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A visible-light-driven, metal-free carbonylation of unactivated alkyl iodides is reported, enabling the direct
synthesis of 35 structurally diverse amides in good to excellent yields. The reaction shows broad functional-
group tolerance toward both amines and alkyl iodides, including bioisosteric motifs and complex natural
product derivatives, underscoring its potential for late-stage functionalization. Mechanistic investigations
combining flash photolysis, spectroelectrochemistry, irradiated thin-layer cyclic voltammetry, and EPR

spectroscopy reveal a consecutive photoinduced electron transfer (ConPET) mechanism that diverges
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Introduction

The direct conversion of simple alkyl halides into complex
molecules remains a defining challenge in synthetic chemistry.
Their strong C-X bonds and highly negative reduction poten-
tials render both oxidative addition and single-electron transfer
intrinsically difficult, limiting the catalytic strategies capable of
activating these feedstock reagents under mild conditions.'”
Surmounting this kinetic and thermodynamic barrier would
unlock a wide spectrum of bond-forming transformations—
from cross-couplings to carbonylations and beyond—based on
readily available building blocks.
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transformations under mild conditions.

Amides exemplify the impact such activation strategies can
have. They are among the most pervasive functional groups in
chemistry, forming the structural backbone of peptides and
proteins and occurring in countless pharmaceuticals, agro-
chemicals, and advanced materials.®™ Despite their ubiquity,
amide synthesis still largely depends on stoichiometric
condensation of carboxylic acids and amines with coupling
reagents such as carbodiimides or phosphonium salts, gener-
ating significant waste (Scheme 1a,;).*> Catalytic alternatives
have improved atom economy through organo- and transition-
metal-catalyzed amidations or dehydrogenative couplings.**™**

Aminocarbonylation—the three-component coupling of CO,
an amine, and an organic halide—offers an elegant catalytic
entry to amides in a single step (Scheme 1a,).**?* While well
established for aryl, benzyl, and allyl halides, the extension to
unactivated alkyl halides remains difficult because oxidative
addition to Pd is slow and often followed by B-hydride elimi-
nation.>” Copper catalysis can circumvent these issues through
single-electron transfer (SET) to generate alkyl radicals,
enabling carbonylation of otherwise inert alkyl iodides, though
typically under strongly reducing or forcing conditions.>*>*
Ni(0) complexes supported by strongly o-donating ligands such
as N-heterocyclic carbenes or bulky phosphines were also re-
ported to react with primary and secondary alkyl iodides under
relatively mild conditions. These cases, however, remain
limited in scope because the resulting metal-alkyl intermediates
are also prone to rapid B-hydride elimination, and because SN,-

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Overview of strategies for amide bond formation. (a)
Traditional approaches: stoichiometric or catalytic condensation of
carboxylic acids (or acyl halides) with amines, and transition-metal-
catalyzed dehydrogenative coupling of alcohols. (b) Challenges in
activating unactivated alkyl iodides by single-photon photoredox
catalysis due to their highly negative reduction potentials. (c)
Conceptual motivations: the consecutive photoinduced electron-
transfer (ConPET) approach, in which a photocatalyst radical anion
absorbs a second photon to reach an excited state of enhanced
reducing power. (d) This work: metal-free visible-light amino-
carbonylation of alkyl iodides using 4CzIPN and an in situ CO source
under mild conditions; mechanistic studies combine spectroscopy,
electrochemistry, and DFT.

type oxidative addition is strongly disfavoured by steric and
electronic factors. In addition, first-row transition metals
generally favour single-electron pathways over the higher-
energy two-electron oxidative addition.>*** Co and Fe
complexes predominantly operate through SET pathways,
which can enable carbonylative aminocarbonylations. However,
these systems generally require high CO pressures, typically in
the range of 6 to 40 bar.***

Photoredox catalysis has brought new momentum to this
field by merging light-driven radical generation with transition-
metal catalysis (Scheme 1a3).***° Visible-light excitation has
been shown to promote radical-assisted oxidative addition and
reductive elimination at Pd under mild conditions, and related
strategies have been extended to nickel and manganese
catalysis.?”"*® More recently, tandem two-photon cycles based on

© 2026 The Author(s). Published by the Royal Society of Chemistry
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fac-Ir(ppy)s-type photocatalysts have enabled the cleavage of
demanding C(sp*)-I bonds even under visible light irradiation
(Scheme 1a,).*® Recent advances have demonstrated that metal-
free photocatalytic strategies, employing organic photocatalysts
or photochemical approaches, enable the carbonylative trans-
formation of unactivated alkyl iodides using aryl formates as CO
surrogates.”*> This process generates phenolate while
promoting the reduction of the iodoalkane to the correspond-
ing alkyl radical.*

Nonetheless, the direct reduction of unactivated alkyl
iodides (Eq < —2 V vs. SCE) remains beyond the capability of
most single-photon photocatalysts (Scheme 1b), limiting their
engagement in mild radical transformations.»*

To transcend this fundamental energetic barrier, the concept
of consecutive photoinduced electron transfer (ConPET) has
emerged as a transformative strategy (Scheme 1c).**** In this
two-photon process, a photocatalyst radical anion absorbs
a second photon to access an excited state of dramatically
enhanced reducing power, enabling reactions far beyond the
thermodynamic reach of conventional photoredox catalysis.
Building on these advances, we envisioned that combining
ConPET activation with in situ CO generation could enable
a metal-free aminocarbonylation of unactivated alkyl iodides
under visible light.

Here we describe such a system employing the organic
photocatalyst 4CzIPN (Scheme 1d). Carbon monoxide is
produced safely in situ (1-2 bar) from methyldiphenylsilane
carboxylic acid (“Silacogen”) in a sealed two-chamber reactor
and consumed directly under visible light and ambient condi-
tions. This operationally simple protocol affords a broad range
of amides—including complex natural products and bi-
oisosteres—in up to 85% yield within 2-8 h. Mechanistic
investigations (in situ UV-vis spectroscopy, flash photolysis,
spectroelectrochemistry, irradiated thin-layer cyclic voltamme-
try, and DFT) support a ConPET mechanism in which photo-
excited 4CzIPN is reduced to 4CzIPN"~ and, upon re-excitation,
activates demanding C-I bonds. Compared to single-photon
photocatalysts such as 4DPAIPN, this system enables rapid,
mild, and operationally safe aminocarbonylation under low CO
pressure.*

Results and discussion

We commenced our investigation with the aminocarbonylation
of iodocyclohexane and morpholine in a sealed two-chamber
reactor (Table 1). Carbon monoxide was generated in chamber
1 from SilaCOgen—a bench-stable CO surrogate readily ob-
tained from diphenylmethylchlorosilane and CO,—by treat-
ment with KF in DMF.*"** In chamber 2, iodocyclohexane,
morpholine, 4CzIPN (5 mol%), and triethanolamine (TEOA) as
a sacrificial electron donor were dissolved in ethyl acetate under
argon and irradiated with a 50 W blue LED (456 nm, 50%
intensity) at room temperature. After 2 h, amide 1 was obtained
in 97% yield (GC-MS, hexadecane internal standard; entry 1).
Control experiments highlighted the critical role of each
component. Omission of TEOA reduced the yield to 37% (entry
2), and substitution with triethylamine or tributylamine led to

Chem. Sci., 2026, 17, 2078-2086 | 2079
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Table 1 Optimization and Control Experiments for the Carbonylative
Amidation of lodocyclohexane 1a “

Optimization of the Metal-Free Visible-Light Aminocarbonylation Reaction

Ch. 1: CO Generation :Ch. 2: Visible-light aminocarbonylation
4 4CzIPN (5 mol%)

Ph L,co, Ph 0O i 1 TEOA (1.5 equi
Me sicl % me=sit o4 * Ej TEOA(1Sequiv) L
PH pW OH DMF,RT EtOAc RT 2h E/

1equiv. 1.5equiv. Blue LEDs

(456 nm)

Photocatalyst Structures
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[ AT =g i
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4CzIPN 4DPAIPN

Eosin-Y Ru(bipy)s 2PFg"

‘ch.2

Ch.1

Two-chamber reactor

Entry  Deviation from above reaction Yield (%)”
1 None 97
2 No TEOA 37
3 Et;N instead of TEOA 79
4 n-Bu;N instead of TEOA 67
5 EtOH as solvent 13
6 CH;CN as solvent 28
7 DMSO as solvent 40
8 DMF as solvent 45
9 Acetone as solvent 71
10 1,4-Dioxane as solvent 84
11 Eosin-Y instead of 4CzIPN 19
12 Ru(bpy);(PFe), instead of 4CzIPN 0
13 4DPAIPN instead of 4CzIPN 60
14 No photocatalyst (LED light only) 0
15 No light 0
16 Bromocyclohexane instead of iodocyclohexane 0
17 Chlorocyclohexane instead of iodocyclohexane 0

% Chamber 1: SilaCOgen (0.60 mmol), KF (0.66 mmol), DMF (1.0 mL);
chamber 2: morpholine (0.10 mmol), iodocyclohexane (0.15 mmol),
4CzIPN (5 mol%), TEOA (0.15 mmol), AcOEt (1.0 mL); 456 nm Kessil®
blue LED, RT, 2 h. ” GC-MS yield vs. hexadecane (see SI).

diminished efficiency (79% and 67%, entries 3-4). The solvent
proved decisive: EtOH, CH;CN, DMSO, and DMF afforded only
13-45% yield (entries 5-8), whereas acetone and 1,4-dioxane
performed significantly better (71% and 84%, entries 9-10).
Among the photocatalysts evaluated, 4CzIPN emerged as
optimal. Eosin-Y delivered only 19% yield (entry 11), Ru(bpy),>*
was inactive (entry 12), and 4DPAIPN provided 60% (entry 13).
No product was detected in the absence of photocatalyst or light
(entries 14-15). Finally, when using substrates with very high
negative reduction potentials, such as bromo- and chloro-
cyclohexane, no products were obtained (entries 16-17).

Substrate scope

With the optimized conditions in hand, we explored the scope of

the visible-light aminocarbonylation (Scheme 2). Cyclic
secondary amines such as morpholine, piperidine, tetra-
hydroisoquinoline, and pyrrolidine participated readily,

furnishing the corresponding amides 1-4 in 61-85% yield. A Boc-
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protected piperazine delivered 5 in 59%, while a mono-
substituted piperazine and diethylamine provided 6 and 7 in
51% and 57% yield, respectively. Primary amines were also suit-
able coupling partners, affording the corresponding amides 8-12
in up to 85% yield. Functionalized amines such as 2-amino-
ethanol and benzylamine were well tolerated, delivering amides
11 and 12, respectively, whereas propargylamine afforded
product 10 in 67% NMR yield (40% isolated).

Bioisosteric amines, including bicyclo[1.1.1]pentan-1-amine
hydrochloride and its methyl-ester analogue, were compatible
after in situ deprotonation with K,COj3, affording 16 and 17 in 50-
78%. Strained heterocycles such as 2-oxa-6-azaspiro[3.3]heptane

and 3-aminooxetane also underwent clean conversion,
producing 18 and 19 in 74% yield.

Aromatic amines displayed lower reactivity: aniline
remained unreactive, whereas N-alkylanilines required

extended irradiation to furnish 13-15 in 42-75% isolated yield
(up to 86% NMR yield).

The transformation was general with respect to the alkyl
partner. Secondary iodides furnished the corresponding amides
in 45-78% yield, encompassing cyclic, spirocyclic, and benzylic
substrates (20-25). Tertiary iodides—including 1-iodo-
adamantane and fert-butyl iodide—underwent smooth
coupling to give 26 and 27 (52-58%). Primary iodides exhibited
substitution-dependent reactivity: heteroatom-substituted 2-
(iodomethyl)tetrahydrofuran gave 28 in 72% NMR yield (37%
isolated, the isolated yield being limited by purification),
whereas (3-iodopropoxy)benzene, isobutyl iodide, and 1-iodo-
octane afforded 29-31 in 45-68%. Notably, substrates bearing
unprotected hydroxyl or benzylic groups were well tolerated; 3-
iodo-1-propanol and (2-iodoethyl)benzene yielded 32 and 33 in
80% and 75%, respectively.

The method was further extended to complex molecular
scaffolds. Cholesterol- and stigmasterol-derived iodides under-
went efficient aminocarbonylation under visible light (10 mol%
4CzIPN, 8 h irradiation), providing 34 and 35 in 57% and 67%
yield, respectively. Carbon-13 labelling was achieved by replac-
ing Silacogen with Sila’®*COgen, affording the labelled stig-
masterol amide in 64% yield; **C incorporation was confirmed
by FT-ICR-MS (see the SI). A gram-scale experiment using the
stigmasterol substrate further highlighted the practicality and
scalability of the protocol, furnishing 35 in 68% isolated yield.

This method demonstrates the efficiency of this metal-free
reaction, which proceeds without the need for a glove box,
within a short reaction time (ranging from 2 to 8 hours) at room
temperature. It is compatible with a broad range of alkyl iodides
(primary, secondary, and tertiary), including complex molecules
such as cholesterol and stigmasterol derivatives, as well as
various amines “cyclic, acyclic, aromatic, and bioisosteric”
thereby overcoming the substrate limitations observed in
previous studies. Notably, the incorporation of isotopic "*CO
using pure Sila’*COgen achieves exceptional isotopic enrich-
ment in natural products, reaching up to 99.7% (see SI). This
represents a significant improvement over prior methods,
which achieved enrichments of only 89% to 95%. Additionally,
the CO source is derived exclusively from SilaCOgen, in contrast
to previous approaches that relied on bubbling CO gas.*

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Substrate scope of alkyl iodides and
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Scheme 2 Substrate scope of alkyl iodides and amines. (a) Chamber 1: SilaCOgen® (1.20 mmol), KF (1.32 mmol), DMF (2.0 mL); chamber 2:
amine (0.20 mmol), alkyl iodide (0.30 mmol), 4CzIPN (5 mol%), TEOA (0.30 mmol), ethyl acetate (2.0 mL); 456 nm Kessil® blue LED, RT. Isolated
yields unless otherwise noted. (b) NMR yields in parentheses (*H NMR with tetrachloroethane internal standard). (c) 2 h. (d) 4 h. (e) 8 h. (f) 4CzIPN
(10 mol%). (g) Sila*®*COgen. (h) gram-scale (3 mmol of morpholine).
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Fig. 1

(a) Stern—Volmer plot of [(zo/7) — 1] vs. concentration to determine dynamic reductive quenching by TEOA and morpholine. Data:

quenching of TADF emission at 514 nm of 30 uM 4CzIPN in Ar-saturated ethyl acetate, laser flash photolysis (Aexyc = 430 nm, £ =11 mJ). (b) In situ
spectroscopy of Ar-saturated MeCN, 45 uM 4CzIPN with 45 mM TEOA under blue irradiation (463 nm; black — red: 0 — 80 s). (c)
Spectroelectrochemical generation of 4CzIPN"™ in Ar-saturated MeCN at —1.40 V vs. SCE. (d) Experimental EPR spectra of TEOA and 4CzIPN
in the dark (black spectrum), under illumination (A = 475 nm, blue spectrum), and corresponding simulation (red spectrum), taking into account
six N nuclei with hyperfine coupling constants of 0.19, 0.17, 0.13, 0.08, 0.02, and 0.017 mT, respectively. Worthy of note, the two weakest values
only contribute to the linewidth of the simulated spectra and are consistent with the optimized structures and SOMO distributions obtained by

DFT (Fig. S3).

Mechanistic studies

To gain mechanistic insights into the visible-light ConPET
aminocarbonylation, a combination of photophysical, electro-
chemical, and spectroscopic techniques was employed. Stern—
Volmer analysis revealed that both TEOA and morpholine can
reductively quench the excited state of 4CzIPN to generate the
radical anion 4CzIPN"~ (Fig. 1a). This observation accounts for
the residual reactivity observed in the absence of TEOA (Table 1,
entry 2), when morpholine is present at high concentration. The
dynamic quenching rate constant, however, is an order of
magnitude higher for TEOA (kq,rroa = 3.11 x 10° M ' s~ ') than
for morpholine (kgmorphotine = 5.07 x 107 M~ ' s'). At
concentrations of 150 mM TEOA and 100 mM morpholine, the
apparent quenching rates are 4.66 x 10’ s~' and 5.06 x 10°s™,
respectively, rationalizing the superior performance of TEOA,
which efficiently generates 4CzIPN'~ while preserving mor-
pholine as a nucleophile.

Under catalytically relevant conditions, in situ absorption
spectroscopy of 4CzIPN/TEOA in Ar-saturated MeCN revealed
the growth of a new species upon 463 nm irradiation, charac-
terized by diagnostic bands at 324, 336, and 470 nm (Fig. 1b;
similar results in ethyl acetate, Fig. S4). UV-vis spectroelec-
trochemistry at —1.40 V vs. SCE, slightly beyond the first
reduction wave, reproduced the same spectral features (Fig. 1c),
assigning this species to the radical anion 4CzIPN"".

Continuous wave electron paramagnetic resonance (EPR)
spectroscopy performed at room temperature under irradiation
at 475 nm further corroborated the formation of 4CzIPN"~
(Fig. 1d). While no EPR signal was observed in the dark,
a characteristic EPR fingerprint was detected as soon as the
light was switched on (Fig. 1d, blue spectrum). The observed
spectra are in agreement with those previously reported for
4CzIPN'~ and derivatives,** obtained with hyperfine coupling to
six nitrogen "N nuclei (Fig. 1d, red spectrum). The observed
signal also supports the role of morpholine acting as

2082 | Chem. Sci,, 2026, 17, 2078-2086

a sacrificial agent by transferring an electron to the photo-
catalyst (Fig. S2), explaining its partial consumption and the
associated reduction in yield.

Single-photon photoredox cycles, as established for related
catalysts such as 4DPAIPN, typically proceed through a radical
anion (E,.q = —1.5 Vvs. SCE) that is not sufficiently reducing to
activate unactivated alkyl iodides (E;q < —2 V vs. SCE).**** In
contrast, our results support a consecutive photoinduced elec-
tron transfer (ConPET) pathway,***”** in which 4CzIPN"~
absorbs a second photon to form a highly reducing excited
radical anion (4CzIPN'~"), capable of cleaving C(sp®)-I bonds
and initiating the aminocarbonylation.

To exclude the possibility that ground-state 4CzIPN"~ acts as
the active reductant, we performed irradiated thin-layer cyclic
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—— 4CZIPN+iodocyclohexane
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Fig.2 Cyclic voltammograms (CVs) of 0.5 mM 4CzIPN in Ar-saturated
MeCN with 0.1 M NBu4PFg (black), with addition of 50 mM iodo-
cyclohexane in the dark (red), and under irradiation of blue LED (blue).
Dotted gray line shows background reduction of 50 mM iodo-
cylohexane on the glassy carbon electrode. Inset shows a magnified
part of the changes in the first redox peak.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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voltammetry (CV)—to our knowledge, its first application in
a ConPET aminocarbonylation (Fig. 2). CV of 4CzIPN (Fig. 2,
black CV) exhibited a reversible first reduction with E;, =
—1.23 V vs. SCE (4CzIPN/4CzIPN ™). Addition of iodo-
cyclohexane in the dark (Fig. 2, red CV) produced no enhance-
ment of current at this wave, indicating that the
electrochemically generated 4CzIPN'~ alone is insufficiently
reducing. Current growth due to halide reduction appeared only
beyond —1.70 V vs. SCE. Under 463 nm irradiation (Fig. 2, blue
CV), however, a pronounced current increase at the first wave
was observed, consistent with in situ photoexcitation of
4CzIPN'~ to its excited state (4CzIPN'~") or formation of
a functionally equivalent solvated electron. Although the excited
radical anion is ultrashort-lived and nonemissive,* the light-
induced catalytic wave provides compelling electrochemical
evidence for its enhanced reducing character.*® Photoinduced
detachment to solvated electrons,**** previously proposed for
similar systems, may also contribute; our CV experiments
cannot distinguish between these parallel pathways.

Together, the photophysical and electrochemical results
support the ConPET sequence depicted in Scheme 3: (1) single-
photon excitation of 4CzIPN; (2) reductive quenching by TEOA
(or morpholine) to yield 4CzIPN""; (3) subsequent photoexci-
tation of 4CzIPN'~ to its excited state (4CzIPN" ) (or, alterna-
tively, generation of a solvated electron); and (4) reduction of
the alkyl iodide to produce the corresponding alkyl radical.

This result contrasts with the recently reported mechanism
involving a single photon absorption by the 4DPAIPN photo-
catalyst for the carbonylation of alkyl halides.*

The use of Eosin-Y resulted in only a 19% yield, which can be
attributed to its insufficient reducing potential (Er.q = —1.1
V).* The calculated energy difference (AE) of —54.9 kcal mol "
for Eosin-Y indicates a relatively low electron affinity, consistent
with the inefficient formation of a stable radical anion. This
suggests that Eosin-Y does not effectively participate in the
ConPET cycle, thereby explaining the observed low yield. In
contrast, 4CzIPN exhibits a more negative energy difference (AE
= —73.9 kcal mol '), reflecting a higher electron affinity and
enabling the formation of a more stable radical anion. This
stability facilitates its participation in the ConPET cycle, leading
to efficient re-excitation and a higher quantum yield in the

PC™

[324, 336, 470 nm]

TEOA

photo-electrochem
in situ spectroscopy

ky=3x 108 M s
ot (2
TEOA [460 nm]

laser flash photolysis
in situ spectroscopy

spectroelectrochem = [313, 326, 365, 433 nm]

Scheme 3 Proposed ConPET mechanism for alkyl radical generation
by 4CzIPN (PC). Reductive quenching of photoexcited 4CzIPN by
TEOA forms 4CzIPN"~, which, upon second-photon excitation, rea-
ches an excited state capable of reducing unactivated alkyl iodides to
alkyl radicals.
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Probing the Radical Mechanism

@ Radical Trapping with TEMPO

Ch. 1: CO Generation iCh. 2: Visible-light aminocarbonylation
i 4CzIPN (5 mol%)

o H TEOA (1.5 equiv.) o
\ : 1 . iv.
Me Si< KF eor: : O/ TEMPO (3.0 equiv.)
Ph OH DMF,RT ! EtOAc, RT,2h
i ; Lo not detected
1 equiv. 1.5 equiv Blue LEDs
(456 nm)

QJ Cyclopropylmethyl lodide Ring Opening

Ch. 1: CO Generation | Ch 2: Visible-light aminocarbonylation
: 4CzIPN (5 mol%)

f < (o]
Ph_ o KF ! | TEOA (1.5 equiv.
Me-§i« ————> iCO + > ERAs ) A
PH  OH DMF,RT | EtOAc, RT,2h
P
1equiv. 1.5equv g &) Epe 36 45%
(456 nm)

Scheme 4 Probing the radical mechanism. (a) TEMPO-trapping
experiment: addition of TEMPO suppresses product formation. (b)
Cyclopropylmethyl iodide undergoes ring-opening amino-
carbonylation to yield the unsaturated amide 36, consistent with
a radical pathway.

photocatalytic process. For 4DPAIPN, the calculated AE of
—66.9 kecal mol™" indicates some capacity to form a radical
anion; however, this species is less stable than the one derived
from 4CzIPN. This lower stability correlates with its limited
efficiency in the ConPET cycle compared to 4CzIPN (see SI).

The radical pathway of the carbonylation step was estab-
lished through diagnostic control experiments. Addition of the
radical scavenger TEMPO completely suppressed product
formation (Scheme 4a). Furthermore, the use of cyclo-
propylmethyl iodide afforded the ring-opened amide 36
(Scheme 4b), a typical radical-clock outcome. These findings
confirm that, once formed, the alkyl radical engages in a free-
radical carbonylation sequence rather than a closed-shell
pathway.

Density-functional theory (DFT) calculations provided addi-
tional insight into the reaction profile following alkyl-radical
formation (Fig. 3). The initially generated cyclohexyl radical
(1a) rapidly adds to carbon monoxide to give the corresponding
acyl radical (1b). This step proceeds with an activation barrier of
11.9 kecal mol " (TS1) and is slightly exergonic (AG =
—0.8 kcal mol ). Subsequently, (1b) undergoes iodine-atom
transfer from iodocyclohexane to regenerate the cyclohexyl
radical (1a), passing through TS2 with a barrier of 16.4 kcal-
mol ! to afford the acyl iodide (1c), located +3.2 kcal mol *
above (1b). This sequence suggests a radical chain-propagation
mechanism in which the alkyl radical is continuously regene-
rated. Next, a nucleophilic attack of morpholine on acyl iodide
1c, accompanied by iodide departure, proceeds through TS3
(AG* = 11.3 keal mol ™) to give the cationic intermediate 1d,
which subsequently undergoes hydrogen abstraction (Int1) to
yield the final amide (1e). The computed free-energy profile
indicates that (1e) is 7.7 kcal mol™" lower in energy than the
starting radical (1a), confirming both the thermodynamic
driving force and the overall feasibility of the transformation.
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Gibbs Free Energy Profile
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Fig. 3 Gibbs free energy (AG) profile for the proposed reaction path.
DFT calculations performed at the M06-2X/6-311++G** level of
theory, considering acetonitrile as the solvent within the Polarizable
Continuum Model (PCM).

Unlike morpholine, aniline fails to yield any carbonylation
product. While aniline exhibits lower nucleophilicity (Naniiine:
12.6-13.0) compared to morpholine (Nmorpholine: 15.6),”” this
difference alone does not fully account for its lack of reactivity
relative to other amines. DFT calculations reveal that the
computed activation free energies (AG*) for nucleophilic addi-
tion to the carbonyl group are comparable across the four
amines investigated: aniline (12.9 kcal mol™'), ethylaniline
(13.2 keal mol "), methylaniline (14.1 keal mol™"), and mor-
pholine (11.3 kcal mol ). However, the stark contrast in
observed reactivity is primarily governed by the thermodynamic
stability of the resulting tetrahedral intermediates.

Morpholine demonstrates both a moderately low activation
barrier and a product/intermediate free energy slightly lower
than that of the reactants (AG = —1.0 keal mol "), indicating
a kinetically accessible and thermodynamically favorable reac-
tion pathway. Conversely, aromatic amines exhibit positive free
energies of reaction (AG = +8.9, +4.0, and +6.9 kcal mol™" for
aniline, ethylaniline, and methylaniline, respectively), signi-
fying thermodynamically disfavored intermediate formation
that inhibits the reaction under standard conditions. This effect
is most pronounced for aniline: despite a comparable activation
barrier, the tetrahedral intermediate is highly unstable (AG =
+8.9 kecal mol ™), effectively precluding product formation.
Collectively, these findings underscore that both nucleophilicity
and the stability of the tetrahedral intermediate dictate the
reactivity of amines in this transformation.

Conclusions

We have developed a metalfree, visible-light-driven amino-
carbonylation of unactivated alkyl iodides that affords a broad
range of amides under mild conditions. The transformation
tolerates diverse primary and secondary amines, sterically
hindered and functionalized alkyl iodides, and complex scaffolds
derived from bioisosteres and natural products, rendering it
particularly attractive for late-stage functionalization and medic-
inal chemistry applications. Key practical advantages include the
use of an inexpensive organic photocatalyst (4CzIPN) and a bench-
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stable, low-pressure CO source, which enhance operational safety
and scalability compared to pressurized CO systems. Mechanistic
studies combining in situ UV-vis spectroscopy, flash photolysis,
spectroelectrochemistry, and irradiated thin-layer cyclic voltam-
metry support a consecutive photoinduced electron transfer
(ConPET) pathway. Following initial single-photon reduction of
4CzIPN, a second excitation of the radical anion generates an
exceptionally reducing excited state capable of activating
demanding C(sp®)-I bonds. These observations exclude a simple
single-photon process and establish ConPET as a general strategy
for achieving extreme photoreductive potentials under mild,
metal-free conditions. Overall, this work demonstrates that
organic photoredox catalysis can rival and even surpass transition-
metal systems in challenging carbonylation chemistry, offering
a safe, scalable, and operationally simple route to amides while
broadening the conceptual scope of highly reducing radical
transformations.
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