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1. Materials and physical measurements

1.1 Chemicals and materials. Methyl sulfide (Me2S, >99%, liquid), N,N-
Diisopropylethylamine (DIPEA, distillation grade, >99.5%), and 2-bromo-3,3,3-trifluoro-1-
propene (=97.0%, GC) were purchased from Aladdin Industrial Corporation. Triethylamine
(EtsN, >99.5%, GC) was commercially supplied by Macklin Biochemical Co. Ltd.. 1,8-
diazabicyclo[5.4.0]lundec-7-ene (DBU, 99.0%, liquid) was purchased from Alfa Aesar. 4-
methylbenzenesulfonhydrazide (>98%), 9-anthraldehyde (98%), Lithium tetrafluoroborate
(LiBFs, 99%), 4-cyano-N-methoxy-N-methylbenzamide (CioHioN202 ,  99%) ,  3-
(trifluoromethyl)-1H-pyrazole (Cs4H3F3N2, 98%) and 3,5-bis(trifluoromethyl)-1H-pyrazole
(>98.0%) were purchased from Bidepharm. Chloroauric acid (HAuCls-4H>0, 99% Au, >47.8%)
were purchased from Energy Chemical. All reagents and solvents were commercially available,

and used as supplied without further purification.

1.2 Physical measurements: UV-vis absorption spectra were recorded on cary4000 and UV-
3600i plus (Shimadzu, Japan). 'H, 3C, and "°F NMR spectra were carried out on a Bruker
AVANCE HI HD 400 spectrometer. Powder X-ray diffraction (PXRD) patterns were recorded
on miniflex600 X-ray Diffractometer (Cu Ko, A = 1.5418 A) in a step of 0.02° at 15 kV and 40
mA. Steady-state photoluminescence spectra (PL) and Stern—Volmer quenching experiments
were tested on a Fluorolog-3 fluorescence spectrometer (Horiba, USA). X-ray photoelectron
spectroscopy (XPS) data were collected on a thermofisher scientific K-Alpha. All binding
energies were calibrated using the C (1s) carbon peak (284.8 eV), which was applied as an
internal standard. The electrochemical measurements were performed in a conventional three-
electrode cell on a CHI-760E electrochemical workstation (Shanghai Chenhua Instrument Co.,
Ltd, China). Cyclic voltammetry (CV) tests were performed using ferrocene as a calibrator.
Glassy carbon electrode acted as the working electrode, a platinum wire electrode served as the
counter electrode, and a saturated calomel electrode was used as the reference. Solutions were
prepared by dissolving 8 mL of DMSO with 9 mg of An-HL (0.68 mM), 15 mg of An-Aus (0.73
mM), or 11 mg of CF3-Aus (0.82 mM), and supplemented with 170 mg (0.5 mmol) of
tetrabutylammonium perchlorate (TBAP) as the electrolyte. The solutions were degassed by
purging with N2 for 20 minutes prior to measurement.

1.3 Catalytic Reaction Chemistry Measurements: Gas chromatography mass spectra (GC-MS)
were performed at Agilent 7890B-5977B gas chromatograph mass spectrometer and an ultra-
inert gas chromatography column (0.25 mm X% 30 m, Film: 0.25 pm). Acetonitrile was used as
the solvent for GC-MS test.

1.4 X-ray Crystallography: Intensity data of An-Aus was collected at 100 K on an Oxford
Diffraction XtalAB system [Rigaku (Cu) dual-wavelength X-ray source, Ko, A=1.5418 A]
equipped with a monochromator and a CCD plate detector (CrysAlisPro CCD, Oxford
Diffraction Ltd). Absorption corrections were applied by using the program CrysAlis (multi-
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scan). The structures were solved by direct methods using ShelXS in Olex2 1.5, and all hydrogen
atoms were included in calculated positions and refined with isotropic thermal parameters riding

on those of the parent atoms.

1.5 fs TAS: To measure transient absorption spectra with time delays of~1 ps to 10 ns, an
ultrafast systems EOS sub-nanosecond transient absorption spectrometer was employed. A built-
in photonic crystal fiber supercontinuum laser source with a fundamental of 1064 nm at 2 kHz
output frequency and pulse width of approximately 1 ns was used to generate the white light.
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2. Supporting data

Section 1: synthesis and characterization of An-HL and An-Aus

2.1. Synthesis of An-HL and An-Aus, CF3-Aus

O 1) Toluene, DBU, 80°C, 24 h
O 0 ., TsNHNH, + F3C‘n’Br ——— >
J :

Scheme S1. The synthesis of An-HL.

Synthesis of An-HL: The synthesis of An-HL followed a procedure similar to that
described in the literature!. A mixture of 9-anthracenecarboxaldehyde (450 mg, 2.18
mmol), 4-methylbenzenesulfonhydrazide (487.6 mg, 2.61 mmol), and toluene (20 mL)
was placed in a 50 mL round-bottom flask and sonicated for 5 min. The solution was
then slowly added with DBU (996 mg, 6.54 mmol) and stirred for 10 min. Subsequently,
2-bromo-3,3,3-trifluoropropene (763.4 mg, 4.36 mmol) was added rapidly, and the
mixture was refluxed at 80 °C for 24 h. After cooling, the reaction was quenched with
deionized water and extracted with ethyl acetate (EA, 3x15 mL). The combined organic
layers were concentrated under reduced pressure to yield a brown oily product.
Purification by thin-layer chromatography (TLC eluent: EA/PE = 1:10, V:V) followed
by column chromatography (eluent: EA/PE = 1:50, V:V) afforded the target compound.
The purified product was dried under vacuum at 30 °C for 12 h to give An-HL as a
pale- yellow solid (202.5 mg, 45% yield). The 'H, '*C, and '°F NMR spectra of An-HL
were displayed in Figs. S1-S3.

Anal. '"H NMR (400 MHz, DMSO) & 14.07 (s, 1H, NHnp,), 8.84 (s, 1H, CHan), 8.21
(d,J=8.5Hz, 2H, CHan), 7.59 (dd, J=9.4, 1.2 Hz, 6H, CHaun), 7.11 (d,J= 1.8 Hz, 1H,
CHpr,). ®*C NMR (101 MHz, DMSO) & 142.02, 140.40, 131.14, 131.11, 129.41, 129.05,
127.58, 126.18, 125.56, 123.15, 106.72. 'F NMR (376 MHz, CDCls) § -61.96.
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Scheme S2. The synthesis of An-Aus.

Synthesis of An-Aus: The synthesis procedure of An-Aus is illustrated in Scheme S2.
Under standard Schlenk techniques, pre-synthesized (Me2S)AuCl (94 mg, 0.32 mmol,
prepared from chloroauric acid and dimethyl sulfide according to literature method?)
and An-HL (100 mg, 0.32 mmol) were dissolved in acetone (10 mL) in a 50 mL Schlenk
tube. After three freeze-pump-thaw cycles for oxygen removal, triethylamine (32 mg,
0.32 mmol) was injected under nitrogen atmosphere. The reaction mixture was stirred
at room temperature (RT), shielded from light, for 30 min. Then, the mixture was
gradually treated with methanol until complete precipitation. Grayish-white precipitates
were collected by centrifugation (8500 rpm, 2 min), thoroughly washed with
dichloromethane, and vacuum-dried for 12 h to afford An-Aus powder (52 mg, 52%
yield based on Au). Single crystals suitable for X-ray diffraction analysis were obtained
through low-temperature vapor diffusion: 10 mg of the powder dissolved in
dichloromethane (2 mL) was allowed to slowly evaporate at -25°C, yielding pale yellow
plate-shaped crystals (41% yield based on Au). The 'H and '°F NMR spectra of An-
Aus were present in Fig. S4 and S5, respectively.

Anal. "H NMR (400 MHz, DMSO) & 8.94 (s, 1H), 8.45 (d, J=9.9 Hz, 2H), 8.30 —
8.24 (m, 2H), 7.89 — 7.83 (m, 4H), 7.68 — 7.58 (m, 6H), 7.38 (d, /= 10.5 Hz, 2H), 7.17
—6.98 (m, 11H), 6.82 (d, J = 8.8 Hz, 2H). ’F NMR (376 MHz, CDCl3): § -60.55, -
60.64, -62.18.

F3C+¥?\CF3
CF; NN
R 1) THF, NaH, stir at RT, 6 h /___\
(Me,S)CI &+ N > /% S\ CF
N F,C “v" N 3
FsC N 2) THF wash 3 ;l‘h_ —N‘»;

CF; CF;
Scheme S3. The synthesis of CF3-Aus.

Synthesis of CF3-Aus {[3,5-(CF3)2Pz]Au}3: The synthesis was conducted under
ambient conditions following established protocols?. A solution of H[3,5-(CF3):Pz] (0.4
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g, 1.95 mmol) in anhydrous THF (15 mL) was treated with 60% excess NaH (0.06 g,
2.48 mmol) and stirred for 5 min to complete deprotonation. Residual NaH was
removed by centrifugation. Subsequently, (Me>S)AuCl (0.5 g, 1.55 mmol) was added
to the filtrate under rigorous N> protection achieved by three freeze-pump-thaw cycles.
After 6 h of photo-protected agitation, the mixture was filtered and the precipitate was
washed with THF (3%5 mL). The combined filtrate was concentrated under reduced
pressure to afford off-white solids (0.615 g, 60% yield based on Au). Colorless needle-
like crystals suitable for single-crystal X-ray analysis were obtained through low-
temperature recrystallization from dichloromethane.

Anal. 'TH NMR (CsDe¢): 8 6.50 (s, 6H, NHppz). ’F NMR (C¢D¢): & —60.8 (s, CF3).
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Section 2: Characterizations of An-HL and An-Aus

2.2.1. NMR spectra of An-HL and An-Aus
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Fig. S1. '"H NMR (400 MHz, 298 K, DMSO-d6) of An-HL.
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Fig. S2. ’C NMR (101 MHz, 298 K, DMSO-d6) of An-HL.
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Fig. S3. ’F NMR (376 MHz, 298 K, DMSO-d6) of An-HL.
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Fig. S4. '"H NMR (400 MHz, 298 K, DMSO-d6) of An-Aus,
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Fig. SS. 19F NMR (376 MHz, 298 K, DMSO-d6) of An-Aus.
2.2.2. PXRD of An-Aus and CF3-Aus
a b
-Exp. — Exp.
Simu. Simu.
6 12 18 24 30 10 20 30

26 (°) 26 (°)

Fig. S6. The comparison of experimental and simulated PXRD patterns of a) An-Aus;
b) CF3-Aus.
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2.2.3. FI-IR of An-HL and An-Aus
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Fig. S7. FI-IR spectra of An-HL and An-Aus.

2.2.4. TGA of An-Aus
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Fig. S8. TGA profiles of An-Aus under N> atmosphere. The experimental residual
content was measured at 39.4%, which is consistent with the theoretical value of 38.8%

and aligns with the molecular formula.
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2.2.5. XPS of An-Aus
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Fig. S9. Full XPS spectra of An-Aus.
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Fig. S10. High-resolution Au 4f and N 1s XPS spectra of An-Aus.
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2.2.6. Single-crystal structure of An-Aus

a b

Normal

0.5 mm

Crystal

Fig. S11. (a) The photographs of An-Aus powder under room light and under 365 nm
(b) as well as the An-Aus crystals.

Fig. S12. Top view of the An-Aus dimer.
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Fig. S13. The dimer of An-Aus in the crystal and the dash line refers to the distance
between the AusNg planes (9.214 A).

.!

Fig. S14. The dimer of CF3-Aus in the crystal and the dash line refers to the distance
between the AusNg planes (4.676 A).
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Table S1. Crystal system, space group, and unit cell parameters of An-Aus.

Identification code An-CF3-Aus
Empirical formula Ci111He6N12F18ClsAus
Formula weight 3304.26
Temperature/K 100.00(3)
Crystal system Triclinic
Space group P-1
alA 14.1872(5)
b/A 15.2316(5)
c/A 15.6241(5)
al® 117.120(3)
p/° 96.663(3)
y/° 111.699(3)
Volume/A? 2621.60(17)
Z 1
Peale glem’ 2.093
w/mm’! 17.543
F(000) 1554
Crystal size/mm? 0.3 x 0.25 x 0.04
Radiation CuKoa (A=1.54184)
20 range for data collection/° 6.76 to 135
Index ranges -17<h<15,-18<k<16,-15<[<18
Reflections collected 19118
Independent reflections 9298 [Rint = 0.0604, Rsigma = 0.0659]
Data/restraints/parameters 9298/426/703
Goodness-of-fit on F> 1.132
Final R indexes [I>=2c (I)] R;=0.0849, wR>=10.2299
Final R indexes [all data] R;=10.1024, wR>=0.2368
Largest diff. peak/hole / ¢ A 4.30/-3.08

Ry = S|Fo| - [Fo/SIFo P WR2 = {[EW(F:2 -F2 )2 VEW(EL2 112 w = 1/ [62 (Fo) + (aP): + bP],
where P = [max(F,* ,0) + 2F*]/3 for all data.
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2.2.7. Solution-state UV-vis Absorption Spectra of An-Aus and CF3-Aus

a b

——DMF
DMSO
CH,CN
CH,CI,
DMA

CF,-Au,

Absorbance
Absorbance

AN

300 375 450 300 350 400 450
Wavelength (nm) Wavelength (nm)

Fig. S15. UV-vis spectra of a) An-Aus (2.5x10* M) in different solvents and CF3-
Aus (2.5x10* M) in DMSO.

As can be seen in Fig. S15a, An-Aus is soluble in a wide range of solvents, and its
absorption intensity varies with solvent, with maximum absorption observed in DMA

and DMSO. In contrast, CF3-Aus has no characteristic absorption in the near-UV to

visible region.

a b
stability in DMSO —0d stability in DMF —0d
1d .
3d
| 3d
[<}] ]
g 4d g ‘ 4d
© o |
3 8
o o
2 2
< 4
\/ :
300 400 500 600 700 300 400 500 600 700

Wavelength (nm) Wavelength (nm)

Fig. S16. Monitoring the stability of An-Aus (2.5x10* M) under ambient conditions:
a) in DMSO and b) in DMF.
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2.2.8. Solution-state Photoluminescence Spectra of An-Aus and An-HL

a b
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Fig. S17. a) Room-temperature emission and excited spectra of An-Aus (2.5x10* M)

in DMSO (2 ml); b) Room-temperature emission spectra of An-Aus under different

excitation wavelengths.
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Fig. S18. Room-temperature emission and excited
DMSO (2 ml).

S17

spectra of An-HL (2.5x10* M) in



2.2.9. Room-Temperature Photoluminescence Lifetime of An-Aus and An-HL
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Fig. S19. Photoluminescence decay of a) An-Auz (C = 2.5x10* M) and b) An-HL (C
=2.5x10"* M) obtained via time-correlated single photon counting (Purple and orange),

and the line represents a dual-exponential fit of the data.

2.2.10. Solid-state Photoluminescence Spectra of An-Aus and An-HL

a b

Ex-467 nm Ex-532 nm
——Em-408 nm Em-331 nm

Normalized Intensity
Normalized Intensity

300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm)

Fig. S20. Comparison of normalized emission and excitation spectrum of a) An-Aus
and b) An-HL.
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2.2.11. Solid-state Photoluminescence Lifetime of An-Aus and An-HL
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Fig. S21. Photoluminescence decay of a) An-Aus and b) An-HL obtained via time-
correlated single photon counting (Purple and orange), and the line represents a dual-

exponential fit of the data.

Table S2. Summary of photophysical parameters for the compounds in the solid state

complexes Aex (Nm) Aem (NM) T (ns)
An-Aus 408 467 6.5%
4.3°
An-HL 331 332 T/A /A
2.48/0.90 22.71/0.10

fluorescence decay lifetime: ? Aex = 408 nm. ® Aex = 331 nm.

Table S3. Summary of photophysical parameters for the compounds in DMSO solution

complexes Aex (Nnm) Aem (NM) 7 (ns)
An-Aus 407 479 5.5%
An-HL 322 430 9.9b

fluorescence decay lifetime: ? Aex = 407 nm. ® Aex = 322 nm.
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2.2.12. Cyclic Voltammetry (CV) of An-Aus, An-HL, and CF3-Aus

a b
——An-HL CFy-Au,
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Fig. S22. CV curves of a) An-HL and b) CF3-Aua.

—— Abs.
Em.

Absorbance
Counts
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Fig. S23. Normalized emission (Ex: 350 nm) of An-Aus and its intercept with the
absorption spectrum at 401 nm (Eo = 3.10 eV).

Based on the Rehm-Weller formalism®, the excited state reduction potential £ red Was

determined according to the following equations:
E"1ed (An-Aus) = Ereq (An-Aus) + Eo (1)
E’ed (An-Ausz) = 1.15 V vs. SCE

The excited state oxidation potential £ ox was determined according to the following

equations:
E"ox (An-Aus) = Eox (An-Aus) - Eog

E’ox (An-Auz) =-1.91 V vs. SCE
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2.2.13. fs-TA Spectra
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Fig. S24. fs-TA Spectra of An-HL and An-Aus.
2.2.14. Computational Details

For ligand An-HL and complexes An-Auz and CF3-Aus, density functional theory
(DFT) and time-dependent density functional theory (TDDFT) computations were
conducted utilizing Gaussian 09E program suite’, and the solvation model density
(SMD)® was adopted for considering the solvent effect of DMSO. The following level
of theory was adopted throughout: (1) Functional: the hybrid Perdew, Burke, and
Ernzerhof functional (PBE0)’® in conjunction with D3°(BJ)!° dispersion correlation, (2)
Basis sets: the SDD effective core potential (ECP)!'! for Au and the 6-311G(d,p) basis
set'? for the other atoms.

Firstly, the geometrical optimization was performed using restricted PBEO method
for obtaining the stable ground-state (So) geometries of the molecules of the above three
compounds, confirmed by the absent of imaginary frequencies (NIMG = 0). Then, the
first 50 singlet-singlet spin-allowed transitions were calculated for these three
compounds, and the first 20 singlet-triplet spin-forbidden transitions were calculated
for An-HL and An-Aus. After that, the TDDFT results of the Gaussian software were
furtherly treated by using Multiwfn 3.8(dev) program'*!'* to give the information of
electron transitions and the cub files for drawing the electron density differences (EDD)
maps. The stable geometries of the first triplet state (T1) for these three compounds
were obtained with NIMG = 0 by unrestricted PBEO. With the wave functions of T
states as inputs, Multiwfn program outputs the cub files for drawing the electron spin-
density surfaces. Both EDD and spin density maps were drawn with isovalues = 0.0005
a.u. by VMD 1.93 program'°.
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In the discussions of the TDDFT results of An-HL and An-Aus based on the stable
So geometries, only the following excited states were selected and shown in Table S5:
(1) The singlet excited states (S,) with the oscillator strength (f) > 0.01 among the first
10 S, states, (2) T, states, (3) the triplet excited states (Tm) with the smallest energy
separations with S; states (Table S5). Based on the hole-electron analysis embedded in
Multiwfn 3.8(dev) program'>!#, D, S;, and Sm indexes were calculated for the selected
singlet excited states for quantifying the nature of charge transfer, and the results were
listed in Table S6. Among these charge-transfer indexes, a large D index indicates a
significant charge-transfer excited state since this index refers to the distances between
the mass centers of hole and electron orbitals. In contrast, the small S; and Sy, indexes
suggest a significant charge-transfer excited state since both indexes indicate the

overlap between the hole and electron orbitals.

Table S4 The single-point energies with zero-point correction (E) of Auz(3-An-5-

CF3Pz)3in C; and C3 symmetries based on the stable So geometries.

E(Cs) (a.) | B(C) (aw.) | E(C3) - B(Cy) (a.w.) | E(C3) - E(Ch) (eV)
-3706.980 | -3706.988 0.008 0.2176

-25.10 keal/mol [ i W 25-10 keal/mol

Fig. S25. (Up) The vdW isosurfaces (isovalue = 0.001 a.u.) mapped by ESP and (b) the

molecular structures of An-Aus and An-HL.

Based on the stable ground-state (So) geometries, the electrostatic potential (ESP)
analyses indicate a better charge-transfer (CT) character of An-Austhan An-HL (Fig.
S24), supported by the lager dipole moment of An-Aus (8.201 Debye) than An-HL
(6.955 Debye).
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Fig. S26. The comparisons of experimental (black curves) and simulated (red curves)

of (a) An-HL, (b) An-Aus, and (¢) CF3-Aus in DMSO solution.

Table S5. Selected TDDFT results of An-HL, An-Aus, and CF3-Aus.

Compound | Sy/Tm state | E (eV) | A (nm) |
Sy 3.191 | 388.5 | 0.151
Ss 4.856 | 255.3 | 0.087
Se 4970 | 249.5 | 1.933
An-HL
S7 5.002 | 247.9 | 0.044
Ss 5.172 | 239.7 | 0.069
T, 1.678 | 738.8 | 0.000
T2 3.248 | 381.7 | 0.000
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Si 2914 | 4254 |0.031

S3 3.190 | 388.7 |0.286

Sq 3.208 | 386.5 |0.141

An-Aus
T, 1.653 | 750.1 | 0.000
T4 3.023 |410.2 | 0.000
Si 4723 |2625 |0.016 Satml
CHs-Aus S 5.618 220.7 0.824
10 . . . & ¢t
.
L @ gﬁ -
o ted
M oA

Table S6. Calculated D, S;, and Si, indexes of the selected S, states of An-HL and
An-Aus.

Compound | Spstate [ A(nm) | £ | D(A) | Sr(a.u.) | Sm(a.u.)
An-HL S1 388.5 | 0.151 | 0.090 | 0.888 0.700
Si 4254 10.031 | 0.093 | 0.871 0.679
An-Aus S3 388.7 | 0.286 | 0.066 | 0.889 0.700
Sq 386.5 | 0.141 | 0.062 | 0.889 0.701
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Section3: Optimization of photocatalytic reaction conditions

1) General Procedure A model reaction (substrate 1a):

(0] (0]
/(j)LN/ > /(\))LN/
A DMSO, Ar, 40 min H
Nc”~F  OMe NC” A
1a 2a

To a 10 mL rubber-stoppered reaction tube with a magnetic stir bar, 1a (0.1 mmol),
An-Aus (1.5 mg, 1 mol%), and degassed DMSO (2 ml) were added. The system was
purged with argon for 15-20 min and sealed. The reaction mixture was stirred under
light (410 nm, 12 W LED) for 40 min, with a circulating water cooling system to
maintain the temperature (25-30 °C). After the reaction was complete, the reaction was
quenched with saturated saline and extracted three times (10 ml/ each) repeatedly with
ethyl acetate. The organic phase was collected and the solvent was removed under

reduced pressure and the crude residue was purified by column chromatography.

Table S7. Reaction optimization for model reaction under 365 nm light (12 W LED)

(0] (0]
,[\))LN/ DMSO, Ar, 30 min ” /E\))'LH/
NG N~ OMe T NC”\F
1a 2a
Entry Modifications of reaction conditions® Yields (%)°
1 None 99
2 No Cat. N. D.
3 DMF, instead of DMSO 99
4 Add DIPEA 99
5 CF3-Aus, instead of An-Auj Trace
6 No Light N. D.
7 Heat at 45 °C N.D.
8 410 nm instead of 365 nm 63
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“Reaction conditions: 1a (0.1 mmol), An-Aus (1.5 mg, 1 mol%), DMSO (2.0 mL) under
Ar atmosphere with purple LEDs (12 W, 365 nm) irradiation for 30 min. *Yields were
determined by GC-MS.

2) General Procedure B (For substrates 1b-1d):

o) 0
1
R~F  OMe DMSO, Ar, 2h R, /\) H
1b-1d 2b-2d

To a 10 mL rubber-stoppered reaction tube with a magnetic stir bar, 1b-1d (0.1
mmol), An-Aus (1.5 mg, 1 mol%), degassed DMSO (2 ml), and 2 eq. of DIPEA (35
pL) were added. The system was purged with argon for 15-20 min and sealed. The
reaction mixture was stirred under light (365 nm, 12 W LED) for 2 hours, with a
circulating water-cooling system to maintain the temperature (25-30 °C). After the
reaction was complete, the reaction was quenched with saturated saline and extracted
three times (10 ml/ each) repeatedly with ethyl acetate. The organic phase was collected,
the solvent was removed under reduced pressure and the crude residue was purified by

column chromatography.

3) General Procedure C (For substrates 1e-1f):

0) 0
1
R~ OMe DMSO, Ar, 20 h R NF H
1e-1f 2e-2f

To a 10 mL rubber-stoppered reaction tube with a magnetic stir bar, 1e-1f (0.1 mmol),
An-Aus (1.5 mg, 1 mol%), degassed DMSO (2 ml), and 2 eq. of DIPEA (35 uL) and
LiBF4 (2eq., 0.2 mmol, 18.6 mg) were added. The system was purged with argon for
15-20 min and sealed. The reaction mixture was stirred under light (365 nm, 12 W LED)
for 20 hours, with a circulating water-cooling system to maintain the temperature (25—
30 °C). After the reaction was complete, the reaction was quenched with saturated
saline and extracted three times (10 ml/ each) repeatedly with ethyl acetate. The organic
phase was collected, the solvent was removed under reduced pressure and the crude

residue was purified by column chromatography.

S26



4) Substrate Summary

OMe NC
(o]
FiC OMe F4C
o (o]
3* N@’ 1c 5 H’ 2c 36 Trace
N’ OMe N/
(o] (o]
4 @ﬁ)ﬂr 1d wﬁ/ 2d 99 90
N® OMe N
(o] (o]
5¢ /©)*rr 1e /@*H’ 2 32 7
Br 6Me Br
(o] (o]

6* N“ 1f N 2f 25 N.D.
5 OMe y H

Table S8. Substrate Scope. ‘Reaction conditions follow General Procedure B.
*Reaction conditions follow General Procedure C. Product yields were determined by
NMR.

5) UV-vis Absorption Spectra of the Catalytic System with Different Additions:

rya

17
1a
1. 1a+DIPEA
Q)'Lﬁ —— 1a+LiBF,
NC 1a+An-Au,
@ 1a+DIPEA+An-Au,
2 1a+DIPEA+LIBF ;+An-Au,
©
2
T
o
@
Ee!
<
- —
300 350 400 440

Wavelength (nm)

Fig. S27. Absorption spectra of the photocatalytic system of 1a (0.2 mmol) and An-
Aus (1 mol%) with or without DIPEA (2eq., 0.2 mmol), and LiBF4 (2eq., 0.2 mmol) in
CH;CN (2 ml).
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6) Reaction Kinetics experiments:

100 . o . |
>

80 -
2 v
s 60 -
=)
2 +—Yield of 2a
> 40-

20 -

0 T T T T T
0 5 10 15 20 25 30
Time (min)

Fig. S28. Reaction kinetics of N-O bond breaking of Weinreb amides catalyzed by An-
Aus.

7) Free Radical Capture Experiment:

o) 0
- Standard conditions -~
g I
NC . NC
1a 2a
o 0
N~ Standard conditions N~
’(j)L 6Me " N.D
F3C FsC
1b 2b
O O
- Standard conditions -
N > N
/©)L OMe /CHL Ho N
F F
1f 2f

Following the general procedure A (1a), procedure B (1b), and procedure C (1f),
TEMPO (0.5 mmol, 5 eq.) was added. GC-MS analysis revealed significant inhibition
of the reaction, with the yield of 2a decreasing to 29%, and complete suppression of the

conversions of 1b and 1f, suggesting that the reaction proceeds via a radical mechanism.

S28



8) Detection of Formaldehyde:

(a) 0] o]
/@)LIEI/ Stan::a:: ::ocl:ditiuns @)LH/ + HCHO
dé-DMSO0, 2h
NC OMe NC
1a (0.5 mmol) 2a
(b)
0
”~
o

|m e | NC Ole
I :
I | A I -
| |
. I
, l A A

I
! Hucho > . mixed product
1 I ~ -
1 | ~
I . “a A
I . ® %L X H,0, DMSO
I R R Y B RN CA DR 5,

2 1 10 9 7 6 5 4 3 2 1 0 -1 -2 -3
11 (ppm)

Fig. S29. (a) Target products for N-O bond breaking reactions; (b) 'H NMR of the
reaction mixture of la under general procedure A in d6-DMSO showing the

characteristic peak of HCHO at 9.56 ppm.
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9) Stern—Volmer Quenching Studies:

(a)
1.6x10° —— Just An-Au,
6 ~———5mM1a
- i 10mM 1a
2 1.2x10° 15mM 1a
£} 5 ——25mM 1a
£ 1.0x10° ——30mM 1a
3 5
g 8.0x10
© 5 ]
£ 6.0x10
o S |
S 4.0x10
2.0x10°
450 525 600
Wavelength (nm)
Entry Concentration
1 0mM
2 5mM
3 10 mM
4 15 mM
5 25 mM
6 30 mM
(b)
1.6x10°
Just An-Au,
1.4x105- -~ 5mMDPIEA
> 15mM
g 1.2x108 ———25mM
£ 1.0x10°- omM
£
§ 8.0x10°-
= 6.0x10°
E 4.0%x10°
4
2.0x10°-
0.0

525 600

Wavelength (nm)

450

Concentration

1.6
e 1a
1.54 linear (1a)
1.4
L]
5 1.34
L]
1.2
< y = 0.0159x+1.0140
.
1.1+ R?= 0.9767
1.0+
0 5 10 15 20 25 30
Quencher Concentration
Emission I,
1531154 1
1362790 1.1235
1303621 1.1745
1234833 1.2400
1111205 1.3779
1007300 1.5200
2.0
« DIPEA
Linear (DIPEA)
1.8
L ]
1.6
= .
= 1.4-
y = 0.0286x+1.036
L ]
1.24 R?=0.9903
1.0+

Emission

5 10 15 20 25 30
Quencher Concentration

1 0mM
2 5mM
3 15 mM
4 25 mM
5 30 mM

1441539

1174872

984719

830786

758800

1.2270
1.4639
1.7352

1.9000

Fig. S30. Photoluminescence (Aex =407 nm) spectra of Ar-saturated DMSO containing

0.25 mM An-Aus, recorded with increasing concentration of a) 1a (0—30 mM) and b)
DIPEA (0-30 mM), and their corresponding Stern-Volmer plots.
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Stern—Volmer analyses demonstrated distinct quenching constant (Ksv) for DIPEA
(Ksv = 0.0286) and substrate 1a (Ksv = 0.0159) toward the excited-state An-Aus
complex. The quenching experiments strongly support the activation of substrate 1a by
An-Aus at its photoexcited states (i.e. an oxidative quenching mechanism). In addition,
DIPEA can function as a sacrificial reagent, donating an electron to the photoexcited
An-Aus, thereby facilitating the formation of an An-Aus radical anion intermediate (i.e.
a reductive quenching mechanism). These findings suggest that the An-Aus catalyst
can accommodate the diverse reduction potentials of Weinreb amides through a dual
electron transfer mechanism, involving both oxidative and reductive quenching

pathways.
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3. Characterization data for products

O

Y N

H
-~

NC
2a: R¢ (60% EtOAc in n-pentane) = 0.33. 'H NMR (400 MHz, DMSO)  8.69 (d, J =
6.6 Hz, 1H), 8.00 — 7.94 (m, 4H), 2.80 (d, J = 4.6 Hz, 3H). *C NMR (101 MHz,
DMSO0) 8 165.67, 138.91, 132.91, 128.38, 118.82, 113.93, 26.82.
0]

N ”~

H
F;C

2b: R¢ (65% EtOAc in n-pentane) = 0.36. 'H NMR (400 MHz, DMSO) § 8.66 (d, J =

6.1 Hz, 1H), 8.02 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.2 Hz, 2H), 2.81 (d, J= 4.5 Hz,

3H). 3C NMR (101 MHz, DMSO) § 165.88, 138.69, 131.60, 131.28, 128.42, 125.81,

125.77, 123.07, 26.78. '%F NMR (376 MHz, DMSO) § -61.34.

o)
NS ”
| H
N

2¢: Rr (50% acetone in Et20) = 0.30. 'TH NMR (400 MHz, DMSO) 6 8.99 (d, J=2.5
Hz, 1H), 8.75 — 8.58 (m, 2H), 8.17 (dt, J= 7.9, 2.2 Hz, 1H), 7.48 (ddd, J= 7.7, 4.8,
2.4 Hz, 1H), 2.80 (dd, J = 4.8, 2.5 Hz, 3H). 3C NMR (101 MHz, DMSO) § 165.64,
152.16, 148.72, 135.24, 130.40, 123.88, 26.64.

2d: R (50% acetone in DCM) = 0.43. 'H NMR (400 MHz, DMSO) § 8.61 (s, 1H),
8.43 (s, 1H), 8.03 — 7.90 (m, 4H), 7.59 (tt, J= 7.0, 5.1 Hz, 2H), 2.84 (d, J=4.5 Hz,
3H).'3C NMR (101 MHz, DMSO) § 165.68, 149.26, 148.86, 135.79, 131.56, 129.56,
129.20, 127.85, 127.60, 127.04, 26.76.
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O

N /

H
Br

2e: Rr (60% EtOAc in n-pentane) = 0.30. 'H NMR (400 MHz, DMSO) & 8.51 (s,

1H), 7.77 (d, J= 8.5 Hz, 2H), 7.67 (d, J= 8.5 Hz, 2H), 2.77 (d, J = 4.5 Hz, 3H).*C

NMR (101 MHz, DMSO) & 166.14, 134.06, 131.78, 129.65, 128.74, 125.22, 26.73.

O

N/

H
F

2f: R¢ (50% EtOAc in n-pentane) = 0.33. '"H NMR (400 MHz, DMSO) § 8.45 (s, 1H),

7.92 —7.86 (m, 2H), 7.32 — 7.26 (m, 2H), 2.78 (d, J= 4.5 Hz, 3H). 3C NMR (101

MHz, DMSO0) & 173.33, 166.02, 130.14, 130.05, 128.21, 115.76, 115.54, 26.72.

O

QW

2g: Rr (70% EtOAc in n-pentane) = 0.32. 'H NMR (400 MHz, DMSO) § 8.61 (s, 1H),
8.43 (s, 1H), 8.03 — 7.90 (m, 4H), 7.59 (tt, J= 7.0, 5.1 Hz, 2H), 2.84 (d, J=4.5 Hz,
3H).!*C NMR (101 MHz, DMSO) § 167.13, 134.51, 132.64, 132.36, 129.28, 128.32,
128.06, 127.96, 127.73, 127.16, 124.52, 26.83.
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4. NMR Spectra:

2a: '"H NMR (400 MHz, DMSO)
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2b: '"H NMR (400 MHz, DMSO)
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F NMR (376 MHz, DMSO)

—-61.34

3.00—

40 45 50 -55 60 -85 70 75 80 -85 -00 -95 -100 -105 -110

10 -15 20 25 30 -35
1 (ppm)

2¢: '"H NMR (400 MHz, DMSO)

3
§ Z
COPODDOFOODOFOOWVINOO DD DM © © --0®O0
QAR VOOV~~~ - NOITTITTT A 0 0 @ M~ 1
G) (0 00 00 G0 O GO 00 00 €0 0 €0 €0 G0 0O GO I~ P~ I~ I~ P~ P~ I~ © NN NN
e S e e | =
4
|
[
[ [ [
| | [
a / J ) 1
|
c d
| e
J&,)u_n
A iy i)
o o - @ ©
e o© o - =1
-— o~ - o ™
T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

f1 (ppm)

S36



3C NMR (101 MHz, DMSO)
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3C NMR (101 MHz, DMSO)
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3C NMR (101 MHz, DMSO)
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3C NMR (101 MHz, DMSO)

ZLez—

PSGLL
9L m:‘v

440N
5008l
i

coeel—

EEELL—

N

160 150 140 130 120 10 100 20 80 70 60 50 40 30 20 10
1 (ppm)

170

2g: '"H NMR (400 MHz, DMSO)

OsSWaosz—
e
mm.wv

OZHSE'E—

9§°L
9§°L
8521
85°L
65°L
65°L
09°L
1974
L9
9L
€9°L
Le'L
16'L
€6°L
ve'L
96'L1
L6'L
86'L
mm.\...w

—

00°8~
00°'8-¢
208
208
erg—
19°8—

R E-L EL0E

7.70

780 775

7.85

790

05

6.5 6.0 55 50 45 40 35 30 25 2.0 15 1.0

70

8.5 8.0 7.5

9.0

5S40



3C NMR (101 MHz, DMSO)
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