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Abstract
Over the past decade, visible-light-mediated energy transfer (EnT) catalysis, particularly triplet-
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triplet energy transfer (TTEnT) catalysis, has been applied to diverse organic synthetic transfor-
mations as a mild and environmentally friendly approach. Compared to photoredox catalysis, which
typically requires sacrificing electron acceptors or donors to complete the catalytic cycle, EnT pho-
tocatalysis generally operates with high atom economy while minimizing waste byproduct for-
mation. Furthermore, successful photoredox catalysis relies on precise control of the redox poten-
tials of photocatalysts and organic substrates, whereas EnT strategies are primarily governed by
triplet energy matching between these components. Given the growing significance of EnT photoca-
talysis in difunctionalization reactions for organic synthesis, this paper systematically reviews ma-
jor advances in EnT-facilitated difunctionalization of alkenes via o-bond radical cleavage over the
past five years.
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Figure 1. (A) Photoredox catalysis; (B) Energy-transfer photocatalysis (photosensitization); (C) Dexter triplet-triplet energy
transfer; (D) Direct excitation and triplet-triplet energy transfer (TTEnT). PC = photocatalyst; D = electron donor; A: electron
acceptor; Sub: substrate; ISC: Intersystem crossing; So: ground state; Si: singlet state; T1: triplet state; Er = triplet energy
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Figure 2. Energy-transfer acceptors covered in this review
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Figure 3. EnT-enabled alkylimination of alkenes with alkyl carboxylic acid oxime esters
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Figure 4. EnT-enabled continuous-flow carboimination of unsaturated carbonyl compounds with oxime esters

[ 4. EnT R #B9IEIAFIIREL &4 5 RV E IR AR L IR B2

[A]4F, Molander B HIE | —Fh T M S TR =M OB ER@E L EnT NS LEEE
CFs- A [ A B - =9 F S A e P v P2 IX 3B 336 0792, 4 R IR (BP)VE 9 A HLGBGRI (4] 5) [27] .
TEIX — A R P R T IR 2 R, MM BE A B ASSR f CFs B BRI AL G Y e 6 1 A2 il B
TR ) = E SR E(Er = 65.5 kcal/mol)fm T 72508 1c 1 = HARER(Br = 49.7 keal/mol), [FHAR vl fE
FFUEREE B EnTHLH . that, FT%E2 R HEISOFT)HH A E T RN E©=2.4), YNH B3R
FAE C-N S8 i F2 A ke — e VEF

DOI: 10.12677/jocr.2026.141008 90 H WA


https://doi.org/10.12677/jocr.2026.141008

JIHiE R

o) Benzophenone ,
10 mol%)
GNP+ e R ( - N._Ph
RETOTRY R \/3 Acetone, RT, 16 h R? Y
Ph R 52 W Kessil lamp (390 nm) R®R* pn
1 (1.5 equiv) 2 (1.0 eq) :
R' = CF3, CXR,, alkyl ST T Tt 41 examples
: 1c (R" = CF3) ;' 29-80% yield

i Et(1c) = 49.7 kcal/mol; E1(PC) = 65.5 kcal/mol

.

Figure 5. EnT-enabled alkylimination of alkenes with alkyl carboxylic acid oxime esters
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Figure 6. EnT-enabled metal-free radical relay1,4-carboimination across two distinct olefins
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Figure 7. Multicomponent 1,n-Carboimination with Alkyl Iodidesand O-Benzoyl Oxime through EnT and XAT Processes
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Figure 8. EnT-induced vinyl radical-mediated three-component 1,4-/1,8-carboimination across alkynes and olefins/heteroarenes
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Figure 9. EnT-enabled metal-free amidylimination of alkenes or (Hetero) arenes with oxime esters

E 9. EnT M SR & BHIBEES HIES (R FEHM iR

15 2024 47, B WE2s SR i A0 R = MR IR i s 18 AR B B X R aliRl, I B TXT fE At
A, SEPLT IR 2 R TR 12 BOGIE SRR et S ML 10) [33]0 4T 7E FLEEUR S8 H AT BETE Ak
Fraar=4, RUEE 7% N EnT HLEl. Wil 10 fias, 78 EnT LR, ZRIE = MORIR IS S 68 24 A
PR = W RS ORI R 3 1L, [ Al DO R AN S LB R i . B e, RS RIS — e R T
FREDOUEE b, PSR APERIE G F 2 1RAE B 2 - SRR, AR BT i R = b S ) (19 AN
20). ZHEKE, QFRKOETTAEY . PURAVE B0 OHEE, TEZ RN R R R Y. Z5k
Xof - N-Boe {37 05| R 28 - kg 5] 1 B A i 52 4

DOI: 10.12677/jocr.2026.141008 93 HHL A5


https://doi.org/10.12677/jocr.2026.141008

R R2
>
N* 2 ":\‘
Q\ %L BT N=N e
002 — 19
- acetone + R R'
X
" -
NY
v R DD =
X

12
20
X =NBoc, O
up to >19:1 d.r.

Figure 10. EnT-enabled unsymmetrical diamination of alkenes and (hetero) arenes utilizing benzotriazole carboxylic acid
oxime esters
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Figure 11. EnT-enabled sulfonamidylimination of alkenesand (hetero) arenes with iminophenylacetic acid oxime esters
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Figure 12. EnT-enabled anti-Markovnikov hydrooxygenation and aminooxygenation of unactivated alkenes tuned by ketox-
ime carbonates
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Figure 13. 2,7-Br-4CzIPN-Catalyzed oxyimination, methoxycarbonylimination and amidylimination of alkenes with oxime
esters
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Figure 14. EnT-enabled radical relay 1,4- or 1,6-oxyimination across two electronically differentiated olefins
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Figure 15. EnT-enabled radical relay1,4-oxyimination/amidylimination/sulfonylimination across C=C and C=S bonds
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Figure 16. EnT-enabled 1,2-and remote 1,6-sulfonylimination of alkenes with oxime esters
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Figure 17. EnT-Mediated Tricomponent Ortho-Sulfonamidation of Alkenes, Oximes, and DABCO*(SO:).
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Figure 18. EnT-enabled thiaminization of alkenes with oxime esters
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