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Abstract: Radical-mediated migration provides an unconventional approach to reorganizing C–N 
connectivity, yet known transformations have largely relied on nitrogen migration from carbon-, 
nitrogen- or oxygen-linked precursors. Here we report the discovery of a visible-light-driven, 
FeCl₃-catalysed reaction that reveals silicon as a distinct origin for nitrogen translocation. 
Mechanistic experiments and computational studies support a pathway in which an Si–N 
intermediate is generated in situ and undergoes 1,2-nitrogen migration from silicon to carbon, 
ultimately forming an imine intermediate. This intermediate serves as a versatile branching point 
for subsequent bond formation, enabling modular incorporation of N-, O-, S- and Se-based 
nucleophiles, as well as intramolecular cyclization and cascade annulation. Variation of the 
nitrogen-containing component, hydrosilane and trapping partner provides access to a broad range 
of difunctionalized products and heterocyclic frameworks. Experimental mechanistic studies and 
DFT calculations collectively support a direct intramolecular Si-to-C nitrogen migration through 
a three-membered Si–C–N transition state. These findings expand the bonding environments from 
which radical nitrogen migration can originate and establish Si–N bonds as a potential entry point 
for nitrogen translocation and complexity-generating synthesis. 
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Main Text: Migration and rearrangement reactions provide a powerful means of molecular 
reorganization, rapidly generating structural complexity through the controlled cleavage and 
formation of chemical bonds.1 Whereas classical rearrangements predominantly proceed through 
ionic pathways, the renaissance of radical chemistry has revealed distinct opportunities for 
functional-group translocation.2-4 Unlike ionic processes, which often depend on the generation 
and stabilization of charged intermediates, radical rearrangements can reorganize otherwise inert 
bonds through unconventional reaction trajectories, alleviating constraints associated with bond 
dissociation energies and spatial proximity.5,6 This reactivity has enabled the migration of aryl, 
cyano, alkenyl and alkynyl groups, as well as heteroatom-containing functionalities involving 
halogens, boron and silicon, establishing radical migration as a versatile strategy for molecular 
editing and skeletal reorganization.6 

Despite the prevalence of nitrogen-containing functionalities in bioactive molecules and synthetic 
intermediates, radical-mediated nitrogen migration remains comparatively underdeveloped. 
Nature provides an early blueprint for such reactivity: Barker and co-workers first characterized 
lysine 2,3-aminomutase in 1970, establishing the enzymatic interconversion of α- and β-lysine,7 
while Frey and co-workers subsequently provided direct EPR evidence for organic radical 
intermediates in this rearrangement in 1992.8 More recently, Yang, Liu and co-workers engineered 
non-haem iron enzymes to enable asymmetric 1,3-nitrogen migration through hydrogen-atom 
transfer followed by stereoselective radical rebound.9 Beyond enzymatic systems, radical nitrogen 
migration has also been realized through synthetic approaches. In 1990, Frey and co-workers 
reported an AIBN-initiated and radical-mediated 1,2-imino rearrangement,10 whereas subsequent 
metal-free strategies developed by Zhu and co-workers in 2016 and Han, Jiao and co-workers in 
2021 employed externally generated azidyl or fluoroalkyl radicals to initiate nitrogen translocation 
within suitably designed unsaturated substrates.11,12 In addition, transition-metal catalysis has 
substantially broadened the mechanistic repertoire available for radical mediated-nitrogen 
migration. In 2017, Wang and co-workers developed a Cu-catalysed radical 1,3-nitrogen shift from 
C(sp³) to C(sp²) through an unusual 4-exo-trig cyclization of an N-centred radical onto an aryl 
ring.13 In 2022, Meggers and co-workers developed a Ru-catalysed stereocontrolled 1,3-nitrogen 
migration from oxygen to carbon through N–O bond cleavage and nitrenoid-mediated radical relay, 
and subsequently extended this strategy to enantioselective olefin oxyamination in 2023.14,15 More 
recently, Tang and co-workers established a Ni-catalysed C(sp³)-to-C(sp³) 1,2-nitrogen migration 
in 2024 through an extrusion–readdition manifold involving C–N bond fragmentation and radical 
readdition. This reactivity was subsequently extended by their group and independently by Huang 
and co-workers to asymmetric migratory cross-coupling in 2025.16-18 Furthermore, photochemical 
activation has provided a complementary platform for radical mediated-nitrogen migration. In 
2024, Han and co-workers developed an Ir-photoredox-catalysed remote imino-N translocation 
through radical addition, cyclization and N–N bond fragmentation.19 In 2025, Zhang and co-
workers established a biomimetic photoredox 1,2-amino migration through a radical addition–3-
exo-trig cyclization–ring-opening sequence,20 while Huang and co-workers developed a visible-
light energy-transfer-catalysed amino-group migration through a triplet-diradical rearrangement.21 
Collectively, these advances demonstrate that radical nitrogen translocation can operate over 
different migration distances and from diverse bonding environments, including C–N, N–N and 
N–O linkages. Yet, whether other element–nitrogen bonds can serve as viable origins for radical 
nitrogen migration remains largely unexplored. 
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Fig. 1. Context of this work. a Established radical-mediated nitrogen rearrangement. b Unexplored chemical space. 
c. This work: Si→C 1,2-nitrogen migration enabled by visible-light-induced ligand-to-metal charge transfer (LMCT). 

 

Here, we report the discovery of a visible-light-driven, FeCl₃-catalysed cascade reaction that 
enables the modular assembly of diverse nitrogen-containing scaffolds and heterocycles from 
readily available components. The unexpected connectivity of the products prompted us to 
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investigate the origin of the newly formed C–N bond. Mechanistic experiments and computational 
studies support an unusual pathway involving the in situ formation of an Si–N intermediate, 
subsequent 1,2-nitrogen migration from silicon to carbon, and formation of a key imine 
intermediate. This imine provides a versatile branching point for divergent cascade reactions, 
allowing different reaction components to be modularly assembled into structurally diverse 
products. The transformation features operational simplicity, broad functional-group tolerance and 
extensive substrate scope. Viewed through this mechanistic framework, the Si–N bond emerges as 
a potential new entry point for radical nitrogen migration, expanding the scope of nitrogen-
translocation chemistry and offering a complementary strategy for molecular reorganization and 
complexity generation. 
 

Table 1. Optimization of the three-component difunctionalization of triethylsilane.a, b 

 

Entry Catalyst  Acid Additive Chloride 
additive Solvent Light 

source 
Yield of 4 

(%)b 
1 FeCl₃ TFA TBACl LiCl CH3CN 395 nm  80 
2 FeCl2 TFA TBACl LiCl CH3CN 395 nm  73 
3 Fe(OTf)3 TFA TBACl LiCl CH3CN 395 nm  71 
4 Fe(NO₃)₃·9H₂O TFA TBACl LiCl CH3CN 395 nm  36 
5 FeCl₃ TFAA TBACl LiCl CH3CN 395 nm  72 
6 FeCl₃ CHF2COOH TBACl LiCl CH3CN 395 nm  68 
7 FeCl₃ TfOH TBACl LiCl CH3CN 395 nm  59 
8 FeCl₃  HCl TBACl LiCl CH3CN 395 nm  79 
9 FeCl₃ AcOH TBACl LiCl CH3CN 395 nm  19 
10 FeCl₃ TFA TBAF LiCl CH3CN 395 nm  78 
11 FeCl₃ TFA TBABF4 LiCl CH3CN 395 nm  76 
12 FeCl₃ TFA TBABr LiCl CH3CN 395 nm  61 
13 FeCl₃ TFA TBAI LiCl CH3CN 395 nm   58 
14 FeCl₃ TFA TBAPF6 LiCl CH3CN 395 nm  57 
15 FeCl₃ TFA TBACl LiCl DCE 395 nm  62 
16 FeCl₃ TFA TBACl LiCl EtOAc 395 nm  41 
17 FeCl₃ TFA TBACl LiCl Toluene 395 nm  N.D. 
18 FeCl₃ TFA TBACl LiCl DMSO 395 nm  N.D. 
19 FeCl₃ TFA TBACl LiCl  EtOH 395 nm  N.D. 
20 FeCl₃ TFA TBACl LiCl CH3CN 365 nm  65 
21 FeCl₃ TFA TBACl LiCl CH3CN 460 nm 36 
22 — TFA TBACl LiCl CH3CN 395 nm  N.D. 
23 FeCl₃ — TBACl LiCl CH3CN 395 nm  trace 
24 FeCl₃ TFA — LiCl CH3CN 395 nm  68 

25 FeCl₃ TFA 
TBACl — CH3CN 395 nm  72 

26 FeCl₃ TFA TBACl LiCl CH3CN  in dark N.D. 
 
aConditions: 1a (4.0 equiv), 2a (1.0 equiv, 0.2 mmol), 3a (2.0 equiv) FeCl3 (30 mol%), TFA (2.0 equiv), TBACl (0.5 
equiv), LiCl (2.0 equiv), CH3CN (0.1 M), 24 h. bYields were determined by analysis of the crude 1H NMR spectra 
using CH2Br2 as an internal standard. N.D. = not detected. 
 

Reaction Discovery and Optimization: Inspired by the ability of FeCl₃ photochemistry to 
activate hydrosilanes through ligand-to-metal charge transfer (LMCT) and subsequent hydrogen-
atom transfer (HAT), we envisioned that hydrosilanes and N–H compounds could generate Si–N 
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intermediates in situ under visible-light irradiation. We reasoned that further radical activation of 
these Si–N species might provide an opportunity to explore previously unknown nitrogen 
translocation from silicon, with an external nucleophile serving to intercept the resulting reactive 
intermediates. On this basis, we selected triethylsilane, indazole and pyrazole as model 
components to investigate this potential Si–N rearrangement chemistry. Systematic evaluation of 
the reaction parameters identified conditions under which product 4 was obtained in 80% yield 
upon irradiation with 395-nm LEDs, using FeCl₃ as the catalyst, TFA as the acid additive, TBACl 
and LiCl as chloride additives, and MeCN as the solvent (Table 1, entry 1). The iron source had a 
notable influence on reaction efficiency: FeCl₂ and Fe(OTf)₃ remained competent, whereas 
Fe(NO₃)₃·9H₂O was substantially less effective (Table 1, entries 2–4). The reaction was also 
sensitive to the Brønsted acid, with several strong acids supporting efficient product formation, 
whereas the weaker AcOH led to a pronounced decrease in yield (Table 1, entries 5–9). Evaluation 
of tetraalkylammonium additives revealed a preference for chloride-containing conditions, 
although fluoride- and tetrafluoroborate-based salts also retained appreciable reactivity (Table 1, 
entries 11–14). The reaction efficiency was further influenced by the reaction medium and 
irradiation wavelength. MeCN proved optimal, with DCE remaining effective and EtOAc giving 
a diminished yield, whereas no detectable product was observed in toluene, DMSO or EtOH (Table 
1, entries 16–19). Irradiation at either 365 or 460 nm instead of 395 nm also resulted in decreased 
yields (Table 1, entries 20–21). Importantly, control experiments established that both FeCl₃ and 
light were essential for productive reactivity, consistent with a photochemically initiated iron-
catalysed process. Omission of TFA afforded only trace product, whereas removal of either TBACl 
or LiCl decreased, but did not completely suppress, product formation (Table 1, entries 22–26). 
Together, these studies established FeCl₃, 395-nm irradiation, a strongly acidic medium and 
chloride additives as the key reaction parameters for efficient formation of the nitrogen-
translocation product. 

Substrate Scope. With the optimized conditions in hand, we investigated the generality and 
modularity of the transformation by systematically varying the nitrogen-containing substrate and 
nucleophilic trapping partner (Fig. 2). We first examined the nitrogen-containing component using 
triethylsilane and a representative nitrogen nucleophile as the common reaction partners. Parent 
indazole underwent the transformation efficiently to afford 4 in 82% yield, while alkyl- and 
alkoxy-substituted derivatives were also well tolerated, furnishing 5–8 in good yields. Halogenated 
substrates remained competent, albeit with somewhat diminished efficiency in certain cases, as 
exemplified by chloro-substituted product 9. The reaction was not restricted to simple indazole 
derivatives, as more structurally elaborate fused N-heterocycles also participated to provide 10–
15. Notably, potentially sensitive functionalities, including epoxide, hydroxy and ester groups, 
were retained under the reaction conditions, illustrating the functional-group compatibility of the 
transformation. Beyond heteroaromatic substrates, aromatic, aliphatic and cyclic amide derivatives 
were also competent, furnishing 16–21 and demonstrating that the reaction can accommodate 
structurally and electronically distinct nitrogen-containing components.  

We next examined the scope of the nucleophilic trapping partner. A range of structurally and 
electronically varied N-heterocycles, including azoles bearing alkyl, aryl, halide, ester and nitro 
substituents, participated effectively to furnish the corresponding C–N functionalized products 22–
32, generally in moderate to good yields. Both electron-rich and electron-deficient heterocycles 
were compatible, indicating considerable electronic flexibility in the trapping step. The structure 
of triazole-derived product 28 was unambiguously confirmed by single-crystal X-ray diffraction. 
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Importantly, the trapping process was not limited to nitrogen nucleophiles. Primary, secondary and 
cyclic alcohols afforded the corresponding C–O functionalized products 33–39; the structurally 
more complex L-menthol was also compatible, providing 39 in 61% yield with a 5.2:1 
diastereomeric ratio. Sulfur nucleophiles exhibited particularly broad structural tolerance, with a 
diverse range of aromatic and aliphatic thiols furnishing 40–62 in generally moderate to good 
yields while tolerating alkyl, halide, hydroxy, amide and fused-aryl functionalities. The structure 
of 51 was further confirmed by single-crystal X-ray diffraction. Selenium- and sulfonyl-based 
reaction partners further expanded the scope, affording 63 and 64, respectively. Collectively, the 
compatibility of N-, O-, S- and Se-based trapping partners demonstrates the versatility of this 
reaction manifold, enabling divergent C–N, C–O, C–S and C–Se bond formation and highlighting 
the modular nature of the downstream trapping process. 
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Fig. 2. aConditions: 1 (4.0 equiv), 2 (1.0 equiv, 0.2 mmol), 3 (2.0 equiv) FeCl3 (30 mol%), TFA (2.0 equiv), TBACl 
(0.5 equiv), LiCl (2.0 equiv), CH3CN (0.1 M), 24-36 h. bSolvent: CH3CN: DCE (1:1, 2.0mL, 0.1M). 
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We next explored whether the reaction could be extended from intermolecular trapping to 
intramolecular cyclization, providing direct access to more complex heterocyclic frameworks (Fig. 
3). o-Aminobenzamide derivatives underwent the cascade process followed by intramolecular C–
N bond formation to furnish 2,3-dihydroquinazolinones 65–74 in 45–80% yield, with diverse alkyl, 
benzyl and heteroarylmethyl substituents being tolerated. Intramolecular C–O bond formation was 
also feasible, affording oxygen-containing heterocycles 75 and 76. These results suggest that the 
reactive intermediate generated following nitrogen translocation can also be intercepted 
intramolecularly, enabling direct heterocycle construction.  

We next examined the hydrosilane component (Fig. 3). Hydrosilanes bearing alkyl groups with 
different chain lengths and substitution patterns participated in the transformation to furnish 77–
88, and could be combined with different nitrogen-containing substrates and trapping partners. 
Although increasing steric demand generally reduced the reaction efficiency, variation of the 
silicon-bound alkyl groups was directly reflected in the carbon skeleton of the products. Together 
with the broad scope of nitrogen-containing substrates and nucleophilic trapping partners, these 
results highlight the three-component modularity of the transformation. 

 
 

Fig. 3. aConditions: 1 (4.0 equiv), 2 (1.0 equiv, 0.2 mmol), 3 (2.0 equiv) FeCl3 (30 mol%), TFA (2.0 equiv), TBACl 
(0.5 equiv), LiCl (2.0 equiv), CH3CN (0.1 M), 24-36 h. bSolvent: CH3CN: DCE (1:1, 2.0mL, 0.1M). 

We further explored whether the substrate scope could be integrated with an aniline-based cascade 
annulation to rapidly increase molecular complexity (Fig. 4). Under reoptimized conditions, 
anilines, hydrosilanes and azole nucleophiles underwent the cascade reaction to furnish 
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polysubstituted tetrahydroquinolines 89–104 in 26–73% yield. Product 89 was obtained in 71% 
yield, and its structure was established by single-crystal X-ray diffraction. Considerable variation 
of the aniline component was tolerated, including alkyl, methoxy, chloro and ester substituents 
(90–97), while a naphthylamine derivative also participated efficiently to afford 98. The 
nucleophilic trapping partner could likewise be varied across substituted pyrazoles, triazole and 
benzotriazole, providing 99–103. Variation of the hydrosilane component was also feasible, 
although increased steric demand resulted in diminished efficiency, as exemplified by 104, 
obtained in 26% yield. Taken together, these studies demonstrate that the transformation is not 
limited to a single three-component coupling, but instead provides a modular reaction manifold 
that can be diversified across the nitrogen-containing substrate, nucleophilic trapping partner and 
hydrosilane. 

 

Fig. 4. aConditions: 1 (4.0 equiv), 2 (1.0 equiv, 0.2 mmol), 3 (2.0 equiv) FeCl2 (30 mol%), TFA (2.0 equiv), TBACl 
(0.5 equiv), LiCl (2.0 equiv), CH3CN (0.1 M), 24-36 h.  

Mechanistic Studies. To gain insight into the reaction pathway underlying the formation of these 
products, we conducted a series of mechanistic experiments (Fig. 5). We first probed the 
involvement of radical intermediates. Addition of TEMPO (4.0 equiv.) under the standard 
conditions almost completely suppressed formation of 4, while HRMS analysis revealed an ion 
consistent with the triethylsilyl–TEMPO adduct 105 (Fig. 5a). In a complementary radical-probe 
experiment, a cyclopropyl-containing radical probe underwent ring opening under the reaction 
conditions, giving the silylated and chlorinated products 106 and 107, respectively. Together, these 
observations support the involvement of radical species and are consistent with the generation of 
silyl and chlorine radicals under the reaction conditions. 
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We next sought evidence for the proposed Si–N intermediate that could precede nitrogen 
translocation. Independently prepared N-silylated carbazole 108 underwent the reaction with 
pyrazole to furnish 10 in 61% yield, demonstrating that an N-silylated species is chemically 
competent to enter the productive pathway (Fig. 5b). More directly, HRMS analysis of the standard 
reaction mixture revealed an ion consistent with N-silylated indazole int-3 (calcd for [M+H]⁺, m/z 
= 233.1469; found, 233.1461; Fig. 5c). The combination of in situ detection and intermediate-
conversion experiments therefore provides support for the formation and productive involvement 
of N-silylated intermediates. 

To distinguish an intramolecular Si-to-C nitrogen migration from pathways involving dissociation 
and intermolecular recombination of nitrogen- and carbon-derived fragments, we performed a 
crossover experiment using two independently prepared N-silylated intermediates bearing 
orthogonal nitrogen and carbon-fragment labels. An equimolar mixture of N-triethylsilyl indazole 
(A: 110, N-tag: indazole, C-tag: Et) and N-tri-n-propylsilyl 5-methylindazole (B: 111, N-tag: 5-
Me-indazole, C-tag: n-Pr) was subjected to the photochemical reaction conditions in the presence 
of pyrazole. LC-HRMS analysis of the crude reaction mixture showed only the two matched 
products AA and BB, whereas neither crossover product AB nor BA was detected (Fig. 5d). The 
retention of the original N-silyl/carbon-fragment pairing strongly supports an intramolecular Si-
to-C 1,2-nitrogen migration rather than an intermolecular nitrogen-transfer pathway. 

Additional intermediate-conversion experiments were conducted to probe the cascade annulation 
of aniline substrates (Fig. 5b). A preformed N-vinylaniline underwent the reaction to furnish 
tetrahydroquinoline 104, supporting its competence as an intermediate in the annulation pathway. 
Moreover, reaction of aniline and hydrosilane in the absence of the external azole afforded 4-
anilino tetrahydroquinoline 109, which was subsequently converted into 89 upon reaction with 
pyrazole. These stepwise experiments support a cascade sequence involving formation of an N-
vinyl intermediate, cyclization to a tetrahydroquinoline intermediate, and subsequent 
incorporation of the external nucleophile. 

Deuterium-labelling experiments provided further information on hydrogen-atom transfer during 
the reaction (Fig. S11). These observations are consistent with hydrogen-atom abstraction from 
the hydrosilane during the radical process. The roles of Fe(III) and chloride were examined 
independently (Table S12). FeCl₃ afforded 4 in 68% yield, whereas Fe(OTf)₃ in the absence of an 
added chloride source gave only trace product. Addition of LiCl to the Fe(OTf)₃ system restored 
the yield to 65%, demonstrating a pronounced dependence on chloride for efficient reactivity. 
Together with the radical-trapping experiments, these results are consistent with the involvement 
of chloride-ligated Fe(III) species and an Fe–Cl LMCT process capable of generating chlorine 
radicals upon photoexcitation. Consistent with a photochemically driven process, light on/off 
experiments showed that product formation largely ceased during dark periods and resumed upon 
irradiation (Fig. S12), indicating that continuous photoexcitation is required for efficient reaction 
turnover. 
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Fig. 5. Mechanistic studies. 

Proposed mechanism. On the basis of the mechanistic experiments described above and relevant 
literature precedents, we propose the working mechanism depicted in Fig. 6. Upon photoirradiation, 
a chloride-ligated Fe(III) species undergoes Fe–Cl LMCT, generating a chlorine radical and an 
Fe(II) species.22,23,24,25 The chlorine radical is proposed to abstract the Si–H hydrogen atom from 
hydrosilane 1 via hydrogen-atom transfer (HAT), affording silyl radical int-1 and HCl.23 The 
formation of a silicon-centred radical is consistent with the radical-trapping experiments and the 
detection of the corresponding silyl–TEMPO adduct. In parallel, nitrogen-containing substrate 2 
may associate with an Fe(III) species to generate an Fe-associated nitrogen species int-2. Reaction 
of the silyl radical with the nitrogen-containing substrate ultimately furnishes N-silylated 
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intermediate int-3.27,28 The involvement of int-3 is also supported by its detection by HRMS and 
by the productive conversion of an independently prepared N-silylated intermediate under the 
reaction conditions. A chlorine radical then abstracts a hydrogen atom from the silicon-bound alkyl 
chain to generate the carbon-centred radical int-4.24,26 Radical int-4 is proposed to undergo an 
intramolecular 1,2-nitrogen migration from silicon to the adjacent carbon centre through a three-
membered Si–C–N arrangement (int-6), furnishing silicon-centred radical int-6.6 Oxidation of int-

6 by Fe(III) and/or an oxygen-derived oxidant affords the electrophilic silicon intermediate int-7. 
Subsequent C–Si bond fragmentation, accompanied by C=N bond formation, releases a silicon-
containing fragment and generates the iminium intermediate int-8. In this way, the otherwise inert 
silicon-bound alkyl group is formally converted into an electrophilic carbon synthon.  

For N-heterocyclic and amide-derived substrates (path a), iminium intermediate int-8 is 
intercepted by N-, O-, S- or Se-based nucleophiles to afford the corresponding difunctionalized 
products. Aniline substrates follow a distinct cascade pathway (path b). The initially generated 
imine/enamine species int-9/int-10 are proposed to undergo an intermolecular Povarov-type 
annulation to furnish 4-anilino tetrahydroquinoline int-11.29 Subsequent nucleophilic substitution 
of the C4 anilino group by an external azole nucleophile affords the observed C4-functionalized 
tetrahydroquinolines. This sequence is consistent with the independent conversion experiments 
using the N-vinyl intermediate and the 4-anilino tetrahydroquinoline intermediate. For o-
aminobenzamide substrates (path c), intramolecular attack of the ortho-amino group on the 
iminium carbon of int-8 closes the six-membered ring, furnishing the corresponding 2,3-
dihydroquinazolinones. 
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Fig. 6. Proposed mechanism. 

Computational analysis. DFT calculations were used to evaluate the direct intramolecular int-
4→int-6 Si-to-C nitrogen migration (Fig. 7). Geometry optimizations and vibrational analyses 
were performed at UωB97X-D/def2-SVP with SMD(MeCN), followed by UωB97X-D/def2-
TZVPP/SMD(MeCN) single-point calculations. The migration proceeds through the three-
membered Si–C–N transition state TS-mig with a Gibbs free-energy barrier of 14.2 kcal mol⁻¹ 
relative to int-4, while int-6 lies 8.7 kcal mol⁻¹ below int-4. TS-mig has one imaginary frequency 
(−425 cm⁻¹), whose normal mode shows synchronous C–N bond formation and Si–N bond 
cleavage; the optimized Si–N, N–C and Si–C distances are 2.13, 1.91 and 1.92 Å, respectively, 
and IRC calculations connect int-4, TS-mig and int-6. Representative competing pathways are 
substantially higher in energy: N–Si bond dissociation (27.6 kcal mol⁻¹), direct C–Si bond cleavage 
(24.7 kcal mol⁻¹), and an intermolecular nitrogen-transfer model (25.1 kcal mol⁻¹). Consistent with 
bond reorganization, the spin density shifts from carbon in int-4 (ρC = 0.85, ρSi = 0.05), becomes 
delocalized in TS-mig (ρC = 0.34, ρSi = 0.37, ρN = 0.18), and resides predominantly on silicon in 
int-6 (ρC = 0.04, ρSi = 0.83). These results support a kinetically accessible and thermodynamically 
favourable intramolecular Si-to-C 1,2-nitrogen migration. 
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Fig. 7. DFT analysis of the intramolecular Si-to-C nitrogen migration. a, Computed free-energy profile for int-4 → 
TS-mig → int-6 and representative competing pathways. b, Optimized TS-mig structure showing synchronous C–N 
bond formation and Si–N bond cleavage. c, SOMO and spin-density evolution from a carbon-centred radical in int-4 
to a silicon-centred radical in int-6. 

Conclusions. In summary, we have uncovered a visible-light-driven, iron-catalysed cascade 
reaction that provides evidence for an unusual 1,2-nitrogen migration from silicon to carbon. 
Mechanistic experiments and computational studies support the in situ formation of an Si–N 
intermediate, followed by radical nitrogen translocation and conversion into a reactive imine 
intermediate. This mechanistic sequence provides a common basis for the diverse reactivity 
observed across the transformation: the resulting intermediate can be intercepted by N-, O-, S- and 
Se-based nucleophiles, engaged in intramolecular cyclization, or incorporated into cascade 
annulation processes to generate structurally diverse heterocycles. The modularity of the nitrogen-
containing substrate, hydrosilane and trapping partner further enables substantial variation of the 
resulting molecular frameworks. DFT calculations further support a kinetically accessible and 
thermodynamically favourable intramolecular Si-to-C 1,2-nitrogen migration through a three-
membered Si–C–N transition state, accompanied by translocation of the radical centre from carbon 
to silicon. More broadly, these findings suggest that element–nitrogen bonds beyond the 
established C–N, N–N and N–O linkages can participate in radical nitrogen translocation, 
identifying Si–N bonds as a potential platform for exploring new migration pathways. We 
anticipate that extending this principle to other element–nitrogen bonds may provide opportunities 
for discovering distinct modes of skeletal reorganization and complexity-generating synthesis. 
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