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Abstract

The three-dimensional architecture and precise placement of functional groups critically influence
the performance of drugs and functional materials, yet positional control on saturated carbocycles
remains limited1–3. Framework editing, rather than de novo synthesis, offers an attractive strategy
for direct site-selective synthesis of functionalized carbocycles. In particular, functional group
translocation—migrating an existing substituent within a molecular framework without altering
its core structure—has emerged as a powerful approach to access valuable substitution patterns
in saturated systems4. However, its development has largely been confined to 1,2-5–10 and
1,4-migrations11,12. Here, we report a general and conceptually distinct platform for formal
transannular 1,3-migration of aroyl groups across saturated carbocycles, enabling precise access to
1,3-disubstituted frameworks. This strategy proceeds via a neutral bicyclic intermediate generated
by Norrish–Yang photocyclization, which is then oxidatively cleaved with hydrogenatom trapping.
A distinctive feature is the coexistence of oxidant Mn(OAc)3 and a thiol reductant without their
mutual quenching, enabling independent downstream reactivity. By decoupling cyclization from
the migration event, this approach overcomes kinetic constraints that have historically precluded
1,3-translocation13. Broadly applicable to both radical and ionic pathways, this method enables
ring expansion, scaffold hopping, distal editing through iterative translocation, and stereospecific
modification of chiral substrates.
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Abstract: The three-dimensional architecture and precise placement of functional groups critically 
influence the performance of drugs and functional materials, yet positional control on saturated 
carbocycles remains limited1–3. Framework editing, rather than de novo synthesis, offers an 
attractive strategy for direct site-selective synthesis of functionalized carbocycles. In particular, 
functional group translocation—migrating an existing substituent within a molecular framework 
without altering its core structure—has emerged as a powerful approach to access valuable 
substitution patterns in saturated systems4. However, its development has largely been confined to 
1,2-5–10 and 1,4-migrations11,12. Here, we report a general and conceptually distinct platform for 
formal transannular 1,3-migration of aroyl groups across saturated carbocycles, enabling precise 
access to 1,3-disubstituted frameworks. This strategy proceeds via a neutral bicyclic intermediate 
generated by Norrish–Yang photocyclization, which is then oxidatively cleaved with hydrogen-
atom trapping. A distinctive feature is the coexistence of oxidant Mn(OAc)₃ and a thiol reductant 
without their mutual quenching, enabling independent downstream reactivity. By decoupling 
cyclization from the migration event, this approach overcomes kinetic constraints that have 
historically precluded 1,3-translocation13. Broadly applicable to both radical and ionic pathways, 
this method enables ring expansion, scaffold hopping, distal editing through iterative translocation, 
and stereospecific modification of chiral substrates. 
 
Main Text 
Saturated carbocycles are common motifs in natural products, with their physicochemical 
properties and biological activity strongly dependent on the nature and position of appended 
functional groups (FGs). Despite sustained interest, methods enabling precise positional control of 
FGs on saturated carbocycles remain limited14. Conventional approaches (Fig. 1A), including 
convergent coupling and cyclization, represent logical entry points but are constrained by stringent 
requirements for polarity matching, steric differentiation, and precise geometric preorganization 
of precursors15,16. Alternatively, post-assembly modification of cyclic frameworks—most 
commonly via directing-group-assisted sp³ C–H activation—has been explored17. However, 
selective installation of FGs at remote sp³ C–H sites in the absence of directing groups remains a 
formidable challenge due to the inertness of aliphatic C–H bonds and the high degree of site 
equivalence, which together impede regio- and stereochemical control18,19. 
 
A conceptually distinct solution is intramolecular FG translocation, wherein an existing substituent 
is repositioned within a molecular framework without otherwise perturbing its structure. This 
peripheral skeletal editing strategy4 enables direct access to synthetically challenging substitution 
patterns and is particularly attractive for late-stage diversification, as substituent relocation can 
generate analogues with distinct biological profiles20,21. While recent advances have enabled 
proximal 1,2-FG translocation across diverse scaffolds5–8, methods for distal FG migration remain 



scarce. Recently, Xu and co-workers disclosed a dynamic kinetic strategy enabling 1,4-cyano 
group translocation in both acyclic and cyclic systems (Fig. 1B, left)11. This approach proceeds 
through reversible, non-selective cleavage of multiple similar C–H bonds followed by site-
selective radical addition. Preferential formation of kinetically favored five-membered-ring 
intermediates enforces 1,4-selectivity, rendering alternative distal migrations disfavored. Building 
on this concept, Wendlandt and co-workers demonstrated transannular 1,4-acyl migration in 
cycloheptyl systems via a kinetically preferred [3.2.1] bicyclic intermediate12. In a related advance, 
1,2-boryl migration across saturated frameworks was accomplished under conditions governed by 
dynamic kinetic control9,10. 
 
The inherent selectivity limitations of dynamic kinetic protocols highlight the need for 
fundamentally different strategies to access alternative modes of distal FG translocation. Herein, 
we describe a dual-phase, position-controlled translocation strategy (Fig. 1B, right) that proceeds 
through an initial directed sp³ C–H bond cleavage followed by radical recombination to form a 
neutral intermediate (cyclization phase). Subsequent β-scission, coupled with hydrogen-atom 
trapping (cleavage phase), enables effective migration of the FG to a targeted position. A defining 
feature of this approach is deliberate decoupling of cyclization and cleavage, which prevents 
formation of kinetically unstable cyclic radical intermediates. Importantly, irreversibility 
associated with neutral intermediate formation enables FG migration pathways that are not 
governed by kinetic alignment. 
 
Under conventional dynamic kinetic control, assembly of cyclobutyl or cycloheptyl radical 
intermediates required for 1,3- or 1,6-translocation is strongly disfavored. Consistent with this 
limitation, Zhu and co-workers demonstrated that even site-selective radical generation at the C3 
or C6 position fails to yield productive cyclization22,23, underscoring intrinsic challenges 
associated with radical-mediated access to 1,3- or 1,6-FG translocation. In contrast, by decoupling 
cyclization from cleavage, the position-controlled platform renders these otherwise inaccessible 
translocations feasible via neutral cyclic intermediates. 
 
As an initial demonstration of this strategy, we targeted 1,3-translocation of aroyl groups in 
saturated cyclohexyl systems (Fig. 1C). This transformation exploits an underexplored 
transannular Norrish–Yang cyclization24 to generate a strained yet neutral bicyclo[3.1.1] 
intermediate (cyclization phase), which subsequently undergoes selective cleavage to afford the 
net 1,3-translocated product (cleavage phase). Beyond proof of concept, this method provides 
direct access to 1,3-disubstituted cyclohexyl derivatives, motifs prevalent in biologically active 
molecules25,26. Although the aroyl group was selected for its ability to participate in 
photocyclization and promote selective Cγ–H bond cleavage, its synthetic and biological relevance 
is equally significant. Aroyl moieties are versatile intermediates readily diversified through 
classical carbonyl transformations and transition-metal-catalyzed processes27. Moreover, in 
bioactive compounds such as paclitaxel, aroyl positioning correlates directly with biological 
activity28, underscoring the value of controlled aroyl migration. This fully atom-economical 
transformation proceeds with high regioselectivity across a broad range of saturated frameworks, 
providing efficient access to diverse 1,3-substituted architectures. A predictive model is 
established to guide substrate design and to facilitate extension of this strategy to a wide range of 
synthetic applications, supported by detailed mechanistic insights. 
 



 
Fig. 1. Conceptual overview and importance of functional group translocation strategies. (A) Comparison of 
conventional approaches and Molecular Editing logic for achieving positional control on saturated carboxylic 
frameworks. (B) Constraints of radical-mediated pathways and the value of a decoupling strategy in enabling position-
selective functional group translocations. FG, functional group; HAA, hydrogen atom abstraction; HAD, hydrogen 
atom donation; X=Y, hypothetical atoms on the p-bond (C) This work: a decoupled, position-controlled approach that 
enables transannular 1,3-migration of aroyl groups, providing access to biologically potent 1,3-disubstituted 
cyclohexyl framework. 
	
We initiated our investigation by synthesizing 1-benzoyl-1-methylcyclohexane (1a) as a model 
substrate (Fig. 2A). Upon irradiation, we targeted the symmetry-forbidden, lower-energy n → π* 
transition to access the triplet state of 1a. When the aroyl group adopts a pseudoaxial orientation, 
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the oxygen-centered radical engages in a Norrish type II 1,5-hydrogen atom transfer (HAT) with 
the proximal C3-axial C–H bonds, forming the 1,4-diradical intermediate 1ab. Subsequent radical 
recombination furnishes the cyclobutyl intermediate 1c. Guided by a few prior reports29,30 and UV-
visible absorption spectra of 1a (lmax = 315 nm), irradiation in tert-butanol with a 370-nm LED 
lamp yielded 1c in 66%. Notably, a high-intensity medium-pressure Hg lamp promoted 
decomposition (55% yield of 1c), whereas a lower-energy 390-nm LED lamp afforded 1c in 58% 
yield over longer reaction times. 
 

 
Fig. 2. Reaction development and optimization. (A) Proposed reaction mechanism and optimization studies of the 
targeted transannular Norrish–Yang photocyclization. (B) Establishment of optimal conditions to promote the desired 
b-scission accompanied by hydrogen-atom trapping. (C) Control experiment using a monocyclic cyclobutanol 
substrate. (D) Tandem one-pot reaction sequence. (E) Comparison of the conventional cyclization sequence with the 
translocation approach leading to product 1b. *Yields refer to isolated yields after column chromatography. # In all 
cases, the diastereomeric ratio (dr) of 1b was determined by ¹H NMR analysis of the crude reaction mixture, favoring 
the cis-isomer. †All optimization experiments were conducted on a 0.05-0.2 mmol scale; nd, not detected.  
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With access to 1c, we next explored the generation of the oxygen-centered radical to trigger β-
scission. Traditional approaches rely on pre-functionalization of alcohols to form weaker O–X 
bonds, facilitating radical formation. Alternative strategies include transition metal or photoredox-
mediated oxidation, as well as redox-neutral processes such as proton-coupled electron transfer 
(PCET) or ligand-to-metal charge transfer (LMCT)31,32. However, only a few reports address β-
scission with concurrent hydrogen-atom trapping33,34. To develop a practical, broadly applicable 
protocol free of expensive catalysts and forcing conditions, we examined other potential 
opportunities to promote the β-scission. Cyclic voltammetry (CV) revealed a low oxidation 
potential (1.02 V vs. SCE) of 1c, likely due to inherent ring strain, suggesting the feasibility of 
selective oxidation in the presence of suitable hydrogen atom donors (HADs). Manganese-based 
single-electron oxidants are recognized for mild reactivity, sustainability, low toxicity, and have 
been employed to promote β-scission of cyclobutanols35. Inspired by this, we treated 1c with 
manganese(III) acetate [Mn(OAc)3, MnIII/II: E1/20 = 1.51 V vs. SCE]36 under thermal conditions in 
the presence of various HADs (Fig. 2B, entries 1–9). Among those tested, adamantane thiol (E1/2ox 
= 1.34 V vs. SCE) proved optimal in tert-butanol (entry 4). Optimal efficiency required 3 
equivalents of Mn(OAc)3, which ensured complete consumption of 1c while minimizing product 
decomposition. Lower loadings left unreacted substrate, accompanied by product decomposition 
under prolonged reaction times. Attempts to regenerate Mn(OAc)3 catalytically or to use 
alternative oxidants were less successful (entries 10–14). Inclusion of 1,10-phenanthroline further 
optimized the conditions, yielding product 1b in 94% (entry 15). 
 
The success of the protocol derives from the unusually low oxidation potential of bicyclic 
intermediate 1c, which enables selective oxidation without premature consumption of the thiol. In 
contrast, monocyclic cyclobutanol 2c (E1/2ox = 1.48 V vs. SCE) failed to furnish the corresponding 
linear ketone 2b; instead, only tetralone 2d37 was isolated in 38% yield (Fig. 2C), and the thiol was 
fully oxidized to disulfide. The higher oxidation potential of 2c relative to adamantane thiol 
precludes productive radical trapping. Collectively, the facile oxidizability of 1c allows the thiol 
to persist in its reduced form and function effectively as a hydrogen atom donor under oxidative 
conditions. Recognition of this distinctive reactivity of 1c proved essential to the successful 
implementation of the transformation via an unprecedented oxidative pathway. Notably, the entire 
sequence could be conducted in a tandem single-pot operation, enabling direct conversion of 1a to 
1b in comparable overall yield (Fig. 2D). Using the one-pot translocation strategy, compound 1b 
can be accessed from commercially available cyclohexyl phenyl ketone in two steps (Fig. 2E). By 
comparison, the conventional cyclization sequence38 requires six steps starting from an acyclic 
alcohol, underscoring the marked improvement in step economy enabled by this translocation-
based approach. 
 
With the optimized conditions in hand, we evaluated the scope of the one-pot 1,3-translocation 
process (Fig. 3A). The method is practical due to the straightforward preparation of 1,1-
disubstituted cyclohexyl substrates. A series of cyclohexyl derivatives bearing sterically diverse 
α-alkyl groups adjacent to the benzoyl moiety was synthesized, and the corresponding translocated 
products 1b and 3b–6b were obtained in moderate to good yields. The highest yield (80%) was 
observed for the substrate containing the bulkiest isopropyl group. The structure of 6b was 
confirmed by X-ray crystallography of the corresponding DNP adduct (see Supplementary 
Information, Section 14.1), supporting the hypothesis that sterically hindered conformers adopt an 



axial benzoyl orientation (7), aligning the diradical intermediate with C3 axial C–H bonds and 
facilitating the subsequent [1,5]-HAT.  

 
Fig. 3. Substrate Scope for 1,3-aroyl translocation. General reaction conditions: starting material (0.2-0.5 mmol) in 
tBuOH (0.05 M) under 370 nm LED irradiation for 2–4 h, followed by Mn(OAc)3.2H2O (3.0 equiv), 1,10-phen (3.3 
equiv), and AdSH (1.5 equiv), at 75 °C, 30 min to 6 h. Isolated yields are reported (*represents NMR yield), and 
relative stereochemistry is indicated. (A) Cyclohexyl substrate scope, evaluating the influence of steric variation at 
the a-substituent and the electronic nature of the aroyl group. (B) Scope extension to other saturated frameworks. 
Conditions for the Liner free energy relationship study: starting material (0.1 mmol) in tBuOH (0.05 M) under 370 
nm LED irradiation for 5 min. UV-visible absorption spectra were recorded for substrate solutions in tBuOH.  
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To further probe this steric effect, a linear free energy relationship (LFER) study was conducted39. 
Substrates 1a and 3a–6a were irradiated under photocyclization conditions with truncated reaction 
times to preserve quantitative mass balance. The logarithm of the conversion ratio (product/RSM) 
correlated linearly (R² = 0.92) with the A-value40 of the α-substituents, indicating that geometric 
alignment in the short-lived diradical 7 is critical for channeling the Norrish–Yang pathway. 
Substrates lacking an α-substituent (e.g., 8a) failed to undergo Norrish–Yang cyclization and 
instead produced complex mixtures dominated by fragmentation, highlighting the importance of 
steric bias in directing the reaction. The scalability of the protocol was demonstrated by the gram-
scale synthesis of 6b without loss of yield. 
 
We next explored the influence of electronic effects on the aroyl group. Substrates 9a–12a bearing 
electron-donating (–OMe) and electron-withdrawing (–F, –Br, –CF₃) substituents were 
synthesized. While p-F and p-Br derivatives afforded products 10b and 11b in yields comparable 
to 6b, electron-rich –OMe and electron-deficient –CF₃ substrates gave lower yields. UV–vis 
spectroscopy of 6a, 9a–12a revealed that π → π* transitions are strongly modulated by electronic 
substitution, whereas n → π* transitions were minimally affected. Thus, diminished yields for 9b 
and 12b likely arise from competing red-shifted π → π* excitation in electron-rich substrates and 
reduced efficiency of oxidation to generate the oxygen-centered radical in electron-poor systems. 
 
Expanding steric and functional-group tolerance, bulky α-cyclohexyl substitution provided 13b in 
82% yield, whereas a homologated cyclohexyl fragment (less steric bias) gave 14b in 63%. The 
benzoyl group proved synthetically versatile: 14b was converted to alcohol 15 via Baeyer–Villiger 
oxidation followed by hydrolysis, demonstrating its utility as a masked hydroxy equivalent. Linear 
alkyl–substituted substrates also underwent translocation, delivering 16b and 17b. Notably, 
substrates bearing alkyl chains with competing Cγ–H bonds showed no migration outside the ring, 
highlighting the strong preference for transannular migration in cyclohexyl systems. Carbonate, 
ester, silyl ether, and electron-rich aryl functionalities were tolerated, affording 18b–21b. A 
geminal dimethyl substitution at one C3 position directed translocation to the remaining C3 site, 
yielding 22b in 60%; its structure was confirmed by X-ray crystallography. Importantly, the 
protocol extends beyond simple cyclohexyl systems. Translocation was achieved in [2.2.2]- and 
[2.2.1]-bicyclic frameworks, yielding 23b and 24b in 30% and 22% yields, respectively, and in a 
rigid tricyclic adamantyl system to give 25b in 79%, all exclusively favoring one diastereomer. 
The high diastereoselectivity likely reflects kinetic preference during the HAT step, while the 
success in the adamantyl system is attributed to its inherent symmetry in differentiating axial 
versus equatorial positions. 
 
We next explored alternative electronic triggers to enable 1,3-translocation within the cyclization–
cleavage decoupled framework. We hypothesized that substrates bearing an α-electron-
withdrawing group would undergo Norrish–Yang cyclization to form an intermediate predisposed 
to retro-aldol–type ring opening, thereby relocating the aroyl group to C3 (Fig. 4A). Consistent 
with this design, irradiation of α-ester substrate 26a followed by triethylamine treatment delivered 
translocated product 26b. Notably, cis-26b had previously required a four-step sequence from 
isophthalic acid (27), underscoring the step economy of the present approach41. Isoquinoline-
containing aroyl substrates were also compatible, yielding 28b. In the adamantyl series, nitrile 
substituents similarly promoted translocation, producing 29b″ and 29b′ in a 3:1 ratio. 
 



 
Fig. 4. Alternate pathways for achieving 1,3-aroyl translocation. (A) 1,3-Translocation proceeding via a retro-
aldol-mediated pathway. Reaction conditions: starting material (0.2-0.5 mmol) in tBuOH (0.05 M), irradiation with a  
370 nm LED for 2–4 h, followed by Et3N (3.0 equiv) at 75 °C for 2–12 h. (B) 1,3-Translocation proceeding via a 
Grob-fragmentation pathway. Reaction conditions: starting material (0.2-0.5 mmol) in tBuOH (0.05 M), irradiation 
with a 370 nm LED for 2–4 h, followed by NaH (3.0 equiv) at 75 °C for 30 min to 4 h. Isolated yields are reported, 
and relative stereochemistry is indicated.    
 
We further envisioned that α-substituted substrates bearing an appropriate leaving group could 
undergo a complementary Grob-type fragmentation42 following photocyclization, enabling 
translocation while unveiling a substituted exomethylene unit at the parent position. Substrate 30a, 
featuring an α-CF₃ group, underwent photocyclization and, upon treatment with NaH, underwent 
Grob fragmentation to furnish 30b. The resulting difluoromethylene motif43—an established 
carbonyl bioisostere44—was leveraged in a subsequent cyclopropanation to deliver 
polyhalogenated spirocycle 31. In cycloheptyl derivatives, increased conformational flexibility 
afforded both 1,2- (iso-32b1,2) and 1,3- (32b1,3) translocated products. Heating under basic 
conditions favored the conjugated 1,2-isomer iso-32b1,2. The structure of 32b1,2 was confirmed via 
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derivatization to DNP adduct 33 and subsequent X-ray crystallographic analysis. The observed 
1,2-selectivity reflects altered Norrish–Yang cyclization selectivity in flexible systems, illustrating 
that the strategy can extend beyond 1,3-translocation. Collectively, these results demonstrate broad 
applicability and tunable selectivity of the one-pot translocation platform, enabled by pairing 
Norrish–Yang photocyclization with either radical-mediated β-scission or base-promoted ring-
opening/fragmentation. Structures of 29b″, 29b′, 31, and 33 were confirmed by single-crystal X-
ray diffraction. 
 
To demonstrate broader utility, we assessed the generality of 1,3-translocation across diverse 
synthetic platforms. First, we targeted a two-atom ring expansion of tetralone 34a to access 
medium-sized ring system 34b (Fig. 5A). Norrish–Yang cyclization delivered fused cyclobutanol 
34c; however, Mn(OAc)₃-mediated cleavage failed, consistent with the high oxidation potential 
(2.1 V vs. SCE) of 34c. Using Knowles’ PCET conditions33, the desired β-scission was achieved, 
and the eight-membered product 34b was obtained in 85% yield. Notably, an analogous expansion 
(35a → 35b) is disfavored under Dowd–Beckwith conditions due to the kinetic instability of the 
corresponding radical intermediate 35c45, underscoring the importance of decoupling cyclization 
and cleavage and enabling ring expansion via a neutral cyclobutanol intermediate. Scaffold 
reorganization was also realized with spiro substrate 36a, which underwent 1,3-translocation to 
generate a new bicyclic linkage in 36b, thus rapidly increasing molecular complexity and 
incorporating a ten-membered ring (Fig. 5B). 
 
An iterative translocation strategy was next explored to enable distal functionalization within a 
saturated framework (Fig. 5C). Substrate 6b, obtained from 6a via an initial translocation, was 
converted in two steps to trifluoromethylated precursor 37a. Upon irradiation, the resulting 
oxygen-centered radical selectively engaged in [1,5]-HAT with the tertiary C–H bond adjacent to 
the isopropyl substituent, and upon basic treatment restored the benzoyl group to its original 
position (second translocation) while installing a difluoromethylene unit at C3 site. This provided 
C3-functionalized product 37b″ via two sequential translocations from 6a; trace formation of 
product 37b′ was observed from competing migration to the alternate C3 position. Finally, the 
stereospecificity of the translocation was demonstrated using chiral substrates (Fig. 5D). 
Enantiopure 38a, derived from (+)-camphoric acid, underwent stereospecific translocation via 38c, 
desymmetrizing a gem-dimethyl unit and furnishing a cyclopentyl framework bearing three 
contiguous stereocenters. Similarly, (+)-dihydrocarvone-derived 39a produced diastereomers 39b 
and epi-39b in 51% and 30% yield, respectively46.  
 
The high regioselectivity of aroyl translocation mirrors the selectivity of the hydrogen atom 
transfer (HAT) event in the Norrish–Yang cyclization. For cyclohexyl substrates, intra-ring 
translocation is exclusively favored, despite competing Cγ–H bonds on appended alkyl chains. To 
elucidate this bias, DFT calculations were performed at the CAM-B3LYP/6-31+G(d,p) level with 
GD3BJ dispersion corrections47. In the triplet state of 16a, the oxygen-centered radical is 
significantly closer to the intra-ring Cγ–H bond than to the alkyl-chain Cγ–H bond (2.39 Å vs. 
2.75 Å), resulting in a substantially lower activation barrier for intra-ring HAT via TSb. This 
geometric preference accounts for the exclusive formation of the transannular product. 
 



 
Fig. 5. Synthetic applications of the 1,3-aroyl translocation. (A) Two-atom ring expansion strategy. (B) A scaffold 
hopping protocol to translate a spiro linkage in the substrate to a bicyclic linkage in the product. (C) Distal-
functionalization enabled through iterative translocation. (D) Efficient access to stereodefined frameworks bearing 
multiple stereocenters. All reactions were conducted on a 0.2-0.5 mmol scale. 
 
To probe radical intermediacy in the translocation step, we attempted trapping of the putative 
tertiary radical. Treatment of Norrish–Yang intermediate 1c with Mn(OAc)₃ in the presence of 
TEMPO afforded TEMPO adduct 40 as a 2:1 mixture of diastereomers. Reductive N–O bond 
cleavage with Zn under acidic conditions delivered tertiary alcohol 41. This sequence not only 
supports radical involvement but also reveals a new translocative hydroxylation manifold, in which 
aroyl group migration is coupled with the installation of a hydroxy group at the original site. 
Consistent with this concept, substrates 42 and 25a underwent analogous transformations to yield 
products 43 and 44, featuring aroyl migration to C3 alongside hydroxylation at C1. The excellent 
diastereoselectivity observed for 44 further highlights the stereospecific nature of the translocation 
and the intrinsic bias governing TEMPO capture. 
 
As a control, treatment of 1c with Mn(OAc)₃ alone in the absence of a radical trap produced a 
mixture of olefins 45′–45′′′ in a 1:1.2:1.2 ratio, consistent with the intermediacy of a tertiary 
carbocation (45-int) via oxidation of the radical intermediate. These observations support the 
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coexistence of radical and ionic pathways, dictated by the reaction conditions. This dual 
mechanistic manifold was further illustrated using substrate 46: standard conditions delivered the 
translocated product (47) selectively, whereas omission of a radical trap led to spiro-lactone 48, 
arising from an oxidative radical–polar crossover via carbocation 48-int48. These findings 
demonstrate that Mn(OAc)₃ can access divergent outcomes through controlled engagement of 
either radical or ionic intermediates. 
 

 
Fig. 6. Mechanistic studies. (A) Computational analysis supporting the experimentally observed selectivity for 
transannular migration. (B) Intermediate-trapping experiments that uncover a previously unexplored mode of 
translocative hydroxylation in saturated carbocyclic frameworks. (C) Evidence for a dual mechanistic manifold with 
Mn(OAc)3. Density functional theory (DFT) calculations are detailed in Supplementary Information, Section 15.2. 
 
In summary, we have developed a decoupled, position-controlled strategy that enables 
transannular migration of aroyl groups within saturated carbocyclic frameworks, providing direct 
access to otherwise elusive 1,3-disubstituted architectures. By decoupling Norrish–Yang 
photocyclization from downstream oxidative cleavage through a neutral bicyclic intermediate, this 
strategy circumvents kinetic limitations that have historically precluded 1,3-translocation and 
allows controlled skeletal reorganization under mild, operationally simple conditions.	The unusual 
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compatibility of Mn(OAc)₃ as an oxidant with a thiol reductant—without mutual quenching—
allows independent and programmable reactivity, unlocking both radical and ionic manifolds from 
a common intermediate. This design unlocks multiple mechanistic pathways and provides broad 
applicability across diverse saturated frameworks, delivering 1,3-disubstituted products with 
precise positional control. Beyond enabling 1,3-translocation, this platform offers a general 
blueprint for translocative functionalization on saturated scaffolds. Its broad substrate scope, 
stereospecificity, and adaptability support ring expansion, scaffold hopping, distal 
functionalization through iterative translocation, and precise editing of chiral molecules. 
Collectively, these features position this strategy as a powerful tool for three-dimensional 
molecular editing, with clear implications for drug discovery and the design of functional materials 
where spatial control of substituents is paramount. 
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