Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Metal-Free Visible-Light Carbonylation of Alkyl lodides to
Amides via Consecutive Photoinduced Electron Transfer

Fatima Akhssas,! Guillaume Chu,! Meriem El malamy, Naomi Illi,* Jasmine Hertzog,? Bertrand Vileno,3
Nolwenn Le Breton,? Michael Badawi,* Miguel Ponce-Vargas,*® Philipp Gotico,%* Alexandre Vasseur,* Zakaria

Halime,”* Christophe Werlé,*8* and Ibrahim Abdellah*

1 Université de Lorraine, CNRS, L2CM, F-57000 Metz, France.
E-mail: ibrahim.abdellah@univ-lorraine.fr

2 Université de Lorraine, LCP-A2MC, F-57000 Metz, France
3 Institut de Chimie de Strasbourg, CNRS UMR 7177, Université de Strasbourg, F-67000 Strasbourg, France.

4 Université de Lorraine, CNRS, L2CM, F-54000 Nancy, France.
E-mail: christophe.werle@univ-lorraine.fr

5 Université de Reims Champagne-Ardenne, Moulin de la Housse, 51687 Reims Cedex 02 BP39, France.

& Institute for Integrative Biology of the Cell, CEA, CNRS, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France.
E-mail: philipp.gotico@cea.fr

7 Université Paris-Saclay, CNRS, Institut de Chimie Moléculaire et des Matériaux d’Orsay, F-91405, Orsay, France.
E-mail: zakaria.halime@universite-paris-saclay.fr

8 Max Planck Institute for Chemical Energy Conversion, Stiftstr. 34-36, 45470 Miilheim an der Ruhr, Germany.
E-Mail: christophe.werle@cec.mpg.de

S1


mailto:ibrahim.abdellah@univ-lorraine.fr
mailto:christophe.werle@univ-lorraine.fr
mailto:philipp.gotico@cea.fr
mailto:zakaria.halime@universite-paris-saclay.fr
mailto:christophe.werle@cec.mpg.de

P W N R

0w 0 N o wn

10.
11.
12.
13.
14.
15.
16.

11 L=1 =1 IT e T 1 = 1 e 1 T 3

Preparation of Halide PreCuUrSOrs ........ccciieeeeiiteeecerennetteneneerennsestenaseessnssessennssssnnsessannsenns 5
General Optimization ProCedure ........cccueeiiiiiiiieneniiiiiinenniiiniineemssee 6
Optimization of the Reaction Conditions .........ccccceiiiiiiimnniiiiiiininiiiiini. 7

Yo IV o LYol £=Y=T o |1V TSRO UU 7

[ oo ] doToF: | =11V A Aol ¢ =Y=] a1 V-SSR 8

Sacrificial EI@Ctron DONOIS SCrEENING ....cccuviiieiieeeeeiieeeecteeesetee e e sttt e e estreeestreeeasteeeesssseeessaeeeasseseenssnesassseeaaans 9
General Procedure for the Photocatalytic Carbonylation/Amidation of Alkyl lodides .....10
Synthesis and Characterization of Amide Products .......c.cccceeeereenneereenncrrennnecreenncerennncesennns 11
General Procedure for Carbon-13 Isotopic Labeling of Compound 35........cccccceerreennennneee. 29
Gram-Scale Preparation of Amide 35.......ccoiiriieiiiiiiiiinniiiiiniisssnee. 30
EPR ANQIYSIS ceeuuiiiieiiiiieiiiiiiiiineieitnneerenassessnaseesennssessnnssssesnssssssnssessenssssssnssssssnsssssansnanes 31
DFT CalCulations ....ccciiiiiiiiiiiiiiiiiiiitisssccsissn e s s s s s s s s e s s e e e e enees 32
Laser Flash PhotolysSis .....ccccciiiiiniiiiiniiiiiniiiiiiieiieiieiieniseriesissesisnssssnsssns 37
Ny LYot d feT=] (=Yt d o Yol 4 T=T o T o Y 2PN 39
31Tt d e Yol T=T 3 0 11 4 Y 2SR RRRt 39
10T (T UAVARVITILY o T=Tot f o 1Y o] « Y AUt 41
LAY o X< ot - N 43
2= =T =T 4 Lo =L 82

S2



1. General information

All reactions were carried out under argon using dry, oxygen-free solvents and standard Schlenk
techniques. Unless otherwise noted, reagents were obtained from Sigma-Aldrich, BLDpharm, or
Fisher Scientific and used as received. Solvents and liquid reagents were handled with disposable
graduated syringes or Hamilton microsyringes. EtOAc, THF, DMF, DMSO, MeCN, and acetone (Fisher
Scientific) were supplied in AcroSeal® packaging and used without further purification. The CO
surrogates SilaCOgen® (MePh,SiCO,H) and Sila3COgen® (MePh,Si'3CO,H) were prepared according
to literature procedures.! Photocatalysts 4CzIPN,>2 4DPAIPN,? [Ru(bpy);][PF¢l,,> 4CzTPN,* and
3CzMAPIN® were synthesized as reported.

Photochemical Setup. Reactions were carried out in a COware® two-chamber reactor under visible-
light irradiation. The reaction chamber was externally illuminated using a Kessil® PR160L blue LED (A
= 456 nm, 50 W), positioned 5 cm from the vial
(https://www.kessil.com/products/science_PR160L.php). The reactor was fan-cooled to maintain
the solution temperature at 25—-30°C during irradiation.

Chromatography. Thin-layer chromatography (TLC) was performed on silica gel pre-coated
aluminum plates (Merck 60 F,s:) and visualized under UV light (254 nm) and/or by staining with
KMnQO, or phosphomolybdic acid, followed by heating. Crude mixtures were purified by flash column
chromatography on silica gel (4063 um) or using a BUCHI flash purification system with silica
cartridges (12 or 25 g, 40—63 um).

Gas Chromatography—Mass Spectrometry (GC—MS). Analyses were performed on an Agilent 5977C
GC/MSD system coupled with an Agilent 8890 GC equipped with an HP-5MS Ul column (30 m x 0.25
mm, 0.25 um film thickness).

NMR Spectroscopy. *H (400 MHz) and *3C (100 MHz) NMR spectra were recorded on a Bruker Avance
[Il 400 spectrometer in CDCl;, with chemical shifts (8) referenced to residual solvent peaks (6 H =
7.26 ppm; 8 13C = 77.16 ppm). Chemical shifts are reported in ppm, coupling constants (J) in Hz, and
multiplicities as s (singlet), br s (broad singlet), d (doublet), t (triplet), q (quartet), or m (multiplet).

High-Resolution Mass Spectrometry (HRMS). HRMS data were acquired on a Waters Xevo G2
ESI/QQTOF system equipped with a Waters Acquity UPLC H-Class PLUS system and API source, or on
a Bruker micrOTOF-Q ESI/QqTOF mass spectrometer with an APl source.

Fourier-Transform lon Cyclotron Resonance Mass Spectrometry (FTICR-MS). Samples were
prepared as 1 pg mL*? solutions in methanol (LC—-MS grade, VWR Chemicals) and analyzedona 7 T
FTICR mass spectrometer (Solarix 2XR, Bruker Daltonics, Bremen, Germany) equipped with an ESI
source, operated in positive-ion mode.

Electron Paramagnetic Resonance (EPR). Room-temperature continuous-wave X-band EPR spectra
were recorded on a Bruker Elexsys E580 spectrometer equipped with a high-sensitivity resonator (ER
4119 HS-W1). The g factor was calibrated using a Bruker strong pitch standard (g = 2.0028).
Simulations were performed using custom routines based on the EasySpin toolbox under Matlab
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(MathWorks).® Typical parameters: microwave frequency ~9.8 GHz; power 5.1 mW; modulation
amplitude 0.1 G; time constant ~20 ms; conversion time ~50 ms; 1-10 scans accumulated per
spectrum (1-10 min total acquisition).

Electrochemistry. Cyclic voltammetry (CV) was conducted using a three-electrode setup comprising
a glassy carbon working electrode (3 mm diameter), Ag/AgNO; (102 M) reference electrode, and
platinum wire counter electrode. Measurements were performed in acetonitrile (MeCN) with 0.1 M
tetrabutylammonium hexafluorophosphate ([BusN]PFs) as supporting electrolyte. Sample
concentrations were typically 0.5 mM. Solutions were purged with argon, and voltammograms were
recorded at a scan rate of 100 mV s. Ferrocene was used as internal standard, and all potentials
were converted to SCE using Fc*/Fc = +0.38 V.

Irradiated thin-layer CV experiments were performed by illuminating the electrochemical cell with a
SugarCube blue LED source (A = 463 nm, FWHM ~50 nm) at adjustable intensity (levels 1-10),
positioned 3.5 mm from the working electrode. Light intensity measured using a solar meter for the
various intensity levels at the proper distance from the working electrode are as follows: 380, 810,
1270, 1730, 2300, 2800, 3340, 3780, 4260, 4710 W m2.

Spectroelectrochemistry (SEC). UV-vis spectroelectrochemical measurements were performed in a
guartz cuvette equipped with a Pt honeycomb working electrode, Pt counter electrode, and Pt wire
pseudo-reference electrode. Absorption spectra were recorded using an Agilent Cary 50 UV-Vis
spectrophotometer. Potentials were applied with an Admiral Instruments potentiostat using
chronoamperometry at 100 mV intervals (5 min each).

In-situ UV-Vis Spectroscopy. Time-resolved UV-vis monitoring was carried out in a 1 cm quartz
cuvette sealed with a septum. Ar-saturated solutions were stirred and irradiated with a perpendicular
blue LED (SugarCube, A = 463 nm) while spectra were collected using an Agilent Technologies Cary
50 UV-Vis spectrophotometer (Scanning Kinetics mode, CaryWin software).

Laser Flash Photolysis (LFP). Excited state absorption and emission measurements were conducted
on an Edinburgh Instruments LP920 flash photolysis spectrometer. Samples were excited with 5 ns
pulses (A = 430 nm) from a Continuum Surelite Q-switched Nd:YAG laser coupled with an optical
parametric oscillator (OPO) delivering ~11 mJ per pulse. The probe source was a 450 W pulsed xenon
lamp, and detection employed either a water-cooled Andor intensified charge-coupled ICCD camera
(spectral mode) or a Hamamatsu photomultiplier tube PMT (kinetic mode). Data analysis was
performed using LP920 software for AOD calculation, spectral smoothing, and kinetic data extraction.

Disclaimer:

CAUTION: All experiments were performed in a ventilated fume hood with appropriate PPE (lab coat,
nitrile gloves, splash goggles). Amines are corrosive/volatile and iodine-containing substrates are
irritants; avoid inhalation/skin contact and segregate iodine-containing waste. Photochemical work
requires blue-light eye protection and shielding (=450-470 nm); SilaCOgen®/Sila*3COgen® are silicon
formate CO surrogates that can release CO upon activation—ensure effective ventilation and avoid
confined spaces.
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2. Preparation of Halide Precursors

{;Q/ KN:N(O/ Boc’(Nj/ CQ/ O’\/l ©/0\/\/| ©/\/I

From Cholestrol From Stigmasterol

Scheme S1. Collection of Halide Starting Materials.

General. Organic halides A—G were synthesized according to reported procedures.” Compound | was
prepared from cholesterol following the literature method.?

Experimental Procedure for the Preparation of Compound H°

In a flame-dried Schlenk tube under argon, stigmasterol (3.20 g, 7.75 mmol), PPh; (2.44 g, 9.30 mmol),
and imidazole (0.633 g, 9.30 mmol) were dissolved in dry CH,Cl, (70 mL) and cooledto 0 °C. |, (2.36 g,
18.6 mmol, 2.4 equiv) was added portion wise, and the reaction mixture was stirred at rt for 16 h. The
reaction was quenched with H,0, and the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The
combined organic extracts were washed successively with sat. Na,S,03, brine, dried over MgS0O,, and
concentrated under reduced pressure. The crude residue was purified by flash column
chromatography (silica gel, petroleum ether) to afford Compound H as a white solid (3.50 g, 86%).

H NMR (400 MHz, CDCls, 298 K) & 5.37-5.28 (m, 1H), 5.15 (dd, J = 15.1, 8.6 Hz, 1H), 5.02 (dd, J = 15.2,
8.6 Hz, 1H), 4.04 (tt, J = 12.5, 4.4 Hz, 1H), 2.99-2.84 (m, 1H), 2.67 (ddd, J = 13.7, 4.4, 2.2 Hz, 1H), 2.33—
2.12 (m, 2H), 2.08-1.88 (m, 3H), 1.71 (ddt, J = 15.0, 13.3, 4.6 Hz, 2H), 1.60~1.36 (m, 8H), 1.31-1.10 (m,
6H), 1.05-1.00 (m, 7H), 0.98-0.89 (m, 1H), 0.87—0.78 (m, 9H), 0.69 (s, 3H).

13C NMR (101 MHz, CDCls, 298 K) 5 142.9, 138.4, 129.4, 121.8, 56.9, 56.0, 51.3, 50.5, 46.5, 42.3, 42.0,
40.6, 39.7, 36.7, 36.6, 32.0, 31.8, 31.7, 30.6, 29.0, 25.5, 24.4, 21.3, 21.2, 20.9, 19.3, 19.1, 12.4, 12.1.
HRMS (APCI): Calcd. for CygHagl* [M+H]* 523.2801; found 523.2802.
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3. General Optimization Procedure

Chamber 1: CO Generation Chamber 2: Visible-light aminocarbonylation
] 4CzIPN (5 mol%) (0]
Ph (o) KF ' I Electron donor (1.5 equiv.)
Me-Si{ ———= i co + + —_—
PH OH DMFRT Solvent, RT, 2 h
Synthesis of Silacogen E 1 equiv. 1.5 equiv \é&
from diphenylmethyichlorosilane Blue LEDs 1
and CO;, (456 nm)

Scheme S2. General Procedure.

Under an argon atmosphere, a COware® two-chamber reactor (20 mL total volume) was charged as
follows: Chamber 2 was sequentially loaded with the photocatalyst (PC) (5 mol%), morpholine (0.10
mmol, 1.0 equiv), iodocyclohexane (0.15 mmol, 1.5 equiv), the sacrificial electron donor (0.15 mmaol,
1.5 equiv), and ethyl acetate (1.0 mL, 0.10 M). The chamber was sealed with a PTFE-faced silicone
septum screw cap.

Chamber 1 was charged with SilaCOgen® (MePh,SiCO,H) (0.60 mmol, 6.0 equiv) and KF (0.66 mmol,
6.6 equiv), sealed under identical conditions, and treated with anhydrous DMF (1.0 mL).

The sealed reactor was positioned ca. 5 cm from a Kessil blue LED light source (A = 456 nm, 50 W, 50
% intensity) and stirred at ambient temperature for 2 h. After completion, the reaction mixture was
diluted with ethyl acetate and analyzed by GC—MS, employing n-hexadecane as an internal standard.
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4, Optimization of the Reaction Conditions

a. Solvent Screening

Table S1. Optimization of the Reaction Conditions: Solvent Screening.

Chamber 1: CO Generation Chamber 2: Visible-light aminocarbonylation
H 4-CzIPN (5 mol%) (0]
Ph O KE : I TEOA (1.5 equiv.)
Me-si{ ———= i co + +
Ph OH DMF,RT i Solvent, RT, 2 h
Synthesis of Silacogen E 1 equiv. 1.5 equiv *il*
from diphenylmethylchlorosilane Blue LEDs 1
and CO, (456 nm)
Entry Solvent Yield (%)*
1 DMSO 40
2 DMF 44
3 CH3CN 29
4 Acetone 71
5 EtOAc 98
6 1,4-dioxane 84
7 EtOH 13

Reaction conditions. Chamber 1: SilaCOgen® (MePh,SiCO,H, 0.60 mmol), KF (0.66 mmol) in DMF (1.0 mL). Chamber 2:
morpholine (0.10 mmol), iodocyclohexane (0.15 mmol), 4CzIPN (5 mol%), triethanolamine (TEOA, 0.15 mmol), solvent (1.0
mL, 0.10 M). The reaction mixture was stirred under 456 nm Kessil® blue LED irradiation (50% intensity) at RT for 2 h. Yields
of amide 1 were determined by GC—MS using n-hexadecane as internal standard.
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b. Photocatalyst Screening

Table S2. Optimization of the Reaction Conditions: Photocatalyst Screening.

Chamber 1: CO Generation Chamber 2: Visible-light aminocarbonylation
b PC (5 mol%) (0]
Ph. O e g I TEOA (1.5 equiv.)
Me-si{ ———= i co + +
PH OH DMFRT EtOAc, RT, 2h
H R
Synthesis of Silacogen E 1 equiv. 1.5 equiv %
from diphenylmethylchlorosilane Blue LEDs 1
and CO, (456 nm)

” QQ

'ﬁ?g )15 @ 5

4CzIPN PC1: 4CzTPN PC2: 3CzMAIPN PC3: 4DAIPN

(0]
N i A
N
\\L 50 iy Br: < Br
/Ru 2PF O O
N
N N HO (0) OH
Br Br
PC4: Ru(bpy);(PFg)2 PC5: Eosin PC6: Rhodamine B

Entry Photocatalyst (PC) Yield (%)!

1 4CzIPN 98
2 PC1 81
3 PC2 67
4 PC3 60
5 PC4 0
6 PC5 19
7 PC6 8
8 Without PC 0
9 Without light 0

Reaction conditions. Chamber 1: SilaCOgen® (MePh,SiCO,H, 0.60 mmol), KF (0.66 mmol) in DMF (1.0 mL). Chamber 2:
morpholine (0.10 mmol), iodocyclohexane (0.15 mmol), photocatalyst (5 mol%), TEOA (0.15 mmol), EtOAc (1.0 mL, 0.10 M).
Reactions were stirred under 456 nm Kessil® blue LED irradiation (50% intensity) at RT for 2 h.'Yields of amide 1 were
determined by GC—MS using n-hexadecane as internal standard.
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c. Sacrificial Electron Donors Screening

Table S3. Optimization of the Reaction Conditions: Sacrificial Electron Donors Screening.

Chamber 1: CO Generation Chamber 2: Visible-light aminocarbonylation
H 4CzIPN (5 mol%) (0]
Ph (o] KE : I Electron donor (1.5 equiv.)
Me-si{ ———= i co + +
PH OH DMFRT ! EtOAc, RT, 2 h
Synthesis of Silacogen E 1 equiv. 1.5 equiv "%
from diphenylmethylchlorosilane Blue LEDs 1
and CO, (456 nm)
Sacrificial . .
Entry Yield (%)
electron donor
1 TEA 79
2 (n-Bu)sN 67
3 (EtOH);N 98
4 DIPEA 90
5 DABCO 0
6 Quinuclidine 0

Without sacrificial
37
agent

Reaction conditions. Chamber 1: SilaCOgen® (MePh,SiCO,H, 0.60 mmol), KF (0.66 mmol) in DMF (1.0 mL). Chamber 2:
morpholine (0.10 mmol), iodocyclohexane (0.15 mmol), 4CzIPN (5 mol%), sacrificial electron donor (0.15 mmol), EtOAc (1.0
mL, 0.10 M). Reactions were stirred under 456 nm Kessil® blue LED irradiation (50% intensity) at RT for 2 h. "Yields of amide
1 were determined by GC—MS using n-hexadecane as internal standard.

d. LED wavelength Screening

Table S4. Optimization of the Reaction Conditions: LED wavelength Screening.

Chamber 1: CO Generation Chamber 2: Visible-light aminocarbonylation
H 4CzIPN (5 mol%) (0]
Ph (o] KE : I Electron donor (1.5 equiv.)
Me-si{ ———= i co + + —
PH OH DMFRT ! EtOAc, RT, 2 h
Synthesis of Silacogen E 1 equiv. 1.5 equiv %
from diphenylmethylchlorosilane LEDs 1
and CO;,
Entry  LED wavelength Yield (%)*
1 390 nm 49
2 427 nm 72
3 456 nm 98
4 525 nm 0
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Reaction conditions. Chamber 1: SilaCOgen® (MePh,SiCO,H, 0.60 mmol), KF (0.66 mmol) in DMF (1.0 mL). Chamber 2:
morpholine (0.10 mmol), iodocyclohexane (0.15 mmol), 4CzIPN (5 mol%), sacrificial electron donor (0.15 mmol), EtOAc (1.0
mL, 0.10 M). Reactions were stirred under Kessil® LED irradiation (50% intensity) at RT for 2 h. Yields of amide 1 were
determined by GC—MS using n-hexadecane as internal standard.

5. General Procedure for the Photocatalytic Carbonylation/Amidation of Alkyl lodides

Under an argon atmosphere, a COware® two-chamber reactor (20 mL total volume) was charged as
follows: Chamber 2 was sequentially loaded with 4CzIPN (7.8 mg, 5 mol%), the amine (0.20 mmol, 1.0
equiv), the alkyl iodide (0.30 mmol, 1.5 equiv), TEOA (45 mg, 0.30 mmol, 1.5 equiv), and EtOAc (2.0
mL, 0.10 M). The chamber was sealed with a PTFE-faced silicone septum screw cap. Chamber 1 was
charged with SilaCOgen® (MePh,SiCO,H, 291 mg, 1.20 mmol, 6.0 equiv) and KF (76.6 mg, 1.32 mmol,
6.6 equiv), sealed under the same conditions, and treated with anhydrous DMF (2.0 mL). The reactor
was then stirred under 456 nm Kessil® blue LED irradiation (50% intensity) at RT for 2, 4, or 8 h,
depending on the substrate. Upon completion, the contents of Chamber 2 were washed with brine,
dried over anhydrous MgSO,, filtered, and concentrated under reduced pressure. The crude product
was purified by silica gel column chromatography to afford the corresponding amide.
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6. Synthesis and Characterization of Amide Products

J,

Cyclohexyl(morpholino)methanone (1).

Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), morpholine (17.6 uL, 0.20 mmol), 4CzIPN (7.8 mg,
0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
reaction mixture was stirred for 2 h under irradiation with blue LEDs.
Purification by flash  column  chromatography  (SiO,,
EtOAc/petroleum ether = 2:1, v/v) afforded 1 as a white solid (29.1
mg, 74%).

The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCl;, 298 K) 6 3.69-3.42 (m, 8H), 2.42 (tt, /= 11.6, 3.4 Hz, 1H), 1.87-1.75 (m,
2H), 1.75-1.62 (m, 3H), 1.59-1.43 (m, 2H), 1.31-1.20 (m, 3H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 174.9, 67.2, 67.1, 46.1, 42.1, 40.4, 29.5, 26.0, 25.9.
FT-ICR-MS (ESI*): Calcd. for C;;H;9NO,Na* [M + Nal*: 220.1308; found 220.1308.

J,

Cyclohexyl(piperidin-1-yl)methanone (2).

Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), piperidine (19.8 pL, 0.20 mmol), 4CzIPN (7.8 mg,
0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
reaction mixture was stirred for 2 h under irradiation with blue LEDs.
Purification by flash column chromatography (Sio,,
EtOAc/petroleum ether = 3:7, v/v) afforded 2 as a pale-yellow oil
(33.4 mg, 85%).

The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCls, 298 K) & 3.60-3.50 (m, 2H), 3.50-3.39 (m, 2H), 2.46 (tt, J = 11.5, 3.4 Hz,
1H), 1.85-1.75 (m, 2H), 1.75-1.60 (m, 5H), 1.60—1.45 (m, 6H), 1.34—1.18 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 174.5, 46.6, 42.8, 40.6, 29.6, 27.0, 26.1, 26.1, 25.8, 24.9.
FT-ICR-MS (ESI*): Calcd. for C;,H,:NONa* [M + Na]*: 218.1515; found 218.1515.
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O,

Cyclohexyl(3,4-dihydroisoquinolin-2(1H)-yl)methanone (3).
Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), 1,2,3,4-tetrahydroisoquinoline (25 pL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 4 h under
irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 1:2, v/v) afforded 3
as a pale-yellow oil (36.5 mg, 75%). Note: The product was obtained
as a mixture of rotamers.

The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCl;, 298 K) § 7.23-7.08 (m, 4H), 4.72 (s, 1H), 4.66 (s, 1H), 3.82 (t, J = 6.0 Hz,
1H), 3.72 (t, J = 5.9 Hz, 1H), 2.90 (t, J = 5.9 Hz, 1H), 2.83 (t, J = 6.0 Hz, 1H), 2.60-2.50 (m, 1H), 1.87—-
1.65 (m, 5H), 1.64-1.46 (m, 2H), 1.39-1.16 (m, 3H).

13C{!H} NMR (100 MHz, CDCl;, 298 K) § 175.2, 175.0, 135.4, 134.2, 133.9, 133.0, 129.1, 128.4, 127.0,
126.8, 126.6,126.5, 126.4, 126.1, 47.4, 44.4, 43.1, 41.2, 41.0, 39.9, 30.0, 29.5, 29.4, 28.6, 26.0, 26.0.
HRMS (ESI*): Calcd. for CygH,,NO* [M + H]*: 244.1701; found 244.1700.

.

Cyclohexyl(pyrrolidin-1-yl)methanone (4).

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), pyrrolidine (17 pL, 0.20 mmol), 4CzIPN (7.8 mg,
0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
reaction mixture was stirred for 2 h under irradiation with blue LEDs.
Purification by flash  column  chromatography  (SiO,,
EtOAc/petroleum ether = 7:3, v/v) afforded 4 as a pale-yellow oil
(22.1 mg, 61%).

The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCl;, 298 K) & 3.45 (q, J = 6.4 Hz, 4H), 2.32 (tt, J = 11.5, 3.3 Hz, 1H), 1.97-1.90
(m, 2H), 1.87-1.65 (m, 7H), 1.57-1.47 (m, 2H), 1.32-1.18 (m, 3H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 5 174.9, 46.4, 45.8, 43.1, 29.0, 26.3, 26.0, 26.0, 24.4.

HRMS (ESI*): Calcd. for C;;H,0NO* [M + H]*: 182.1545; found 182.1538.
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tert-butyl-4-(cyclohexanecarbonyl)piperazine-1-carboxylate (5).
Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), tert-butyl piperazine-1-carboxylate (37.3 mg,

fo) 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
stirred for 4 h under irradiation with blue LEDs. Purification by flash
5 column chromatography (SiO,, EtOAc/petroleum ether = 1:1, v/v)

afforded 5 as a white solid (35.5 mg, 59%).
The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCls, 298 K) & 3.62—-3.32 (m, 8H), 2.45 (tt, J = 11.5, 3.2 Hz, 1H), 1.85-1.76 (m,
2H), 1.74-1.64 (m, 3H), 1.59-1.49 (m, 2H), 1.47 (s, 9H), 1.33-1.21 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) & 175.0, 154.8, 80.4, 45.4, 41.5, 40.7, 29.5, 28.5, 26.0.
FT-ICR-MS (ESI*): Calcd. for CygH,sN,05Na* [M + Nal*: 319.1992; found 319.1992.

(4-(1-methylpiperidin-4-yl)piperazin-1-yl)cyclohexanecarboxamide
(6).
Prepared according to the general procedure using iodocyclohexane
o (37.5 uL, 0.30 mmol), (1-methyl-4-piperidinyl)piperazine (36.6 mg,
0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
6 stirred for 2 h under irradiation with blue LEDs. Purification by flash
column chromatography (SiO,, EtOAc/MeOH/EtsN = 65:30:5, v/v/v),
followed by trituration with EtOAc/n-heptane and filtration, afforded
6 as a pale-yellow oil (29.9 mg, 51%).

1H NMR (400 MHz, CDCl;, 298 K) & 3.64-3.56 (m, 2H), 3.53-3.44 (m, 2H), 3.04 (d, J = 11.8 Hz, 2H),
2.67-2.20 (m, 12H), 1.88-1.61 (m, 9H), 1.57—1.43 (m, 2H), 1.32-1.18 (m, 3H).

13C{H} NMR (100 MHz, CDCls, 298 K) & 174.6, 61.4, 55.3, 49.6, 49.3, 46.0, 45.8, 42.0, 40.5, 29.5,
27.9, 26.0.

HRMS (ESI*): Calcd. for C;;Hs,N50* [M + H]*: 294.2542; found 294.2543.
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T,

N,N-diethylcyclohexanecarboxamide (7).

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), diethylamine (21 pL, 0.20 mmol), 4CzIPN (7.8 mg,
0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
reaction mixture was stirred for 2 h under irradiation with blue LEDs.
Purification by flash  column  chromatography  (SiO,,
EtOAc/petroleum ether = 1:2, v/v) afforded 7 as a colorless oil (20.9
mg, 57%).

The spectroscopic data agree with those reported in the literature.®

H NMR (400 MHz, CDCls, 298 K) & 3.37-3.25 (m, 4H), 2.38 (tt, J = 11.5, 3.2 Hz, 1H), 1.83-1.72 (m,
2H), 1.71-1.61 (m, 3H), 1.60-1.47 (m, 2H), 1.29-1.21 (m, 3H), 1.17 (t, J = 7.2 Hz, 3H), 1.07 (t, /= 7.2

Hz, 3H).

13C{*H} NMR (100 MHz, CDCls, 298 K) 6 175.6, 41.8, 40.9, 40.2, 29.8, 26.0, 26.0, 15.1, 13.3.
HRMS (ESI*): Calcd. for C;;H,,NO* [M + H]*: 184.1701; found 184.1706.

O,

N-cyclohexylohexanecarboxamide (8):

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), cyclohexylamine (23 uL, 0.20 mmol), 4CzIPN (7.8
mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol).
The reaction mixture was stirred for 2 h under irradiation with blue
LEDs. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 1:5, v/v) afforded 8 as a white solid (30.1
mg, 72%).

The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCls, 298 K) & 5.29 (br s, 1H), 3.79-3.68 (m, 1H), 2.04-1.97 (m, 1H), 1.92-1.54

(m, 10H), 1.48-1.01 (m, 10H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 175.2, 47.8, 45.8, 33.4, 29.9, 25.9, 25.7, 25.0.
FT-ICR-MS (ESI*): Calcd. for Cy3H,3NONa* [M + Nal*: 232.1672; found 232.1672.
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N-cycloheptylcyclohexanecarboxamide (9):

Prepared according to the general procedure using iodocyclohexane

(39 uL, 0.30 mmol), cycloheptylamine (25.5 pL, 0.20 mmol), 4CzIPN
fo) (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30

mmol). The reaction mixture was stirred for 4 h under irradiation

with blue LEDs. Purification by flash column chromatography (SiO,,
9 EtOAc/petroleum ether = 1:2, v/v) afforded 9 as a white solid (30.9

mg, 69%).

The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCl;, 298 K) & 5.35 (brs, 1H), 3.97-3.89 (m, 1H), 1.99 (tt, J = 11.5, 3.2 Hz, 1H),
1.94-1.72 (m, 6H), 1.70-1.35 (m, 13H), 1.32-1.14 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) & 174.9, 50.1, 45.8, 35.4, 29.9, 28.2, 25.9, 24.3.

HRMS (ESI*): Calcd. for Ci4H,6NO* [M + H]*: 224.2014; found 224.2010.

N-(prop-2-yn-1-yl)cyclohexanecarboxamide (10):
Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), propargylamine (13 uL, 0.20 mmol), 4CzIPN (7.8

lo) mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol).
The reaction mixture was stirred for 2 h under irradiation with blue
LEDs. Purification by flash column chromatography (SiO,,

10 EtOAc/petroleum ether = 2:1, v/v) afforded 10 as a white solid (13.4
mg, 40%).

The spectroscopic data agree with those reported in the literature.?

'H NMR (400 MHz, CDCls, 298 K) 8 5.63 (s, 1H), 4.11-3.99 (m, 2H), 2.22 (t, J = 2.5 Hz, 1H), 2.09 (tt, J
=11.5, 3.4 Hz, 1H), 1.90-1.74 (m, 4H), 1.69-1.61 (m, 1H), 1.49-1.36 (m, 2H), 1.32-1.15 (m, 3H).
13C{H} NMR (100 MHz, CDCl;, 298 K) & 175.7, 79.9, 71.6, 45.4, 29.7, 29.3, 25.8.

HRMS (ESI*): Calcd. for C;oH1cNO* [M + H]*: 166.1232; found 166.1230.
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O,

N-(2-hydroxyethyl)cyclohexanecarboxamide (11).

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), 2-aminoethan-1-ol (12 puL, 0.20 mmol), 4CzIPN
(7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30
mmol). The reaction mixture was stirred for 2 h under irradiation
with blue LEDs. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 1:2, v/v) afforded 11 as a white solid (25.2
mg, 73%).

The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCls, 298 K) 8 6.03 (brs, 1H), 3.73-3.69 (m, 2H), 3.43-3.36 (m, 2H), 2.97 (brs,
1H), 2.11 (tt, J = 11.5, 3.4 Hz, 1H), 1.90-1.76 (m, 4H), 1.69-1.65 (m, 1H), 1.49-1.36 (m, 2H), 1.33-

1.15 (m, 3H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 177.7, 62.8, 45.6, 42.5, 29.8, 25.8.
FT-ICR-MS (ESI*): Calcd. for CsH,7;NO,Na* [M + Nal*: 194.1151; found 194.1151.

x,

N-benzylcyclohexanecarboxamide (12).

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), benzylamine (22 puL, 0.20 mmol), 4CzIPN (7.8 mg,
0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
reaction mixture was stirred for 4 h under irradiation with blue LEDs.
Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 1:1, v/v) afforded 12 as a white solid (37.0
mg, 85%).

The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCl;, 298 K) § 7.35-7.29 (m, 2H), 7.29-7.22 (m, 3H), 5.72 (brs, 1H), 4.43 (s, 1H),
4.42 (s, 1H), 2.10 (tt, J = 11.8, 3.5 Hz, 1H), 1.93-1.83 (m, 2H), 1.83-1.72 (m, 2H), 1.70-1.59 (m, 1H),
1.52-1.36 (m, 2H), 1.31-1.15 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 176.0, 138.7, 128.8, 127.9, 127.6, 45.7, 43.5, 29.9, 25.9.
HRMS (ESI*): Calcd. for C14H,0NO* [M + H]*: 218.1545; found 218.1540.
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T,

13

N-methyl-N-phenylcyclohexanecarboxamide (13).

Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), N-methylaniline (22 pL, 0.20 mmol), 4CzIPN (7.8
mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol).
The reaction mixture was stirred for 8 h under irradiation with blue
LEDs. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 1:2, v/v) afforded 13 as a pale-yellow oil
(31.7 mg, 75%).

The spectroscopic data agree with those reported in the literature.!!

1H NMR (400 MHz, CDCls, 298 K) & 7.43—7.37 (m, 2H), 7.36-7.29 (m, 1H), 7.19-7.13 (m, 2H), 3.23
(s, 3H), 2.26-2.10 (m, 1H), 1.69-1.45 (m, 7H), 1.30-1.09 (m, 1H), 1.03-0.82 (m, 2H).
13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 176.6, 144.4, 129.8, 127.8, 127.3, 41.5, 37.5, 29.5, 25.7,

25.6.

FT-ICR-MS (ESI*): Calcd. for C;4H;sNONa* [M + Na]*: 240.1359; found 240.1359.

C.

N-ethyl-N-phenylcyclohexanecarboxamide (14).

Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), N-ethylaniline (25.2 pL, 0.20 mmol), 4CzIPN (7.8
mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol).
The reaction mixture was stirred for 8 h under irradiation with blue
LEDs. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 1:2, v/v) afforded 14 as a pale-yellow oil
(23.3 mg, 50%).

H NMR (400 MHz, CDCl;, 298 K) & 7.45-7.38 (m, 2H), 7.38-7.31 (m, 1H), 7.15-7.11 (m, 2H), 3.71
(q,J=7.1Hz, 2H), 2.07 (tt, J = 11.5, 3.4 Hz, 1H), 1.68-1.57 (m, 4H), 1.56-1.43 (m, 3H), 1.23-1.10 (m,
1H), 1.08 (t, J = 7.1 Hz, 3H), 1.00-0.84 (m, 2H).

13C{H} NMR (100 MHz, CDCl;, 298 K) & 175.9, 142.7, 129.6, 128.5, 127.9, 44.0, 41.8, 29.6, 25.8,

25.7,13.2.

FT-ICR-MS (ESI*): Calcd. for Cy5H,,NONa* [M + Na]*: 254.1515; found 254.1515.
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Cyclohexyl(3,4-dihydroquinolin-1(2H)-yl)methanone (15).
Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), 1,2,3,4-tetrahydroquinoline (37.5 uL, 0.20

o mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine

(45 mg, 0.30 mmol). The reaction mixture was stirred for 8 h under

O)L irradiation with blue LEDs. Purification by flash column
15 chromatography (SiO,, EtOAc/petroleum ether = 1:5, v/v) afforded

15 as a pale-yellow oil (20.6 mg, 42%).
The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCl;, 298 K) 6 7.23-7.07 (m, 4H), 3.76 (t, J = 6.8 Hz, 2H), 2.86-2.76 (m, 1H),
2.70 (t, J = 6.8 Hz, 2H), 1.95 (quint, J = 6.8 Hz, 2H), 1.79-1.66 (m, 4H), 1.66—-1.52 (m, 3H), 1.32-1.05
(m, 3H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 176.6, 139.6, 128.6, 126.2, 125.3, 124.5, 42.8, 41.5, 30.0,
26.8, 25.8, 25.8, 24.5.

FT-ICR-MS (ESI*): Calcd. for C;¢H,;NONa* [M + Na]*: 266.1515; found 266.1516.

N-(bicyclo[1.1.1]pentan-1-yl)cyclohexanecarboxamide(16).
Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), bicyclo[1.1.1]pentan-1-amine hydrochloride (24
mg, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%),
(j)k triethanolamine (45 mg, 0.30 mmol), and K,CO; (28.0 mg, 0.20
16 mmol). The reaction mixture was stirred for 4 h under irradiation
with blue LEDs. Purification by flash column chromatography (SiO,,

CH,Cl,) afforded 16 as a white solid (27.9 mg, 72%).

'H NMR (400 MHz, CDCls, 298 K) & 5.79 (s, 1H), 2.42 (s, 1H), 2.07 (s, 5H), 1.96 (tt, J = 11.5, 3.4 Hz,
1H), 1.88-1.72 (m, 4H), 1.69-1.60 (m, 1H), 1.45-1.32 (m, 2H), 1.29-1.13 (m, 3H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 176.4, 52.8, 48.9, 45.6, 29.8, 29.7, 25.9, 24.8.

FT-ICR-MS (ESI*): Calcd. for C;,H;oNONa* [M + Na]*: 216.1359; found 216.1359.
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Methyl 3-(cyclohexanecarboxamido)bicyclo[1.1.1]pentane-1-
carboxylate (17).

Prepared according to the general procedure using iodocyclohexane
(39 uL, 0.30 mmol), methyl 3-aminobicyclo[1.1.1]pentane-1-

carboxylate hydrochloride (36 mg, 0.20 mmol), 4CzIPN (7.8 mg, 0.010
d mmol, 5 mol%), triethanolamine (45 mg, 0.30 mmol), and K,CO3 (28.0
17 mg, 0.20 mmol). The reaction mixture was stirred for 4 h under

irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 1:4, v/v) afforded
17 as a white solid (25.2 mg, 50%).

H NMR (400 MHz, CDCl;, 298 K) & 5.88 (s, 1H), 3.68 (s, 3H), 3.35 (s, 6H), 2.00 (tt, J = 11.5, 3.4 Hz,
1H), 1.88-1.71 (m, 4H), 1.69-1.59 (m, 1H), 1.46-1.30 (m, 2H), 1.29-1.12 (m, 3H).

13C{H} NMR (100 MHz, CDCl;, 298 K) & 176.7, 170.2, 54.5, 51.9, 45.8, 45.6, 36.0, 29.7, 25.8.
FT-ICR-MS (ESI*): Calcd. for C1oH,;NOsNa [M + Na]*: 274.1414; found 274.1414.

Cyclohexyl(2-oxa-6-azaspiro[3.3]heptan-6-yl)methanone (18).
Prepared according to the general procedure using iodocyclohexane
(39 pL, 0.30 mmol), 2-oxa-6-azaspiro[3.3]heptane (18 uL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
O)L (45 mg, 0.30 mmol). The reaction mixture was stirred for 2 h under
irradiation with blue LEDs. Purification by flash column

chromatography (SiO,, EtOAc, then EtOAc/MeOH =99:1) afforded 18
as a white solid (30.9 mg, 74%).

18

H NMR (400 MHz, CDCls, 298 K) § 4.78 (q, J = 6.8 Hz, 4H), 4.30 (s, 2H), 4.12 (s, 2H), 2.11 (tt, J = 11.5,
3.4 Hz, 1H), 1.84-1.72 (m, 2H), 1.70-1.61 (m, 3H), 1.51-1.39 (m, 2H), 1.29-1.16 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 176.3, 81.0, 59.9, 57.3, 40.2, 37.8, 28.8, 25.8, 25.8.

HRMS (ESI*): Calcd. for C1,H,0NO,* [M + H]*: 210.1494; found 210.1501.
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N-(oxetan-3-yl)cyclohexanecarboxamide (19):

Prepared according to the general procedure using iodocyclohexane

(39 uL, 0.30 mmol), 3-oxetamine (14 uL, 0.20 mmol), 4CzIPN (7.8 mg,

0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol). The
O)\ reaction mixture was stirred for 4 h under irradiation with blue LEDs.

Purification by flash column chromatography (SiO,, EtOAc) afforded

19 as a white solid (27.0 mg, 74%).
The spectroscopic data agree with those reported in the literature.!?

19

H NMR (400 MHz, CDCl5, 298 K) § 5.98 (s, 1H), 5.11-4.99 (m, 1H), 4.92 (t, J = 7.0 Hz, 2H), 4.46 (t, J
= 6.7 Hz, 2H), 2.09 (tt, J = 11.5, 3.2 Hz, 1H), 1.87-1.77 (m, 4H), 1.69-1.62 (m, 1H), 1.47—1.37 (m, 2H),
1.32-1.14 (m, 3H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 175.8, 78.9, 45.4, 44.7, 29.7, 25.8.

FT-ICR-MS (ESI*): Calcd. for C;oHi;NO,Na* [M + Na]*: 206.1151; found 206.1151.

Morpholino(1,4-dioxaspiro[4.5]decan-8-yl)methanone (20).
Prepared according to the general procedure using 8-iodo-1,4-
dioxaspiro[4.5]decane (80 mg, 0.30 mmol), morpholine (17.6 uL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
o (45 mg, 0.30 mmol). The reaction mixture was stirred for 4 h under
</ 20 irradiation with blue LEDs. Purification by flash column
o chromatography (SiO,, EtOAc/petroleum ether = 2:1, v/v) afforded

20 as a white solid (26.0 mg, 51%).

1H NMR (400 MHz, CDCls, 298 K) & 3.94 (s, 4H), 3.70-3.45 (m, 8H), 2.45 (tt, J = 11.5, 3.2 Hz, 1H),
1.95-1.80 (m, 4H), 1.76-1.67 (m, 2H), 1.59-1.48 (m, 2H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 173.9, 108.0, 67.2, 67.0, 64.5, 46.1, 42.1, 39.0, 34.3, 26.9.
FT-ICR-MS (ESI*): Calcd. for C;3H,:NO,Na [M + Na]*: 278.1363; found 278.1363.
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Morpholino(1-(pyrimidin-2-yl)piperidin-4-yl)methanone (21).
Prepared according to the general procedure using 2-(4-
o lodopiperidin-1-yl)pyrimidine (87 mg, 0.30 mmol), morpholine (17.6
pL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
NN triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
E/\N( 2 stirred for 4 h under irradiation with blue LEDs. Purification by flash
7 column chromatography (SiO,, EtOAc/petroleum ether = 1:1, v/v)

afforded 21 as a pale-yellow oil (25.8 mg, 47%).

1H NMR (400 MHz, CDCl, 298 K) 5 8.29 (d, J = 4.7 Hz, 2H), 6.46 (t, J = 4.7 Hz, 1H), 4.92-4.71 (m, 2H),
3.79-3.52 (m, 8H), 3.01-2.87 (m, 2H), 2.81-2.68 (m, 1H), 1.88-1.72 (m, 4H).

13C{'H} NMR (100 MHz, CDCl5, 298 K) & 173.4, 161.7, 157.9, 109.9, 67.1, 67.0, 46.1, 43.5, 42.2, 38.8,
28.4.

FT-ICR-MS (ESI*): Calcd. for C14H,NsO,Na* [M + Na]*: 299.1478; found 299.1479.

tert-butyl-4-(morpholine-4-carbonyl)piperidine-1-carboxylate (22).

Prepared according to the general procedure using tert-butyl 4-
iodopiperidine-1-carboxylate (93 mg, 0.30 mmol), morpholine (17.6

fo) puL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was

N stirred for 4 h under irradiation with blue LEDs. Purification by flash
22 column chromatography (SiO,, EtOAc) afforded 22 as a pale-yellow

solid (46.4 mg, 78%).
The spectroscopic data agree with those reported in the literature.?

Boc

!H NMR (400 MHz, CDCl;, 298 K) & 4.14 (brs, 2H), 3.74-3.43 (m, 8H), 2.83-2.65 (m, 2H), 2.63-2.52
(m, 1H), 1.81-1.58 (m, 4H), 1.45 (s, 9H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) & 173.2, 154.8, 79.7, 67.1, 66.9, 46.1, 43.3, 42.2 (br), 38.4,
28.5.

FT-ICR-MS (ESI*): Calcd. for Cy5H,6N,04Na* [M + Na]*: 321.1785; found 321.1785.
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tert-butyl-3-(morpholine-4-carbonyl)pyrrolidine-1-carboxylate
(23).

Prepared according to the general procedure using tert-butyl 3-
iodopyrrolidine-1-carboxylate (89 mg, 0.30 mmol), morpholine (17.6

(o)
pL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
N 23 stirred for 4 h under irradiation with blue LEDs. Purification by flash

/
Boc column chromatography (SiO,, EtOAc/cyclohexane = 1:1, v/v)

afforded 23 as a pale-yellow solid (25.5 mg, 45%).
The spectroscopic data agree with those reported in the literature.’3

'H NMR (400 MHz, CDCls, 298 K) & 3.77-3.27 (m, 10H), 3.25-3.07 (m, 1H), 2.34-1.92 (m, 2H), 1.67—
1.55 (m, 2H), 1.45 (s, 9H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 170.9, 154.5, 79.5, 67.0, 66.8, 48.6, 46.2, 42.5, 28.8, 28.6.
HRMS (ESI*): Calcd. for Ci4H,4N,04Na* [M + Na]*: 307.1634; found 307.1622.

tert-butyl 3-(morpholine-4-carbonyl)azetidine-1-carboxylate (24).
Prepared according to the general procedure using tert-butyl 3-

iodoazetidine-1-carboxylate (84.9 mg, 0.30 mmol), morpholine (17.6
(0]

puL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
N/j)L triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
Boc” 24 stirred for 4 h under irradiation with blue LEDs. Purification by flash

column chromatography (SiO,, EtOAc/petroleum ether = 1:1, v/v)
afforded 24 as a pale-yellow oil (31.2 mg, 58%).

H NMR (400 MHz, CDCl;, 298 K) § 4.17 (t, J = 7.2 Hz, 2H), 4.05 (t, J = 8.6 Hz, 2H), 3.70-3.60 (m, 6H),
3.48-3.38 (m, 1H), 3.26 (t, J = 4.9 Hz, 2H), 1.43 (s, 9H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 169.9, 156.3, 79.9, 66.9, 66.6, 51.3, 45.6, 42.3, 31.0, 28.4.
FT-ICR-MS (ESI*): Calcd. for Cy3H,,N,0,Na* [M + Na]*: 293.1472; found 293.1472.
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25

(2,3-dihydro-1H-inden-2-yl)(morpholino)methanone (25).

Prepared according to the general procedure using 2-iodo-2,3-
dihydro-1H-indene (73.2 mg, 0.30 mmol), morpholine (17.6 uL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 4 h under
irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc) afforded 25 as a white solid (28.9 mg,
62%).

H NMR (400 MHz, CDCl;, 298 K) 6 7.23-7.12 (m, 4H), 3.75-3.63 (m, 6H), 3.62—-3.55 (m, 2H), 3.50
(quin, J = 8.7 Hz, 1H), 3.39-3.29 (m, 2H), 3.16-3.06 (m, 2H).

13C{*H} NMR (100 MHz, CDCl;, 298 K) 6 173.2, 141.7,126.7, 124.4, 67.2, 67.0, 46.3, 42.5, 41.5, 36.7.
HRMS (ESI*): Calcd. for C14H1gNO,* [M + H]*: 232.1338; found 232.1338.

26

Adamantan-1-yl(morpholino)methanone (26).

Prepared according to the general procedure wusing 1-
iodoadamantane (78.6 mg, 0.30 mmol), morpholine (17.6 uL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 2 h under
irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/cyclohexane = 1:1, v/v) afforded 26 as
a pale-yellow solid (29.0 mg, 58%).

The spectroscopic data agree with those reported in the literature.?

!H NMR (400 MHz, CDCl3, 298 K) 5 = 3.72-3.62 (m, 8H), 2.07-2.01 (m, 3H), 2.00-1.96 (m, 6H), 1.77-

1.66 (m, 6H).

13C{'H} NMR (100 MHz, CDCl;, 298 K) & = 176.0, 67.2, 46.1, 41.8, 39.1, 36.8, 28.6.
HRMS (ESI*): Calcd. for C;5H,,NO,* [M + H]*: 250.1807; found 250.1807.
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27

2,2-dimethyl-1-morpholinopropan-1-one (27).

Prepared according to the general procedure using 2-iodo-2-
methylpropane (35.7 uL, 0.30 mmol), morpholine (17.6 pL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 2 h under
irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 1:1, v/v) afforded
27 as a pale-yellow solid (17.8 mg, 52%).

The spectroscopic data agree with those reported in the literature.?

1H NMR (400 MHz, CDCls, 298 K) & 3.67-3.61 (m, 8H), 1.27 (s, 9H).
13C{H} NMR (100 MHz, CDCl;, 298 K) & 176.6, 67.0, 45.9, 38.7, 28.4.
FT-ICR-MS (ESI*): Calcd. for CoHy;NO,Na* [M + Na]*: 194.1151; found 194.1152.

S

28

1-morpholino-2-(tetrahydrofuran-2-yl)ethan-1-one (28).

Prepared according to the general procedure using 2-
(iodomethyl)tetrahydrofuran (63.6 mg, 0.30 mmol), morpholine
(17.6 pL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
stirred for 4 h under irradiation with blue LEDs. Purification by flash
column chromatography (SiO,, acetone/petroleum ether = 1:1, v/v)
afforded 28 as a pale-yellow oil (14.9 mg, 37%).

The spectroscopic data agree with those reported in the literature.#

H NMR (400 MHz, CDCl;, 298 K) & 4.25 (dq, J = 7.8, 6.4 Hz, 1H), 3.85 (dt, J = 8.4, 6.7 Hz, 1H), 3.77-
3.40 (m, 9H), 2.68 (dd, J = 14.9, 6.5 Hz, 1H), 2.45 (dd, J = 14.9, 6.0 Hz, 1H), 2.21-2.05 (m, 1H), 1.95-
1.81 (m, 2H), 1.63-1.49 (m, 1H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 169.6, 76.2, 68.1, 67.0, 66.9, 46.5, 42.0, 39.2, 31.7, 25.8.
FT-ICR-MS (ESI*): Calcd. for C;oHi;NOsNa* [M + Na]*: 222.1101; found 222.1101.
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29

1-morpholino-4-phenoxybutan-1-one (29).

Prepared according to the general procedure using (3-
iodopropoxy)benzene (78.6 mg, 0.30 mmol), morpholine (17.6 uL,
0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
stirred for 4 h under irradiation with blue LEDs. Purification by flash
column chromatography (SiO,, acetone/petroleum ether = 1:2, v/v)
afforded 29 as a pale-yellow oil (34.1 mg, 68%).

H NMR (400 MHz, CDCls, 298 K) § 7.34-7.19 (m, 2H), 6.98-6.84 (m, 3H), 4.04 (t, J = 5.8 Hz, 2H), 3.71—
3.56 (m, 6H), 3.50-3.45 (m, 2H), 2.53 (t, J = 7.2 Hz, 2H), 2.15 (m, 2H).
13C{H} NMR (100 MHz, CDCl;, 298 K) § 171.2, 158.9, 129.6, 120.9, 114.6, 67.1, 66.9, 66.7, 46.0, 42.1,

29.4, 25.0.

HRMS (ESI*): Calcd. for C14H,0NOs* [M + H]*: 250.1443; found 250.1440.

PO

30

3-methyl-1-morpholinobutan-1-one (30).

Prepared according to the general procedure using 1-iodo-2-
methylpropane (34.5 uL, 0.30 mmol), morpholine (17.6 pL, 0.20
mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 4 h under
irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 1:1, v/v) afforded
30 as a pale-yellow oil (15.3 mg, 45%).

The spectroscopic data agree with those reported in the literature.’®

H NMR (400 MHz, CDCl;, 298 K) & 3.70-3.60 (m, 6H), 3.49-3.44 (m, 2H), 2.21-2.17 (m, 2H), 2.16—
2.06 (m, 1H), 0.96 (d, J = 6.5 Hz, 6H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 171.3, 67.2, 66.9, 46.4, 42.0, 42.0, 25.9, 22.9.

HRMS (ESI*): Calcd. for CoH;,NO,* [M + H]*: 172.1338; found 172.1339.
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31

1-morpholinononan-1-one (31).

Prepared according to the general procedure using 1-iodooctane
(54.0 uL, 0.30 mmol), morpholine (17.6 uL, 0.20 mmol), 4CzIPN (7.8
mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg, 0.30 mmol).
The reaction mixture was stirred for 4 h under irradiation with blue
LEDs. Purification by flash column chromatography (SiO,
EtOAc/petroleum ether = 6:4, v/v) afforded 31 as a pale-yellow oil
(29.0 mg, 64%).

The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCl;, 298 K) & 3.69-3.54 (m, 6H), 3.48-3.41 (m, 2H), 2.34-2.25 (m, 2H), 1.70—
1.55 (m, 2H), 1.36-1.17 (m, 10H), 0.91-0.77 (m, 3H).
13C{1H} NMR (100 MHz, CDCl;, 298 K) & 172.1, 67.1, 66.9, 46.2, 42.0, 33.3, 32.0, 29.6, 29.5, 29.3,

25.4,22.8, 14.2.

HRMS (ESI*): Calcd. for C13H,6NO,* [M + H]*: 228.1964; found 228.1962.

Ho _~_N

32

4-hydroxy-1-morpholinobutan-1-one (32).

Prepared according to the general procedure using 3-iodo-1-
propanol (28.7 pL, 0.30 mmol), morpholine (17.6 pL, 0.20 mmol),
4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine (45 mg,
0.30 mmol). The reaction mixture was stirred for 4 h under irradiation
with blue LEDs. Purification by flash column chromatography (SiO,,
acetone/petroleum ether = 4:6, v/v) afforded 32 as a pale-yellow oil
(27.6 mg, 80%).

1H NMR (400 MHz, CDCls, 298 K) & 3.71-3.55 (m, 8H), 3.51-3.40 (m, 2H), 2.46 (t, J = 6.9 Hz, 2H),

1.91-1.85 (m, 2H).

13¢{*H} NMR (100 MHz, CDCl3, 298 K) 6 172.3, 66.9, 66.7, 62.4, 46.1, 42.1, 30.4, 27.7.
FT-ICR-MS (ESI*): Calcd. for CgH;sNOsNa* [M + Na]*: 196.0944; found 196.0944.
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1-morpholino-3-phenylpropan-1-one (33).
Prepared according to the general procedure using (2-
iodoethyl)benzene (69.6 mg, 0.30 mmol), morpholine (17.6 pL, 0.20
0 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and triethanolamine
W (45 mg, 0.30 mmol). The reaction mixture was stirred for 4 h under
33 irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 7:3, v/v) afforded

33 as a pale-yellow oil (32.9 mg, 75%).
The spectroscopic data agree with those reported in the literature.?

H NMR (400 MHz, CDCl;, 298 K) 8 7.36-7.29 (m, 2H), 7.28-7.21 (m, 3H), 3.72-3.61 (m, 4H), 3.61-
3.49 (m, 2H), 3.45-3.36 (m, 2H), 3.07-2.96 (m, 2H), 2.70-2.60 (m, 2H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) & 171.0, 141.2, 128.7, 128.6, 126.4, 67.0, 66.6, 46.1, 42.1,
34.9, 31.6.

FT-ICR-MS (ESI*): Calcd. for C;3Hy;NO,Na* [M + Na]*: 242.1151; found 242.1153.

((85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-
methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-
yl)(morpholino)methanone (34).

Prepared according to the general procedure using compound
1 (148.96 mg, 0.30 mmol), morpholine (17.6 pL, 0.20 mmol),
4CzIPN (15.6 mg, 0.020 mmol, 5 mol%), and triethanolamine
(45 mg, 0.30 mmol). The reaction mixture was stirred for 8 h
under irradiation with blue LEDs. Purification by flash column
chromatography (SiO,, EtOAc/petroleum ether = 4:6, v/v)

afforded 34 as a diastereomeric mixture (55.1 mg, 57%).
The spectroscopic data agree with those reported in the
literature.?

H NMR (400 MHz, CDCls, 298 K) & 5.40-5.19 (m, 2H), 3.78-3.31 (m, 16H), 2.90-2.77 (m, 1H), 2.66—
2.50 (m, 2H), 2.50-2.34 (m, 1H), 2.22-2.08 (m, 1H), 2.07-1.86 (m, 6H), 1.86-0.94 (m, 53H), 0.94—
0.88 (m, 6H), 0.88-0.83 (m, 12H), 0.75-0.54 (m, 6H).

13C{1H} NMR (100 MHz, CDCls, 298 K) & 174.2, 174.1, 141.9, 139.9, 121.2, 121.0, 67.2, 67.0, 57.0,
56.3, 50.6, 49.5, 46.0, 42.4, 42.1, 41.8, 39.9, 39.6, 39.1, 37.2, 36.9, 36.3, 36.1, 35.9, 35.6, 35.0, 33.8,
32.0,31.9, 28.4, 28.3, 28.1, 25.6, 24.4, 24.0, 23.9, 22.9, 22.7, 21.0, 20.8, 19.6, 18.8, 12.0.

HRMS (APCI): Calcd. for Cs,Hs,NO,* [M + H]*: 484.4155; found 484.4158.
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((85,9S,10R,13R,14S,17R)-17-((2R,5S, E)-5-ethyl-6-
methylhept-3-en-2-yl)-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl)(morpholino)methanone
(35).

Prepared according to the general procedure using
compound H (156.77 mg, 0.30 mmol), morpholine (17.6 pL,
0.20 mmol), 4CzIPN (15.6 mg, 0.020 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture
was stirred for 8 h under irradiation with blue LEDs.
Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether = 4:6, v/v) afforded 35 as a
diastereomeric mixture (68.3 mg, 67%).

H NMR (400 MHz, CDCls, 298 K) & 5.40-5.26 (m, 2H), 5.22-5.08 (m, 2H), 5.08-4.92 (m, 2H), 3.79—
3.33 (m, 16H), 2.91-2.75 (m, 1H), 2.62—2.50 (m, 2H), 2.50-2.36 (m, 1H), 2.09-1.40 (m, 33H), 1.27—
0.96 (m, 27H), 0.90-0.75 (m, 18H), 0.74-0.62 (m, 6H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) § 174.2, 174.1, 141.8, 139.9, 138.5, 138.4, 129.4, 129.3, 121.1,
120.9, 67.1,67.0,57.1, 56.9, 56.1, 55.9, 51.3, 51.3, 50.6, 49.5, 46.4, 46.0, 42.3, 42.1, 41.8, 41.0, 40.6,
40.6, 39.8, 39.8, 39.1, 37.3, 36.9, 36.1, 35.6, 35.0, 33.9, 32.0, 32.0, 32.0, 31.9, 31.9, 29.1, 29.0, 25.7,
25.5,24.5,23.9,21.3,21.3, 21.2, 21.0, 20.8, 19.6, 19.6, 19.1, 12.3, 12.1.

FT-ICR-MS (ESI*): Calcd. for C34HssNO,Na* [M + Na]*: 532.4125; found 532.4124.

36

1-morpholinopent-4-en-1-one (36).

Prepared according to the general procedure using
(iodomethyl)cyclopropane (54.6 mg, 0.30 mmol), morpholine (17.6
puL, 0.20 mmol), 4CzIPN (7.8 mg, 0.010 mmol, 5 mol%), and
triethanolamine (45 mg, 0.30 mmol). The reaction mixture was
stirred for 2 h under irradiation with blue LEDs. Purification by flash
column chromatography (SiO,, EtOAc) afforded 36 as a pale-yellow
oil (15.1 mg, 45%).

The spectroscopic data agree with those reported in the literature.!!

H NMR (400 MHz, CDCl;, 298 K) 8 5.97-5.78 (m, 1H), 5.18-4.94 (m, 2H), 3.74-3.56 (m, 6H), 3.56—
3.40 (m, 2H), 2.51-2.30 (m, 4H).

13C{1H} NMR (100 MHz, CDCl;, 298 K) 5 171.0, 137.5, 115.5, 67.1, 66.8, 46.1, 42.1, 32.5, 29.3.
HRMS (ESI*): Calcd. for CoHigNO,* [M + H]*: 170.1181; found 170.1179.
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7. General Procedure for Carbon-13 Isotopic Labeling of Compound 35

Under an argon atmosphere, a COware® two-chamber reactor (20 mL total volume) was charged as
follows: Chamber 2 was sequentially loaded with 4CzIPN (15.6 mg, 5 mol%), morpholine (17.6 uL, 0.20
mmol, 1.0 equiv), compound H (0.30 mmol, 1.5 equiv), TEOA (45 mg, 0.30 mmol, 1.5 equiv), and EtOAc
(2.0 mL, 0.10 M), then sealed with a PTFE-faced silicone septum screw cap.

Chamber 1 was charged with Sila’3COgen® (MePh,Si'*CO,H, 291 mg, 1.20 mmol, 6.0 equiv) and KF
(76.6 mg, 1.32 mmol, 6.6 equiv), sealed under identical conditions, and treated with anhydrous DMF
(2.0 mL).

The reactor was stirred under 456 nm Kessil® blue LED irradiation (50% intensity) at RT for 8 h. The
contents of Chamber 2 were washed with brine, dried over anhydrous MgSO,, filtered, and
concentrated under reduced pressure. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether, 4:6 v/v) afforded amide 35 (*3CO) as a diastereomeric mixture (65.25 mg,
64%).

H NMR (400 MHz, CDCl5, 298 K): & 5.40-5.23 (m, 2H), 5.22-5.09 (m, 2H), 5.07-4.92 (m, 2H), 3.84-3.28
(m, 16H), 2.92-2.75 (m, 1H), 2.56 (tt, J = 12.1, 2.2 Hz, 2H), 2.50-2.34 (m, 1H), 2.19-1.34 (m, 33H), 1.29-
0.90 (m, 28H), 0.90-0.73 (m, 18H), 0.75-0.60 (m, 6H).

13¢{*H} NMR (100 MHz, CDCl;, 298 K): 6 174.2 (13CO), 174.1 (*3CO), 141.9, 141.8, 139.9, 138.5, 138.4,
129.4, 129.3, 121.1, 120.9, 67.1, 67.0, 57.0, 56.9, 56.1, 55.9, 51.3, 51.3, 50.6, 49.6, 46.0, 42.3, 42.1,
42.0, 41.5, 40.6, 40.6, 39.8, 39.8, 39.1, 39.0, 37.3, 36.9, 36.4, 35.9, 35.6, 35.0, 33.9, 32.0, 32.0, 32.0,
31.9, 31.8, 29.0, 29.0, 25.6, 25.5, 24.4, 23.9, 21.3, 21.3, 21.2, 21.0, 20.8, 19.6, 19.6, 19.1, 12.4, 12.1,
12.1.

FT-ICR-MS (ESI*): Calcd. for 33C,C33HssNO,Na* [M + Na]*: 533.4159; found 533.4158.
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Figure S1. Experimental (top, red) and simulated (bottom, black) isotopic distributions for [*2C34HssNO,Na]* — 35 (12CO) —
(left) and [*3C412C33Hs5sNO,Nalt — 35 (13CO) — (right) detected by ESI(*) FT-ICR MS. (*) The ['2C3,Hs5NO,Na]* ion is observed
at 0.7% relative intensity compared to the [*3C;12C33HssNO,Na]* isotopologue (100% intensity).

8. Gram-Scale Preparation of Amide 35

Under an argon atmosphere, a COware® two-chamber reactor (400 mL total volume) was charged as
follows: Chamber 2 was sequentially loaded with 4CzIPN (15.6 mg, 5 mol%), morpholine (0.262 mL,
3.0 mmol), compound H (2.35 g, 4.50 mmol), TEOA (0.671 g, 4.50 mmol), and EtOAc (30.0 mL, 0.10 M),
then sealed with a PTFE-faced silicone septum screw cap.

Chamber 1 was charged with SilaCOgen® (MePh,SiCO,H) (4.36 g, 18.0 mmol) and KF (1.15 g, 19.8
mmol), sealed under identical conditions, and treated with anhydrous DMF (30.0 mL). The reactor was
stirred under 456 nm Kessil® blue LED irradiation (100% intensity) at RT for 8 h.

The contents of Chamber 2 were washed with brine, dried over anhydrous MgSQ,, filtered, and
concentrated under reduced pressure. Purification by flash column chromatography (SiO,,
EtOAc/petroleum ether, 4:6 v/v) yielded amide 35 as a diastereomeric mixture (1.04 g, 68%).
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9. EPR Analysis

Sample preparation: 4CzIPN (5.0 x 103 M) and morpholine (1.0 x 101 M) or TEOA (1.5 x 10! M) were
dissolved in EtOAc (1.0 mL). Solutions were degassed by N, bubbling for 5 min and immediately
transferred into 50 uL Hirschmann glass capillaries, which were sealed at both ends before
introduction into the EPR cavity.

EPR measurement conditions: Continuous-wave X-band EPR spectra were recorded under in situ
illumination using an Aura Light Engine (Lumencor, A = 475 nm, maximum output ~500 mW).

(®)

350.5 351 351.5 352 352.5 353
B (mT)

Figure S2. Continuous-wave EPR analysis under catalytic conditions. (a) EPR spectra of a solution of 4CzIPN and morpholine
recorded in the dark (light blue) and under in situ 475 nm illumination (dark blue). (b) EPR spectra of 4CzIPN in the presence
of morpholine and TEOA recorded in the dark (light purple) and under illumination (dark purple). Subtle alterations are
observed when comparing the spectra collected in the presence of morpholine only vs. morpholine + TEOA. In particular,
additional peripheral features in the 351.0-352.5 G region appear under illumination in the morpholine-only system,
consistent with the formation of trace morpholine-derived radical species.
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10. DFT Calculations

=]
SOMO = - Sumo = -

Figure S3. Optimized structure of the carbazole-cyano-functionalized benzene and morpholine radicals, and the
corresponding SOMO and SUMO distributions.

The geometry optimization of the system comprising the carbazole-cyano-functionalized benzene and
morpholine radicals was performed at the UM06-2X/6-311+G(d,p) level of theory using Gaussian 16
software.'®7 The singly occupied molecular orbital (SOMO) is distributed along the carbazole moieties,
while the singly unoccupied molecular orbital (SUMO) is primarily distributed along the phenyl core
and the cyanide groups. Remarkably, the carbazole situated between the cyanide groups has a
negligible contribution to the SOMO-SUMO interaction. This suggests that this carbazole moiety may
not significantly influence the electronic properties associated with the frontier orbitals. The same
occurs with the morpholine molecule. The energies associated with the frontier orbitals are -7.39 eV
for the SOMO and -2.02 eV for the LUMO. The energy difference between the SOMO and LUMO (5.37
eV) indicates a relatively large band gap, which may suggest the system's stability and its potential as
a semiconductor or optoelectronic material.

For the mechanistic study, the transition states and reaction pathways were optimized using the QST3
method implemented in Gaussian 16.1® This method was employed to accurately determine the
activation barriers and the geometries of the transition states (TS1, TS2, TS3, and TS4) along the
reaction coordinate. The QST3 method provides a reliable way to obtain second-order saddle points
on the potential energy surface, ensuring the identification of the correct mechanistic steps in the
reaction.

Table S5. Calculated energy difference (AE) for the formation of the reduced form of 4CzIPN, 4DPAIPN,
and Eosin-Y (M06-2X/6-311G(d,p).

PC AE (kcal mol?)
4-CzIPN - 4-CzIPN- -73.9
4-DPAIPN - 4-DPAIPN~ -66.9
Eosin-Y - Eosin Y~ -54.9

Optimized geometries

1a

C  -0.069933000 -0.006180000 -3.000016000
C 0.253557000 1.289449000 -2.252530000
C -0.318949000 1.258508000 -0.826377000
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0.071767000
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0.297413000
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-2.334295000
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-0.344132000
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1.182480000

2.356240000

1.413463000
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0.359353000

0.002647000
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0.063774000
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2.112451000
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Laser Flash Photolysis
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Figure S4. Kinetic fitting of the emission kinetics at 514 nm of 4CzIPN (30 uM) in Ar-saturated EtOAc, upon incremental

addition of triethanolamine (left) or morpholine (right) under Aexc = 430 nm (E = 11 mJ). Fitting results are summarized in

Tabl

e S4.

Table S4. Summary of kinetic parameters for 4CzIPN (30 uM) in Ar-saturated EtOAc, monitored at 514 nm under Aexc = 430
nm (E = 11 mJ). Extracted lifetimes correspond to prompt fluorescence (PF) and thermally activated delayed fluorescence
(TADF) components obtained by biexponential fitting.

[TEOA] / mM %/ ns Tonor [ NS

0 42 4540

5 35 672

10 28 289

15 23 209
[morpholine] / mM 7 / ns Toaoe [ NS

0 42 4540

5 33 1650

11 29 1142

17 27 991
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12. Spectroelectrochemistry

initial state
reduced state
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Figure S5. Spectroelectrochemical generation of 4CzIPN*" in Ar-saturated ethyl acetate under applied potential, showing
characteristic absorption features of the radical anion species.

13. Electrochemistry
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Figure S6. Cyclic voltammograms of 4CzIPN (0.5 mM) in Ar-saturated MeCN with 0.1 M NBu4PFg, recorded in the absence of

iodocyclohexane (black trace) and upon incremental addition of iodocyclohexane, showing progressive changes in the
reductive wave.
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Figure S7. Cyclic voltammograms of 4CzIPN (0.5 mM) in Ar-saturated MeCN with 0.1 M NBu4PFg under increasing blue LED
irradiation intensity, highlighting the emergence of minimal light-induced current at the first reduction wave. This current

enhancement may come from solvent-mediated reduction and needs to be compared relative to the pronounced effects in
presence of relevant substrates (Figure S7).
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Figure S8. Cyclic voltammograms of 4CzIPN (0.5 mM) in Ar-saturated MeCN with 0.1 M NBu,4PF¢ recorded under blue LED

irradiation (intensity level 10), with incremental addition of iodocyclohexane, illustrating photocurrent enhancement in the
presence of substrate.
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Figure S9. Cyclic voltammograms of 4CzIPN (0.5 mM) in Ar-saturated MeCN with 0.1 M NBu4PFg, showing the dark trace
(black), the effect of 50 mM iodocyclohexane (red), and the corresponding light-activated response under blue LED
irradiation, indicating the photocatalytic reduction onset and current enhancement.
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14. In situ UV-Vis Spectroscopy
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Figure S10. In situ UV-Vis monitoring of Ar-saturated MeCN containing 4CzIPN (45 uM) and TEOA (45 mM) under 463 nm
irradiation (color progression yellow = blue, 0 = 60 min).
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Figure S11. In situ UV-Vis monitoring of Ar-saturated MeCN containing 4CzIPN (45 uM) and morpholine (45 mM) under 463
nm irradiation (yellow > blue, 0 - 60 min).
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Figure S12. In situ UV-Vis monitoring of Ar-saturated MeCN containing 4CzIPN (45 uM), TEOA (45 mM), and iodocyclohexane
(45 mM) under 463 nm irradiation (yellow = blue, 0 = 60 min).
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Figure S13. In situ UV-Vis monitoring of Ar-saturated MeCN containing 4CzIPN (45 uM), TEOA (45 mM), morpholine (45 mM),
and iodocyclohexane (45 mM) under 463 nm irradiation (yellow - blue, 0 = 60 min).
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15. NMR spectra
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Figure S14 — *H NMR (400 MHz, CDCl3, 298 K) spectrum of 1.
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Figure S15 — 13C NMR (101 MHz, CDCl3, 298 K) spectrum of 1.
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Figure S16 — 'H NMR (400 MHz, CDCl;, 298 K) spectrum of 2.
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Figure S17 — 13C NMR (101 MHz, CDCl3, 298 K) spectrum of 2.
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Figure S18 — 'H NMR (400 MHz, CDCl;, 298 K) spectrum of 3.
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Figure S19 — 13C NMR (101 MHz, CDCl3, 298 K) spectrum of 3.
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Figure $20 — 'H NMR (400 MHz, CDCl;, 298 K) spectrum of 4.
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Figure S21 — 13C NMR (101 MHz, CDCl3, 298 K) spectrum of 4.
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Figure S22 — 'H NMR (400 MHz, CDCl;, 298 K) spectrum of 5.
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Figure $23 — 3C NMR (101 MHz, CDCl;, 298 K) spectrum of 5.
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Figure $24 — *H NMR (400 MHz, CDCls, 298 K) spectrum of 6.
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Figure S68 — 'H NMR (400 MHz, CDCl;, 298 K) spectrum of 28.
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Figure S85 — 13C NMR (101 MHz, CDCl3, 298 K) spectrum of 35.
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