroles.?®
Thus, the Au-N bond distances are 1.95 + 0.01 A and are typical for Au(lll) corroles.
Also, 2 exhibits a longer pyrrole-pyrrole linkage, i.e., a C1-C19 bond length of 1.452 A. The
analogous bond distances in earlier reported corrolato-Au(lll) derivatives are generally in the
range of 1.40-1.42 A.2%2° Along with a slightly higher degree of bond length alternation in the
corrole skeleton, this geometrical peculiarity suggests reduced aromatic character in 2, as a result
of thiocyanation. In other respects, the planar coordination geometry of the Au(lll) center (ionic

radiuss 0.85 A) is similar to that of other Au corroles,?® but tighter than that of porphyrins.



Table 1

compound code
chemical formula
formula mass
crystal system
crystal size (mm)
space group
Radiation

a(A)

b(A)

c(A)

o (deg)

/3 (deg)

7 (deg)

V(A3

Z

T(K)

Dealcd (g cm™)
measured reflections
e data (Rint)
parameters
restraints

p(mm™)

260range (deg)

R1 (I>25(1))

WR2 (all data)

S (GooF) all data
Apmax, Apmin (€ A7)

Crystallographic Data for 2.

2

Ca9 H2z Au N19 O2 S4
1108.98
Orthorhombic
0.13x0.12x0.10
F dd2

Cu Ka

52.0552 (6)
51.4324 (5)
7.14602 (8)

90

90

90

19132.2(4)
16

100

1.540

33394

7692 (0.085)
573

172

7.82
3.78-77.12
0.073

0.168

1.04
1.87,-1.55
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Fig. 1 Single-crystal X-ray structure of 2. Hydrogen atoms are omitted for clarity.

Unlike Cu corroles,® which are invariably saddled, 2, like other Au corroles, is essentially planar
with C2-C1-C19-C18 and C8-C9-C11-C12 dihedrals around only 6.7° and 14.7°. The saddling of
Cu corroles reflects ligand noninnocence, as noted elsewhere, a scenario that does not apply to Au

corroles.?%3°

Electrochemistry

To understand the redox properties of 1 and 2, the cyclic voltammetric and differential
pulse voltammetric measurements were performed in dichloromethane (Fig. 2 and Table 2).
Tetraethyl ammonium perchlorate (TEAP, 0.1 M) was used as a supporting electrolyte and

Ag/AgCI electrode was used as a reference electrode.

15 -10 05 00
E/V

Fig. 2 Cyclic voltammogram (black solid line) and differential pulse voltammogram
(black dash-dot line) of 2 in CH2Cl2 under a nitrogen atmosphere. The potentials
are vs. Ag/AgCl.



Table 2 UV-Vis and electrochemical data of compounds 1, 2, la (f-unsubstituted
corrolato-Au(l11) analogue of compound 1), and 2a? (S-unsubstituted corrolato-
Au(l11) analogue of compound 2) in dichloromethane.
Compound UV-vis. Data® Electrochemical data P
Amax / nm (e / M~tem) Oxidation Reduction
E° V (AEp, mV) | E° V (AEp, mV)
il 403 (44000), 421 (40800), | +1.30 -0.66 (90),
537 (12200), 554 (17300), -1.13
578 (37700), 595 (45000)
2 403 (45800), 422 (41000), | +1.28 -0.69 (90),
537 (13800), 554 (19000), -1.14
580 (43000), 596 (42100)
1af 422 (133000), 498 (4800), | +0.78 (80), -1.28 (80)
534 (11400), 570 (51000) | *1.15(80)
2a% 423 (142000), 494 (3700), | +0.88(70), -1.32 (80),
533 (9300), 572 (37000) +1.25 (80) -1.67 (80)

21n dichloromethane.
bThe potentials are vs. Ag/AgClI
¢ Unpublished data

The tetra(thiocyano)corrolato-Au(l11) derivatives, 1 and 2 exhibited one reversible and one
irreversible reductive couples. The 1% reversible reductive couple is observed at -0.66 V and the
2" jrreversible reduction couple is observed at-1.13V vs. Ag/AgCl for complex 1. This compound
also exhibited one oxidative couple at 1.30 V. The 1% reversible reductive couple is observed at
-0.69 V and the 2" irreversible reduction couple is observed at -1.14V for complex 2. This
compound also exhibited one oxidative couple at 1.28 V. The separation between 1% oxidative
couple and the 1% reductive couple is ~2.0 V in both of these complexes. The above redox
potentials are dramatically upshifted, by roughly half a volt, relative to those of the non-

thiocyanted complexes.?® These upshifts are consistent with the Hammett o, and om of the SCN
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groups, which are about the same as those of CN and CFs groups. The op and om values for SCN
group are 0.52 and 0.51 respectively. The corresponding values for CN group are 0.66 and 0.56
respectively. The values for CFs group are 0.54 and 0.43 respectively.* Interestingly, thiocyano
groups have been much less frequently deployed as electron-withdrawing substituents than CN
and CFj, indicating that they may deserve broader exploration. Careful examination of Table 2
shows that tetrathiocyano-substitution upshifts the reduction potentials somewhat more than the
oxidation potentials, resulting in a smaller electrochemical HOMO-LUMO gap for 1 and 2 (about

1.95-2.0 V) than for their non-thiocyanated counterparts.

Photophysical properties

The UV-Vis spectra of tetra(thiocyano)corrolato-Au(lll) derivatives 1-2 (Fig. 3) are
significantly modified in comparison to the S-unsubstituted corrolato-Au(l11) derivatives (see Fig.
S2 for a direct comparison in dichloromethane solution).?® The Soret band is split into at least two
distinct bands and so also the Q bands. The tail of Q bands reached up to 650 nm. This kind of
absorption profile is clearly absent in the case of S-unsubstituted corrolato-Au(l11) derivatives with
similar corrole back bone.? The 2,3,17,18-tetra-SCN-substitution in corrole periphery thus can
alter the HOMO and LUMO energy spacing and thus can essentially change the transition energies
for Q bands. The Q absorption bands of these S-substituted corrolato-Au(lll) derivatives are
peaked in the red spectral region, a suitable window for PDT and other bioimaging applications,
which are not possible in the frequently encountered S-unsubstituted corrolato metal complexes.
Tetrathiocyanation has a dramatic impact on the UV-vis spectra of the Au corroles. The most
notable effect is on the extinction coefficient of the Soret band, which is dramatically weaker in
the tetrathiocyano complexes. By comparison, the Q band intensities are much less affected. These
differences translate to nearly equal intensities of both the Soret and Q bands for 1 and 2, an
uncommon occurrence for simple porphyrins and corroles, which follow the Gouterman four-
orbital model. A second notable effect of tetrathiocyanation is a redshift of the lowest-energy Q
band by about 25 nm, qualitatively consistent with a lowering of the electrochemical HOMO-

LUMO gap, as mentioned above.
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Fig. 3 Absorption (solid lines) and normalized phosphorescence spectra (dashed lines)

of compounds 1 (black lines) and 2 (red lines) in degassed toluene solution at 298

K. ch:410nm .

Compounds 1 and 2 exhibit an emission band peaked at ca. 900 nm (Fig. 3) in degassed toluene
solution (Aexc=410nm). The excitation spectra registered at the emission maximum closely match
the corresponding absorption spectra (Fig. S3), demonstrating that the Au(l11) corrolato complexes
are responsible for this near infrared emission. The emission intensity decays can be fitted by mono
exponential curves with lifetimes of 9.98 and 10.18 us for complexes 1 and 2 respectively (Fig.
S4), demonstrating that the observed radiative decay is phosphorescence. As previously reported
in the literature,?® we observe a strong solvent effect on the emission quantum yield: indeed, no
emission could be detected for degassed chloroform solutions of 1 and 2. Compounds 1 and 2 can
efficiently sensitize the singlet oxygen population (Table 3), as demonstrated by the characteristic

phosphorescence of singlet oxygen at 1270 nm upon selective excitation of Au(lll) corrolato

complexes at 615 nm in chloroform solution.
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Table 3. Photophysical data of compounds 1 and 2. The conditions are toluene solution at 298

K, unless otherwise noted.

Aabs/nm | £/10* Mt cm? Xem / NM Dem ? 7/ ps? @ (*0z)"
1 409, 603 | 4.33,4.32 898 0.28% 9.98 57%
2 409,604 | 4.42,3.76 905 0.30% 10.18 46%

*Emission quantum yields and lifetime measured in degassed toluene solution. ®°Quantum yield of
singlet oxygen (*O2) production in chloroform solution upon excitation at 615 nm.

DFT and TDDFT calculations

Scalar-relativistic (ZORA) DFT and TDDFT calculations provide a coherent rationale for
many of the experimental observations outlined above. The experimentally studied compounds
were modeled with Au[TPC] and Au[TPC(SCN)4]. The calculations were carried out with three
different exchange-correlation functionals (OLYP, B3LYP, and B3LYP*) and all-electron ZORA
STO-TZ2P basis sets. The optimized geometries of Au[TPC] and Au[TPC(SCN)4] (Fig. 4) proved
nicely consistent with experimental results on simple Au-triarylcorroles and 2. Thus, the calculated
Au-N distances were in essentially perfect agreement with experiment. The calculations also
confirmed the essential planarity or very mild saddling of the corrole macrocycle. Interestingly,
examination of the optimized geometries revealed an interesting larger skeletal bond distance
alternations for Au[TPC(SCN)4] than for Au[TPC], which appear to be consistent with the
aforementioned crystallographic results. Also, Au[TPC(SCN)4] exhibits a longer pyrrole-pyrrole

linkage than Au[TPC], indicating reduced aromatic character upon thiocyanation.
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Fig. 4 Selected distances (A) in the optimized geometries of Au[TPC] and
AU[TPC(SCN)4].

Table 4 presents DFT calculations of the gas-phase IPs and EAs (both vertical and
adiabatic) of Au[TPC] and Au[TPC(SCN)4]. Based on earlier simulations of photoelectron spectra
and redox potentials,®*® these values are thought to be semi-quantitatively accurate. This
conclusion is bolstered by the high level of consistency among the three functionals used, even
though we believe the B3LYP* values as the most accurate. The calculations confirm the very
strong electron-withdrawing effect of the thiocyano groups. Tetrathiocyanation upshifts the IP and
EA of Au[TPC] by 0.9 and 1.3 eV, respectively. The higher substituent effects (relative to what is
observed electrochemically) are typical of gas-phase results. The spin density profiles of the
ionized states of AU[TPC(SCN)4], however, are very similar to those of unsubstituted Au[TPC],
indicating that the qualitative shapes of the redox-active MOs are not affected by the thiocyano

groups.

Table 4 Calculated IPs and EASs (eV).
. Adiabatic Vertical
Compound Functional P EA P EA
AU[TPC] OLYP 5.97 1.32 |6.01 1.14
B3LYP 6.04 1.39 6.11 1.28
B3LYP* | 6.04 1.38 |6.11 1.27
AU[TPC(SCN)4] | OLYP 6.43 2.46 |6.80 2.34
B3LYP 6.93 268 |7.11 2.61
B3LYP* | 6.94 2.67 |7.14 2.60
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Fig. 5 presents the B3LYP* simulated TDDFT spectra of Au[TPC] and Au[TPC(SCN)4] in
dichloromethane using the COSMO solvation model.*? The corresponding data are presented in
Table 5. An MO energy level diagram and the relevant MOs are depicted in Fig. 6 and Fig. 7,
respectively. Observe that the calculations qualitatively reproduce the two spectral features
emphasized above, namely a sharp reduction in the Soret band intensity and a redshift of the
lowest-energy Q band upon thiocyanation. Both these features appear to be related to the reduction
of macrocycle aromaticity upon thiocyanation. The Kohn-Sham orbital energies are also
qualitatively consistent with the dramatic upshifts in both oxidation and reduction potential upon
thiocyanation. Also consistent with the experiment is the greater downshift of the LUMO energy,
compared to the HOMO, which results in a narrowing of the HOMO-LUMO gap and a widening
of the LUMO/LUMO+1 gap (the so-called DLUMO, according to Michl’s perimeter model.”® The
latter also provides an alternative explanation of the relative intensity of the Q band. Thiocyanation
also significantly upshifts the Au 5dxz.y2 orbital, the LUMO +2, but to a lesser degree than the
LUMO.*

- AU[TPC]
@ Au[TPC(SCN),]
c
(1]
o
15
o
(7]
o
(5]
(]
p
d
14
Q ]
m -
0.0 : . . . .
300 400 500 600 700
wavelength/ nm
Fig. 5 Simulated TD-B3LYP*-COSMO optical spectra Au[TPC] and Au[TPC(SCN)4] in

dichloromethane. The vertical lines represent calculated transitions which have

then been broadened with Gaussians to generate the simulated spectra.
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Table 5 B3LYP*/ZORA-STO-TZ2P TDDFT results, including transition energies (E) and
wavelengths (1), oscillator strengths (f), MO compositions, and excited-state irreps.
compound peak E (eV) I (nm) | f weight | from to Cairrep
AU[TPC] Q 2.17 570.3 | 0.58 92% HOMO LUMO
7% HOMO-1 | LUMO+1
2.34 529.4 | 0.05 71% HOMO-1 | LUMO
28% HOMO LUMO+1
Soret | 2.73 454.0 | 1.42 69% HOMO LUMO+1

27% HOMO-1 LUMO

2.87 431.8 | 1.16 91% HOMO-1 LUMO+1

6% HOMO LUMO

AUu[TPC(SCN)4] | Q 2.00 620.4 | 0.61 96% HOMO LUMO
3% HOMO-1 LUMO+1

2.26 549.3 | 0.37 89% HOMO-1 LUMO

10% HOMO LUMO+1

Soret 2.77 4469 | 1.13 83% HOMO LUMO+1
8% HOMO-1 LUMO

6% HOMO-3 LUMO

2.99 4140 | 0.14 78% HOMO-1 LUMO+2

11% HOMO-1 LUMO+1

9% HOMO-2 LUMO

3.02 4109 | 0.24 58% HOMO-2 LUMO

21% HOMO-1 LUMO+1

19% HOMO-1 LUMO+2

3.06 404.7 | 0.35 60% HOMO-1 LUMO+1

30% HOMO-2 LUMO

> 0TV 0|T|@O > >>>>PIO0ET @D >|@|©

3.10 399.7 | 0.31 92% HOMO-3 LUMO
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Au[TPC] Au[TPC(SCN),]
b,b, a
-1.0 1 b
b a
b
-2.0
b b
a = b
-3.0
a AN
2.37eV
4.0
217 eV
50 a b — W
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704 b R

B3LYP*-D3/STO-TZ2P Kohn-Sham MO energy (eV) level diagram of Au[TPC]
and AU[TPC(SCN).], in dichloromethane modelled with COSMO. Selected
frontier MOs, along with their irreps and orbital energies shown. Unoccupied MOs

are shown in red and occupied MOs in blue.
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Fig. 7 Selected frontier MOs, along with their irreps and orbital energies, of Au[TPC]

and Au[TPC(SCN)4].
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Conclusions

We have described the synthesis and full spectroscopic characterization of two gold
2,3,17,18-tetra(thiocyano)corrole complexes, which represent a new class of peripherally
functionalized 5d metallocorroles. An X-ray structure revealed a near-planar corrole macrocycle
with relatively normal Au-N bond distances of 1.95 + 0.01 A. The electronic properties of the
compounds, on the other hand, turned out to be dramatically different, relative to simple Au
triarylcorroles. Thus, both the oxidation and reduction potentials of the new complexes were found
to be about half a volt upshifted relative to their S-unsubstituted analogs. The new compounds
were also found to exhibit a narrower electrochemical HOMO-LUMO gap, which is also echoed
in a redshifted Q band at 595-596 nm, compared to 570-572 nm for their unsubstituted counterparts.
The compounds also appear to exhibit reduced aromaticity, as evidenced by increased skeletal
bond length alternations and relatively weak Soret bands with intensities,
surprisingly, approximately the same as those of Q bands. By comparison, the Q band intensities
are much less affected. The redshifted Q band maxima in turn are reflected in a redshifted
phosphorescence emission maximum around 900 nm in degassed toluene, the phosphorescence
quantum yield and lifetime being 0.3% and 10 us, respectively. The new compounds 1 and 2 were
also found to efficiently sensitize singlet oxygen formation in chloroform with quantum yields of
57% and 46%, respectively. The compounds accordingly appear promising for potential

applications in oxygen sensing, photodynamic therapy, and other applications in photo-medicine.
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EXPERIMENTAL SECTION

Materials

The precursor’s pyrrole, p-chloranil, aldehydes were purchased from Aldrich, USA and gold
acetate (99.99%) from Alfa Aesar. NHsSCN (>98.5% purity), pyridine, acetonitrile (HPLC) was
purchased from Merck chemicals. Other chemicals were of reagent grade. Hexane, CH:ClI,
CH3CN were distilled from KOH and CaH> 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:
2,3,17,18-tetra(thiocyano)—10—(4—bromophenyl)—5,15—bis(4—cyanophenyl) corrole and
2,3,17,18-tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl) corrole

were reported earlier by us. *

Physical Measurements

The elemental analyses were carried out with a Euro EA elemental analyser. UV-Vis spectral
studies were performed on a Perkin—Elmer LAMBDA-750 spectrophotometer. Emission spectra
were performed on an Edinburgh FLS920 spectrofluorometer equipped with a Ge-detector for
emission in the NIR spectral region, using optical cell of 1 cm path length. Luminescence lifetime
were recorded with an Edinburgh FS5 equipped with a PMT980. Emission quantum yields were
measured following Demas and Crosby method* (standard used: HITCI (1,1',3,3,3".3'-
hexamethyl-indotricarbocyanine iodide) in EtOH ® = 0.30).%® The singlet oxygen generation 2*
from the chloroform solutions was measured using a chloroform solution of 5,10,15,20-
Tetraphenyl-21H,23H-porphine (TPP) as the reference with a singlet oxygen production yield of
55%.4" The three solutions have been excited in an isosbestic point (615 nm) and the singlet oxygen
emissions were detected in a range from 1220 to 1330 nm and compared. 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 shifts are
expressed in parts per million (ppm) relative to residual chloroform (5= 7.26). 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 an Ag-AgCl reference

electrode were used in a three-electrode configuration. Tetrabutylammonium perchlorate (TBAP)
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was the supporting electrolyte (0.1 M), and the concentration of the solution was 10~ M with
respect to the complex. The half-wave potential E%gs was set equal to 0.5 (Epa + Epc), Where Epa
and Ep. are anodic and cathodic cyclic voltammetric peak potentials, respectively. The scan rate

used was 100 mV s L.

Crystal Structure Determination: Single crystals of 2 were grown from the solution of 2 in
dichloromethane-hexane mixture (1:1), followed by slow evaporation under atmospheric
conditions. ORTEP diagram of 2 is shown in Fig. S1 (hydrogen atoms are omitted for clarity).
Ellipsoids are drawn at 50% probability. The crystal data of 2 were collected on a Rigaku Oxford
diffractometer (Cu Ka radiation) at 100 K. Selected data collection parameters and other
crystallographic results are summarized in Table S1. All data were corrected for Lorentz
polarization and absorption effects. The program package SHELXTL* was used for structure
solution and full matrix least squares refinement on F2. Hydrogen atoms were included in the
refinement using the riding model. Contributions of H atoms for the water molecules were included
but were not fixed. Disordered solvent molecules were taken out using SQUEEZE command in
PLATON.* Single crystals of 2 had poor diffraction quality. From such low-quality crystals, we
have not obtained the good quality residual density map, normal probability plot, and the Fobs Vs
Feaic plot. CCDC 2122129 contains the supporting crystallographic data for 2. These data can be

obtained free of charge via www.ccdc.cam.ac.uk/data_ request/cif.

Synthesis of 2,3,17,18-tetra(thiocyano)—10—(4—bromophenyl)—5,15—-bis(4—cyanophenyl)
corrolato-Au(lll)}, 1

25mg (0.028mmol) of 2,3,17,18-
tetra(thiocyano)—10—(4—bromophenyl)—5,15-bis(4—cyanophenyl) corrole was dissolved in 5ml of
acetonitrile, and then 60mg (0.16 mmol) of gold acetate was added to it followed by 12ml of
pyridine. The reaction mixture was stirred at room temperature for 1 h in air. 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 93% DCM and 7% acetonitrile. The final form of the compound

was obtained as pinkish crystalline materials
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For 2,3,17,18-tetra(thiocyano)—10—(4—bromophenyl)—5,15—bis(4—cyanophenyl) corrolato-
Au(l1D}, 1

Yield: 33% (10 mg). Anal. Calcd for C43sH16AuBrN10Ss (2): C, 47.92; H, 1.50; N, 13.00. Found:
C, 47.81; H, 1.42; N, 13.16. Amaxnm (¢M~tcm™) in CH2Clz: 403 (44014), 421 (40845), 537
(12233), 554 (17348), 578 (37719), 595 (44950) (Fig. S2). 'H NMR (400 MHz, Chloroform-d) &
8.50 (d, J = 5.1 Hz, 2H), 8.43 (d, J = 5.1 Hz, 2H), 8.23 — 8.08 (m, 8H), 7.93 (d, J = 8.0 Hz, 2H),
7.86 (d, J = 8.1 Hz, 2H) (Fig. S9). HRMS (ESI) m/z: [2+Na]* Calcd for C4sHis6AuBrN10SsNa
1098.9183; Found 1098.7538 (Fig. S7).

Synthesis  of  2,3,17,18-tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-
cyanophenyl) corrolato-Au(l1l)}, 2

25mg (0.027 mmol) of 2,3,17,18-tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-
cyanophenyl) corrole was dissolved in 4 ml of acetonitrile, and then 60 mg of gold acetate
(0.16mmol) was added to it followed by 12ml of pyridine. The reaction mixture was stirred at
room temperature for 1h in the air. 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 pink) was eluted using a mixture of 95% dichloromethane and 5%

acetonitrile. The final form of the compound was obtained as pinkish crystalline materials.

For 2,3,17,18-tetrathiocyano—10—(4,7—dimethoxynaphthalen-1-yl)-5,15-bis(4-cyanophenyl)
corrolato-Au(lll)}, 2

Yield: 34% (10 mg). Anal. Calcd for C49H23AUN1002S4 (1): C, 53.07; H, 2.09; N, 12.63. Found:
C, 53.17; H, 2.16; N, 12.78. Amaxnm (¢ / M~cm™1) in CH.Clz: 403 (45799), 422 (41020), 537
(13811), 554 (18997), 580 (43006), 596 (42058) (Fig. S2). 'H NMR (400 MHz, Chloroform-d) &
8.49 (d, J = 9.3 Hz, 1H), 8.31 —8.23 (m, 4H), 8.18 (dd, J = 15.4, 7.2 Hz, 4H), 8.10 (d, J = 8.3 Hz,
4H), 7.83 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 2.4 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 2.7
Hz, 1H), 4.22 (s, 3H), 3.24 (s, 3H) (Fig. S10). HRMS (ESI) m/z: [1+Na]" Calcd for
CaoH23AUN1002S:Na 1131.0446; Found 1131.0570 (Fig. S8).
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Computational Methodology:

All calculations employed scalar relativistic DFT, the ZPRA Hamiltonian, well-tested
exchange-correlation functionals (OLYP,**% B3LYP,5%2and B3LYP*, all-electron ZORA STO-
TZ2P basis sets, tight critetia for SCF and geometry optimization cycles, fine integration grids,
and, unless otherwise mentioned the COSMO aolvation model and dichloromethane as solvent, all
as implemented in ADF-2019.5% The solvent was omitted only in calculations of 1Ps®- and
EAs.%% Because of the conformational flexibility of the SCN groups, great care was exercised to

correctly identify the global minima of the molecules studied.
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Tetra(thiocyano)corrolato-Au(l11) derivatives showed phosphorescence at the near-infrared region
(at ca. 900 nm) at ambient temperature with relatively long phosphorescent lifetimes of 10 us. The
phosphorescence appeared at a longer wavelength than the previously reported other gold(l1l)
corroles/porphyrins. In addition, these compounds can efficiently sensitize singlet oxygen with
singlet oxygen production quantum yields of ca. 50% efficiency in chloroform solution.



