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1. General information

Commercial reagents were used without purification and reactions were run under CO>
atmosphere with exclusion of moisture from reagents using standard techniques for
manipulating air-sensitive compounds. CDClz was purchased from Sigma Aldrich. CHCI3,
MeCN was purchased from Acros Organics-International. Dicyandiamide, 2-amino-5-
(trifluoromethyl)benzonitrile and Fe(NO3)3°9H20 were purchased from Sigma Aldrich. Kessil
lamps were purchased from Laser 2000 (UK) Ltd, with precise wavelengths (390 nm, 456 nm).
'"H NMR spectra (500 MHz) and '3C NMR spectra (126 MHz) were recorded using Bruker
Avance 500 spectrometer with CDClz or DMSO-ds as solvent. NMR spectra were calibrated
using the solvent residual signals (CDCls: 6 'H = 7.26, ¢ 1*C = 77.00; DMSO-ds: 6 'H = 2.50,
6 13C =139.52). The following abbreviations were used to describe peak splitting patterns when
appropriate: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, dd = doublet of
doublet, m = multiplet and br = broad singlet. Analytical thin layer chromatography (TLC) was
performed using pre-coated TLC sheets ALUGRAM® SIL G/UV254 (Machery-Nagel) and
spots were visualized using UV light (254 nm). Flash chromatography was performed on an
automated chromatography system (Buchi) with on-line UV detection using commercial Silica
Flash Cartridges and the indicated solvent and gradient system. High performance liquid
chromatography (HPLC) of samples were prepared by dissolving 0.1-5.0 mg of the product in
methanol or in acetonitrile and further diluting to a concentration of 107°—107% M with 50%
methanol (or acetonitrile)/50% H20/0.1% formic acid.

2. Synthesis of Fe@f-gC3N4 photocatalyst

550°C for4 h
0. A
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Fig. S1. The preparation procedure of atomically dispersed Fe photocatalyst

107 mmol of Dicyandiamide (DCDA, 9 g), 0.08 mmol of Fe(NO3)3*9H>0 (0.032 g), and 0.8
mmol of 2-amino-5-(trifluoromethyl)benzonitrile (0.150 g) were stirred together in 45 mL of
H>O at 95 °C for 1 h in a closed system and then dried at 100 °C to remove water. Afterward,
solids were ground to fine powders and heated to 550 °C at a rate of 2.2 °C/min and were kept
at this temperature for 4 h under an aerobic atmosphere. After that, the oven was cooled down
to room temperature, the resulting mixture was removed and ground in an agate mortar and
used for the subsequent reactions. The as synthesized catalyst was named Fe@f-gC3Na.

3. Elemental analysis

Elemental (CHN) analyses was performed by using a UNICUBE® microelemental analyzer
(Elementar). For precise sample preparation, a Mettler Toledo™ WXTS3DU microbalance and
a Mettler Toledo™ MXS5 microbalance were employed along with dedicated sample formers
and pressing tools. During combustion, the system reached a maximum furnace temperature of
1,200 °C, with localized temperatures up to 1,800 °C achieved briefly when tin foil was used
to promote sample ignition.



Table S1. Weight percentage of C, N, H in Fe@f-gC3N4

Sample Weight Method Weight (%)
(mg) N C H
Fe@f-gCsNy 2.21 2 mg standard 57.61 33.13 1.85
Blank 1 Blank with O, 0 0 0
Fe@f-gCsN4 2.17 2 mg standard 56.65 32.55 1.77
Blank 1 Blank with O 0 0 0
Fe@f-gCsN4 2.16 2 mg standard 57.63 33.09 1.83
Blank 1 Blank with O, 0 0 0
Average 57.30 32.92 1.82

4. Inductively coupled plasma optical emission spectrometry (ICP-OES)

The ICP-OES method was employed to determine the bulk elemental composition of Fe in
fresh Fe@f-gCsN4 and spent Fe@f-gC3Ns. The measurements were conducted with a 715-ES
ICP emission spectrometer (Varian, Palo Alto, CA, USA). Before analyses, samples were
dissolved in a mixture of HF and aqua regia at 200 °C and 60 bar through microwave-assisted
digestion. The iron content in both the fresh and spent Fe@f-gC3N4 samples was determined
to be 0.143 wt%.

5. Photoelectrochemical properties of Fe@f-gC3N4
5.1 UV-Visible-DRS spectroscopy

A UV-Visible spectrometer (UV-Vis, Shimadzu UV-26001) coupled with a diffused reflectance
spectra (DRS) integrating-sphere module (with BaSOj4 as the reference standard) was used for
bandgap measurements.

Here, we use the Tauc plot method to calculate the bandgap width of catalysts. This method is
based on the formula proposed by Tauc, Davis, and Mott, commonly known as the Tauc plot.

(ahv)% = A(hv — Eg) (1)

where hv=hc/A. Here, a is the absorption coefficient, h is Planck's constant, v is the photon
frequency, c is the speed of light, and A is the wavelength of light. Eg is the bandgap energy.
The exponent n depends on the type of semiconductor: for direct bandgap semiconductors, n =
1/2; for indirect bandgap semiconductors, n = 2. A is a parameter dependent on the transmission
probability.

Additionally, the band gap energy is usually determined from diffuse reflectance spectra. For
UV-Vis diffuse reflectance spectroscopy (DRS) to measure the bandgap, reflectance (R) is
typically measured. The Kubelka-Munk function F(R«) based on Kubelka-Munk theory is then
used, which relates reflectance to absorbance and is given by:

FR,) = X = (1~ Ro)” (2)

®? 7S 2R,

where Ro=Rsample/Rstandard 1 the reflectance of an infinitely thick specimen, while K and S are
the absorption and scattering coefficients, respectively. Substitute F(R«») for a in equation 1
yields the form equation 3.

1
(F(Ry) hv)n = A(hv — E,) (3)
Then plot (F(Rx) hv) “1/n versus hv (Fig. S2) The linear portion of the plot is then extrapolated
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to the horizontal axis, where the interception gives the bandgap energy (E;). So, the band gap
of Fe@f-gC3Ny4 is determined to be 2.63 eV.
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0.0
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Fig. S2. Band gap of Fe@f-gC3N4 determined by Tauc plot

5.2 Mott-Schottky (MS) measurements

The Mott-Schottky experiments were performed in a three-electrode configuration cell, with
obtained thin film electrode as the working electrode, Pt-foil electrode as the counter electrode,
and silver chloride electrode (Ag (s)IAgCI (s)IKCI (aq) (3M)) as the reference electrode,
respectively. Thin film electrodes were prepared by the drop-coating method, 12.5 mg of
sample was added to the mixed solution of ethanol (50 pL) and Nafion solution (5 wt%, 10 puL)
under sonication for 1h. Then 15 pL of the mixture was pipetted on the surface of a FTO glass
to obtain 1 cm x 1 cm coating films, followed by drying at room temperature and further drying
at 40 °C overnight in a vacuum oven. Additionally, the electrolyte solution was used as 0.5 M
NaySO4 (measured pH = 7.47) degassed by N>. The measurements were conducted by using a
Metrohm Autolab potentiostat-galvanostat PGSTAT204 workstation in the dark, at AC
amplitude of 5 mV and frequency of 400Hz, 600Hz and 1000 Hz.

Then, to further clarify the electronic structure, electrochemical flat-band potential
measurements were conducted. Typically, flat-band potential values are derived from the Mott-
Schottky equation.

12 E_E KgT 4
= B Ep =) @
Here, C represents the space charge capacitance, Np denotes the donor density, and ¢, g are the
dielectric constants of the film electrode and free space, respectively. E refers to the applied
potential, Eg, is the flat-band potential, Kz is Boltzmann’s constant, T is the temperature, and q
is the electronic charge. The flat-band potential En, can be obtained by extrapolating the plot to



where 1/C? = 0 (Fig. S3)
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Fig. S3. Mott-Schottky plot of Fe@f-gC3N4

The positive slope of the Mott-Schottky curve suggested that the photocatalyst was n-type.
Consequently, the flat band potential (Eg) of Fe@f-gCsNs was approximately -1.15 V (vs Ag
(s)IAgCI (s)IKCI (aq) (3M)), as determined from the intersection between the Mott-Schottky
plot and the baseline. In n-type semiconductor photocatalyst, the conduction band generally
lies 0.1 to 0.2 eV above the flat-band potential, with this offset influenced by factors such as
electron effective mass and carrier concentration. So, the conduction band of the Fe@f-gCsN4
can be calculated as -1.35 V (vs Ag (s)[AgCl (s)IKCI (aq) (3M)). Additionally, using the band
gap energy Eg, the valence band (VB) can be determined by Eve=Ecs+Eg. Therefore, the
valence band (VB) of Fe@f-gCsN4 was at ca. +1.28 V (vs Ag/AgCl, 3M KCI). Convert to
normal hydrogen electrode (NHE) reference electrode, Ecg=-1.15 V (vs NHE), Evg=+1.48 V
(vs NHE). Based on: Esce=Exug—0.244V, so Ecg=-1.39 V (vs SCE), Evg=+1.24 V (vs SCE).

6. Experimental procedures
6.1 Setup for the C=C bond cleavage under CO:2 atmosphere

The reaction setup is depicted in Fig. S4. The reaction setup consists of a Kessil lamp (390 nm
or 456 nm), cooling of the setup was performed by commercially available fans to keep the
temperature around 30 °C. The light intensity was measured by Ophir StarLite power meter
with 3A probe head. The light intensity of Kessil lamp (A =390 nm) was 0.17 W/cm? and Kessil
lamp (A = 456 nm) was 0.15 W/cm?. The CO, was provided by a balloon (balloon diameter
~20 cm) filled with pure CO> gas (>99.9%) and the distance between lamp and reaction tube
was 4~5 cm.



Fig. S4. Set up for the oxidative cleavage of alkenes
6.2 Investigations of the reaction conditions

A dry 15 mL Schlenk tube containing a stirring bar and a CO» balloon was equipped to its
stopcock with 2 mm bore. The tube was charged with 5 mg of Fe@f-gCsN4 (0.064 mol% of
Fe) and capped with a rubber plunger. Connected the tube and pump to do three vacuum-CO>
cycles. After this, 0.2 mmol of trans-f-Methylstyrene (1a) and 2 mL solvent were added to the
tube under CO; atmosphere, then the whole reaction tube was kept for 24 h under the irradiation
of Kessil lamp (A = 456 nm). After completing the reaction, 1,3,5-trimethoxybenzene as
internal standard was added to the solution, the final reaction solution was filtered and
concentrated under reduced pressure to produce the crude product. The product yield of 2a was
obtained by 'H NMR analysis and the yield of acetic acid was quantified by gas
chromatography with flame ionization detection (GC-Fid).

CO,
Fe@f-gCsN, (5 mg) o o
S CHCl; (0.6 mL) >~ Il o + )L
MeCN (1.4 mL) OH
©N Kessil 456 nm, 24 h
1a 2a



Table S2. Screening of reaction conditions, *: isolate yield

Reaction condition optimization

Entry Solvent Light Additives Catalyst TH NMR

(0.1 M) source (2.0 equiv.) (mg) yield (%)
1 DMA 456 nm - 10 5
2 DMF 456 nm ; 10 5
3 DMSO 456 nm ; 10 5
4 MeCN 456 nm ; 10 15
5 MeCN 456 nm CH;OH 10 0
6 MeCN 456nm  CH;CH.OH 10 0
7 MeCN 456nm  CFsCH,OH 10 0
8 MeCN 456 nm EtsN 10 9
9 MeCN 456 nm H,O 10 13
10 1,4-Dioxane 456 nm - 10 0
11 EtOH 456 nm - 10 0
12 Toluene 456 nm - 10 0
13 DCM 456 nm - 10 30
14 CHCls 456 nm ; 10 59
15 DCE 456 nm - 10 40
16 CHCls 456 nm EtsN 10 35
17 CHCls 456 nm (‘Pr)oNEt 10 30
18 CHCls 456 nm DABCO 10 0
19 CHCls 456nm  CH3;COOH 10 43
20 CHCls 456 nm CH;OH 10 51
21 CHCls 456 nm H,0 10 54
22 CHCls 456 nm K»COs 10 17
23 CHCls 456 nm K.HPO, 10 13
24 CHCls 456 nm 'BuOK 10 13
25 CH?S ¥§CN 456 nm - 10 69
26 CH?; ngN 456 nm . 10 57
27 CHglg IISCN 456 nm . 10 73
28 CHglg II’fZCN 456 nm i 10 78
29 CHg_li TECN 456 nm ; 10 51

30 CHglg TZCN 456 nm i 5 82 (*76)
31 CHS}; ?jCN 427 nm ; 5 30
32 CHg_lg I;ﬁCN Blue LED ; 5 13

Control experiments




'"H NMR yield

Photocatalyst Light Atomsphere (%)

(1]
33 gC3Ny 456 nm CO2 26
34 f-gC3Ny 456 nm CO2 17
35 Fe@gC3Ny 456 nm CO2 38
36 - 456 nm CO2 0
37 Fe@f-gCsNy 456 nm Ar 0
38 Fe@f-gCsNy dark CO2 0

I\ 20000

28 -

o )I\ .
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Fig. S5. Crude "HNMR spectra of standard reaction under optimal conditions (Entry 30 in
Table S1), with internal standard 17 mg
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Fig. S6. Calibration curve of acetic acid in GC-FID

6.3 Correlation of activity to the band gap of various modified materials

We conducted control experiments using gCsNa, f-gC3N4, Fe@gCsN4, and Fe@f-gC3N4 under
identical reaction conditions. The yields are summarized in Table S2. To investigate the
correlation between catalytic activity and band structure of various modified materials, we
measured the optical band gaps and band edge positions, as shown in Fig. S7. The results
indicate that Fe@f-g-C3N4 and Fe@g-CsN4 possess higher valence band potentials (+1.24 V
and +1.26 V vs. SCE, respectively), enabling efficient oxidation of CHCls to initiate the
reaction. However, Fe@f-g-C3Nj also exhibits a more negative conduction band potential (—
1.39 V vs. SCE), which is more favorable for CO» reduction compared to the other materials.
This dual advantage in both oxidative and reductive potentials makes Fe@f-g-C3N4 the most
efficient photocatalyst among those tested, correlating well with its superior catalytic
performance.
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Fig. S7. (A) Mott—Schottky plots of bulk gCsNy; (B) Mott—Schottky plots of variants revealing
their flat-band potential value collected at 1 kHz frequency; (C) Electronic band positions of
the g-C3N4 and variants
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6.4 Photocatalyst recycling experiments

To evaluate the stability of the Fe@f-gC3sNy catalyst, a recyclability test was performed using
the model reaction in a 5 mmol scale. The recycled catalyst was employed for at least 10
consecutive runs under optimal conditions. For catalyst recovery, the solvent was removed
under reduced pressure post-reaction. The residue was then treated with excess n-hexane,
sonicated for 2 minutes, and centrifuged to collect the catalyst as a light-yellow precipitate.
This washing procedure was sequentially repeated using MeOH and water, each followed by
sonication and centrifugation. Finally, the recovered catalyst was dried at 120 °C before reused.
The results indicated that the good stability of Fe@f-gC3N4. And the collected catalyst was
later subjected to various characterization techniques to indicate its structural stability (Section
8).

100
90 82 78 .-
80 75 75 74 76 74 74 70
70
60
50
40
30
20
10

Yield (%)

Fig. S8. Recycling experiments
6.5 Sheldon's hot filtration test

The Sheldon's hot filtration test was carried out to assure heterogeneous nature of the
photocatalyst (Fe@f-gCsN4). The oxidation of trans-f-Methylstyrene (1a) was continued over
the photocatalyst under optimized conditions for 3 h and then the reaction mixture was divided
into two-halves. From one portion of the reaction mixture, the photocatalyst was removed by
a 0.45 um filter and both parts of the reaction were further continued for another 21 h. On 'H
NMR analysis, it was revealed that no significant progress in reaction was achieved without
the photocatalyst while the other portion led to 100% conversion of the starting material. The
result is shown in Fig. S9 and this further suggests the heterogeneity of this process.
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Fig. S9. Sheldon's hot filtration test
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6.6 Scale-up experiments in continuous flow

A continuous flow cell setup was investigated using a UV-150 photochemical reactor
(Vapourtec Ltd.). The system was configured for continuous flow operation with a Pyrex glass
microreactor channel. And 10 mmol substrate, 250 mg (0.064 mol% Fe) of finely ground
catalyst was packed into the reactor bed (catalyst bed length: 6 cm), along with 20 small glass
beads (4 mm diameter) to ensure uniform catalyst distribution. To prevent catalyst leaching, a
small piece of cotton and a silica pad were placed at both ends of the reactor bed. The flow
rates of the reactant solution and CO» were set to 0.1 mL min™! and 5 mL min!, respectively.
[llumination was provided by a PR160L Kessil LED lamp (A = 390 nm). The reaction was
performed in a continuous circulation mode, in which the product mixture from one cycle was
recycled and used as the reactant for the next cycle.

O/\/

5 mmol

p

10 mmol

©/\/

10 mmol

CO,
Fe@f-gC3N4 (125 mg) o
CHCl3 (15 mL)

MeCN (35 mL) OH

Kessil 456 nm, 120 h
75%

CO,
Fe@f-gC3N4 (250 mg) 0
CHCI3 (30 mL)

MeCN (70 mL) OH

Kessil 456 nm, 240 h

in continuous flow o
CO,

Fe@f-gC3N4 (250 mg) OH

CHClI; (30 mL), MeCN (70 mL)

tr =20 min
70%

)LOH

67%

61%

Fig. S10. Large-scale experiment in continuous flow
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6.7 Long-term photostability test

The stability of the photocatalyst was further evaluated through a long-term reaction which was
conducted continuously for >21 days without isolating the photocatalyst from the reaction
system in flow. Gratifyingly, a steady accumulation of the product was observed throughout
the reaction time, indicating sustained photocatalytic activity and excellent operational stability.
To further validate the robustness of the catalyst, it was recovered after 21-days and subjected
to a fresh reaction with substrate 1a. The product, benzoic acid, was obtained in 80% yield.

6.8 Starting material preparation procedures

The starting material 1a-1p, 1r-1t, 1v, 1w, 1z, 1aa, 1ai-1am, 1aw were commercially available.

1a 1b 1c 1d 1e 1f 19 1h
@Jk XQX \OJ©)k HOJ©)k FJ©)k C‘D)k Brﬁk Ow&

1i 1j 1k 11 1m 1n 10 1p

N Hkocmwwgirggg

1ae 1af 1ag 1ah 1ai 1aj 1ak 1al

o
Jj\/\ i )]\/\O NPhth I 7 0. ¥
0 ‘ 0NN NN
BocN BocN BocHN NH
1ar

Cl

1am 1an 1ao0 1ap 1aq 1as 1at

-
ST ::zzjcdﬁb@ R e e

1au 1av 1aw 1ax

1ay 1az 1ba 1bb

Fig. S11. Starting material scope
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GP-1. 1u was prepared according to the following procedure (59)

Pd(PPh3)s4 (0.03 equiv.) and arylboronic acids (1.2 equiv.) were added to an Schlenk tube. The
tube was then evacuated and filled with argon. Acetic acid (0.15 equiv.), phenylacetylene (1.0
equiv.), and 1,4-dioxane (1 M) were added under argon flow. The mixture was stirred at 80 °C
for 12 h and then cooled to room temperature. Et,O and water were added to the tube, reaction
mixture was extracted with Et,0O, then concentrated. The obtained crude sample was purified
by flash chromatography.

= Pd(PPh3), (0.03 equiv.)
B(OH
Z /©/ s CH;COOH (0.15 equiv.)
' R 1.4-dioxane (1 M) o O O ]

80 °C, 12h
1.0 eq 1.2eq R=0OH, CN

GP-2. 1q, 1x, 1y, 1ah, 1an, lav, lax, laz, 1bb were prepared according to the following
procedure (60)

A 50 mL Schlenk flask equipped with a stirring bar was charged with
methyltriphenylphosphonium bromide (1.5 equiv.) in dry THF, NaH (1.5 equiv.) was added
under argon at 0 °C and stirred for 30 min. Then the corresponding ketone (1.0 equiv.) dissolved
in THF was added drop wise and stirred overnight. The reaction was quenched by water in ice
bath. Extracted the mixture with ethyl acetate. The organic phase dried over anhydrous Na>SOg4
and concentrated in vacuo. The residue was purified by flash chromatography to afford pure
alkene.

NaH (1.5 equiv.)
+ —
PhsPMeBr (1.5 equiv.) “\
R2 THF (0.2 M), 0 °C to rt R

(0]
R»]JJ\ RZ

overnight

GP-3. 1ab-1ad, 1at were prepared according to the following procedure

4-(1-phenylvinyl)phenol was prepared according to the GP 1.

When R was an ethanol group. To a solution of PPh3 (1.1 eq), 4-(1-phenylvinyl)phenol (1.0
eq), and 2-(tert-butyldimethylsilyloxy)-ethanol (1.1 eq) in THF (0.5 M) was added DEAD (1.0
eq) in THF (5 mL) at 0 °C, and then the cooling bath was removed. The mixture was stirred at
rt for 24h, and then H>O was added. The mixture was extracted with Et2O. The combined ether
layers were washed with 3% H2>O», 1 N NaOH, and brine, and were dried over NaxSOs. The
residue was dissolved in THF. H,O and AcOH were added at 0 °C, the mixture was stirred for
6 h at room temperature, then it was slowly poured into a solution of Na,COs3 to make the pH
about 8, and the mixture was extracted with EtOAc. The combined organic layers were dried
over NaxSO4 and concentrated. The residue was purified by flash chromatography to give the
pure compound 1ab.

Dehydration condensation
+ R' '
or nucleophilic substitution
OH OR

1.0 eq 1.1 eq R= -CH2CH20H

-CH,CH,CH,CHO
-CH,C=CCH,CHj

When R was a butyraldehyde group, 4-(4-(1-phenylvinyl)phenoxy)butan-1-ol was prepared

according to the above method. Then 4-(4-(1-phenylvinyl)phenoxy)butan-1-ol (1.0 equiv.) was

dissolved in CH2Cl, (0.15 M). Dess-Martin periodinane (1.0 equiv.) was added and the reaction
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was stirred for 16 h at room temperature. The reaction mixture was filtered and the solvent
removed under reduced pressure. The residue was purified by flash chromatography to give
the pure compound 1ac.

When R was a pent-2-yne group. A mixture of 4-(1-phenylvinyl)phenol (1.0 eqiv.), KoCOs (1.1
eqiv.) and the 1-bromopent-2-yne (1.1 equiv.) in acetone (0.1 M) was refluxed for 18-26 h
(monitored by TLC). The mixture was hot filtered and evaporated to obtain a residue that was
purified by flash chromatography to give the product 1ad. Starting material 1at was prepared
using the same procedure from the corresponding 2,6-dichlorophenol and (£)-1-bromohex-3-
ene.

GP-4. 1af was prepared according to the following procedure (67)

A solution of azodicarboxylic acid diisopropyl ester (1.0 equiv.) in dry THF (0.5 M) was added
dropwise to a solution of 3-methylbut-3-en-1-ol (1.0 equiv.), phthalimide (1.2 equiv.) and
triphenylphosphine (1.1 equiv.) in dry THF (0.2 M) under Ar atmosphere at room temperature.
The reaction mixture was stirred for 24 h, then concentrated under reduced pressure. The
resulting residue was purified by flash chromatography to afford 1af.

O DIAD (1.0 equiv.) o _/_{
PPhs (1.1 equiv.
NH + /\)j\ 3 ( quiv.) - \
HO THF (0.2 M)

0 t, 24h o}

1.2eq 1.0 eq

GP-5. 1ag was prepared according to the following procedure (62)

To a solution of 3-methylbut-3-en-2-o0l (1.0 equiv.) in DCM (0.1 M) were added imidazole (1.5
equiv.) and triisopropylsilyl chloride (1.2 equiv.). The reaction mixture was stirred at room
temperature for 24 h. Water was then added, and the layers were separated. The aqueous phase
was extracted with DCM, and the combined organic layers were washed with brine, dried over
NaxSOq, filtered, and concentrated under reduced pressure. The resulting residue was purified
by flash column chromatography to afford compound 1ag.

imidazole (1.5 equiv.)
)k‘/ )\SJ\ DCM (0.1 M) )‘\/
i
¥ ~cl

t, 24h o
OH STIPS

1.0 eq 1.2 eq

GP-6. 1ae, 1ag-1as was prepared according to the following procedure (63)

To a solution of corresponding alchol (1.0 equiv.), dicyclohexylcarbodiimide (1.0 equiv.), 4-
(dimethylamino)pyridine (0.1 equiv.) in DCM (0.5 M) were added carboxylic acid (1.2 equiv.).
The reaction mixture was stirred at room temperature for overnight. The reaction mixture was
then filtered and concentrated. The resulting residue was purified by flash column
chromatography to afford compounds 1ae, and 1aq-1as.

DCC (1.0 equiv.)
DMAP (0.1 equiv.)
ROH + R'COOH Y R'COOR
DCM (0.5 M)
rt, overnight
1.0 eq 1.2 eq

GP-7. 1au was prepared according to the following procedure (64)
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1-(4-chlorphenyl)-1-(4'-hydroxyphenyl)ethen was prepared according to the GP 1. Then KOH
(1.0 equiv.) was added to a solution of 1-(4-chlorphenyl)-1-(4'-hydroxyphenyl)ethen (1.0
equiv.) in EtOH (0.5 M) at 0 °C. After 30 min, isopropyl 2-bromo-2-methylpropanoate (1.1
equiv.) was added and the mixture was refluxed for 16 h. After solvent evaporation the product
was subjected to flash chromatograph to get the pure product.

KOH (1.0 equiv.)
(0]
Lo (T
* o]
cl OH Brﬁ)k Reflux. 160 “ ><'( j/

1.0 eq 11eq

GP-8. 1ay was prepared according to the following procedure (65)

1-(5-Chloropent-1-en-2-yl)-4-fluorobenzene was prepared according to GP-2. A mixture of 1-
(5-chloropent-1-en-2-yl)-4-fluorobenzene (1.0 equiv.), piperidin-4-one (1.2 equiv.), KI (0.02
equiv.), and Na>xCOs (0.02 equiv.) in toluene (0.16 M) was heated at reflux for 72 h. After
cooling to room temperature, the reaction mixture was filtered, washed with aqueous NaHCO3,
dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure. The crude
product was purified by flash column chromatography to afford compound 3. Compound 3 was
then dissolved in THF (1.0 M) under an argon atmosphere and cooled in an ice bath. 4-
Chlorophenylmagnesium bromide (1.2 equiv.) was added dropwise, and the reaction mixture
was stirred overnight. The reaction was quenched with water and extracted with EtOAc. The
combined organic layers were dried over Na;SOs, filtered, and concentrated under reduced
pressure. Purification by flash column chromatography afforded compound 1ay.

piperidin-4-one (1.2 equiv)

o) Kl (0.02 equiv.)
cl GP.2 cl Na,COj3 (0.02 equiv.) (:/(
—_—
Toluene (0.16 M)
E F

Reflux, 72h

1 2

THF (1.0 M), 0 °C ~ t, overnight

Cl
OH
4-Chlorophenylmagnesium bromide (1.2 equiv.)
N
F

1ay

GP-9. 1ba was prepared according to the following procedure (66)

Compound 1 (ezetimibe, 1.0 equiv.) was dissolved in dry DMF (1.0 M) under an argon
atmosphere and cooled to 0 °C. KoCOs3 (1.1 equiv.) was added portionwise, and the mixture
was stirred at room temperature for 30 min. Methyl iodide (2.0 equiv.) was then added, and
stirring was continued at room temperature for an additional 30 min. Water was added to
quench the reaction, and the mixture was extracted with Et2O. The organic phase was combined
and dried over Na;SOs, filtered, and concentrated under reduced pressure to afford compound
2. Then, methyltriphenylphosphonium chloride (1.0 mmol) and NaH (2.0 equiv.) were placed
in a Schlenk tube, followed by addition of THF (0.7 M) and compound 2. The reaction mixture
was stirred at 40 °C under an air atmosphere (1 atm, balloon) and monitored by TLC. After
completion, the reaction was quenched with water and extracted with EtOAc. The combined
organic layers were concentrated under reduced pressure, and the residue was purified by flash
column chromatography to afford compound 1ba.
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OH o— o—

O K,CO5 (1.1 equiv.) Q NaH (2.0 equiv.) Q
oH CHjsl (2.0 equiv.) OoH
o e

P
CH3PPhsCI (1.0 equiv.)
DMF (1.0 M) THF (0.7 M)
N 00C~rt, 1h N N
oC ~rt, 40 °C, overnight
F F F

1 2 1ba

7. Mechanistic studies
7.1 Monitoring the reaction progress

To gain deeper insight into the reaction kinetics, time-course experiments were conducted. The
yield evolution of both reaction intermediates and final products was monitored over time, as
illustrated in Fig. S12 and Fig. S13.

« co, o o) o
Fe@f-gC3N, (5 m
Kessil 456 nm
1a 2a" 2a' 2a
%0 . - g g
80
70
;\; 60 u
— 50
3 40
> 30
20
10
0
6 12 18 24 30

Reaction time (h)

m2a" r2a’ m2a RSM

Fig. S12. Time course experiments. RSM: remaining of starting material

The epoxide 2a"’ is obtained in 49% yield with in 12 h. When the reaction was conducted at a
lower temperature (0 °C), the yield of epoxide 2a' decreased to 15% (Entry 2). Actually, the
epoxide formation requires a fine balance between reaction conditions and catalyst reactivity
(Entries 4-9). In particular, we found that modulation of the metal center plays a decisive role.
For example, when Au@f-g-C3N4 was employed as the catalyst, the epoxide yield increased to
68%. These results indicate that selective epoxidation is governed less by temperature and more
by the nature of the metal-oxygen intermediate. It should be noted here that while Au-based
system favor epoxide retention, the present study deliberately focuses on Fe to establish CO»-
to-oxygen transfer using an earth-abundant metal.

CO.
2 0

A Fe@f-gCsNy (5 mg)
3Ng -
CHCl : CH5CN (0.6 mL : 1.4 mL)

Kessil 456 nm, 12 h

1a 2a"
Table. S3 Reaction condition screening for the formation of epoxide
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Entry Variations from the standard condition Yield of 2a”

1 nono 49%
2 Under 0 °C 15%
3 Blue LED 7%

4 Co@f-gC3N4, 24h 44%
5 Mn@t-gC3N4, 24h 39%
6 Cu@f-gCsNy, 24h 36%
7 Zn@f-gCsNg, 24h 35%
8 Ir@f-gCsNa4, 24h 41%
9 Au@f-gCsNy, 24h 68%

~o
24h — @ -—
2a -_’ o o’ L
S ) 7_14“J14 L

18h

12h

I J ks - . ; .{ 1/ .. \Ud_.“_ ]

6h

|

0Oh
sm

_ J _4}11__ J l NN ___1

T T T T T T T T T T T T T T T T T T T T T T T T
120 15 M0 105 W0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

Fig. S13. Crude "H NMR spectra of time course experiments

7.2 C180;z-labeling experiment

To verify the origin of the oxygen in intermediates and benzoic acid, '*O-labeled CO>
experiments were conducted. When the reaction was performed with 97 % pure C'%0,, all
statistically possible '*0 labelled intermediates and product were observed by High Resolution
Mass Spectrometry (HR-MS). The result was consistent with the proposed mechanism, in
which the oxygen atom in epoxide, benzaldehyde and benzoic acid arises from the CO:
molecule.
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Fig. S14. HR-MS spectra of reaction solution after 6h
Analysis — | X Analysis - | X
B Formula: CgH 18g a8F la: n18g
: 10 ormula: GrHg
B cxact Mass: 136.0774 . @ Exact Mass: 108.0461
Decimals: 4 Decimals: 4
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Fig. S15. MS of 2a" and 2a'
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Fig. S16. GC-MS spectra of reaction solution after 6h
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Fig. S17. HR-MS spectra of reaction solution after 24h
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Fig. S18. GC-MS spectra of C'0, labelling experiment
7.3 Investigation of gas products from CO2

Upon completion of the model reaction, a 10 mL glass syringe was used to collect a gas sample,
which was subsequently analyzed by head-space gas chromatography (GC), confirming the
formation of CO and methane.
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Fig. S19. Result of head-space GC after reaction
7.4 Quenching experiments

In a dry 15 mL Schlenk tube equipped with a 2 mm bore stopcock, a magnetic stirring bar was
added along with a balloon filled with CO-. The tube was charged with 5 mg of Fe@f-gCsNa
and the radical quencher (1.0 equiv.) before being sealed with a rubber septum. The setup
underwent three vacuum-CO: cycles to ensure a CO: atmosphere. Subsequently, trans-f-
methylstyrene (0.2 mmol), 0.6 mL CHCl; and 1.4 mL of MeCN were introduced under a CO-
atmosphere. The reaction mixture was irradiated using a Kessil lamp (456 nm) for 24 h. Upon
completion, 1,3,5-trimethoxybenzene was added as an internal standard. The reaction mixture
was then filtered, and the solvent was removed under reduced pressure to yield the crude
product. The yield of product 2a was quantified by '"H NMR analysis. The results are
summarized in Table S4. When radical scavengers such as 2,2,6,6-tetramethyl-1-
piperidinyloxyl (TEMPO) or 2,6-di-tert-butyl-4-methylphenol (BHT) were employed, the
formation of 2a was significantly inhibited, indicating the involvement of radical intermediates.
Moreover, no product was observed when CuCl: was used as a quencher, strongly suggesting
a single-electron transfer (SET) pathway is involved in the reaction mechanism.

Table S4. Results of quenching experiments

Cco,
Fe@f-gC3Ny (5 mg) o o
quencher (1.0 equiv.) +
©/\/ CHCly: MeCN (0.6 mL : 1.4 mL) > ©)LOH )I\OH
Kessil 456 nm, 24 h
1a 2a
Entry Quencher Equiv. Yield (%) Conclusion

1 TEMPO 1.0 0 Radical

2 BHT 1.0 0 Radical

3 CuCl 1.0 0 SET
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7.5 Radicals capture experiments

In a 15 mL Schlenk tube equipped with a 2 mm bore stopcock, a magnetic stirring bar was
added along with a balloon filled with CO:. The tube was charged with 5 mg of Fe@f-gCsNa
and the TEMPO (1.0 equiv.) before being sealed with a rubber septum. The setup underwent
three vacuum-CO: cycles to ensure a CO: atmosphere. Subsequently, trans-f-methylstyrene
(0.2 mmol), 0.6 mL CHCI; and 1.4 mL of MeCN were introduced under a CO- atmosphere.
The reaction mixture was irradiated using a Kessil lamp (456 nm) for 24 h. Upon completion,
the reaction mixture was filtered and quickly submitted to HR-MS measurement to identify the
possible radical adducts. The results are summarized in Fig. S20. Under the optimized reaction
conditions, no 2a and acetic acid formed, radical adducts A and B were detected (Fig. S21).

co,

Fe@f-gC3N,4 (5 mg) 0
TEMPO (1.0 equiv.)

A > OH * )I\
©/\/ CHCl5: MeCN (0.6 mL : 1.4 mL) OH
Kessil 456 nm, 24 h

1a 2a

Radical adducts confirmed by HR-MS:

N\O/\O/N N\O’O\O/N
A B
+ +
C1gH39N20, C1gH37N203
m/z: 327.3007 m/z: 329.2799
found: 327.3000 found: 329.2791

Fig. S20. Result of radical capture experiments
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Fig. S21. HR-MS spectra of reaction with TEMPO
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7.6 Investigation of the compounds originated from CHCl3

To investigate the behavior of CHClIs in this reaction, a series of experiments were conducted
under the conditions described in Table SS. The reaction solution was analyzed using Gas
Chromatography-Mass Spectrometry (GC-MS), and the results confirmed the formation of
Cl:CCCls from CHCls.

Table SS. Detection of compound from CHCl3
Cco,

A Fe@f-gC3Ny4 (5 mg) on + )OI\
CHCI3: MeCN (0.6 mL : 1.4 mL) OH
Kessil 456 nm, 24 h
1a 2a

Entry

Variations from standard conditions

Results

none
Without la
Using CHCI3 (2 mL) as solvent

CI3CCCl3
CI3CCCl3
Cl3CCCl3
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Fig. S22. GC-MS spectra of reaction solution under condition of entry 2
7.7 Isotope experiments

In a dry 15 mL Schlenk tube equipped with a 2 mm bore stopcock, a magnetic stirring bar was
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added along with a balloon filled with CO.. The tube was charged with 5 mg of Fe@f-gCsNa
before being sealed with a rubber septum. The setup underwent three vacuum-CO: cycles to
ensure a CO2 atmosphere. Subsequently, 1be (0.2 mmol), 0.6 mL CHCI3 and 1.4 mL of MeCN
were introduced under a CO: atmosphere. The reaction mixture was irradiated using a Kessil
lamp (456 nm) for 24 h. Upon completion, 1,3,5-trimethoxybenzene as internal standard was
added to the solution, the final reaction solution was filtered and concentrated under reduced
pressure to produce the crude product. The D/H yield of 3a and 4a was obtained by '"H NMR
analysis (Fig. S23).
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Fig. S23. Crude '"H NMR spectra of isotope experiments
7.8 Demonstration of reaction stoichiometry

To provide an assessment of the carbon mass balance of this reaction, both the gaseous and
liquid products formed during the reaction were carefully quantified. As a representative
example, substrate 1z was selected to rigorously track oxygen incorporation and the fate of
carbon-containing species. The gaseous products, including CO and CHa4, were analyzed by
headspace GC, and quantified using the method described in Equation (3). The yields of C2Cls
and residual CHCIl; were determined by using GC-Fid analysis (Fig. S24). We first quantified
the yield of 2z, which was found to be 0.26 mmol. Based on this, we calculated that a minimum
of 0.26 mmol of oxygen species (O) was required for complete the oxidation. We then made a
theoretical estimation of the required reagent input and compared it with the experimentally
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measured values. Notably, the actual quantities of each reagent exceeded the theoretical
minimum, which is reasonable given the mild reaction conditions and the likely need for an
excess of oxygen species to drive the transformation efficiently. The quantitative analyses
confirmed a good overall carbon mass balance across the liquid and gas phases (Table S6).

4CHC|3 + 4C02 —_— CH4 + 3CO + 2C2C|6 + 50 (1)

OH co, 0
O Fe@f-gC3N,4 (5 mg) )
NS > 2
O CHCl: MeCN (0.6 mL : 1.4 mL)
HO

Kessil 456 nm, 24 h

HO

1z, 0.2 mmol 2z, 65%, 0.26 mmol

Table S6. Summary of the molar amount of reagent

Molar amount (mmol)
CO; CHCI3 CHg CO (CxCle [O] 2z
Theoretical values 0.20 0.20 0.05 0.15 0.10 0.26 0.26
Experimental values 0.24 0.24 0.06 0.18 0.12 0.30 0.26

Entry

The micro mole of gaseous product was calculated according to the following formula:

pPPmMXPXL

~ -5
1000><R><T~ppm><4'09x 107> X L (3)

mmol =

Where: ppm = parts per million (v/v), P = pressure (atm), R = 0.08206 L-atm/mol-K; T =
temperature (K), L=0.21 L, At 1 atm and 25°C (298 K).

CH4 6879 ppm 0.06 mmol
CcoO 18630 ppm 0.18 mmol
(A) 45000 (B) 1800000
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Fig. S24. Calibration curve of (A) C2Cls and (B) CHCl; in GC

7.9 EPR investigation

EPR spectra were recorded on an X-band Bruker EMX CW-micro EPR spectrometer equipped
with an ER4119HS high-sensitivity resonator using a microwave frequency of v=9.7 GHz, a
microwave power of 6.3 mW, a modulation frequency of 100 kHz and a modulation amplitude
of 1 G, a scanning number of 1 and sweeping time of 30 s. The hv = gBBo equation was used
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to calculate g values with v and By being the microwave frequency and resonance field,
respectively. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used as a standard (g = 2.0036 +
0.0004) for calibration of the g value. The EPR spectra were simulated with MatlabR2023a
using the EasySpin-5.2.36 module.

EPR spin trapping experiments with and without 5,5-dimethyl-1-pyrroline N-oxide (DMPO)
were performed as following:

A 40 mL Schlenk tube equipped with a stirring bar, 3.0 mg of Fe@g-fC3N4 was sealed with a
rubber septum after creating a CO: environment. This was achieved by applying a vacuum for
3 minutes and then purging with CO- for 30 s, repeated for a total of three cycles. Subsequently,
30 pL of starting material (1a), 1.4 mL MeCN, and 0.6 mL CHCl3z (MeCN and CHCls: free O,
H>0) was added to the Schlenk tube under a CO- atmosphere. Then a CO: balloon was attached
to the Schlenk tube using a needle. About 100 pL of this reaction mixture was taken out and
mixed with 10 uL DMPO. Then about 50 pL of this mixture was transferred into a glass
microcapillary tube (Hirschmann) and EPR spectra were recorded in dark and under irradiation
(40 W Kessil lamp 456 nm) at room temperature. The remaining reaction solution in the
Schlenk tube was then exposed to 456 nm irradiation using a Kessil lamp, positioned
approximately 2 cm from the tube. The reaction proceeded with vigorous stirring at room
temperature for several hours. After different reaction time, about 100 pL solution was taken
out and mixed with 10 pL DMPO. Then about 50 pL of this mixture was transferred into a
glass microcapillary tube (Hirschmann) and EPR spectra were recorded in dark and under
irradiation (40 W Kessil lamp 456 nm) at room temperature. About 50 pL of reaction mixture
without DMPO was also transferred into a glass microcapillary tube (Hirschmann) and EPR
spectra were recorded under similar conditions.

In-situ EPR experiments were performed as following:

12 mg of fresh Fe@g-fCsN4 was added to a EPR tube which then was sealed with a rubber
septum after creating a Ar environment. The EPR spectra of fresh Fe@g-fC3N4 in Ar was
measured at 93K. Then, the EPR measurements were recorded at room temperature in the dark
and during irradiation for 30min (40 W Kessil lamp 456 nm). After that, a CO> balloon was
attached to the EPR tube using a needle, and the sample was irradiated for 30min (40 W Kessil
lamp 456 nm) at room temperature, and the EPR spectra were recorded under these conditions
before cooling to 93K for recording spectra at low temperature. Finally, the reaction mixture
(0.2 mL) of trans-p-methylstyrene in a mixed solvent of CHClz and MeCN was added into the
EPR tube containing the catalyst under CO; atmosphere, which then was irradiation for 30min
(40 W Kessil lamp 456 nm) at room temperature before cooling to 93K for recording spectra
at this temperature. The spectrum of the used catalyst was compared with those of the fresh
and pre-treated with CO» forms.
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Fig. S25. EPR spectra of reaction mixtures in the presence of CO2 and DMPO recorded at room
temperature before and during irradiation (10min, 40 W Kessil lamp 456 nm) inside the
resonant cavity of EPR spectrometer: reaction mixtures after (A) 20 min and (B) 3 h testing
outside the resonant cavity of EPR spectrometer (40 W Kessil lamp 456 nm).
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Fig. S26. EPR spectra DMPO-containing reaction mixtures recorded at room temperature after
10min irradiation inside the resonant cavity of EPR spectrometer together with fitting spectra
and all simulated spectral components; reaction mixtures after: (A) 20 min and (B) 3 h testing
outside the resonant cavity of EPR spectrometer (40 W Kessil lamp 456 nm).

The EPR spectra of reaction mixtures after testing for 20 min and 3 h shown no signal.
Therefore, DMPO was used to trap any short-lived radicals generated during a photoreaction.
After different times of irradiation outside of the resonant cavity of EPR spectrometer (40 W
Kessil lamp 456 nm), DMPO was added to the reaction mixture and the EPR spectra were
recorded before and during irradiation inside the resonant cavity. As seen in Fig. S26A and
S26B, the EPR spectra of reaction mixture after 20 min and 3 h irradiation outside in the
presence of DMPO shown weak triplet corresponding to the degradation of DMPO before
irradiation during EPR measurements (black line). The intensity of this triplet increases upon
irradiation. Moreover, a doublet of triplet signals with Ax=15.1 G, AP = 21.0 G is related to
a carbon-centered radical DMPO adduct (DMPO-+«CH3), other doublet of triplet signals with
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lower Ax = 12.0G and AP = 16.59 G corresponding to DMPO-«CCls radical adduct were
formed within short time (5min), following by the formation of DMPO-+OOR radical adduct
(AN=12.93 G, AP =10.45 G, Ay' = 1.3 G) after 10min irradiation (Fig. S25A and Fig. S26A)
(67-69). After longer time irradiation outside (3 h), beside the triplet of DMPO degradation
(DMPO-Deg) only the signals with Ax= 13.02 G, AP = 10.48 G, An* = 1.3 G corresponding
to DMPO-¢OOR radical adduct (Fig. 26B) were formed upon irradiation inside the resonant
cavity (Fig. S25B and Fig. S26B).

1E+6 1E+6 19 1E+6
151 430 Fe@f-gC,N, ' Fe@f-C:N,

B —Fresh C

—— After irradiation in Ar
—— After irradiation in CO,

2

0.8

= After irradiation in reaction mixture|

=y
—

 2.0047

04 —Ardark
|  ——Arlighton
—— Ar-5min \
Ar-10min \
Ar-20min

EPR intensity / a.u.
EPR intensity / a.u.
EPR intensity / a.u.

[
=y

Ar-30min
| ——COdark
| ——co,lighten
CO,-10min
CO,-20min
CO,-30min

2 T : y : r .
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000 3300 3350 3400 3450
B/G B/G B/G

Fig. S27. (A) In-situ EPR spectra recorded at room temperature of Fe@f-gC3Ny catalyst in the
dark and under irradiation in Ar atmosphere and CO; atmosphere; EPR spectra recorded at 93K
of fresh Fe@f-gCsNy catalyst, Fe@f-gCsNs4 after irradiation in Ar for 30min, Fe@f-gC3N4
catalyst in CO; atmosphere after irradiation for 30min, Fe@f-gCsN4 in the reaction mixture
after irradiation for 30min: (B) full range with a modulation amplitude of 5G; (C) narrow range
with a modulation amplitude of 1G.

The EPR profiles at room temperature show only a broad signal from magnetically interacting
iron and another signal at g = 2.0047 due to the localized p-conjugated structure of g-C3Na.
The intensity of the broad signal decreased slightly during irradiation in Ar (Fig. S27A),
indicating that the photoexcited electron reduce ferromagnetic Fe signal to an EPR-silent
species. Notably, this ferromagnetic signal decreased more quickly and markedly in the
presence of CO». This might be due to the oxidation of the ferromagnetic phase. Alternatively,
it could be caused by spin disorder induced by CO:-derived intermediates that have been
adsorbed.

Their EPR profiles recorded at 93K in Fig. S27B show a signal at g = 4.3 from single sites,
with similar intensity after irradiation in Ar. However, the intensity of this signal decreased
after irradiation in CO; and in the reaction mixture, indicating the reduction of ferromagnetic
Fe signal during these conditions. Moreover, the intensity of the signal at g =2.0047 decreased
slightly when irradiating in Ar, while it increased significantly under irradiating in CO> and the
reaction mixture (Fig. S27C), indicating the localized p-conjugated structure of catalyst
received new paramagnetic species under these conditions. These findings are in excellent
agreement with our previous in-situ EPR experiments examining the formation of different
radicals.

7.10 Step by step experiments

To confirm that epoxide and diol is an intermediate rather than a byproduct, stepwise
experiments were conducted using epoxide (2a” and 1be) as the starting material under optimal
conditions. Similarly, a dry 15 mL Schlenk tube equipped with a 2 mm bore stopcock, a
magnetic stirring bar and 5 mg of Fe@f-gCsN+ were added along with a balloon filled with
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CO:. The setup underwent three vacuum-CO: cycles to ensure a CO2 atmosphere. Subsequently,
epoxide (0.2 mmol), 0.6 mL CHCI; and 1.4 mL of MeCN were introduced under a CO:
atmosphere. The reaction mixture was irradiated using a Kessil lamp (456 nm). Upon
completion, the reaction mixture was filtered and quickly submitted to 'H NMR. In both cases,
the starting material successfully yielded the target products (2a).

co, o)

Fe@f-gC3N,4 (5 mg) - OH
CHCl3 : CH3CN (0.6 mL : 1.4 mL)

Kessil 456 nm, 16 h

2a, 75%

©/&\
23"
HO OH CO, 0
Fe@f-gC3N4 (5 m
@F-gC3Ny4 ( )] > OH
CHCI3 : CH3CN (0.6 mL : 1.4 mL)
Kessil 456 nm, 6 h
1be 2a, 85%

7.11 Cyclization experiments

When we use substrate 1bd as the starting material under the standard reaction conditions, we
observed the formation of product 5a in 71% yield. This result supported the hypothesis of the
formation of 1,2-diol intermediate.

co, 0
COOMe Fe@f-gC3N, (5 mg) O Q
A > OH
CHCI3 : CHsCN (0.6 mL : 1.4 mL)
O Kessil 456 nm, 24 h Q

1bd 5a, 71%

7.12 The light on/off experiments

Light on/off experiments were conducted using the model substrate (1a). After 6 hours of
irradiation, the light was turned off for 3 hours, during which the yields of 1a, 2a'', 2a’', and 2a
remained unchanged. Upon re-irradiation for another 3 hours, the yields of 2a'', 2a', and 2a
increased with a corresponding decrease in 1a. However, this progress plateaued again when
the light was turned off for an additional 3 hours. This cycle was repeated three times, and the
results, as shown in Fig. S28, clearly demonstrate that light plays a critical role in the reaction.
The transformation ceased in the absence of light and resumed immediately upon re-
illumination.

~ CO, 0 0] e}
Fe@f-gC3N, (5 mg) -
- + H + OH
CHCl; : CH3CN (0.6 mL : 1.4 mL)
Kessil 456 nm
1a 2a” 2a' 2a
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Fig. S28. Result of light on/off experiments
7.13 Apparent quantum yield (AQY) measurement

The Apparent quantum yield (AQY) of benzoic acid under standard conditions was calculated
as follows.
The amount of formed product (mol):

M = 0.2 mmol x 78% = 0.156 mmol = 1.56 x 10 mol
The light intensity of Kessil lamp (A = 456 nm) was 0.15 W/cm?.

= N 1009 = 221X M q009 = ZX XN XRXC g,
T=N, °TTSxPxt P T SxXPxtxA ’
hx%

_ 2x156X 1074 x 6,022 x 10?3 x 6,63 x 1073* x 3 x 108
N 1,3 % 0,15 X 24 x 3600 X 456 x 10~2

X 100%
= 0.49%

M represents the amount of formed product (mol), N4 is the Avogadro constant (6.022 x 10%
mol ™), h is the Planck constant (6.63 x 10°* J-s), ¢ is the light speed (3 x 10® m-s™!), S is the
irradiation area (1.3 cm?), P is the light intensity (0.15 W-cm™), t is irradiation time (24 x 3600
s), A is the wavelength of light (m).

7.14 Fluorescence quenching experiment

Steady-state photoluminescence spectra were recorded at 298 K by using a Jasco FP-8600
spectrofluorometer equipped with a 1 cm path length quartz cuvette. The excitation wavelength
was set to 355 nm. For the measurements, 1 mg of Fe@f-g-C3N4 photocatalyst was dispersed
in 3 mL of MeCN. Prior to data acquisition, the suspension was sonicated in an ultrasonic bath
for 30 minutes to ensure uniform dispersion of the photocatalyst.

Fig. S29 shows the reduction of fluorescence intensity in solutions with different amounts and
types of quencher. Upon increasing the fraction of CHCI3, the fluorescence reduces, indicating
an efficient interaction between CHCl3 and the excited photocatalyst. In contrast, when trans-
[-methylstyrene (1a) is added as quencher at the same concentration (0.9 M), less reduction in
the fluorescence intensity is observed. The results demonstrate that CHCl3 exhibits stronger
quenching behavior, suggesting it serves as a primary hole scavenger in this reaction. These
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findings support our proposed pathway that CHClz undergoes oxidation by the valence band
holes to generate trichloromethyl radicals (CClz®) and protons. The CClze species subsequently
undergo homocoupling to form C>Clg, as supported by product analysis.
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Fig. S29. Quenching of Fluorescence of Fe@f-g-C3Ns+ upon addition of CHCls. (A)
Fluorescence spectra in neat MeCN and in MeCN:CHCIl3; mixtures at the moler concentrations
indicated. (B) Comparison of fluorescence spectra in MeCN without quencher and with the
quenchers 1a and CHCl3, added at the same mole fraction.

7.15 In-situ diffuse reflectance infrared fourier transform (DRIFT) spectroscopy

In-situ DRIFTS were collected on a Nicolet 6700 FTIR spectrometer by using a high-
temperature Praying Mantis reaction cell (Harrick) with CaF, windows, equipped with a
temperature control unit (Eurotherm). Each spectrum was obtained by averaging 64 scans
recorded with a resolution of 4 cm™!. In situ experiments were conducted by loading 25 mg of
solid catalyst into the sample cup of the DRIFT reaction cell. The sample was pretreated by
heating at a rate of 10 K-min™' up to a temperature of 473 K for 2 h under a flow of He (13
mL-min™') to clean the surface. Afterward, the cell was cooled under He flow. The dome of the
DRIFT cell was removed, and a drop of trans-f-methylstyrene in a mixed solvent of CHCl;
and MeCN was rapidly added to the catalyst with a pipette. Once the dome was replaced and
under He flow, CO, was quickly admitted to the cell at a flow rate of 4 mL-min"!. The
background spectrum was taken at this point. Then, the lamp was turned on, and spectra were
collected over time under continuous radiation. The intensity of the signals is Given in log(1/R)
scale. The reaction mixture (4 mL) of #rans-f-methylstyrene in a mixed solvent of CHCI3 and
MeCN was prepared using the same ratio as in the catalytic test in a Schlenk tube and outgassed
under the Schlenk system.

In general, the intensity of the bands was weak, with no carbon-containing surface
intermediates were detected in the 1690-1360 cm™ region due to strong background absorption
in this spectral range, which hindered the extraction of mechanistic details. This limitation is
consistent with previous reports on C3Ns-based catalysts, where carbon-containing species
were similarly undetectable within this region. The trans-f-methylstyrene oxidized to form
epoxide species, as evidenced by a characteristic band at 1128 cm™. Upon irradiation, this band
appeared as a negative feature in the time-resolved spectra (Fig. S30), suggesting further
oxidation of the epoxide to the final carboxylic acid product. The latter was confirmed by the
emergence of bands at 1730 cm™ and 1330 cm’!, in agreement with the catalytic test.
Additionally, bands observed at 1290 and 1315 cm! are tentatively assigned to carboxylic acid
species with different binding modes with the catalyst surface. These different interactions may
explain the broadening of the 1730 cm™ band.
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Fig. S30. Time-resolved in-situ DRIFTS spectra showing the oxidative cleavage of trans-f-
methylstyrene over Fe@f-gCsNy at RT under irradiation and CO> flow for 90 min

8. Characterization of Fe@f-gC3N4
8.1 STEM and EDX

Scanning transmission electron microscopy (STEM) measurements were carried out utilizing
a probe aberration-corrected JEM-ARM200F (JEOL, Corrector: CEOS) operating at 200 kV.
This microscope is equipped with a JED-2300 (JEOL) energy-dispersive X-ray spectrometer
(EDX) having a silicon drift detector (dry SD60GV). For STEM imaging, both High-Angle
Annular Dark Field (HAADF) and Annular Bright Field (ABF) detectors were employed. The
solid samples were deposited onto a holey carbon-supported Cu grid (mesh 300) without any
pre-treatment and subsequently transferred to the microscope for analysis.
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Fig. S31. STEM-HAADF image of Fe@f-gC3Ns (A), selected EDX spectra of Fe@f-gC3N4

(B) of the regions highlighted by rectangles in (A). Area 1 shows clearly a more intense O Ka

signal when Fe is present, while area 2 shows just carbon and nitrogen and negligible amounts

of oxygen
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Fig. S32. Larger representation of the image depicted in Fig. 3B (in the manuscript) with the
red arrows indicating single iron atoms, a blue arrow indicating surface enriched Fe species
and cyan arrow indicating Fe containing nanoparticle
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Fig. S33. Selected STEM-HAADF images of Fe@f-gC3N4 at different magnifications after
160 h of photocatalytic oxidation (456 nm) of trans-f-methylstyrene. The main structural
features of the fresh material are also found here. Red arrows indicate single Fe atoms
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Fig. S34. Selected EDX spectra of Fe@f-gCsNy after 160 h of (A) of the regions highlighted
by rectangles in the STEM-HAADF image (B). Spectrum 1 shows clearly a more intense O Ka
signal when Fe is present, while spectrum 2 shows just carbon and nitrogen and negligible
amounts of oxygen

8.2 S'Fe Mossbauer spectroscopy and magnetic measurements

S’Fe Mossbauer spectra were recorded at room temperature in transmission geometry in
constant-acceleration mode with a sinusoidal waveform which determines the source motion
using Mdssbauer spectrometer from wissenschaftliche elektronik with a silicon drift detector
from KETEK equipped with a 50 mCi*’Co(Rh) source. Magnetic measurements were collected
using a SQUID MPMS-XL5 instrument from Quantum Design. The samples were prepared in
gelatin capsules held in a plastic straw.

8.3 X-ray photoelectron spectroscopy (XPS)

X-ray photoelectron spectroscopy (XPS) measurements were carried out in a Prevac
photoelectron spectrometer equipped with a hemispherical analyzer (VG SCIENTA R3000)
using monochromatized aluminium Al Ka radiation (E = 1486.6 €V). Binding energy values
were calibrated based on the position of the C 1s reference peak at 284.8 eV. The data were
processed in the Casa XPS software.

The surface of the fresh sample contains small amounts of adventitious carbon contaminants
(C 1s peak at 284.8 eV), as well as trace levels of oxidized N forms (a very weak N 1s peak at
404.4 eV). After the reaction, a substantial accumulation of C—C/C=C carbonaceous species is
observed, as evidenced by a marked increase in the intensity of the C 1s peak at 284.8 eV. The
symmetry of this peak and the absence of a shift toward higher binding energies exclude the
presence of significant amounts of carbon—oxygen functionalities. Consequently, it can be
inferred that this signal originates from strong adsorption of the alkene substrate or unoxidized
reaction intermediates/products on the Fe@f-gCsNy4 surface. The surface coverage by these
species results in a noticeable decrease in the intensity of the C 1s, N 1s, and Fe 2p peaks
attributed to the f-gC3N4 support and the Fe-containing active phase deposited on it.

The Fe 2p XPS spectrum exhibits relatively weak and broad peaks, primarily due to the low Fe
content in the sample. In addition, this observation can be attributed to the specific
photoemission characteristics of Fe when excited by X-ray radiation. In particular, the Fe 2p
signal is affected by its relatively small photoionization cross-section and the intrinsic multiplet
splitting and satellite structure, which distribute the intensity over a broad energy range.
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Furthermore, inelastic background electrons contribute to a reduced apparent peak intensity.
The Fe 2p XPS spectrum of the sample after the reaction does not show a significant change in
the relative contributions of FeOx and metallic Fe compared to the fresh photocatalyst. Despite
the significant decrease in intensity (due to adsorption of the alkene substrate or unoxidized
reaction intermediates/products on the Fe@f-gC3N4 surface, as show in Fig. S35 A), both
components corresponding to FeOx and dispersed metallic Fe species are still visible in the Fe
2p region.
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Fig. S35. High-resolution XPS spectra of C 1s (A), N 1s (B) and Fe 2p (C) for the fresh and
spent sample

8.4 X-ray diffraction (XRD) measurements

X-ray diffraction (XRD) measurements of Fe@f-gC3Ns were conducted using a special glass
capillary tube (No. 10, outer diameter 0.7 mm, Hilgenberg) and an Ag radiation source. Figure
SXX presents the XRD patterns of both fresh and recycled Fe@f-gC3sN4 catalysts.
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Fig. S36. XRD pattern of Fe@f-gCsN4 and recycled Fe@f-gCsNy

8.5 Fourier transform infrared (FT-IR) spectroscopy

A standard KBr pellet method was employed for transmission-mode FT-IR characterization of
fresh and post reaction Fe@f-gCsNjy catalysts, using a Bruker Omni spectrometer.

We characterized the fresh and recycled (post-reaction) catalysts using FT-IR spectroscopy in
transmission mode (Fig. S37). The sharp absorption peak around 808 cm!, which is assigned
to the out-of-plane bending vibration of the triazine ring units in the g-C3Ns framework,
remained in the same position before and after the reaction. Furthermore, the absorption bands
in the 1200-1650 cm! range, which correspond to the stretching vibrations of the C-N and C=N
bonds in the heterocyclic aromatic rings, showed negligible differences between the fresh and
used samples. These results demonstrate that the catalyst remains structurally stable under the
applied photocatalytic conditions.
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Fig. S37. IR spectra of fresh Fe@f-gCsN4 and recycled Fe@f-gCsN4
8.6 Brunauer—-Emmett—Teller (BET) analysis

Porosity of Fe@f-gC3N4 was studied by N> adsorption-desorption measurements at -196 °C
using a Micromeritics ASAP 2020 porosimeter. Prior to analysis, the sample was degassed
under vacuum (107 Pa) at 250 °C for 6 h. Its specific surface area (Sger) was determined using
the Brunauer-Emmett-Teller method, while total pore volumes (Viotal) were calculated from the
amount of N> adsorbed at a relative pressure (p/po) of 0.99.

As shown in Fig. S38, the recorded low-temperature N> adsorption-desorption isotherm
exhibits a shape characteristic of type II according to the IUPAC classification, indicating the
non-porous nature of the Fe@f-gC3N4 material. The adsorption uptake becomes apparent only
at the highest relative pressures, suggesting interparticle condensation, a phenomenon typical
of finely dispersed materials. The determined Sger value for Fe@f-gC3N4 is 7.0 m*/g, while
Viotal = 0.08 cm’/g.
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Fig. S38. Low-temperature N> adsorption-desorption isotherm of Fe@f-gC3N4

8.7 Solid-state nuclear magnetic resonance (ssNMR)

Solid-state magic-angle-spinning (MAS) 'H and '°F NMR spectra, as well as cross-polarization
'H->N CPMAS NMR spectra were collected at a magnetic field of 14.1 T with a Bruker
Avance-III spectrometer. The 'H and '"F MAS NMR spectra were acquired using a 1.3 mm
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probehead and a 60 kHz MAS rate. These acquisitions involved a use of a rotor-synchronized,
double-adiabatic spin-echo sequence with a 90° excitation pulse of 1.25 ps (2.50 for '°F)
followed by a pair of 50.0 us tanh/tan short high-power adiabatic pulses (SHAPs) with 5 MHz
frequency sweep. All pulses operated at the nutation frequency of 200 kHz (100 kHz for '°F).
64 (16384 for '°F) signal transients were acquired using a relaxation delay of 5.0 s. 'H-IN
CPMAS NMR spectra were recorded using a 7 mm probe head with a 7 kHz MAS rate and 65
kHz spinal 64 proton decoupling. For 'H-'>N CPMAS acquisition Hartmann-Hahn matched
radiofrequency fields were applied for a contact interval of 5 ms and 32768 signal transients
were collected using a relaxation delay of 2 s. The 'H-'>C CPMAS acquisitions involved a
contact interval of 1.5 ms, and 1024 scans collected with a relaxation delay of 2 s. Chemical
shifts are reported with respect to TMS ('H, !*C), nitromethane ('°N), and
trichlorofluoromethane (*°F). Calculations of '°F NMR shifts were performed with the ORCA
code (70, 71). Geometry optimizations of the models and the subsequent (GIAO) NMR shifts
calculations were performed at the revPBE-D4/pcseg-2 and DLPNO-MP2/aug-cc-pVTZ-J-un
levels of theory, respectively. The CFCl3; molecule treated at the same level of theory was used
as a ’F NMR shift reference.

Solid-state '’F MAS NMR spectrum of the Fe@f-gC3N4 catalyst was used to estimate the
fluorine content in the material (Fig. $39). Its '’F NMR signal integral was related to that of
the solid LiF recorded using the same NMR rotor and experimental conditions. The number of
scans and pulse delay for LiF were set to 64 and 1000s, respectively, since LiF exhibits very
slow relaxation. By assuming molar masses and densities of LiF and gC3N4 to be 25.939 and
92.060 g/mol, and 2.64 and 2.00 g/cm?, respectively, and accounting for the difference in the
number of signal transients collected for each sample, obtained fluorine content in the material
could be represented as a molar ratio of gC3N4:Fo.0013. Based on this calculation, the fluorine
content in Fe@f-gCsNjy catalyst is 0.027 wt%. However, we note that it is only an estimate, as
the exact density of the Fe@f-gC3Ny catalyst is not known, and the "’F NMR signal of the
Fe@f-gCsN4 sample might not be fully relaxed, which could not be assessed due to very weak
signal intensity. Because of the latter, it is highly probable that the real fluorine content in the
material is higher than the above estimate.
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Fig. S39. ’F MAS NMR spectra of solid LiF (black trace) and Fe@f-gC3Ns catalyst (red trace)
recorded under the same experimental conditions. Spectrum of LiF corresponds to 64 signal
transients, whereas spectrum of the catalyst was recorded with 16384 signal transients and its
signal intensity plotted above is enhanced by a factor of 100 to match that of LiF.
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Fig. S40. '°F NMR shifts calculated at the DLPNO-MP2/pcSseg-1 level of theory for the
models of g-C3N4 modified with fluorinated aryl ligands. Models were geometry-optimized at
the revPBE-D4/pcseg-1 level of theory. Model in panel (A) contains -CF3 group, model (B)
contains =CF; group, model (C) -CHF, group, model (D) -CH2F group, and model (E)
represents ArF moiety. Fluorine atoms are shown in green, nitrogen atoms in blue, carbon
atoms in black, and protons in grey
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Cartesian coordinates of the models (in A)
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C -8.395496 -5.888071 0.437484 C -9.361142 -8.189375 0.669024
C -9.531545 -6.633260 0.727211 C -10.631616 -6.012559 0.909128
C -9.469181 -8.138470 0.793028 C -10.702223 -4.631460 0.894018
C -10.759197 -5.956883 0.935951 N -9.667975 -2.475034 0.623031
C -10.827162 -4.576482 0.855209 H -10.562347 -2.043129 0.833957
N -9.789074 -2.434817 0.496502 H -8.813921 -1.926531 0.442550
H -10.683505 -1.992106 0.683445 H -11.656925 -4.126898 1.086854
H -8.929135 -1.895408 0.316557 H -11.538338 -6.596409 1.107203
H -11.781611 -4.064741 1.027943 H -7.318309 -6.401714 0.173590
H -11.660002 -6.530858 1.177667 F -10.265611 -8.722101 -0.286069
H -7.430414 -6.377367 0.282641 H -8.348591 -8.557622 0.422894
F -10.407863 -8.622071 1.698311 H -9.667894 -8.599929 1.650905
F -8.218921 -8.561152 1.213292

H -9.670969 -8.642829 -0.172699

Model e

N -4.609948 1.467740 -0.475429 H 3.130916 1.630340 0.378668
N -3.424067 3.443654 -0.677857 H -5.463603 2.026371 -0.444502
N -1.064377 3.336005 -0.368692 C -9.553217 -3.833260 0.617608
N -2.367949 1.410762 0.115334 C -8.257879 -5.929525 0.404150
N 0.281754 5.276175 -0.641161 C -9.400656 -6.655334 0.668704
N 4.243723 -2.946886 1.131092 H -7.302651 -6.427067 0.217955
N -1.378190 -4.534444 -0.910295 C -10.634556 -6.021833 0.913773
N -0.815526 7.244389 -1.076474 C -10.701058 -4.636444 0.887313
N  5.067901 -5.041887 1.577372 N -9.673283 -2.478180 0.598845
N -2.149550 5.386762 -0.884635 H -10.567577 -2.046977 0.809594
N -0.060464 1.304345 0.341222 H -8.819433 -1.928876 0.423946
N 1.309920 3.227183 -0.208672 H -11.657910 -4.135953 1.077044
N  2.249198 1.151964 0.189549 H -11.523799 -6.626457 1.122131
N -3.669831 -0.532229 -1.148414 F -9.352165 -8.021043 0.698523
N -4.806376 -2.518925 -0.532550

N -5.914651 -0.436967 -0.237305

N -7.092775 -2.434552 0.056614

N -5.947033 -4.558972 -0.110458

N -3.652830 -4.597051 -0.565863

N -2.570048 -2.565990 -1.327144

N  3.305998 -0.859917 0.652115

N  2.093503 -2.839813 0.129274

N 1.271284 -0.760918 -0.661371

N 0.041431 -2.682011 -1.058893

N 0.775788 -4.801684 -0.144153
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2.935520
-8.299783
-3.393905
-2.241011
-1.165800

0.206024
-0.897570

1.100535
-4.731417

2.271238
-3.657360
-5.968950
-7.056611
-4.810638
-2.592834

3.254246

1.119232
-0.120460

1.938793

4.040203
-1.664344

0.098758

5.908694

4.962028
-1.452741

-4.977364
-4.507348
2.138211
4.080906
1.983419
3.968698
5.913379
1.930457
0.092180
-0.233349
-1.860028
-1.777846
-3.798744
-3.935336
-3.851799
-2.203685
-2.079563
-3.962527
-4.247294
-4.290955
7.768450
7.689015
-4.580544
-6.052132
-5.504640

0.731344
0.370820
-0.350466
-0.641553
0.039062
-0.397871
-0.856255
0.089889
-0.621031
0.060470
-1.026443
-0.242705
0.086752
-0.409664
-0.951695
0.640033
-0.556840
-0.710572
0.232679
1.122275
-1.273657
-1.097678
1.915297
1.624730
-0.593387

8.8 XANES and EXAFS

X-ray absorption spectra at the Fe K-edge (7112 eV) were collected in fluorescence mode at
the ASTRA beamline of the SOLARIS National Synchrotron Radiation Centre. The
experiment setup employed a Si (111) double-crystal monochromator, ensuring high energy
resolution and minimizing harmonic contamination. To achieve accurate energy calibration,
the absorption spectrum of a metallic Fe foil was measured at the Fe K-edge. Fe@f-gCsN4 and
Fe@f-gCsN4_post samples were prepared by pressing a suitable amount of material into 1.3
cm diameter pellets under controlled pressure. Prior to spectral acquisition, the sample chamber
was evacuated to a base pressure of 0 Pa to eliminate interference from ambient gases, after
which it was backfilled with high-purity N2 gas to provide an inert atmosphere and prevent
sample oxidation or contamination during measurements. X-ray signal extraction and
normalization were carried out using the ATHENA software, while the Fourier transform
extended X-ray absorption fine-structure (FT-EXAFS) spectra were analyzed by Artemis, and
both are part of the IFEFFIT suite of interactive programs (72).
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Fig. S41. (A) Normalized Fe K-edge XANES spectra, (B) corresponding fitting curves of FT-
EXAFS spectra of Fe@f-gC3N4_post in R space. (C) k’-weighted FT spectra of Ni in R spaces.
(D) Wavelet transforms the k*-weighted EXAFS spectrum of Fe@f-gC3N4_post

Table S7. Fitting parameters from the EXAFS analysis

Coordination Radical Debye-

S e number distance factor = R?
Fe@ Fe-N/O 3.06+0.19 2.020+0.01 0.009 1.5 0.015
f-gC3Ny Fe-Fe 0.20 2912 +0.03 0.009 ' '
Fe@ Fe-N/O 2.83+031 1.994+0.02 0.009 _1.08 0.02
f-C3Ny4 post Fe-Fe 0.32 2.963 +0.10 0.009 ' )

9. Density functional theory

We used the Gaussian 16 program (73) for optimizing the molecular adducts in acetonitrile
solution (in agreement with the experiments) at the density functional theory (DFT) level with
the B3LYP hybrid functional, the Grimme DFT-D3(BJ) empirical dispersion, the 6-31G(d,p)
basis set for the C, N, O, F, and H atoms, and the def2-TZVPD basis set (74) for the metal
center (Fe). Acetonitrile (¢ = 35.69) was described as a continuum through the SMD approach
(75). Saddle points were located using the Synchronous Transit-Guided Quasi-Newton (STQN)
method (76).

We reproduced possible reaction pathways and activation energy barriers (saddle points)
through the nudged elastic band (NEB) approach available in the Quantum Espresso package
(77). Projector Augmented-Wave (PAW) pseudopotentials (78) and the generalized gradient
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approximation (GGA) with the Perdew—Burke—Ernzerhof (PBE) functional (79) were used.
Dispersion corrections were added according to the Grimme-D3 parametrization implemented
in the QE package (80). Wave function and charge density cutoffs for the plane-wave basis sets
of 50 and 500 Ry were employed, respectively. Single-particle wave functions were calculated
spin-unrestricted by applying smearing of the one-particle levels of 0.002 Ry. The NEB
calculations were performed considering as reactants and products the optimized geometries
obtained with the Gaussian16 software and, depending on the complexity of the mechanism, 9
or 13 intermediate images. Time-dependent DFT (TDDFT) calculations on the optimized
geometries at the ground states (70 excitations) were carried out to simulate the UV-vis spectra
of the most stable complexes.
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Fig. S42. Reaction pathway of the CO> reduction to CO and Fe-OH. In the optimized starting
configuration (#1), the CO» molecule is adsorbed on the metal ion. The DFT minimum energy
structures of the initial and final configurations are shown below the energy plot. The
intermediate species sampled during the optimization in the presence of the electric field are
displayed on the right of the plot. Color codes: C gray, N blue, F green, Fe orange, O red, H
white
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Fig. S43. Structure of the catalyst (top-left) with the Fe center presenting dissociated CO and
OH adsorbed on it, as products of CO activation. Simulated structures (bottom-left) and
adsorption profiles (top-right) of CIS and TRANS methyl-styrene adsorbed on the Fe center;
in the bottom-right panel, two single-particle transitions dominating the range of interest for
the experimental light irradiation are shown. Color codes: Fe orange, N blue, C grey, O red, F
green, and H white
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Fig. S44. Process showing the conversion of methyl-styrene to the corresponding epoxide
promoted by the catalyst, where the Fe atom carries, initially, an adsorbed OH group. Color
codes: Fe orange, N blue, C grey, O red, F green, and H white
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Fig. S45. Simulated adsorption profile of cis-epoxide reporting three main single-particle
transitions to highlight the electron transfer process from the adsorbate to the catalyst. Color
codes: Fe orange, N blue, C grey, O red, F green, and H white
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Fig. S46. Simulated adsorption profile of cyclic complex adsorbed on the Fe center consequent
to the ring-opening activated by the photo-catalyst. On the left, a single-particle transition
shows the electron transfer process from the adsorbate to the catalyst. Color codes: Fe purple,
N blue, C grey, O red, F green, and H white
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10. Characterization of starting materials and products

(1-cyclobutylvinyl)benzene (1q)

Colorless oil. "TH NMR (500 MHz, CDCl3) 8 7.40 (d, J = 7.1 Hz, 2H), 7.34 (t, J= 7.7 Hz, 2H),
7.29 (d,J=7.5Hz, 1H), 5.22 (d, J=154.4 Hz, 2H), 3.50 (p, J= 8.7 Hz, 1H), 2.24 (dq, J = 7.4,
4.3, 3.8 Hz, 2H), 2.07 — 1.91 (m, 3H), 1.84 — 1.76 (m, 1H). '3C NMR (126 MHz, CDCl5) §
151.97, 140.68, 128.13, 127.19, 126.05, 109.71, 39.53, 28.39, 17.76. Data in accordance with
literature (87).

2-(hex-1-en-2-yl)thiophene (1x)
| N

S

Yellow oil. "H NMR (500 MHz, CDCl3) § 7.17 (dd, J = 5.1, 1.1 Hz, 1H), 7.05 (dd, J = 3.6, 1.1
Hz, 1H), 6.99 (dd, J = 5.1, 3.6 Hz, 1H), 5.41 (d, ] = 0.9 Hz, 1H), 4.96 (d, J = 1.2 Hz, 1H), 2.46
(td, J=7.5, 1.2 Hz, 2H), 1.68 — 1.57 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H). 3C NMR (126 MHz,
CDCl;) 6 145.49, 141.58, 127.24, 123.93, 123.18, 110.74, 37.58, 21.56, 13.84. Data in
accordance with literature (82).

2-(pent-1-en-2-y)furan (1y)
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Bad

Yellow oil. "TH NMR (500 MHz, CDCls) & 7.37 (d, J = 1.7 Hz, 1H), 6.39 (dd, J= 3.4, 1.8 Hz,
1H), 6.31 (d, J=3.3 Hz, 1H), 5.54 (s, 1H), 4.99 (t, /= 1.5 Hz, 1H), 2.40 (q, J = 7.5, 6.9 Hz,
2H), 1.19 (t, J= 7.5 Hz, 3H). '3C NMR (126 MHz, CDCl3) & 154.80, 141.65, 139.07, 111.00,
107.97, 105.69, 25.82, 12.96. Data in accordance with literature (83).

2-(4-(1-phenylvinyl)phenoxy)ethan-1-ol (1ab)

Ph

White solid. "H NMR (500 MHz, CDCl3) & 7.83 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 7.8 Hz, 2H),
7.57 (t,J=7.4 Hz, 1H), 7.48 (t,J= 7.6 Hz, 2H), 6.99 (d, J = 8.6 Hz, 2H), 4.25 — 4.13 (m, 2H),
4.09 —3.97 (m, 2H), 2.02 (q, J = 6.3 Hz, 1H), 1.57 (d, /= 4.4 Hz, 1H). 3C NMR (126 MHz,
CDCIl3) o 158.31, 149.37, 141.69, 134.44, 129.45, 128.27, 128.12, 127.66, 114.11, 113.13,
69.15, 61.49. Data in accordance with literature (84).

4-(4-(1-phenylvinyl)phenoxy)butanal (1ac)

Ph

OWH

o}
White solid. "TH NMR (500 MHz, CDCls) 6 9.85 (t,J= 1.3 Hz, 1H), 7.43 — 7.34 (m, 5H), 7.32
(d, J=8.8 Hz, 2H), 6.89 (d, /= 8.8 Hz, 2H), 5.45 (d, /= 1.2 Hz, 1H), 5.41 (d, /= 1.3 Hz, 1H),
4.03 (t, J = 6.0 Hz, 2H), 2.68 (td, J = 7.1, 1.4 Hz, 2H), 2.19 — 2.11 (m, 2H). 13C NMR (126
MHz, CDCI3) 6 201.52, 158.26, 149.25, 141.54, 133.89, 129.23, 128.11, 127.96, 127.50,
113.86,112.82,66.47,40.40,21.81. HRMS-ESI (m/z): [M+H]" calcd. for Ci1sH1902, 267.1380;
found, 267.1376.

1-(pent-2-yn-1-yloxy)-4-(1-phenylvinyl)benzene (1ad)

Ph

o/\/

White solid. '"H NMR (500 MHz, CDCls) & 7.39 — 7.32 (m, 5H), 7.14 (dd, J = 173.7, 8.0 Hz,
4H), 5.41 (d, J = 23.3 Hz, 2H), 4.70 (t, J = 2.2 Hz, 2H), 2.27 (qt, ] = 7.5, 2.2 Hz, 2H), 1.18 (t,
J=7.4Hz,3H).3C NMR (126 MHz, CDCls) 6 154.57, 146.38, 138.69, 131.39, 126.25, 125.26,
125.07, 124.60, 111.40, 110.05, 86.55, 71.12, 53.46, 10.57, 9.48. HRMS-ESI (m/z): [M+H]"
calcd. for C19H 190, 263.1430; found, 263.1428.

3-methylbut-3-en-1-yl benzoate (1ae)

I /\J]\
O)LO
Colorless oil. '"H NMR (500 MHz, CDCl3) 6 8.03 (d, J=8.1 Hz, 2H), 7.54 (t, /= 7.9 Hz, 1H),

7.42 (t, J=17.7 Hz, 2H), 4.83 (d, J = 12.9 Hz, 2H), 4.43 (t, J = 6.8 Hz, 2H), 2.52 — 2.44 (m,
2H), 1.81 (s, 3H). 13C NMR (126 MHz, CDCl3) 6 166.49, 141.65, 132.80, 130.30, 129.49,
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128.27, 112.37, 63.09, 36.75, 22.49. Data in accordance with literature (85).
2-(3-methylbut-3-en-1-yl)isoindoline-1,3-dione (1af)

E):f _/_<
N

(@)
Colorless oil. 'TH NMR (500 MHz, CDCl3) 8 7.81 (dd, J = 5.4, 3.1 Hz, 2H), 7.69 (dd, J = 5.5,
3.0 Hz, 2H), 4.69 (d, J = 32.0 Hz, 2H), 3.81 (t, J = 7.2 Hz, 2H), 2.38 (t, J = 6.9 Hz, 2H), 1.79
(s, 3H). BCNMR (126 MHz, CDCl3) 6 168.22, 142.07, 133.79, 132.02, 123.10, 112.71, 36.38,

36.31, 21.98. Data in accordance with literature (86).
triisopropyl((3-methylbut-3-en-2-yl)oxy)silane (1ag)

¢

o)
TIPS

Colourless oil. '"H NMR (500 MHz, CDCl3) 8 4.91 (d, J= 1.2 Hz, 1H), 4.71 (t,J= 1.8 Hz, 1H),
4.32(q,J=6.3 Hz, 1H), 1.72 (s, 3H), 1.25 (d, /= 6.4 Hz, 3H), 1.08 — 1.01 (m, 21H). 3C NMR
(126 MHz, CDCl3) & 149.51, 108.90, 72.42, 23.69, 18.06, 18.05, 17.28, 12.30. HRMS-ESI
(m/z): [M+H]" caled. for C14H310Si, 243.2138; found, 243.2143.

6-methyleneundecane (1ah)

Colourless oil. 'TH NMR (500 MHz, CDCl3) 6 4.71 (d, J= 1.3 Hz, 2H), 2.01 (t, J= 7.8 Hz, 4H),
1.48 —1.39 (m, 4H), 1.39 — 1.24 (m, 8H), 0.91 (t,J = 7.1 Hz, 6H). '3C NMR (126 MHz, CDCls)
0 150.26, 108.38, 36.09, 31.75, 27.57, 22.67, 14.07.

Methylenecyclododecane (1an)

Colourless oil. "TH NMR (500 MHz, CDCls) 8 4.85 — 4.74 (m, 2H), 2.06 (t, J = 6.3 Hz, 4H),
1.57 — 1.46 (m, 4H), 1.38 — 1.23 (m, 14H). 3C NMR (126 MHz, CDCls) § 147.45, 110.30,
33.04,24.43,24.12, 23.69, 23.24, 22.59. Data in accordance with literature (87).

tert-butyl 6-methylene-2-azaspiro[3.3]heptane-2-carboxylate (1a0)

BocN:|

White solid. '"H NMR (500 MHz, CDCl3) § 4.80 (p, J = 2.4 Hz, 2H), 3.92 (s, 4H), 2.84 (t, J =
2.4 Hz, 4H), 1.43 (s, 9H). 3C NMR (126 MHz, CDCl3) § 156.24, 142.84, 107.18, 79.30, 42.85,
33.06, 28.37. HRMS-ESI (m/z): [M+H]" calcd. for C12HaoNO», 210.1489; found, 210.1489.

tert-butyl 2-methylene-7-azaspiro[3.5|nonane-7-carboxylate (1ap)

g hOM
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White solid. "H NMR (500 MHz, CDCls) & 4.82 (s, 2H), 3.31 (s, 4H), 2.41 (s, 4H), 1.54 (s,
4H), 1.44 (s, 9H). 3C NMR (126 MHz, CDCls) § 154.91, 144.46, 144.44, 107.65,79.23,41.71,
36.54, 33.59, 28.42. HRMS-ESI (m/z): [M+Na]" calcd. for C14H23NO2Na, 260.1621; found,
260.1650.

3-methylbut-3-en-1-yl (tert-butoxycarbonyl)tryptophanate (1aq)
)I\/\ i
()
NHBoc NH

White solid. '"H NMR (500 MHz, CDCls) § 8.18 (br, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.35 (d, J
=8.1 Hz, 1H), 7.19 (t,J = 7.6 Hz, 1H), 7.12 (d, J= 7.0 Hz, 1H), 7.00 (s, 1H), 5.08 (d, /= 7.8
Hz, 1H), 4.78 (s, 1H), 4.68 (s, 1H), 4.64 (dt,J=8.2, 5.6 Hz, 1H), 4.17 (dt,J=6.9, 3.5 Hz, 2H),
3.28 (qd, J = 14.8, 5.7 Hz, 2H), 2.25 (t, J = 7.0 Hz, 2H), 1.71 (s, 3H), 1.43 (s, 9H). 3C NMR
(126 MHz, CDCl3) 0 172.28, 155.21, 141.29, 136.05, 127.68, 122.67, 122.12, 119.52, 118.75,
112.43, 111.10, 110.25, 79.75, 63.52, 54.20, 36.40, 28.30, 27.99, 22.45. HRMS-ESI (m/z):
[M+Na]" calcd. for C21H2sN204Na, 395.1941; found, 395.1936.

3-methylbut-3-en-1-yl 2-(1,3-dioxo-2,3-dihydro-1H-inden-2-yl)-3-phenylpropanoate (1ar)

)V
(0]
NPhth

White solid. "TH NMR (500 MHz, CDCl3) & 7.73 (dd, J = 5.5, 3.1 Hz, 2H), 7.63 (dd, J = 5.5,
3.1 Hz,2H), 7.16 (d,J=4.5 Hz, 4H), 7.13 —7.07 (m, 1H), 5.16 (dd, /= 11.2, 5.4 Hz, 1H), 4.61
(d, J=13.1 Hz, 2H), 4.28 (td, J= 6.7, 3.6 Hz, 2H), 3.66 — 3.47 (m, 2H), 2.33 — 2.27 (m, 2H),
1.66 (s, 3H). 3C NMR (126 MHz, CDCl3) § 168.56, 167.22, 140.82, 136.59, 133.84, 131.35,
128.60, 128.31, 126.59, 123.14, 112.36, 63.63, 53.12, 36.28, 34.35, 21.95. HRMS-ESI (m/z):
[M+H]" calcd. for C2oH2oNO4, 364.1544; found, 364.1540.

(E)-hex-3-en-1-yl benzoate (1as)

©)J\/\/\/\
0

Colourless oil. "TH NMR (500 MHz, CDCl3) & 8.04 (dd, J = 8.3, 1.4 Hz, 2H), 7.59 — 7.51 (m,
1H), 7.44 (dd, J = 8.3, 7.1 Hz, 2H), 5.72 — 5.55 (m, 1H), 5.52 — 5.36 (m, 1H), 4.32 (t, /= 6.8
Hz, 2H), 2.46 (dddd, /= 8.1, 6.9, 5.7, 1.2 Hz, 2H), 2.03 (qdd, /= 7.5, 6.3, 1.3 Hz, 2H), 0.97 (t,
J =17.5 Hz, 3H). ¥C NMR (126 MHz, CDCl3) § 166.53, 135.18, 132.76, 130.40, 129.49,
128.25, 124.01, 64.56, 32.01, 25.62, 13.71. Data in accordance with literature (88).

(E)-1,3-dichloro-2-(hex-3-en-1-yloxy)benzene (1at)

C[O\/\/\/

cl

Colourless oil. "TH NMR (500 MHz, CDCl3) § 7.28 (d, J= 8.1 Hz, 2H), 6.97 (t,J= 8.1 Hz, 1H),
5.70 — 5.60 (m, 1H), 5.58 — 5.48 (m, 1H), 4.03 (t, J = 7.0 Hz, 2H), 2.56 (q, J = 6.9 Hz, 2H),
2.04 (p, J = 7.4 Hz, 2H), 0.99 (t, J = 7.5 Hz, 3H). 3C NMR (126 MHz, CDCls) & 151.66,

134.80, 129.57, 128.83, 124.84, 124.21, 73.35, 33.26, 25.62, 13.67. HRMS-ESI (m/z):
[M+H]" calced. for C12H150Cly, 245.0494; found, 245.0498.
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isopropyl 2-(4-(1-(4-chlorophenyl)vinyl)phenoxy)-2-methylpropanoate (1au)

Coxﬁ

White solid. "TH NMR (500 MHz, CDCls) § 7.35 — 7.26 (m, 4H), 7.21 (d, J = 8.7 Hz, 2H), 6.83
(d, /J=8.7Hz, 2H), 542 (d,J=1.2 Hz, 1H), 5.36 (d,J= 1.2 Hz, 1H), 5.12 (p, J= 6.3 Hz, 1H),
1.64 (s, 6H), 1.26 (s, 3H), 1.25 (s, 3H). '3C NMR (126 MHz, CDCl3) § 173.54, 155.40, 148.24,
140.08, 134.33, 133.41, 129.53, 128.81, 128.22, 118.25, 113.52, 79.00, 68.91, 25.32, 21.49.
Data in accordance with literature (23).

1-benzyl-4-((5,6-dimethoxy-1-methylene-2,3-dihydro-1H-inden-2-yl)methyl)piperidine
(1av)

H;CO

H;CO

~O

White solid. "TH NMR (500 MHz, CDCl3) 6 7.34 — 7.29 (m, 4H), 7.26 — 7.22 (m, 1H), 6.94 (s,
1H), 6.73 (s, 1H), 5.27 (d, J=2.3 Hz, 1H), 4.83 (d, /= 1.8 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H),
3.51(s,2H), 3.13-2.99 (m, 2H), 2.90 (td, /=9.8, 9.3, 3.7 Hz, 2H), 2.56 (dd, /= 15.0, 3.4 Hz,
1H), 1.96 (tdd, J=11.6, 6.3, 2.7 Hz, 2H), 1.76 (dt, /= 12.9, 3.0 Hz, 1H), 1.70 — 1.63 (m, 2H),
1.58 (ddd, J = 13.0, 8.2, 4.6 Hz, 1H), 1.50 — 1.16 (m, 5H). 3C NMR (126 MHz, CDCl3) &
155.20,150.11, 148.49, 138.52, 137.51, 133.02, 129.23, 128.10, 126.86, 107.48, 103.04, 99.87,
63.54, 55.94, 53.93, 53.89, 43.04, 40.81, 37.13, 33.74, 33.33, 31.80. Data in accordance with
literature (89).

cyclohexyl 2-(4-((2-methylenecyclopentyl)methyl)phenyl)propanoate (1ax)

L0

Colourless oil. "H NMR (500 MHz, CDCl3) § 7.21 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 8.0 Hz,
2H), 4.91 (s, 1H), 4.81 (s, 1H), 4.79 — 4.72 (m, 1H), 3.66 (g, J= 7.2 Hz, 1H), 2.93 (dd, J = 13.5,
5.1 Hz, 1H), 2.61 (dtdd, J=9.4, 7.2, 4.8, 2.2 Hz, 1H), 2.44 (dd, J = 13.6, 9.8 Hz, 1H), 2.40 —
2.31 (m, 2H), 1.86 — 1.75 (m, 1H), 1.76 — 1.62 (m, SH), 1.62 — 1.53 (m, 1H), 1.48 (d, J= 7.2
Hz, 3H), 1.46 — 1.41 (m, 1H), 1.38 — 1.20 (m, 6H). ¥C NMR (500 MHz, CDCl3) & 174.13,
156.20, 140.05, 138.21, 129.04, 127.20, 104.62, 72.49, 45.57, 45.38, 40.35, 33.25, 32.54, 31.40,
31.16, 25.36, 23.93, 23.48, 23.36, 18.40, 18.38. HRMS-ESI (m/z): [M+H]" calcd. for
C2oH3102, 327.2319; found, 327.2314.

1-(4-chlorophenyl)-4-(4-(4-fluorophenyl)pent-4-en-1-yl)cyclohexan-1-ol (1ay)

~ C
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White solid. "H NMR (500 MHz, CDCl3) § 7.43 (d, J = 8.6 Hz, 2H), 7.37 (dd, J = 8.8, 5.4 Hz,
2H), 7.31 (d, J= 8.7 Hz, 2H), 7.01 (t, J = 8.7 Hz, 2H), 5.23 (d, /= 1.5 Hz, 1H), 5.07 (d, J= 1.4
Hz, 1H), 2.77 (d, J = 11.0 Hz, 2H), 2.51 (t, J = 7.3 Hz, 2H), 2.48 — 2.38 (m, 2H), 2.38 (d, J =
2.5 Hz, 2H), 2.09 (td, J= 13.2, 4.5 Hz, 2H), 1.76 — 1.61 (m, SH). 3C NMR (126 MHz, CDCl;)
§162.21 (d, J = 246.0 Hz), 147.14, 146.87, 137.15 (d, J = 3.4 Hz), 132.73, 128.38, 127.67 (d,
J=17.8Hz), 126.07, 115.06 (d, J=21.0 Hz), 112.33, 71.13, 58.27, 49.45, 38.50, 33.37, 25.55.
HRMS-ESI (m/z): [M+H]" calcd. for C23H2,CIFNO, 373.1729; found, 373.1730.

(85,95,135,145)-3-methoxy-13-methyl-17-methylene-7,8,9,11,12,13,14,15,16,17-decahy
dro-6H-cyclopentala]phenanthrene (1az)

White solid. "TH NMR (500 MHz, CDCl3) 6 7.23 (d, J= 7.6 Hz, 1H), 6.72 (dd, J= 8.6, 2.8 Hz,
1H), 6.64 (d, J=2.7 Hz, 1H), 4.68 (t, /= 1.9 Hz, 2H), 3.78 (s, 3H), 2.94 — 2.80 (m, 2H), 2.61
—2.48 (m, 1H), 2.36 (ddt,J=10.9, 3.9, 1.9 Hz, 1H), 2.31 (d, /= 8.6 Hz, 1H), 2.22 (dt, J=10.8,
5.6 Hz, 1H), 1.95 (dddd, J = 14.9, 8.5, 4.1, 2.5 Hz, 2H), 1.82 (dddd, J = 11.8, 8.6, 6.3, 1.8 Hz,
1H), 1.55 (tdd, J=13.0, 11.8, 3.6 Hz, 1H), 1.49 — 1.33 (m, 4H), 1.31 — 1.18 (m, 1H), 0.83 (s,
3H). 3C NMR (126 MHz, CDCl3) 6 161.79, 157.37, 138.02, 132.79, 126.31, 113.75, 111.41,
100.80, 55.19, 53.41, 44.35, 44.00, 38.75, 35.70, 29.89, 29.43,27.59, 26.60, 23.89, 18.53. Data
in accordance with literature (90).

1-(4-fluorophenyl)-3-(3-(4-fluorophenyl)but-3-en-1-yl)-4-(4-methoxyphenyl)azetidin-2-
one-methane (1ba)

White solid. '"H NMR (500 MHz, CDCl3) & 7.39 — 7.32 (m, 2H), 7.31 — 7.24 (m, 4H), 7.04 —
6.96 (m, 2H), 6.95 — 6.88 (m, 4H), 5.23 (d, /= 1.2 Hz, 1H), 5.02 (d, /= 1.3 Hz, 1H), 4.61 (d,
J=2.4 Hz, 1H), 3.80 (s, 3H), 3.16 (ddd, J = 8.9, 6.8, 2.4 Hz, 1H), 2.83 — 2.59 (m, 2H), 2.10
(ddt, J=13.4,9.3, 6.6 Hz, 1H), 2.04 — 1.94 (m, 1H). 3C NMR (126 MHz, CDCls) & 167.29,
162.13 (d, J = 246.6 Hz), 159.64, 158.70 (d, J = 243.1 Hz), 145.85, 136.39 (d, J = 3.2 Hz),
133.84 (d, J=2.7 Hz), 129.27, 127.51 (d, J = 8.0 Hz), 127.06, 118.17 (d, J = 7.9 Hz), 115.59
(d, J=22.7 Hz), 115.07 (d, J = 21.4 Hz), 114.43, 113.07, 60.90, 59.90, 55.08, 32.64, 27.49.
HRMS-ESI (m/z): [M+H]" calcd. for C2sH32F2NO,, 452.2396; found, 452.2391.

(35,55,8R,95,108,135,145)-10,13-dimethyl-17-methylenehexadecahydro-1H-cyclopenta
[a] phenanthren-3-yl benzoate (1bb)

White solid. "TH NMR (500 MHz, CDCl3) § 4.59 (ddt, J = 9.0, 2.5, 1.6 Hz, 2H), 3.56 (tt, J =
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11.1, 4.8 Hz, 1H), 2.45 (ddq, J=17.1, 10.1, 2.3 Hz, 1H), 2.19 (dtt, /= 17.4, 8.7, 2.0 Hz, 1H),
1.94 (br, 1H), 1.78 (ddd, J=12.4, 4.0, 2.6 Hz, 2H), 1.73 — 1.64 (m, 3H), 1.61 — 1.57 (m, 1H),
1.56 -1.52 (m, 1H), 1.43 — 1.35 (m, 2H), 1.34 — 1.29 (m, 1H), 1.30 — 1.22 (m, 4H), 1.22 — 1.16
(m, 1H), 1.15-1.05 (m, 1H), 0.97 (ddd, J=12.7, 10.5, 6.4 Hz, 2H), 0.93 — 0.85 (m, 1H), 0.80
(s, 3H), 0.75 (s, 3H), 0.63 (ddd, J = 12.3, 10.5, 4.2 Hz, 1H). '3C NMR (126 MHz, CDCl;) §
161.85, 100.57, 71.12, 54.48, 54.34, 44.82, 44.04, 38.07, 36.95, 35.64, 35.52, 35.37, 31.84,
31.38, 29.31, 28.59, 24.07, 21.07, 18.46, 12.28. Data in accordance with literature (917).

(E/Z)-(prop-1-en-1-yl-1-d)benzene (1bc)

oY ON
The synthesis procedure of substrate 1be followed the reported literature (92). Colorless oil.
D/H = 89%. trans : cis =2 : 3. "TH NMR (500 MHz, CDCl3) 6 7.42 — 7.32 (m, 10.5H), 7.31 —
7.27 (m, 1H), 7.26 — 7.21 (m, 1H), 6.38 — 6.21 (m, 1H), 5.85 (tdd, /= 7.2, 6.4, 5.6, 2.1 Hz,
1.5H), 1.96 (dd, J=7.2, 1.1 Hz, 4.5H), 1.94 (d, J = 6.6 Hz, 3H). '3C NMR (126 MHz, CDCl5)

o 137.82, 137.50, 130.64 (t, J = 22.7 Hz), 129.47 (t, J = 23.9 Hz), 128.79, 128.44, 128.08,
126.69, 126.37, 125.54, 18.44, 14.58. Data in accordance with literature.

methyl 5-methyl-2,2-diphenylhex-4-enoate (1bd)

COOMe
4

The synthesis procedure of substrate 1bd followed the reported literature (93). Colourless oil.
TH NMR (500 MHz, CDCl3) § 7.42 — 6.93 (m, 10H), 5.01 (t, J = 7.1 Hz, 1H), 3.69 (s, 3H),
3.08 (d, J = 7.1 Hz, 2H), 1.56 (s, 3H), 1.26 (s, 3H). 3C NMR (126 MHz, CDCl3) § 174.84,
142.64, 134.86, 128.98, 127.67, 126.63, 119.41, 60.59, 52.30, 36.85, 25.86, 17.50. Data in
accordance with literature.

Benzoic acid (2a)

O

©)LOH

White solid. "H NMR (500 MHz, CDCls) 5 8.14 (d, J = 7.9 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H),
7.49 (t,J=7.8 Hz, 2H). 3C NMR (126 MHz, CDCls) § 172.46, 133.83, 130.20, 129.28, 129.27,
128.48.

4-methoxybenzoic acid (2b)
0

/©)‘\OH
o

White solid. "H NMR (500 MHz, DMSO-ds) § 12.63 (br, 1H), 7.89 (d, J = 8.9 Hz, 2H), 7.01
(d, J = 8.9 Hz, 2H), 3.82 (s, 3H). 3C NMR (126 MHz, DMSO-de) 5 167.03, 162.84, 131.36,
122.97, 113.83, 55.46.

4-methylbenzoic acid (2d)
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OH

2

White solid.'H NMR (500 MHz, DMSO-ds) & 7.81 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 7.9 Hz,
2H), 3.77 (s, 1H), 2.34 (s, 3H). 3C NMR (126 MHz, DMSO-d) § 167.78, 143.53, 129.68,
129.51, 128.21, 21.45.

4-(trifluoromethyl)benzoic acid (2f)

% O
©)
I

Fs;C

White solid. 'TH NMR (500 MHz, DMSO-de) § 13.50 (br, 1H), 8.13 (d, J = 8.1 Hz, 2H), 7.88
(d, J= 6.5 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) § 166.23, 134.62, 132.49 (q, J = 31.9
Hz), 130.14, 125.65 (q, J = 3.8 Hz), 123.84 (q, J = 272.7 Hz).

terephthalic acid (2g)

O
og
T

HOOC

White solid. 'TH NMR (500 MHz, DMSO-ds) & 13.31 (br, 1H), 8.04 (s, 4H). 3C NMR (126
MHz, DMSO-ds) § 166.71, 134.47, 129.50.

4-chlorobenzoic acid (2h)

OH

2

Cl

White solid. 'TH NMR (500 MHz, DMSO-de) & 7.94 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz,
2H). 13C NMR (126 MHz, DMSO-ds) & 166.48, 137.81, 131.17, 129.64, 128.78.

Acetophenone (2i)

<

Colorless oil. '"H NMR (500 MHz, CDCl3) & 7.95 (d, J = 8.3 Hz, 2H), 7.55 (t, J = 7.6 Hz, 1H),
7.44 (t,J=17.7 Hz, 2H), 2.59 (s, 3H). 3C NMR (126 MHz, CDCl3) & 198.05, 136.97, 133.01,
128.46, 128.19, 26.53.

1-(4-(tert-butyl)phenyl)ethan-1-one (2j)

g

Colorless oil. "H NMR (500 MHz, CDCl3) 6 7.90 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H),
2.59 (s, 3H), 1.34 (s, 9H). 3C NMR (126 MHz, CDCls) § 197.86, 156.79, 134.56, 128.26,
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125.48, 35.08, 31.06, 26.56.
1-(4-methoxyphenyl)ethan-1-one (2k)

Q.

~o

White solid. 'TH NMR (500 MHz, CDCls) & 7.94 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H),
3.87 (s, 3H), 2.56 (s, 3H). 3C NMR (126 MHz, CDCls) 5 196.79, 163.43, 130.57, 130.29,
113.64, 55.45, 26.35.

1-(4-hydroxyphenyl)ethan-1-one (21)

Q.

HO

White solid. "H NMR (500 MHz, CDCL3) § 7.92 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H),
6.49 (br, 1H), 2.58 (s, 3H). 13C NMR (126 MHz, CDCls) § 197.71, 160.53, 131.07, 130.07,
115.38, 26.35.

1-(4-fluorophenyl)ethan-1-one (2m)

Q.

F

White solid. 'TH NMR (500 MHz, CDCls) & 7.97 (dd, J = 8.9, 5.4 Hz, 2H), 7.12 (t, J = 8.6 Hz,
2H), 2.58 (s, 3H). *C NMR (126 MHz, CDCls) & 196.45, 165.70 (d, J = 254.7 Hz), 133.51 (d,
J=3.1Hz), 130.89 (d,J=9.2 Hz), 115.60 (d, J = 21.8 Hz), 26.51.

1-(4-chlorophenyl)ethan-1-one (2n)

Q.

Cl

White solid. "H NMR (500 MHz, CDCl3) 6 7.89 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.6 Hz, 2H),
2.58 (s, 3H). 13C NMR (126 MHz, CDCl3) 6 196.77, 139.49, 135.33, 129.66, 128.82, 26.52.

1-(4-bromophenyl)ethan-1-one (20)

Q.

Br

White solid. "TH NMR (500 MHz, CDCls) & 7.82 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H),
2.59 (s, 3H). 13C NMR (126 MHz, CDCl3) 5 197.02, 135.78, 131.88, 129.83, 128.30, 26.56.

1-(4-nitrophenyl)ethan-1-one (2p)

Q.

O,N
Yellow solid. '"H NMR (500 MHz, CDCl3) & 8.32 (d, J = 8.9 Hz, 2H), 8.11 (d, J = 8.8 Hz, 2H),
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2.68 (s, 3H). 13C NMR (126 MHz, CDCl3) § 196.29, 150.35, 141.33, 129.30, 123.86, 27.01.

cyclobutyl(phenyl)methanone (2q)
)

White solid. 'TH NMR (500 MHz, CDCl3) 4 7.90 (d, J = 6.9 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H),
7.44 (t, J=17.6 Hz, 2H), 4.00 (p, J = 8.6 Hz, 1H), 2.49 — 2.36 (m, 2H), 2.35 — 2.26 (m, 2H),
2.09 (dt, J=11.0, 8.8 Hz, 1H), 1.99 — 1.82 (m, 1H). 1*C NMR (126 MHz, CDCIl3) & 200.95,
135.57, 132.80, 128.51, 128.29, 42.17, 25.06, 18.14.
3-methyl-1,3-diphenylbutan-1-one (2r)

0]

®

Colorless oil. '"H NMR (500 MHz, CDCl3) & 7.82 (dd, J = 8.4, 1.3 Hz, 2H), 7.54 — 7.44 (m,
1H), 7.42 — 7.34 (m, 4H), 7.28 (dd, ] =8.5, 7.1 Hz, 2H), 7.20 — 7.10 (m, 1H), 3.31 (s, 2H), 1.51
(s, 6H). BC NMR (126 MHz, CDCl5) 6 198.99, 148.84, 138.09, 132.64, 128.35, 128.13, 128.03,
125.75, 125.41, 50.84, 37.49, 29.09. Data in accordance with literature (94).

Benzophenone (2s)

W,

0

W

®

White solid. 'TH NMR (500 MHz, CDCl3) § 7.81 (d, J= 6.9 Hz, 4H), 7.60 (t, J= 7.4 Hz, 2H),
7.50 (d, J = 7.9 Hz, 4H). 13C NMR (126 MHz, CDCl3) & 196.77, 137.56, 132.41, 130.05,
128.26.

(4-methoxyphenyl)(phenyl)methanone (2t)

O
Ssas
White solid. "H NMR (500 MHz, CDCl3) § 7.83 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 6.9 Hz, 2H),

7.57 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H). 13C
NMR (126 MHz, CDCl3) § 195.56, 163.18, 138.24, 132.55, 131.87, 130.11, 129.71, 128.16,

113.52, 55.48.
O
T

4-benzoylbenzonitrile (2u)

Brown solid. 'TH NMR (500 MHz, CDCl3) 4 7.88 (d, /= 8.5 Hz, 2H), 7.83 — 7.76 (m, 4H), 7.69
—7.61 (m, 1H), 7.56 — 7.48 (m, 2H). 3C NMR (126 MHz, CDCl3) § 195.05, 141.20, 136.29,
133.33, 132.16, 130.23, 130.06, 128.63, 118.01, 115.65.

anthracene-9,10-dione (2v)
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¢

0

White solid. "H NMR (500 MHz, CDCls) § 8.32 (dd, J = 5.8, 3.3 Hz, 4H), 7.81 (dd, J= 5.8,
3.3 Hz, 4H). 1*C NMR (126 MHz, CDCls) & 183.15, 134.12, 133.48, 127.22.

1-(pyridin-2-yl)ethan-1-one (2w)
O

|\
~N

Yellow oil. 'TH NMR (500 MHz, CDCl3) 6 8.67 (d, J = 4.4 Hz, 1H), 8.03 (d, J= 7.9 Hz, 1H),
7.83 (d, J = 7.7 Hz, 1H), 7.46 (dd, J = 7.5, 4.8 Hz, 1H), 2.71 (s, 3H). 3C NMR (126 MHz,
CDCls) 6 200.10, 153.51, 148.94, 136.80, 127.06, 121.61, 25.78.

1-(Thiophen-2-yl)butan-1-one (2x)
O
|\
S

Colorless oil. "TH NMR (500 MHz, CDCls) 6 7.73 (dd, J = 3.8, 1.2 Hz, 1H), 7.63 (dd, J = 5.0,
1.2 Hz, 1H), 7.14 (dd, J = 4.9, 3.7 Hz, 1H), 2.90 (t, J= 7.4 Hz, 2H), 1.80 (q, J = 7.4 Hz, 2H),
1.02 (t,J=7.4 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 193.37, 144.50, 133.28, 131.63, 127.98,
41.23,18.17, 13.84.

1-(furan-2-yl)butan-1-one (2y)

O
e
O
Colorless oil. "TH NMR (500 MHz, CDCl3) § 7.57 (dd, J = 1.8, 0.8 Hz, 1H), 7.17 (dd, J = 3.5,

0.8 Hz, 1H), 6.52 (dd, J=3.5, 1.7 Hz, 1H), 2.86 (q, J = 7.4 Hz, 2H), 1.21 (t, J = 7.4 Hz, 3H).
13C NMR (126 MHz, CDCls) § 190.20, 152.62, 146.07, 116.62, 112.05, 31.66, 8.06.

1-(4-hydroxyphenyl)propan-1-one (2z)

0
HO/©)‘\/

White solid. "H NMR (500 MHz, CDCls) § 7.92 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H),
5.42 (br, 1H), 2.95 (q, J = 7.3 Hz, 2H), 1.21 (t, J= 7.3 Hz, 3H). 3C NMR (126 MHz, CDCl5)
5199.76, 159.77, 130.57, 130.14, 115.26, 31.44, 8.44.

isobenzofuran-1,3-dione (2aa)
O
O

White solid. '"H NMR (500 MHz, CDCl3) & 8.03 (dd, J = 5.6, 3.0 Hz, 2H), 7.92 (dd, J = 5.6,
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3.1 Hz, 2H). 13C NMR (126 MHz, CDCl3) 8 162.75, 136.04, 131.25, 125.69.

(4-(2-hydroxyethoxy)phenyl)(phenyl)methanone (2ab)
O

F"*@
O/\/OH

White solid. "TH NMR (500 MHz, CDCl3) § 7.83 (d, J = 8.9 Hz, 2H), 7.76 (d, J = 6.9 Hz, 2H),
7.61 —7.54 (m, 1H), 7.48 (t, J = 7.6 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 4.20 — 4.15 (m, 2H),
4.02 (t,J=4.5Hz, 2H). BC NMR (126 MHz, CDCls) 6 195.53, 162.20, 138.14, 132.58, 131.96,
130.52, 129.74, 128.20, 114.04, 69.37, 61.30. Data in accordance with literature (85).

4-(4-benzoylphenoxy)butanal (2ac)
(@]

@)

Colorless oil. 'TH NMR (500 MHz, CDCl3) § 9.80 (t, J = 1.3 Hz, 1H), 7.77 (d, J = 8.8 Hz, 2H),
7.75—17.68 (m, 2H), 7.52 (d, J= 7.5 Hz, 1H), 7.44 (d, J= 7.9 Hz, 2H), 6.90 (d, J = 8.9 Hz, 2H),
4.04 (t, J = 6.1 Hz, 2H), 2.65 (td, J = 7.0, 1.3 Hz, 2H), 2.16 — 2.07 (m, 2H). 3C NMR (126
MHz, CDCls) & 201.38, 195.32, 162.16, 137.99, 132.37, 131.76, 129.97, 129.51, 128.02,
113.80, 66.76, 40.25, 21.61. HRMS—ESI (m/z): [M+H]" calcd. for C17H,703, 269.1172; found,
269.1170.

(4-(pent-2-yn-1-yloxy)phenyl)(phenyl)methanone (2ad)
@]

ph)‘\@LO\/

R

White solid. 'TH NMR (500 MHz, CDCl3) & 7.83 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 7.3 Hz, 2H),
7.56 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 4.74 (t, J=2.1 Hz,
2H), 2.24 (qt, J= 7.5, 2.2 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H). 3C NMR (126 MHz, CDCl3) §
195.50, 161.35, 138.12, 132.37, 131.88, 130.48, 129.69, 128.14, 114.38, 90.20, 73.43, 56.56,
13.50, 12.43. HRMS-ESI (m/z): [M+H]" calcd. for C1sHi70, 265.1223; found, 265.1220.

3-oxobutyl benzoate (2ae)
0O 0]

White solid. 'TH NMR (500 MHz, CDCl3) § 7.98 (d, J = 7.2 Hz, 2H), 7.53 (t, J= 7.3 Hz, 1H),
741 (t,J = 7.7 Hz, 2H), 4.56 (t, J = 6.2 Hz, 2H), 2.89 (t, J = 6.2 Hz, 2H), 2.21 (s, 3H). 13C
NMR (126 MHz, CDCls) & 205.59, 166.31, 132.97, 129.83, 129.48, 128.28, 59.75, 42.28,
30.23. HRMS-ESI (m/z): [M+H]" calcd. for C1H;303, 193.0859; found, 193.0859.

2-(3-oxobutyl)isoindoline-1,3-dione (2af)
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(@]
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(@]
White solid. "H NMR (500 MHz, CDCls) & 7.84 (dd, J = 4.3, 2.4 Hz, 2H), 7.71 (dd, J = 4.3,
2.4 Hz, 2H), 3.96 (t, J = 5.9 Hz, 2H), 2.88 (t, J = 5.9 Hz, 2H), 2.19 (s, 3H). 3C NMR (500
MHz, CDCIl3) & 205.86, 167.86, 134.34, 132.58, 123.62, 41.86, 33.06, 30.16. HRMS-ESI

(m/z): [M+H]" calcd. for C12H12NO3, 218.0812; found, 218.0810.
3-((trimethylsilyl)oxy)butan-2-one (2ag)
(0]

I

O\TIPS

Colorless oil. "TH NMR (500 MHz, CDCls) & 4.22 (q, J = 6.7 Hz, 1H), 2.21 (s, 3H), 1.30 (d, J
= 6.8 Hz, 3H), 1.13 — 1.02 (m, 21H). 3C NMR (126 MHz, CDCls) § 212.96, 75.41, 24.23,
21.16,17.93, 12.13. HRMS-ESI (m/z): [M+Na]" calcd. for C13H2802SiNa, 267.1751; found,
267.1718.

undecan-6-one (2ah)
(0]

/\/\)l\/\/\

Colorless oil. 'TH NMR (500 MHz, CDCls) & 2.38 (t,J= 7.5 Hz, 4H), 1.56 (p, J = 7.3 Hz, 4H),
1.41 — 1.16 (m, 8H), 0.88 (t, J = 7.2 Hz, 6H). ¥*C NMR (126 MHz, CDCl3) & 211.77, 42.76,
31.43,23.55,22.45,13.92.

4-phenylcyclohexan-1-one (2ai)

White solid. "TH NMR (500 MHz, CDCls) § 7.33 (td, J = 7.3, 1.5 Hz, 2H), 7.26 — 7.22 (m, 3H),
3.03 (tt, J= 12.1, 3.5 Hz, 1H), 2.72 — 2.43 (m, 4H), 2.23 (dtd, J = 11.8, 3.5, 2.0 Hz, 2H), 2.09
~1.82 (m, 2H). *C NMR (126 MHz, CDCL) § 211.20, 144.75, 128.58, 126.66, 126.56, 42.75,
41.37,33.95.

(2R,55)-2-isopropyl-5-methylcyclohexan-1-one (2aj)

=

o)

Colourless oil. "H NMR (500 MHz, CDCl3) § 2.33 (ddq, J= 13.0, 3.5, 1.8 Hz, 1H), 2.12 (dddd,
J=182,52,4.1,1.5 Hz, 1H), 2.02 (dddd, J = 18.4, 9.2, 4.1, 2.2 Hz, 2H), 1.95 (dd, J = 12.7,
1.5 Hz, 1H), 1.90 — 1.75 (m, 2H), 1.40 — 1.24 (m, 2H), 0.99 (dt, J = 6.4, 1.4 Hz, 3H), 0.89 (dt,
J=6.9, 1.4 Hz, 3H), 0.84 — 0.82 (m, 3H). 3C NMR (126 MHz, CDCls) § 212.43, 55.84, 50.84,
35.44,33.89, 27.81, 25.84, 22.26, 21.19, 18.66.

Adamantan-2-one (2ak)
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jog
White solid. '"H NMR (500 MHz, CDCl3) & 2.59 — 2.49 (m, 2H), 2.11 — 2.05 (m, 4H), 2.05 —

1.97 (m, 6H), 1.93 (dd, J = 2.6, 1.4 Hz, 2H). 3C NMR (126 MHz, CDCls) 5 218.56, 46.96,
39.24,36.27, 27.42.

1,4-dioxaspiro[4.5]decan-8-one (2al)

o~ "o
/

White solid. "H NMR (500 MHz, CDCl3) § 4.02 (dd, J = 2.6, 1.5 Hz, 4H), 2.55 — 2.46 (m, 4H),
2.07 — 1.95 (m, 4H). 3C NMR (126 MHz, CDCl3) 5 210.38, 107.10, 64.64, 38.16, 33.85.

Cyclooctenone (2am)
0

White solid. '"H NMR (500 MHz, CDCls) & 2.46 — 2.33 (m, 4H), 1.94 — 1.82 (m, 4H), 1.64 —
1.49 (m, 4H), 1.38 (td, J= 7.4, 6.7, 4.7 Hz, 2H). 3C NMR (126 MHz, CDCls) § 218.38, 41.94,

27.15, 25.65, 24.68.
(ﬁij)

Cyclododecanone (2an)
White solid. '"H NMR (500 MHz, CDCl3) 6 2.79 — 2.33 (m, 4H), 1.99 — 1.63 (m, 4H), 1.53 —
1.07 (m, 14H). 3C NMR (126 MHz, CDCl3)  212.99, 40.37,24.72, 24.56, 24.19, 22.55, 22.29.

tert-butyl 6-oxo-2-azaspiro[3.3]heptane-2-carboxylate (2ao)

djo
BocN

White solid. 'TH NMR (500 MHz, CDCls) & 4.13 (s, 4H), 3.29 (s, 4H), 1.45 (s, 9H). 3C NMR
(126 MHz, CDCl3) 5 204.80, 156.03, 79.85, 57.82, 28.34, 27.76.

tert-butyl 2-oxo-7-azaspiro[3.5|nonane-7-carboxylate (2ap)

O
BOCI\OW

White solid. "H NMR (500 MHz, CDCls) & 3.46 — 3.32 (m, 4H), 2.81 (s, 4H), 1.70 (t, J = 5.6
Hz, 4H), 1.46 (s, 9H). ¥C NMR (126 MHz, CDCls) & 206.68, 154.78, 79.68, 56.39, 36.46,
29.12, 28.42.
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3-oxobutyl (tert-butoxycarbonyl)tryptophanate (2aq)
0 0
)J\/\O
BocHN NH
White solid. '"H NMR (500 MHz, CDCl3) 8 8.63 (br, 1H), 7.55 (d, J= 7.9 Hz, 1H), 7.33 (d, J
=8.1 Hz, 1H), 7.21 - 7.14 (m, 1H), 7.14 — 7.06 (m, 1H), 7.00 (s, 1H), 5.16 (d, J= 8.1 Hz, 1H),
4.58 —4.62 (m, 1H), 4.43 —4.13 (m, 2H), 3.24 (dd, J=5.9, 3.3 Hz, 2H), 2.64 — 2.44 (m, 2H),
2.04 (s, 3H), 1.43 (s, 9H). 3C NMR (126 MHz, CDCls) § 205.62, 172.17, 155.21, 136.03,
127.49, 123.02, 121.87, 119.31, 118.48, 111.20, 109.53, 79.82, 59.88, 54.25, 41.58, 30.02,

28.19, 27.80. HRMS-ESI (m/z): [M+Na]" caled. for Ca0H26N20sNa, 397.1734; found,
397.1732.

3-oxobutyl 2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanoate (2ar)
0 0
)l\/\o
NPhth
White solid. "TH NMR (500 MHz, CDCl3) 8 7.71 (dd, J = 5.4, 3.1 Hz, 2H), 7.62 (dd, J = 5.5,
3.0 Hz, 2H), 7.16 — 7.05 (m, 5H), 5.10 (dd, J=11.3, 5.1 Hz, 1H), 4.41 (ddt, J=36.7, 11.1, 6.3
Hz, 2H), 3.58 — 3.40 (m, 2H), 2.73 (td, J = 6.2, 4.6 Hz, 2H), 2.08 (s, 3H). 3C NMR (126 MHz,
CDCl3) 6 204.89, 168.48, 167.10, 136.35, 133.95, 131.19, 128.59, 128.28, 126.61, 123.17,

60.43,52.92, 41.60, 34.44,29.94. HRMS-ESI (m/z): [M+H]" calcd. for C21H20NOs, 366.1336;
found, 366.1338.

3-(benzoyloxy)propanoic acid (2as)

White solid. 'H NMR (500 MHz, CDCl3) 6 8.03 (dd, J= 8.3, 1.4 Hz, 2H), 7.61 — 7.53 (m, 1H),
7.47 —7.39 (m, 2H), 4.60 (t, J = 6.3 Hz, 2H), 2.86 (t, J = 6.3 Hz, 2H). 3C NMR (126 MHz,
CDCI) 6 176.50, 166.29, 133.13, 129.72, 129.63, 128.38, 59.93, 33.67. HRMS-ESI (m/z):
[M-H] calcd. for Ci0H9O4, 193.0506; found, 193.0516.

3-(2,6-dichlorophenoxy)propanoic acid (2at)

LY

Yellow oil. '"H NMR (500 MHz, CDCl3) § 7.19 (d, J = 8.1 Hz, 2H), 6.90 (t, J = 8.1 Hz, 1H),
4.25 (t,J=6.5Hz, 2H), 2.85 (t,J=6.5 Hz, 2H). 3C NMR (126 MHz, CDCl3) 8 177.34, 151.03,
129.38, 128.86, 125.26, 68.38, 35.05. HRMS-ESI (m/z): [M-H] calcd. for CoH703Cly,
232.9777; found, 232.9702.

isopropyl 2-(4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (2au)
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c.o>§(‘>j/

White solid. "H NMR (500 MHz, Chloroform-d) § 7.73 (d, J = 8.8 Hz, 2H), 7.70 (d, J = 8.5
Hz, 2H), 7.45 (d, J = 8.5 Hz, 2), 6.86 (d, J = 8.8 Hz, 2H), 5.09 (p, J = 6.3 Hz, 1H), 1.66 (s, 6H),
1.20 (d, J = 6.3 Hz, 6H). 13C NMR (126 MHz, CDCls) & 194.26, 173.09, 159.70, 138.33,
136.39, 131.94, 131.15, 130.17, 128.52, 117.18, 79.38, 69.34, 25.34, 21.51. Data in accordance
with literature (94).

2-((1-benzylpiperidin-4-yl)methyl)-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one (2av)
0O
H,CO

H,CO

O
White solid. "TH NMR (500 MHz, CDCls) & 7.35 — 7.28 (m, 4H), 7.26 (s, 1H), 7.17 (s, 1H),
6.85 (s, 1H), 3.96 (s, 3H), 3.90 (s, 3H), 3.51 (s, 2H), 3.23 (dd, J = 17.6, 8.1 Hz, 1H), 2.99 —
2.85 (m, 2H), 2.76 — 2.65 (m, 2H), 2.05 — 1.86 (m, 3H), 1.70 (dd, J = 35.5, 12.9 Hz, 2H), 1.49
(s, 1H), 1.43 — 1.26 (m, 3H). 3C NMR (126 MHz, CDCls) § 207.84, 155.39, 149.37, 148.75,
138.46, 129.29, 129.23, 128.12, 126.90, 107.30, 104.33, 63.43, 56.20, 56.08, 53.79, 53.76,

45.44, 38.70, 34.45, 33.33, 33.01, 31.76. HRMS-ESI (m/z): [M+H]" calcd. for C24H30NOs,
380.2221; found, 380.2220.

pyridin-2-yl(p-tolyl)methanone (2aw-1)

Colourless oil. '"H NMR (500 MHz, CDCl3) 6 8.72 (d, J = 4.3 Hz, 1H), 8.02 (dt, /= 7.8, 1.1
Hz, 1H), 7.97 (d,J=8.2 Hz, 2H), 7.89 (d, /= 1.7 Hz, 1H), 7.48 (ddd, /= 7.6, 4.8, 1.3 Hz, 1H),
7.29 (d, J= 7.9 Hz, 2H), 2.43 (s, 3H). '3C NMR (126 MHz, CDCl3) 6 193.62, 155.38, 148.49,
143.80, 136.98, 133.59, 131.11, 128.89, 125.98, 124.54, 21.74. HRMS-ESI (m/z): [M+H]"
calcd. for C13H12NO, 198.0913; found, 198.0913.

2-(pyrrolidin-1-yl)acetic acid (2aw-2)

CN_O>—OH

Yellow solid. '"H NMR (500 MHz, CDCl3) § 3.70 (s, 2H), 3.43 (br, 4H), 2.05 (h, J = 3.4 Hz,
4H). 13C NMR (126 MHz, CDCl3) & 169.07, 57.96, 54.05, 23.41.

cyclohexyl 2-(4-((2-oxocyclopentyl)methyl)phenyl)propanoate (2ax)

O
m6'°0
(1]
(@]
White solid. 'TH NMR (500 MHz, CDC13) 07.20 (d, J=28.0 Hz, 2H), 7.09 (d, J=28.1 Hz, 2H),
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4.78 — 4.64 (m, 1H), 3.64 (q, J= 7.2 Hz, 1H), 3.10 (dd, J = 13.9, 4.1 Hz, 1H), 2.50 (dd, J =
13.9,9.5 Hz, 1H), 2.38 — 2.25 (m, 2H), 2.14 — 2.02 (m, 2H), 1.93 (tdd, /= 8.9, 6.5, 3.3 Hz, 1H),
1.82 — 1.62 (m, 4H), 1.59 — 1.48 (m, 3H), 1.45 (d, J=7.2 Hz, 3H), 1.43 — 1.37 (m, 1H), 1.37 -
1.25 (m, 3H), 1.23 (dd, J=9.7, 2.8 Hz, 1H). 3C NMR (126 MHz, CDCls) § 220.22, 173.97,
138.64, 138.54, 128.93, 127.43, 72.52, 50.93, 45.32, 38.17, 35.11, 31.36, 31.14, 29.09, 25.31,
23.45, 23.34, 20.49, 18.38, 18.36. HRMS-ESI (m/z): [M+Na]' calcd. for C21Hzs0:Na,
351.1931; found, 351.1927.

4-(4-(4-chlorophenyl)-4-hydroxycyclohexyl)-1-(4-fluorophenyl) butan-1-one (2ay)

White solid. "TH NMR (500 MHz, CDCl3) 6 8.02 (dd, J = 8.9, 5.4 Hz, 2H), 7.38 (d, J= 8.7 Hz,
2H), 7.30 (d, J = 8.6 Hz, 2H), 7.14 (t, J = 8.6 Hz, 2H), 2.99 (t, J = 7.0 Hz, 2H), 2.79 (d, J =
11.3 Hz, 2H), 2.48 (t, J=7.1 Hz, 2H), 2.41 (t, J=11.9 Hz, 2H), 1.99 (p, J= 7.5, 7.0 Hz, 4H),
1.67 (dq, J = 14.4, 3.0 Hz, 2H), 1.60 — 1.50 (m, 1H). 3C NMR (126 MHz, CDCl;3) & 198.34,
165.59 (d, J=254.3 Hz), 146.87, 133.65 (d,J=3.1 Hz), 132.71, 130.66 (d, J=9.4 Hz), 128.34,
126.05, 115.59 (d, J=21.8 Hz), 71.10, 57.83, 49.31, 38.40, 36.24, 21.91. HRMS-ESI (m/z):
[M+H]" calcd. for C22H25CFO2, 375.1522; found, 375.1520.

(8R,95,135,145)-3-methoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclop
enta [a]phenanthren-17-one (2az)

White solid. "H NMR (500 MHz, CDCl3) & 7.21 (d, J=9.1 Hz, 1H), 6.73 (dd, J = 8.6, 2.9 Hz,
1H), 6.65 (d, J= 2.7 Hz, 1H), 3.78 (s, 3H), 2.98 — 2.81 (m, 2H), 2.51 (ddd, /=18.9, 8.7, 0.9
Hz, 1H), 2.43 —2.34 (m, 1H), 2.26 (d, /= 4.4 Hz, 1H), 2.15 (dt, /= 19.0, 8.9 Hz, 1H), 2.09 —
1.98 (m, 2H), 1.98 — 1.92 (m, 1H), 1.71 — 1.37 (m, 6H), 0.91 (s, 3H). 13C NMR (126 MHz,
CDCl3) 6 221.00, 157.54, 137.73, 131.99, 126.33, 113.84, 111.54, 55.20, 50.37, 48.00, 43.95,
38.34, 35.87, 31.55, 29.66, 26.53, 25.91, 21.57, 13.84. HRMS-ESI (m/z): [M+H]" calcd. for
C19H2502, 285.1849; found, 285.1845.

1-(4-fluorophenyl)-3-(3-(4-fluorophenyl)-3-oxopropyl)-4-(4-methoxyphenyl)azetidin-2-
one (2ba)

o/

o

White solid. 'TH NMR (500 MHz, CDCl3) § 8.06 — 7.96 (m, 2H), 7.33 — 7.23 (m, 4H), 7.14 (t,
J = 8.6 Hz, 2H), 6.95 (dd, J=19.1, 8.3 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 4.70 (d, J = 2.3 Hz,
1H), 3.81 (s, 3H), 3.31 (ddd, J= 17.7, 8.4, 5.6 Hz, 1H), 3.23 —3.09 (m, 2H), 2.42 (ddt, J= 13.9,
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8.4, 6.9 Hz, 1H), 2.35 — 2.20 (m, 1H). 3C NMR (126 MHz, CDCls) § 197.32, 167.22, 165.77
(d, J=255.1 Hz), 158.91 (d, J = 243.4 Hz), 159.77, 133.83 (d, J = 2.7 Hz), 133.01 (d, J = 2.9
Hz), 130.67 (d, J = 9.3 Hz), 129.13, 127.15, 118.36 (d, J = 7.8 Hz), 115.82 (d, J = 8.1 Hz),
115.65 (d, J= 7.3 Hz), 114.57, 61.09, 59.74, 55.27, 35.51, 23.14. HRMS-ESI (m/z): [M+H]"
caled. for CosH2oNOsF,, 422.1562; found, 422.1559.

(35,55,8R,95,108,135,145)-10,13-dimethyl-17-oxohexadecahydro-1H-cyclopenta [a] ph
enanthren-3-yl benzoate (2bb)

White solid. "TH NMR (500 MHz, CDCl3) & 3.64 — 3.52 (m, 1H), 2.43 (dd, J = 18.3, 9.0 Hz,
1H), 2.14 — 1.98 (m, 1H), 1.95 — 1.89 (m, 1H), 1.86 — 1.75 (m, 3H), 1.71 (dt, J=13.3, 3.7 Hz,
1H), 1.68 — 1.62 (m, 1H), 1.60 — 1.54 (m, 2H), 1.54 — 1.46 (m, 2H), 1.45 - 1.38 (m, 1H), 1.37
—1.18 (m, 6H), 1.13 (ddd, J = 15.9, 7.8, 3.4 Hz, 1H), 0.97 (dtd, J=17.4, 12.9, 12.4, 4.9 Hz,
2H), 0.85 (s, 3H), 0.83 (s, 3H), 0.69 (ddd, J = 12.2, 10.5, 4.1 Hz, 1H). 3C NMR (126 MHz,
CDCl) 6 221.42, 71.13, 54.40, 51.39, 47.78, 44.81, 38.04, 36.91, 35.83, 35.62, 35.02, 31.52,
31.42, 30.87, 28.37, 21.76, 20.48, 13.80, 12.29. HRMS-ESI (m/z): [M+H]" calcd. for
C19H3102, 291.2319; found, 291.2320.

2-methyl-3-phenyloxirane (2a")

O

o

Colourless oil. "H NMR (500 MHz, Chloroform-d) & 7.39 — 7.35 (m, 2H), 7.34 — 7.31 (m, 1H),
7.31 - 7.27 (m, 2H), 3.61 (d, J= 2.0 Hz, 1H), 3.07 (qd, /= 5.1, 2.1 Hz, 1H), 1.49 (d, J= 5.1
Hz, 3H). 3C NMR (126 MHz, CDCls3) 6 137.70, 128.39, 127.99, 125.51, 59.50, 59.03, 17.89.
Data in accordance with literature (92).

Benzaldehyde-a-di (4a)
0]

©)LD

Colourless oil. D/H = 88%. 'H NMR (500 MHz, Chloroform-d) 8 7.91 — 7.85 (m, 1H), 7.67 —
7.60 (m, 1H), 7.53 (t,J= 7.6 Hz, 1H). '3C NMR (126 MHz, CDCl3) & 192.05 (t, J = 26.5 Hz),
136.26 (t, J= 3.8 Hz), 134.44, 129.70, 128.96.

5-(2-hydroxypropan-2-yl)-3,3-diphenyldihydrofuran-2(3H)-one (5a)
) o) OH

Ph
Ph

Colourless oil. '"H NMR (500 MHz, CDCl3) 6 7.31 (d, J = 3.1 Hz, 4H), 7.28 — 7.20 (m, 2H),
7.20 —7.15 (m, 2H), 7.06 (dd, J= 6.5, 1.3 Hz, 1H), 4.09 (dd, J= 8.7, 4.0 Hz, 1H), 2.95 (dd, J
=10.3, 8.7 Hz, 1H), 2.78 (dd, J=10.3, 4.0 Hz, 1H), 1.30 (s, 3H), 1.14 (s, 3H). 3C NMR (500
MHz, CDCl3) 6 177.06, 141.81, 139.65, 129.29, 128.98, 128.34, 127.94, 127.75, 127.31, 82.46,
70.16, 58.52, 29.80, 27.14, 23.79. HRMS-ESI (m/z): [M+H]" calcd. for C19H2103, 297.1486;
found, 297.1489.
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11. NMR spectra
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