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Photochemical Rearrangement

LY REBEHN, - EETR

A. Polar 1,2-Aryl Migration (Semipinacol Rearrangement) B. Radical 1,2-Aryl Migration (Neophyl-type Rearrangement)
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C. Radical 1,4-Aryl Migration (Single-Electron Smiles Rearrangement)
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Photochemical Rearrangement

EtO,C Ir-F (2 mol%
Et0,C Ph ( o)

EtOAc (0.1 M)
450 nm LEDs, 12 h

1a

Entry Variations from standard conditions

1 none
2 MeCN or DCM instead of EtOAc
3 DMA instead of EtOAc

4b Thioxanthone instead of Ir-F

50 2-Chlorothioxanthone instead of Ir-F

6 4-CzIPN instead of Ir-F

2T GBREBEHN, SRR

Ph

EtO,C CO,Et
2,93%

Yield (%) Entry

98(93)7 7
97, 96 8
trace 9
97 10
98 11
60 12

Ru(bpy)s(PFe) Ir(ppY)3
Et = 46.0 kcal/mol Ey = 58.1 kcal/mol

Variations from standard conditions Yield (%)

Ru(ppy)s(PFg), instead of Ir-F N.D.
Ir(ppy); instead of Ir-F N.D.
No PC under 450 nm N.D.
No PC under 365 nm N.D.

Ir-F, E1 = 61.8 kcal/mol

. , 0
40 °C instead of light N.D.
No light N.D. Thioxanthone

Er = 63.4 kcal/mol

Angew. Chem. Int. Ed. 2025, 64, €202415495 °
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A. Gram-scale experiments

EtO,C EtO,C

Ph Ir-F (2 mol% < Ir-F (2 mol%)
EtO,C ( L | EtO,C X - /
EtOAc (0.1 M) Ph : EtOAc (0.1 M)
1a 2,80%,141g 1 22,76%, 1.15 g

5 mmol scale 5 mmol scale

B. The continuous-flow experiment C. Synthetic application

EtO,C HO
EtO,C Eh i
2 7\ /CO,Et
— Ph Ph Ph
59, 84% 0
Et0,C CO,Et Ph
2-Chlorothioxanthone (5 mol%) H
1a EtOA(; ég" :ﬁ)| 40051 nmuLEDs 2,91%,1.59g o) EtO,C CO,Et
tg = 180 mins, 0.1 mL/min 5 mmol scale Ph
EtO,C CO,Et \9\ / 58, 99%
D. Radical inhibitor & initiation experiments 54, 75%
I. TEMPO (3.0 equiv.) EtO D o
or 2 2
Il. 2,5-dimethylhexa-2,4-diene 2 0. =
EtO,C Pph (3.0 equiv.) N
EtO,C standard conditions
Ph
IIl. AIBN (1.5 equiv.) E‘E%CC i
1a \ or EtOZC CO,Et 55, 95% 2
IV. BPO (1.5 equiv.) 56, 99% 57, 81%

0,
80 °C, EtOAc (0.1 M), 12 h 4,00

Angew. Chem. Int. Ed. 20285, 64, 202415495
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E. UV-vis experiment

0.2+

R91, -5 ETB

F. Fluorescence study

350 400 450 500
Wavelength (nm)

- 1a (5 mM)
Ir-F (0.1 mM) 7x10% + —PC
—1a + Ir-F PC + 1a (5 mM)
6x10° - ~——PC + 1a (10 mM)
——PC + 1a (15 mM)
510° - PC + 1a (20 mM)
—— PC + 1a (25 mM)
= 4%10°
i
3=10°
2x10°%
1%10% 4
' v ; | 0 ' - ' .
550 600 650 700 450 500 550 600 650 700

Wavelength (nm)

G. Stern-Volmer quenching experiment

5.0~
454
404
354
u—i’ao:
25-

204

e 1)

°
y = 0.1440x +1.0469
R*=0.9985

10 15 20 25
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H. EPR experiment of substrate 1a I. Reaction kinetics for energy-transfer enabled 1,4-aryl migration and summary of rate law
PBN (2.0 equiv.)
:

b F A2 Mol) ik y = 0.6400x + 0.2310, R* = 0.9660 ]
EtOAc (0.1 M) " EtO,C ; calt . o 4 07 y = 0.0572x + 0.2594, R*= 0.9814
¢, 450 nm LEDs, 2 h . EtO,C '
; : ' o032 L
\ vOE 505
i - ~ 030 4 E
| standard ' § 8041
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: : lé 0284 g‘ 034
! : a2
5 Ph e It
2% !.:53 5:“ ;ﬁ 136 ;, %8 %0 }10 : : 0.025 0.050 0.075 0.100 0125 0.150 0175 "0 "5 7 2'0 : 2'5 ’ 3?0
megnetic feld (nT) 5 F E C(1h) /M e ok
Ay=138mT, A4=025mT ‘ '
S ——— a3 C%E‘ : Rate law: rate = k(1][Ir-F] k = 0.45 M-'min"*
“tt b e e '
1
| R
Neas natization \ Rearomatization R2 x
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Ir-F {1 mol%)

XA
MeCN {ﬂ.1 M} NC Ph

450 nm blue LEDs

RT, 16 h 40-54
O,
ne” V “Ph NC Ph
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NC Ph
46, 92% 47, 98%
“ O
"W
51, 88% 52, 96%

HCV
NC Ph
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?{M
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H—ak5n Photochemical Rearrangement

2 GBEBEHN, - METR

® D. UV-Vis experiment ® E. Fluorescence study ® F. Stern-Volmer quenching experiment
0.05 mM Ir-F
0.40 0.05 mM Ir-F + 1.25 mM 1a 40
. 1.0mM 1a — 0.05 mhM Ir=F + 2,50 mM 1a 1a .
D"”"-; —— 0.1 mM Ir-F 1500000 ,.'\,.\ 0.05 mM Ir-F + 3.75 mM 1a 3.54 -
0.304 % —— 0.1 mM Ir-F + 1.0 mM 1a ' 0.05 mM Ir-F + 5.00 mM 1a ~
\ |\ 0.05mMIrF + 625 mM 1a 30{ y=02079x+09762 ~
0.25 ——— \ R®=0.9983
; = 254 4
§ 0.20 g 5
g P
0.15 E 204 P rd
500000 -
0.10 15- >
0.05 e
—— 10F
Dm = T T T I T T T L D T T T
400 420 440 480 480 500 520 540 400 500 GO0 T00 i} 2 4 [ ] 10 12 14
Wavelangth (nm) Wavelength (nm) C (mM)
® G. Proposed mechanism ‘I
o R
e 5-exo dig cyclization  Ri p-scission Ll
*p R, R, > R, Y —_— o .lﬂ
R, | ] R3 2 m 3

Energy-transfer

R, - o R, ISC
= U\ )v(_ radical recombination | o
- Rs Rs
R, ! Rs R;Y Ry v

Ir

J. Am. Chem. Soc. 2024, 146, 18210 **



Photochemical Rearrangement
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A: Seminal work: photochemical di-m-methane rearrangement B: Previous work: di-m-ethane rearrangement via EnT catalysis
Mau PhT Ph Me M R, EnT catalysis Ry CN
® Ph ve | Ph Ph M - ).v(_ Ry ><}
ph—{ = > "'EA‘)_(!' Rz L7 B3 450 nm LEDs R,Y R, R;
Ph Ph Ph Ph R;
Ph Ph

C: This work: photochemical rearrangement of isonitriles via EnT catalysis

Nat. Commun. 2025, 16, 9417



Photochemical Rearrangement

CRETIOR S Ligod VA A A

U Thioxanthone (5 mol%) Etnzl: CN Br Br
.
Et0,C Ph G G
7 Co,Et MeCN (0.1 M) E"ﬂ:’:
1a 405 nm LEDs, RT, 12 h 2,91%

E-:-sm "r
E¢ (kcalimaol) = 43.6

Entry Photocatalysis Yield(%) ® Entry Variations from standard conditions
18 Eosin Y {2 mal%s) 0 7 PhCF4/EtOAC/DCE
2% Ru(bpy)sPFg (1 mol%) 0 8 DMF/DMSO/THF
b Ir{ppyiz (1 mal@) 29 = 0. 1mol%%M moel¥%2 mal¥ of Thioxanthane
4k 4CzIPN (2 mol%) 10 10 &4 reaction time 1 h/6 h/9 h
5b Ir-F {1 mol%) 82 11 no PC
G Thioxanthone (5 molls) Y 21 12 nao light

Fig. 2 | Rational design and optimization. Reaction condition. 1a (0.2 mmol),
Thioxanthone (TXT, 5 mol %), and MeCN (2 mL, 0.1 M) at room temperature under
30W 405 nm LEDs with a cooling fan for 12 h under N,. @ Isolated yield. ® 450 nm

Ru(bpy)s(PFg)
Er (kcalfmol) = 46 Eq (kealimol) = 58.1

Yield(%)®

93/80/90
G8/88/27
G722
27/89/92
]
0

Ir(ppy)s

4CzIPN
E; (kealimol) = 58.3

F —
FsC PF
I |PF]

Et (kcal/mol) = 61.8

Thioxanthone
Er (kzalimol) = 65.5

LEDs are used instead of 405 nm LEDs. € PhCF; as solvent. ¢ Thioxanthone (TXT,
1 mol%) was used as photocatalyst.

Nat. Commun. 2025, 16, 9417 4
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EtO.C CHN
EtO,C CN EtO,C CN
EtO 3
EtO,C |' NBoc EtO,C 2C /
p
14, 70% 15, 60% 18, 41%2
Et0-C CM
Et0,C CN Et0,C CN EtO,C, CN 2 EtO,C CN
EtO.C 8] EtO,C
‘ | Et0,C EtO,C o Emgc)\/%
NBoc
19, 70% 20, 43% 21, 50% 22, 69% 0\) 23, 51%
EtO,C CN EtO,C CN EtO.C CN
EtO,C CN : EtO,C CN
EtO,;C EtO,C
EtO,C 1 Et0,C EMW \:-.\ : ""::‘
o F FaC ,u i
24 44% 25,58% F 26, 48% 27, 70%* 28, 41%°
Et0,C CN EtO,C CN
EtO.C CHN
EtO;C EtO,C
Et0,C Max:ﬂ,lule
u H
from L-Citronellol GWME from Vitamin E o] from L-Menthol o O
29,82% © Me Me 30, 75%7 31, 85%
Me

Nat. Commun. 2025, 16, 9417
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Et0,C CN Et0,C Fh ' Ph CN Ph Ph
>\/(_ and )\/(_ ] V_ and )\[
Ph Ph CN Ph E Ph Ph CN Ph

35,50%2 1.5:1 dr  35', 39%", 21 dr ° 36, 53% 36, 34%
Ph :
Mo Me Ph ' jk)l\ i
1al 1am
"'h)v(—c" i \:;::.v('“” 5 EtO;
Me Ph Ph !
39, 92%° ; 40, 81%°9 :
eeeeean S S . R RSIOITONY STRRERDRI
! F
Me . Me NC | NCF
Ph | Et0,C
Ph Ph Ph PH Ph Pl Ph E COzEt
1ap 43, 87%, 1:1 dr ; 1aq

EtO;C

EtO,C Ph E Ph] Ph

Ph ! h
1ah ] 1ai

]

CO-Et
NC ©: " Et0,C CN
Ph__ Et0,C LK_
cosEt ’ "I‘\c/\ﬁ " e’ L'en
far 45, n.d.

o i r&
iEtD;C COLEt CO,Et EtO,C

gt
Ph Ph

1aj

|

PI'I)\/<—CN
Me Ph

37,85%, 1.4 1 dr

NC

1as

AN
Et0.C Ph
™ H

1an

A
Ph Ph
H

1ak

|

Ph CN H Ph
YA e SA
H Ph CN Ph

38, 15%° 38", n.d.

Et0,C cN
= A
E10,C” V CO.Et
46, n.d.

Nat. Commun. 2025, 16, 9417
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NC TXT (1 mol %) pn FPh
/i'\/\"';’\ " Ph=~
Ph Ph PhCF; (0.1 M) ‘_\[_l> cN 7
405 nm LEDs
4Ta m,9h trans-48, 48%
Entry Variations from standard conditions  Yield(%)? dr
1 1 mol%%2 mol%/S mol% of TXT STIE0/E0 51
o b Ir{peyls 13 a1
g b 4CzIPN 22 a1
4 be Ir-F 56 51
5° TXT-CI 57 5:1
6< TXT-iPr 60 &1

4CzIPN Ir-F
E+ (kcal/maol) = 58.3

Ir(ppy)s
E; (kealimol) = 58.1

Er (kcalimol) = 61.8

Photochemical Rearrangement

Ph

LE SR

cis-48, 9%  trans-48 — cis-48 '
dr=5:1 (CCDC 2417730) (ccDe 2419059) M

Entry Variations from standard conditions Yield({%)? dr
76 MeCN 71 6:1
8¢ EtOAC 53 4:1
g¢ DCE 54 51
10°¢ DMF 10 4:1
11°¢ DM30 a1 21
12 ¢ Acelone 58 7

TXT-CI
Ey ikealimol) = 62.8

TXT-iPr
Et (kcal/mol) = 63.7

TXT

E (kcalimol) = 65.5

Nat. Commun. 2025, 16, 9417
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A. Epoxides are important chemicals and used in multiple fields C. Di-r-methane rearrangement (Zimmerman et al. rearrangement) - well established

o} 0 Ph

[O] O 0 A - 7
S e AN /‘Q Ph
:>=& :7&% Me Ph Ph N Ph <P
M ethylene oxide M propene oxide M styrene oxide LI‘K=< = Ph /- - Me
Me Ph Ve Ph | Me

Ph
B Versafile inftermediates M Drug candidates B Polymer industries Me M Me Me Ph Ph
e _

D. This work: a photochemical rearrangement approach for epoxide synthesis

B. Difunctionalization of unactivated alkenes enabled by EnT Catalysis - Glorius

B Oxa-mr, o=-Methane Rearrangement

Ph
0o Thioxanthone /L} N EnT catalysis N o M Epoxide Synthesis
Py (5 mol%]) oA | > \ﬁg B Amino Group Migration
R™X + Rio n’NYFh - )\,D oR' o] p Tig
L visible light R hid R @ R M Energy Transfer Catalysis

J. Am. Chem. Soc. 2025, 147, 16248 *°
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G EREBEAER 1, o-FIREHARTFRLAY
;”h‘Ph TXT (5 mol%) ph_{h O : | ,%2+

M
Br Br u
|"|'| - N 0 G G : N” ,I,l N )
MeCN (0.067 M) ‘7u .
FHJ\/D 390 nm LEDs, 12 h PH HO s OH | P )
1a 2 Br Br 2| PFy
Eosin Y (45.4) Ru(bpy)s(PFg)2 (46.0) fac-Ir(ppy) ; (58.1)

FiC

Entry Photocatalyst Er (kcallimol) g, ,MYM1(y) E,,MM1(y) Yield%) Entry _/aratdons Mom — yioiqe) |

1 Eosin Y 45.4 +1.18 -1.60 N.D. 7 EtOAc /PhCF4;/ DMSO 78 /66 / 60
28  Ru(bpy)s(PFgle 46.0 +0.77 -0.81 M.D. 8 MeOH /| THF /DCM 60 /46 / N.D.
38 facdrippy) s 58.1 +0.31 -1.73 44 9 Toluene
4 4CzIPN 61.6 +1.43 -1.18 15 10 OMF
5 Ir-F 61.8 +1.21 -0.89 70 /90° 1 without TXT

Y
6 TXT 65.5 +1.18 -1.11 99 (B4)° 12 without light

Reaction conditions: 1a (0.2 mmol), phntocatal}rst (5 mol %), a.nd MeCN (3.0 mL, 0.067 M) at room temperature under 10 W 390 nm LEDs with
a cooling system for 12 h under N,. “2 mol % PC was used. “450 nm LEDs were used instead of 390 nm LEDs. “Isolated yield.

J. Am. Chem. Soc. 2025, 147, 16248 *°
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N O
NS NP N 0O N O N O
BocN (BI_A
I“I. o i —
{_:: [ *g
% )
N \y X \
36, X =0, T4%
30, 76% 31, 55% 32, 94% 33, X =5, 41% 35 60% %=0,
34, X =0, 45% 37, X = NBoc, 68%

2 o N5 N O N O D o
ey 5 / /
R ! E«/':' Me PhO
38, R = CF, 75%

38, R =Me 51% 40, 58% 41, 85% 42 489% 43 41% 44 44%
N 0
M S S
o —O
H u Oh-Qﬂ (8]
2 h
Me—k G,Jvl:a
45, 4877 46, 75% 47, 57% 48, 74%

J. Am. Chem. Soc. 2025, 147, 16248 *°
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Ph Ph
R2 J~Ph  TXT (5 mol%) Ph—{ Ph
|"|v| - N 0 N _ Ph_{\
Lo MeCN (0.067 M) YR N
R R VR 390 nm LEDs, 12 h RZR' R*
1az-1bh 53-61
N
|
0 !
Ph 0
Ph PhJﬁ/ PhJX
Et F F
1az p, 1ba 1bb P 1bc
N Aoy N O N O N O
'\ H —L N\ H %F
Ph Ph  Et Ph  Ph Ph F
Ph
53, 50% 54, 56% 55, 25% 56, N. R
" N Ph-o_ !
ph "0 ph/ﬁ\ﬁ/\/” NI_) .
1bg 60

REHSRHEHLSY

O B Epoxide Synthesis

B Oxa-m, o-methane Rearrangement
G G B Amino Group Migration
S B Energy Transfer Catalysis
TXT B Metal-free Condition
)
N |
Me N , ph” ~©
| o H
Phj\-’ﬂ Ph 0
1bd 1be Ph 1bf 0—~pe
l l Me
Me
N o N O N OHO
VAN Ph VAN Yy e
Me Ph Ph H PH H 9]
57, 65%, 3:2 dr 58, 26%, 58% ee 59, 52%, =>20:1 dr

it et

JAm Chem Soc 2025 ]47 16248 21
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A. Gram-scale experiments ' B. Synthetic applications OH
! BucHHA‘|/\N“"Q;} i"
! BocHN—, OH Ph =y Bh "/\?(DH
Ph Ph | 'Y—\s _{,” 65, 50% H me Ph
) A~ph TXT (5 mol%) ph—‘gﬂ . F:E S A 63, 76%
= I ] "“_ e
MeCN (0.067 M) Al e | et
L8] i - b
Ph 390 nm LEDs, 12 h PR Ph
I d Ph
1 2 ~e -
4 mmol 11g,87% N 0
:EucHH/\I/\C©_._E_g_ N\ a —= NH O
Ph 2 Ph
: 67, 65% I | P62, 63%
D. Radical inhibitor & triplet energy quenching experiments E " -~ i c
| ol " Ph +
[ OH A\ Ph P
. ! Ph M
TEMPO (5.0 equiv.) : E‘“"'"/\I/\"/\W A m o o
PhTPV \ Ph—t{h Ph Lvn Ph” =N HO
i
TXT (5 mol%), MeCN N O ! 68, 57T% 69, B0% 64, 59%
J\/ 390 nm LEDs, 12 h \—/Q ' C. Coumarin-based antifungal azole synthesis
Ph \ / Ph ! Ph
2,N.D. Ph—{
2, 5-dimethylhexa-2,4-diene N O
(3.0 equiv,) | —0—0—
| F OH L
I
! F 26 'm, 54%

J. Am. Chem. Soc. 2025, 147, 16248 **
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E. Crossover experiments

geves
N

1c MeCN (0.067 M)
390 nm LEDs, 12 h

TXT (5 mol%)

—-—

+ Ph Ph

N

/@J\/l
Q
F 1u

F. The N-O o-bond cleavage experiment

Ph
o

Photochemical Rearrangement

REHSRHEHLSY

TXT (& mol%)

,_l. MeCN (0.067
Ph™ " 1b

I. Proposed mechanism

Ph)\/ l

Energy transfer
@ = 0.0326

1a

390 nm LEDs, 12 h

—N o] —MN 0
() ™ W,
4
F . F
a0% NMR yield £71,N.D
Ph
=N 0
Ph Ph
—N ©
Ph
21 Ph
Fa2e, NMR yield 2,N.D
No reaction

M)
98% of 1bi was recovered

Ph}L
Ph +—Ph
y

G, UVvis experiment

20

— da 1 mM)
—— TXT (0.25 mM)
—— da (1 mMy + TXT (025 mhay

Abg

1A

noF
380 400 420 440 460 480 500 520
‘Wawalength {nm)

H. Stern-Volmer gquenching experiment

12

10

¥ = 1. TBT0w+0.7465
i R = .8828

"

- N
nAo
Ph™" I

Ph.__Ph
g
N

- —————————————

1 o
ot

J. Am. Chem Soc. 2025, 147, 16248 **
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LY MR ERR N

(a) Top 5 most frequently used rings from small molecule drugs {b} Radical migration of pyridines enabled by electron transfer
Zhu:
OH CF350;Ma (2.0 equiv)
S HN W Phl(O,CCF;), (2.0 equnr}
N~ R
g CH4CN (0.13 M), RT HetAr CFy
@ Benzene Pyridine © Piperidine
Hong:
HN™ @ CF,SO,Na (2.0 equiv) N @
L\,NH O | o oTs Eosin Y (2.5 mol %) _ N '.T'H
. . ! DMSO (0.1 M), N, RT  HO CF O
Piperazine o] s Nz, 3
pe ® Cyclohexane S Blue LEDs
[C) Radical cycloaddition with pyridines enabled by energy transfer {d} This work: energy transfer enabled rearrangement invelving pyridine motifs
Type I:
0 o 2 /N
WMN’PHB [Ir-Fl@polymer (1.5 mol %) H, N | Energy transfer N=
- "NPMB catalysis
acetone (0.1 M) Ph.,
= o - (-<N© R A - Ar
| _N Blue LEDs, Ar, 5 h .y R r ™)
L R R
l T Type II: B Energy transfer catalysis B Di-m-ethane rearrangement
0 Energy transfer
/‘Q.)L _PMB i o | o | S catalysis =2
>0 — —_— R Ar
=N {.L =N +L=N
B Pyridine migration B Ring expansion B Radical rearrangement

CCS Chem. 2025, 7, 2721
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Ir-F {2 mol %)

MeCN (0.1 M)
450 nm LEDs, 96 h

1a 2

Entry Variations from Standard Conditions Yield (%) Entry Variations from Standard Conditions Yield (%)

1 None 87 (80)° 7 24 h, 48 h, 72 h stead of 96 h 38, 56, 71
2 No photocatalysis or no light MN.D. 8 DCE instead of MeCN 80

3 40 °C instead of light N.D. 9 EtOAc instead of MeCN 68

4 4CzIPN (10 mol %) instead of Ir-F N.D. 10 0.1 equiv TFA was added Trace
5P Thioxanthone (10 mol %) instead of Ir-F Trace N 2 equiv Gd(OTf); was added N.D.
B6° Benzophenone (10 mol %) instead of Ir-F Trace 12 2 equiv TFA was added N.D.

Reaction conditions: 1a (0.2 mmaol), Ir-F (2 mol %), and MeCN (2 mL, 0.1 M) at room temperature under 30 W 450 nm
LEDs with a cooling fan for 96 h under N-.

* |solated vyield.
2 290 nm instead of 450 nm.

¢ 365 nm instead of 450 nm. CCS Chem. 2025, 7, 2721 25
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%, Ir-F (2 mol %)
Gd(OTf); (3.0 equiv) =
N = || - L-CO,Me
MeoCT T P amiEDs.2in
41a 42, TT‘;:..dr =19:1
Entry Variations from Standard Conditions Yield (%
1 Without Gd(OTf)4 N.D.
2 TFA, Zn{OTf)> or Lu(OTf)z 45, 46, 5¢
instead of GA(OTf)z
3 Using 0.2 equiv Gd(OTf)z Trace
4 Using 2.0 equiv or 4.0 equiv Gd(OTf); 45, 55
5 Using 0.1 M MeCN 63
6 Ir-Me (2 mol %) instead of Ir-F 60
72 Thioxanthone (5 mol %) instead of Ir-F Trace
8 3 mol % Ir-F 81
9 No photocatalyst under 450 nm or N.D.
365 nm
10 40 °C instead of light N.D.
F e Me
NJ | Bu
Ir“" |
N\ tBu
PF,
F.,.“./ Mo e | P CE,

- -
» —CO,Me » - CO,Me cuzm .:.-_-.z“.
N — N |
MeO,C 49, 68% Fi€ 50, 98% F,CO 52 74%
Ph -\
[ [} ®
= L—CO,Me = =
N - L | \ — - N ~T=C0:Me
: hr. Ph th'
O O
55, B4%
54, 64% X-ray structure 41n !
of 54 (CCDC 2382481)
- -
| 7 —CO,Me | W —CO,Me cnﬂm

o —Me
-
N/ 57,87T%
M &f

Me
| 0
=" 1]
h _,,.,-\
|
-

Me

58, 72% 59, 78%

CCS Chem. 2025, 7, 2721
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(a) The continuous-flow experiment & gram-scale experiment

/N
A ] -
N I P
Z Ir-F (2 mol %) EtO,C CO,Et
% MeCN (0.1 M), 450 nm LEDs

tr = 225 mins, 0.08 mL/min 2,1.3 g, 75%, 5 mmol scale

(b) Gram-scale experiment and synthetic application

N Ir-F (3.0 mol %) | 2R S

: N
N E

Ph MeCN (0.05 M) Ph THF (0.05 M), 0°Ctort, 4 h :

M.ozc 450 nm LEDS, 24 h 42. 78%. dr > 19:1 Ph
; Ao A 63, 77%, dr > 19:1

12g
41a, 5 mmol 08g
(C) Radical inhibitor & initiation experiments
I. TEMPO (3.0 equiv)
or

Et0,C I1. 2,5-dimethylhexa-2,4-diene (3.0 equiv) 7\

Ill. AIBN (1.5 equiv), MeCN (0.1 M), 80 °C

or
IV. BPO (1.5 equiv), MeCN (0.1 M), 80 °C EtO,C COEt

Ph =
EtO,C I S standard conditions N
Ph
e MeO,C Ph
1a 41a

2,0%

X-ray structure
of 63 (CCDC 2382482)

=
I N/ COz;Me

CCS Chem. 2025, 7, 2721
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[d] UV-vis experiment

(:E} Fluorescence siudy

{f] Stern-Volmer quenching experiment

4 peigt - r-F 0.1 mbdj .
Ir-F [2 msdl}) r-F (3,1 mbA] o+ 1a {125 mia)
An (00N 3810 - (0.1 ok i T {3 S0 rmlka
a4 Heacion mniurs ir-F (0,1 b {3 TS i)
BTN ir-F (0.1 k) T S0 ek [
rF (0.1 el & 1 08 28 o)
I =it 1
5 Ezu 15 Y
a3 w o i
10010 - 'il:;ll-:‘i:;;agm
Bowri
o . a : : \ o
43 i) L= =0 E 50 [ 25 o [ ' H 1 i 5 L]
Wiwmlangin [nm) Wigwlragih jnm) £ it
EtO,C
Ph
Et0,C
[g] Proposed mechanism
N
1 P
Ph
Etﬂz"-'-' { Ph
- - g — B
@ =0.0013 H S Et | N4
=
= "' @ =0.0043 1" 4 “
-
| N \ / | o7 €O Me —» w _CO,Me
“'ﬂzc F-h_ EHT _h' " L I ‘4 N = --Il
41a MeO,C N Ph i Ph 42

CCS Chem. 2025, 7, 2721 28
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Photochemical Rearrangement
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A. Radical migration involving 1,2-boron shift via SET

Studer: Me e

Aggarwal: MgBr*

Bpin
Studer:
Bpin
R! \/XBpin Q- Bpin P Bpin
3 W RI/Y\/
R2 R 1R2 R® 1.2-boron R! md‘“’ :
R R2 Bpin

shift

C. Boronic Ester Enabled [2 + 2]-Cycloadditions

O Me

@ Ar
in
BP"‘ -e° ﬁ 1,2-boron shift Bpin op \/\/B\‘O Me
© '
. - ArBpin Bpin mtdlcal ® ] ‘( ) Bpin
T,

B. Radical migration involving 1,4-boron shift via SET

)&m

—_—

R
Bpm
1,4-boron shift L
Me Me
- ee ,O‘S< Me
A—— B -~ Me

B Y -0

Bpin

D. Our design - Borylated Carbocycles Synthesis Enabled by Energy Transfer Catalysis

Monoborylated alkenes (Brown): Type I: p, s-Methane rearrangement Type li: Hydrogen Atom Transfer (HAT)/Cyclization

O/r Bpin gnt catalysls

Polyborylated alkenes (Masarwa):

Bpin

. Bpin Typel ; i
Bpin Bpin ,p I{TH Bpi Bpin Me Bpin
Bpin - 4 —" B
’ R Bpin pin
Q

EnT n H 14-Boronshift I Cyclization

Catalysis | =

B Bpin ol

4

Bpin. _Bpin gt catalysas -
“ ¢ Bpin

Ph

Type /] d R Bpin
pi 1.5-HAT  BpinMe cycjization {prpm
: ~ R ! |
Bp|n Bpln BpinM Me

Ph Vv

Nat. Commun. 2025, 16, 3724 *°
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. PC {2 mol%:) B
Bpin H —B -
U MeCN (0.1 M) AN o H-,,&{f NaOH, H,0, “A OH HN
Ph Ph + ‘ A\
450 nm LEDs Fh  Ph Fh Bpin RT,2h Ph  Ph M PH OH
1a RT, 12h 2a 2a' 3 3

Entry Photocatalyst Er(kcalimol) g, [MVWM1(yy E, MMMl {y) Solvent Yield (%) dr(3:3')

1 In(ppy)s 58.1 +0.31 -1.73 MeCN 0 0 N

NC CN
o8 4CzIPN 61.6 +1.43 -1.18 MeCN o 4]

[] N N ]
3 Ir-F 61.8 +1.21 -0.89 MeCN a7 1.8:1 N
4 Ir-Me 62.9 +0.97 -0.92 MeCN 86 1.8:1 G@

Ir(ppy)s 4CzIPN
58  Thioxanthone B5.5 +1.18 -1.11 MeCN 73 1.8:1 Ey (kcalimol) = 58.1 Et (kcalimol) = 61.6
. . . CFy | PFg
Entry Variations from Entry 3 Yield (%) dr(3:3") -
%, JBU
6 without PC, under 365 nm or 385 nm or 450 nm 0 0] h} P
7 without light o 0 NF
<

8 EA instead of MeCN 77 1.2:1 'Bu

CF; =
9 DCM instead of MeCN 76 2.11 Ir-F

Et (keal/mol) = 61.8

10 THF instead of MeCN 55 0.9:1

PFs
11 PhCF; instead of MeCN 00 (86)°  3.2:1 (2.9:1) o
12 PhMe instead of MeCN 71 1.2:1
13 DMF instead of MeCN 71 1.1:1 &
14 DMSO0 instead of MeCM a7 341

Ir-Me Thioxanthone

15 MeOH instead of MeCN Ll 2.11 Et (kealimol) = 62.9 Er (kealimol) = 65.5

Nat. Commun. 2025, 16, 3724 °°
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22 46%, 1.4:1 dr

H OH

Ph

iPr
274, 6E%, 2.0:1 dr

H OH

Ph

cll Me
329, 86%, 2.1:1 dr

H Bpin
Me Ph
2ah, N.R.

H CH

Ph

23, 78%, 1.2:1 dr

H OH

Ph

Bu
284, 60%, 1.9:1 dr

ME)&(_x
Ph Ph

2ae, X = Bpin, 87%, 1:4.4 dr
33, X = OH, 89%, 1:3.4 dr

He}A(—Epln

Me Fh
2ai, 93%

Photochemical Rearrangement

BB ENRER RN

H CH

Ph

F
24", 71%, 1.5:1 dr

Ph

Ph
209, 44%, 1:1 dr

i

Jl'-ra].r structure of 29

{CCDC 2367147)
H Bpin
Ph Me
2aj, N.R,

ST EY

Ph

Cl

2w, X = Bpin, 7T%, 1.8:1 dr
25, X = OH, 90%, 2.2:1 dr

H OH

Ph

F,CO
30, 83%, 1.8:1 dr

n-Bu OH

Ph Ph

34, 68%, 1:3.4 dr

Bpin
PPy — P
Ph

Nat. Commun. 2025, 16, 3724 °**

26%, 1%, 2.1:1 dr

31, 60%, 1.2:1 dr

Ph Ph

35° 50%, 1:2.3 dr

Ph

Ph
— Bpin
h

2ak, N.R.
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Al
Bpin Me Ar

1al-1ay

Me Bpin
0

40, 69%, 1:1.3 dr

Me Bpin
Me

457, 62%, 1:2.9 dr

Me Bpin
Bpin
OMe
0

497, 63%, 1:2.6 dr

Ir-F {4 mol‘s)
MeaCHN (0.1 M)

450 nm LEDs
RT, 24 h

Me Bpin
F

Bpin

41, 67%, 1:2.4 dr

Me Bpin

A
Bpin OQ

467, 45%, 1:1.6

Me Bpin

Bpin
CF,

FqC

507, 60%, 1:1 dr

L

Photochemical Rearrangement

G Y BRI TR,

Me Bpin
Bpin Ar
40-53
Me Bpin
Bpin
F

42, 75%, 1:2.2 dr

Me Bpin
Bpin
OCF4
479, T1%, 1:1.4
Me Bpin
Bpin
F
F

519, 64%, 1:1 dr

Bpin Bpin

40°-53"

N & LRI L &9

B T, o-Methane rearrangemant

M 1,4-Boron migration
M Energy transfer catalysis
M Borylated cyclopropane scaffolds

M Diboron architectures (14 examples)

Me Bpin
Bpin

F
43, 60%, 1:2.7 dr

e
VA
o

X-ray structure of 47
(CCDC 2367148 )

Me Bpin
F
Bpin
F

527 60%, 1:1.6 dr

Nat.

Me Bpin

Bpin

Cl
449, T0%, 1:1.5 dr

Me Bpin
Bpin
CF,
48, 67%, 1:1.2
Me Bpin
Bpin
F
F F
53, 68%, 1:1 dr

Commun. 2025, 16, 3724 *°
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Bpin Ir-F {4 mol%) Bpin Bpin
| _Bpi _ B M Boron mediated HAT/eyclization
E‘.|.'uir'|j\)‘L Ph MeCN (0.1 M) - pin + Pin M Energy transfer catalysis
R 450 nm LED= Ph* Me** M Borylated cyclobutane frameworks
1az-1bh RT, 36 h Me R Ph R M Diboron architectures (9 examples)
4z 54-62 54'-62"
\ Epin Bpin Bpin Bpin
FPE";IH —Bpin Bpin _Bpin _Bpin
Ph" Ph* Ph'] Ph* Ph
Me i R Me / = Me Me / R Me I 3
o = = =
OCF, CF4 F Cl
54, 48%, 1:1.1 dr §5, 53%, 1:1.2dr 56, 64%, 1:1 dr 57, 68%, 1:1.7 dr 58, 65%, 1:1.4 dr
) Bpin
Bpin EF;“ ) Bpin
: Ph"" pin . | ' Bpin
Ph'] T, Me ~ R~
Me I," N - Ph] —
= OMe 5 . Me
CN o

59, 65%, 1:1.7 dr

60, 51%, 2.2:1 dr

61%, 47%, 1:7.7 dr

X-ray structure of 61°
(CCDC 2367149)

62°, 55%, 1:2 dr

Nat. Commun. 2025, 16, 3724 **
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E. Light on-off experiments
B0 -

Ir-F (2 mol%)
PhCF (0.1 M)
| 1a = 2a + 2a' . ;
— 450 nm LEDs . :
E 60 - RT, 12h : : : F. Deuterium Labeling Experiment YT
3 S N : :
+ S R o " Ir-F (4 mol%) E':;"i Bpins Ph
& I Dy I"pn MeCN (04 M) pin
" " ' ' n Fhl 1 I |D .
5407 : S Ph " 450 nm LEDs o *  Ph—f, ‘“—Bpin
o : T R RT, 75 h 5 D
5 ; A 1az-D, 76, 30%, 1:1.6 dr 77, 28%
i . . . ' : H
= 20 ' : i ; : ; G. UV-Vis experiment H. Stern-Volmer quenching experiment
4 . ' . ' : .
I:l L F ; ¥ F '; ! ¥ FI e 1‘ r
0 2 4 B 8 10 12 14 16 18 20

Nat. Commun. 2025, 16, 3724 **
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a} Catalyst-dependent Divergent Synthesis b} Reaction Conditions-dependent Divergent Synthesis
— w : Product —» ' Product
-~ : a J s : A :
Starting Starting Condition A
Material Material
~ . Product | “\ ! Product |
-1 B : —_— B :

Condition B

C) This Work: Time-dependent Photochemical Rearrangement

B Time-dependent Reaction

B Divergent Synthesis

B Photochemical Rearrangement

B Energy Transfer Catalysis

B Functional Group Translocation
B Fluorinated Strain Ring Synthesis

EnT Catalysis , - . F. F L o~ . EnT Catalysis

— O DO
Reaction time
Iy L

Angew. Chem. Int. Ed. 2025, 64, e202516222
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o
TXT, R=H
2-CF4-TXT, R = CF, O O
2-CI-TXT, R = CI

TXT (5 mol%)
- BP
s MeCN (0.1 M) 2-/Pr-TXT, R = iPr

390 nm LEDs, 12 h

N

t-B

" MeO NC CN
Variations from standard "H NMR Variations from standard "H NMR “N N

Entry conditions Yield Entry conditions Yield _

1 none 99% (90%)?) 7 2-CF3-TXT (5 mol%) 76%

instead of TXT

2 no photocatalyst under N.D.% 8 2-CI-TXT (5 mol%) 88%
365 nm or 390 nm instead of TXT
3 80 °C instead of light N.D.P 9 2-iPr-TXT (5 mol%) 91%
instead of TXT
4 4CzIPN9 (5 mol%) N.D.P) 10 385 nm*® instead of 390 trace
instead of TXT nm
5 Ir - F9) (2 mol%) instead trace n 385 nm¥ instead of 390 97%
of TXT nm
6 BP9 (10 mol%) instead trace 12 405 nmé instead of 390 trace
of TXT nm

Standard conditions: 1a (0.2 mmol, 1 equiv.), TXT (5 mol%), MeCN (0.1 M), 390 nm LEDs (0.55 W cm™2, T = 60 °C), 12 h. 2 Isolate yield. ®) N.d. =
not detected. <) 450 nm (0.15 W cm™2, T = 40 °C) instead of 390 nm (0.55 W cm™2, T =60 °C). 9 365 nm (0.12 W cm™2, T = 40 °C) instead of
390 nm (0.55 W cm™2, T = 60 °C). © 385 nm LEDs (0.11 W cm™2, T = 40 °C). " 385 nm LEDs (0.54 W cm™2, T = 60 °C). & 405 nm (0.15W cm™2, T

=S s ot e Wicmis o0 Angew. Chem. Int. Ed. 2025, 64, e202516222 *°
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t-Bu t-Bu t-Bu t-Bu t-Bu
F CO,Me F CO,Me F CO,Me F CO,Et
Fy A—A-co,Me Fj \—/-CO,Me F} A—/-cOMe F} A\ /-COEt
OMe
F
FiCOg 719 yiela® Me0:C 7 6ag yield® 8, 74% yield® 9, 87% yield MeO 49, 859% yield

Cl MeO

F
F CO,Me F CO,Me F CO,Me F CO,Me F CO;Me
F 7/ ~CO:Me F 7~CO:Me F} A -co,Me F 7/~ CO,Me F 7~CO:Me

PR 11, 97% yield

F,CO

F CUQME

F~}—7~co;Me

o

Ph
16, 77% yield

PR 12, 99% yield

cl

F CGEME‘

F—}—7—CO;Me

&

Ph
17, 80% yield®

Ph 13, 73% yield

Q OMe
F CU;HG
F 7 CO;Me

Ph
18, T0% yield

Angew. Chem. Int. Ed. 2025, 64, e202516222 37

Ph 14, 78% yield

OMe

F CﬂzME

F 7~ CO;Me

&

Ph
19, 77% yield

PR 15, 95% yield

OMe

MeD

F CGQME

F 7~ CO:Me

&

Ph
20, 56% vyield?
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MeOQ
TXT (5 mol%) Q v
- AR
MeCN (0.1 M), 12 h + COo;Me
390 nm LEDs O
D 278
Variations from standard Variations from standard "H NMR Yield
Entry conditions TH NMR Yield (27A:27B) Entry conditions (27A:278)
1 none 10%6: 62% 7 no photocatalysis under N.d.9)
365 nm
2 4CzIPN? (5 mol%) instead of 5%: 38% 8 80 °C instead of light N.d.9
TXT
3 BP® (5 mol%) instead of TXT trace 9¢) EA instead of MeCN 0%: 84% (80%)°
4 Ir-F2) (2 mol%) instead of TXT 0%: 90%(88%)°) 10°) THF instead of MeCN 0%: 69%
5 no light N.d.9 n? 6 h instead of 12 h 0%: 88%°)
6 no photocatalysis under 450 N.d.9 12°) 1 hinstead of 12 h 819%°): 0%
nm
PFg
tBu o
NC CN
o )
| G : 8’ L0
o CLC
s
Ir-F % 4CzIPN ™T BP

Angew. Chem. Int. Ed. 2025, 64, e202516222 38
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F.F

MeO,C

36A, 93%

t=15h| 38A, 93% yield e

40A, 60%

Angew. Chem. Int. Ed. 2025, 64, e202516222 *°
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B.:I The continuous-flow experiments and synthetic application

Ph
o O
Me0,C—A=
MeO,C
C Ir-F (2 mo%) 261 Ir-F (2 mo%)
32B, 78% D MeCN (0.1 M), 450 nm LEDs MeCN (0.1 M), 450 nm LEDs

tg = 360 mins, 0.05 mLimin tg = 90 mins, 0.2 mLimin

b) - Radical inhibitor experiments and rearrangment of 26f

I: TEMPO (3.0 equiv.) X-ray structure of 41

CCDC 2430977
ot A LiAIH, (2.0 equiv.)
MeO,C e THF (0.5 M), rt, 4 h
32A, 0%
.
Il: 2,5-dimethylhexa-2 4-diene

(3.0 equiv.)

Angew. Chem. Int. Ed. 2025, 64, e202516222 *°
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c) Stern-Volmer quenching experiment of 26f d) Radical inhibitor experiments of 32A
eF (01 M Ph <
beP (01 ) + 208 (1 25 ) I: TEMPO (3.0 equiv.)
1 IeF (O ) My 26802 50 M W -
eF (01 M)« 2800075 miM)
Remirin: Seas e O <
pa—y beF (01 M)« 280 (7 50 M)
3 . Me0,C—A\—~F Me0,C
— MeO,C |\ F ~ MeO,C
32A >
S N T o~~~ g -~ Q Il: 2,5-dimethylhexa-2,4-diene
Waveiongth (rm) U e : (3.0 equiv.)
€) Stern-Volmer quenching experiment of 32A f) The formation of 32B from 32A
Ir-F (2 mol%), MeCN (0.1 M)
::m 25w 450 nm LEDs Ph
B pond (1.31 Wicm?, T = 60 °C)
P + 328 (125 wit t=12h
g 5

yrosrom
A =gty

lllllll

© (i

Condition B

w/o Ir-F, 0%
w/o light, 0%

32B, 80%

Angew. Chem. Int. Ed. 2025, 64, e202516222 **
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cn,m
.
?-am 5[ --r WM& cn\zu.
F;waﬂ_ﬂﬂ*j:—f Ring close
- _—
_&_lj_'l_.--' "-;i'u'lﬂ Relaxation
e ]
M3
jl:ﬁ Mal
B FF
Lf«" Aryl migration Ring cloze
—_— B
. r%_,l CoOyMe Relaxation COzMe
[;ﬁ" | b _IF'| cg Me e EU;HI
YimMz-3x — 7

{ Photoexcifed

Photoexcited
OMe
A
um,: )
,[:j/mgm ]@[ - COMe
@L” £ EOMe
i TiMz-3x |

Angew. Chem. Int. Ed. 2025, 64, e202516222 **
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LY B EHR,

N SEER B (B MR 1 & L& X

U)— Free energy profile of the Path A

62.2
Triplet {56.3) 60.8*
AG Singlet x; 81 "a_' __ Ia7a
51.2 ’ " 54 0° d
{kealimal) ' . 0" g
f.-‘:ﬁ—'sf-f' 50.7 M3 ;
2&' ; LY . - - X _.-"
SN L I
J : | o 5
oM w2 383 .
I MeO;C COzMe ] -
/ e i i CoaMe 36,502 M3 \
/ \f' \llf = meo— . o
o, F o = '
F g .
.'l-: I‘I
'28a Hm2 '
! %
/ [
i ! | F
i I'u
1264 {U)MOB-2X/aug-cc-pVTZIIMOE-2X/6-31+G(d), SMD(CH,CN)
0.0 127A
(0.0} 3.0
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C) Free energy profile of the Path B
OMe 1 — s - OMe —b
Triplet |
AG Singlet
(kcal/mol) g ol
_4—CO,Me (
. . ; CO,Me
[, cO:Me : o CcO;Me
w~o-F 2 FF
IT§1.3X OO F n 3152-3X 3IT83-3X
| S— 3 5 72.8*
782 TS1-3X —— ’IMi ix‘
;882 s, \
3 Ym2-3x / s 31833
R '59.9 OMe SO YM3ax.--TT 58.2 s,
A\ , S . AImMa-3x -7 o7
', Dissociation 55.6
pE— \
f 471 MeO \
OMe O
/ CO,Me e
| | \
'Y’kco,m \ MeO
\‘ - F F S
“ | ; \ F
! MeO,C” " "CO,Me -~ 1M4-3X Y
' OMe
¢‘ ‘ F /I'
g . 0
f“ "im2.3x, OO cgoéu.
f \ ) Me
g .“ 60 F F
- 0.0 ‘ (U)M06-2X/aug-cc-pVTZI/IM06-2X/6-31+G(d), SMD(CH,CN) 'IM2-3X

Angew. Chem. Int. Ed. 2025, 64, e202516222 **
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a) The Dowd-Beckwith reaction enabled by (SET) mechanism b) Photoisomerization of acetophenone oxime derivatives
.OH
0 x 0 N HG“N
SET d uv
R R
¢ K condition ar
CO,Et CO,Et P @)L
(E) e 427 nm (Z)
0 T '
1 | OoH 17
CO,Et CO,Et F"h"nj"' R

c) This work: Oximes skeletal editing via photochemical rearrangement enabled by energy transfer catalysis

B Radical Ring Expansion
3 o N B Two Carbon Insertion

N N
= |
IH i EnT Catalysis _4exo-trig _ | B-scission I}‘ \ Energy Transfer Catalysis
"O N _O O —_— e -O B Photorearrangement
X () X \.-‘ZC) cyclization b \"6 W Visible Light Condition
m

M Diradical Mechanism

B Aza-di-rr-methane Rearrangement
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CAS

4

R SUE

4, 85%, Z/E = 1.41

fﬂH
)

9, 78%, ZE=1.41

OH
N.f"

\
CrCrom

12, 65%, Z/E = 1.4

¢ R AL T I

RO, Ir-Me (2.0 mol%)
- -

®< Ar MeCHN (0.1 M)
CO,Me 450 nm LEDSs, 24 h

3

LOH OH

N N

co;Me co,Me

5, 82%, Z/E=1.41

CO;Me

X-ray structure of Z-9
CCDC 2447765

QH
N
Q-—@—Ph

cO,Me co,Me

13, 67%%, Z/E = 1.5/1

M)_ZQ. |

Photochemical Rearrangement

A EHESCIRIA 3K S AL

M Radical Ring Expansion

B Aza-di-m-methane Rearrangement
‘ H Two Carbon Atom Insertion
M Energy Transfer Catalysis

c.;;z”e B Photochemical Rearrangement
.30 M Visible Light Condition
OH ;*DH OH
N N M
\ \ \
O (O e
CO;Me CO;Me COzMe

6, 79%, ZE=1.41 7, 75%, ZE=1.5M1 8, 64%, Z/E=1.31

’J_DH

N

|
C-eom

cO,Me

OH
":‘

\
O

CO;Me

X-ray structure of E-8

10, 76%, Z/E =1.21 11, 50%, ZE=1.21

CCDC 2447766
OH OH OH
N N " N
| | B \ F
N\ \ N
O FO OGS
cO,Me co,Me CO,Me

14, 63%, ZE=1.21 15, 73%, ZE=1.3M1 16, 67%, Z/E = 1.41

Angew. Chem. Int. Ed. 2026, 65, 20490
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G FERU MBI R A= n - E RS KR R

OH OH OH
OH OH
N N’ﬂ ’f s &
| \ N N
. i‘\ \ h
oY e, ¥ ) )
o o / /
Me
S “—CF; o H?\;_: é xﬂ————-* CH,OMe CH,0Bn
42, T1%, Z/E=1.31 43, 64%, ZE=1.31 44, 80%, Z/E = 1.5M1 45, 56%0-t Z/E =351 46, 55%,0he) Z/E =3 5/
OH
OH &
OH # N
& N \
N \
| | O
(] \'ﬂ. I.l'II. ME
o oo aY -
G\_’J‘Z Mﬂ Q

CO,Et
co,Me co,Me _Q.nma 0
i-Pr
Me

47, T6%, ZE=1.41 48, 63%%, ZIE = 2.0M1 49, 43%9, Z/E=1/1.2 50, 60%%Y, Z/E = 1.4/ 51, 63%9 Z/E = 1.3/
e @ - e e e e e e e e e e e e e e e = e e e e e e e e g
HD‘H HOWM

: | 4 —Ph

: COM N—ph -.—pmp

E e 'E'DEME cGzMﬂ cOM

: CO,Me Zne cO,Me

: 3aw

i Four-membered transition state 52, ND E Five-membered transition state 53, ND
________________________________________________________________________ B - - mmm o m e e e e e m e e e m e mm e m o m e mm i m -
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(a) Oxa-di-r-methane (ODPM) rearrangement - well established (C) This work: Oxa-di-r-ethane (ODPE) reactions enabled by triplet EnT
. Type I:
o] (4] o ] P
[ . :
N = X—C( Wy —e— Ty
-
Triplet energy transfer {:}
{b} Oxa-di-r-methane [ODPM) rearrangements in synthesis o o
0
Me * -
|
Mo OMEM omMEM I O e
300 nm H Me 200 390 nm - |
—_— : e I I m
72% 0 96% }
J z H Me N Me Me
o B Demuth H Me ™ Maimone® g Type Ii:
v 0 0
—0—
r Alloc X Triplet energy transfe X
X r Alloc riplet energy r
) Etmec-N  300W g_- \
Sunlight Hg lamp 0
72% . T oo o Hy 0 -
51% o | o
Me L —_— —_— »
Me H Wu o H Ding H X v X v X Vi

CCS Chem. 2025. DOI: 10.31635/ccschem.025.202506417 *¢
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Qﬁ

N
Bu NC CN
2-CF3-TXT (5 mo %)
Co,M 3
o 20 - z-r.:|=3 TXT e
IH" . .
EtOAc (0.1 M), 405 nm, 12 h N N
N
2,91%
(dr > 95:5)
Thmxanthnnu 4czIPN
Entry Photocatalyst E; (kecalfmol) Yield (%) Entry Variations from Standard Conditions Yield (%)
1 Ru(bpy)s(PFg)s 46.5 <5 7 MeCN instead of EtOAc 94
2 fac-{Ir(ppy);] 57.8 23 8 THF instead of EtOAc 94
3 ACzIPN 58.3 51 9 Mo PC under 405 nm n.d.id
4 Ir-F 50.8 9g (92)l= &l 10 No PC under 365 nm n.d.i
5 Thioxanthone 63.4 89 (82)l= <l 11 40 °C instead of light n.d.kl
L |
6 2-CF;-TXT 69.3 98 (91)la! 12 Mo light n.d. il

CCS Chem. 2025. DOI:

10.31635/ccschem.025.202506417 *°
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- s
'O NEE R N ~.
5% X X
D “co,Me co,Me “co,Me
COZMQ
19, 92% 20,64% °© 21, 94% 22, 30%
0.65 g, 88% (2.4 mmol scale)
O CO;Me

Ph

| | |

R o
s, )
)
CO,Me
R

28, R =CO;Me
25,R=H, 85% 9 97%, 50:50 dr 5
29, R = CO,Et 3
96%, 50:50 dr

26,R=CN, 95%°

27, R =CO,Me, 69% ? 80%, 50:50 dr

30, R=Ph, 79% ¢

o COEt

BOZ'“/-\//?cozizt

N\
/ N
o =
: “co,Me
23, 49%
Ph
N
Boc

|

Ph

32,83%9

9

‘co,Me

24,77% €

O CO.Et
2= _Ph

NBoc

|

Ph

o)
(\7002&
N

Boc

33, 61%, 50:50 dr 9

CCS Chem. 2025. DOI: 10.31635/ccschem.025.202506417 ~°
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2
an

BocN Ph

BocN

84, R = t-Bu, 84%
85, R = OMe, 76%
86, R = OCF3, 73%
87, R = NHBoc, 48%
88,R=F, 99%

1
R’ 2-CF3-TXT (5 mol %) 0"
MeCN (0.1 M)
ca 2
405 nm LEDs X . R
RT,10h 68-111
H ox("
o
MeO Ph
Ph MeO
74, 70%" 75, 99%"°
0/ CFH o Me
BocN Ph BOCNQ—/‘ Ph
79, 99%7 80, 99%
83, R = Me, 73% 89, R = Cl, 95%

90, R = CN, 63%
91, R = CF,H, 82%
92, R = CF3, 77%
93, R = Ac, 99%

94, R = CO,Me, 99%

9]
S
2-CF4-TXT
H o™
0
Me
Ph
BocN Ph Me
76, 99% 77, 99%
j fo) Ph
BocN Ph BocNQ—/- Ph
81, 99% 82, 92%?
(o] H 0 H
F
F
BocN BocN
95, 34% 96, 52%

CCS Chem. 2025. DOI: 10.31635/ccschem.025.202506417 °*
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(@) DFT calculation

Free energy
(kcal/mol)

TS2

INT_HAT o CO;Me Ph

+ 51.5 kcalimol ‘\

~— * Me
o COzMe Ph

1a

CCS Chem. 2025. DOI: 10.31635/ccschem.025.202506417 °*
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( ) Spirocyclic scaffolds synthesis by oxa-di-r-ethane rearrangement

kcal/mol

F 09
WJA

67a* _.--""

0.0
A

BocN%'\.j Ph ’L,(

3
3
1
.
:
:
v
Y
-
.
- —_—
. v- -~
>
; 2T RPN
.. . -3. . »
- - °
- ,' -
- - .

N INT1 ‘ 1
£ (ég\%\ (82 _'Nj.
. NS N 13
. ~3'N—Tz F{é‘? %A?Ph

o.__H

T AKA wbtl A,

CCS Chem. 2025. DOI: 10.31635/ccschem.025.202506417 ~°
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A. Radical aryl translocation in synthetic chemistry B. Chemoselectivity in 1,2- translocation of an aryl group T o
I N
@ @ OH Co-(§,5) (3 mol%) 0 ! @:
e . PTH (1 mol% !
Ar "l\ﬁ ( n]r p J\rMe 'Bu [ IN SPTH
Yo X Y. X X
M ™, A

Howas HEH-Cy el | s 5
(0.8 equiv.) o I
; o N Cy ;

ME E[Bu I Etozc anEt:
1, (n+2)-ary! translocation heteroaryl groups > aryl groups | | | ;

Hatdr 1
| Co(s,;s) M& N Me
‘Bu HEH-Cy
C. Chemoselectivity in 1,4- translocation of an aryl group D. This work: Unexpected chemoselectivity in radical aryl translocation via photosensitization

Photochemical rearrangement

]
(2.0 equiv) @ -
N N - A )J\/\l/\CFa

e Phl{O,CCF3) HotAr
(2.0 equiv)

Energy rrans fer catalysis

OH E 5

| : Ho i

-’ WCF:; : v

HetAr —— : Ph i

5 HD \ j :

heteroaryl groups > aryl groups ' PJ'i'rJFmH?%IHZ?FIfJH Unexpected Chemoselectivity :

J. Am. Chem. Soc. 2026, 148, 18849  °*
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G B ESEmEEETRAE R

/% on
-
PC (2 mol%) HO BuOK (10 mol%)
- = Ph -
MeCN (0.067 M) \ | RT.1h
1a 450 nm LEDs, 24 h )

Entry Photocatalyst Eq(kcalimol) g, MVIMIy) g, MMy Yield(%)* Entry  Variations fromstandard condition Yield(%)*
1 Eosin Y 45.4 +1.18 -1.60 N.D. 7 EtOAc / DMF / THF 58/ 70/ 45
2 Ru(bpy)(PFg)z 46.0 +0.77 -0.81 10 8 {BuOH / PhCF4 / DCM/ MeOH 10/9/10/ N.D.
3 fac-Ir(ppy)s 58.1 +0.31 -1.73 23 g¢ MeCN 74
4 4CzIPN 61.6 +1.35 -1.24 Trace 107 MeCN 77(767)

5 Ir-F 61.8 +1.43 -1.18 73 11 without Ir-F N.D.
'
6 TXT 65.5 +1.43 -1.18 15 12 without light N.D.

Br. G Br

JOLCL,
Br Br
Eosin Y (45.4) Ru(bpy)a(PFg) (46.0) fac-Ir(ppy); (58.1) 4CzIPN (61.6) Ir-F (61.8) TXT (65.5)

J. Am. Chem. Soc. 2026, 148, 18849 ~°
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Aryl Migration Scope

O Ph A __:' 0 Ph SMe 0 Ph OCFs 0 Ph F
s 2 s s s
\ | A, A A A

X-ray structure of 3 .
3, T6% CCDC2483685 4, 51% 5, 64% 6, 7T9%
CFy
O Ph cl O Ph CFs O Ph SO;Me O Ph CO,Me
o] Ph
5 5 5 5 s
N | N | N y | CF,
-/
T, 68% 8, 61% 9, 61% 10, 73% 11, 60%
Me
F CF, OCF, :
0 Ph o] Ph n} Ph o Ph o}
S I' Me S || Me S ] F 5 0 ipr
W, %, W Y
12, 54%7 13, 54% 14, 75% 15, 45%
5
o] ]
s [ o r b
— W, — NN
16, 60% 17, T6% 18, T0% 19, 83% 20, 53%

J. Am. Chem. Soc. 2026, 148, 18849
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X-ray structure of 22
CCDC2483686 23, 48% 24, 69%

21, 51% 22, 66% 25, G1%"

O Ph O o  Ph g OMe
Standard G 42 OMe Sfandard 43
—
. +
Ph
lao

Conditions

CU iditions o +
OMe O Ph O O
] 56% (5:1) @ 56% (1.5:1) @
an \
42' MeO 43
. —
cl
O Ph O o Ph
OH oh ‘ O OH
Standard 44 Standard @ 45
® ) Er— *

Conditions O Ph g O Conditions O Ph @
fi=]
u 85% (1.25:1) @ 87% (2:1) @
1ap tBu 44"

1aq cl 45
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a)

&S EGT %mﬁﬁﬁ

Paradigm 1 .
TﬂGfkcal mol-? %Y
I
AG, 00 AGH, TS-II1
TS-I-2 e -3.2
INT-
_5.5 - ﬁGt"“
AR T [ =97 100
-224 5 INT-l-2  #jpmn | INT-I-1
— — |
INT-lI1-2 INT-12 —202 | . s on
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Photocatalytic Approaches to Access Bioisosteres

g B

- A\ H§

A EL-HR M 32 LI N A R L & RRGER

A. Breakdown of U.S. FDA approved drugs

A U.S. FDA approved drugs B N-Containing drugs
1994 / 874
TOP5
¢ WA o 37
| W (Nj kN
‘ R
Piperidine N-Heterocyclic drugs Pyrrolidine
- 640
B. Traditional synthetic transformations to construct piperidine and pyrrolidine derivatives

:
- L\ Ao
|
: kN?—‘" ‘\ ¥ % kN)
I R Q > R
| R
|
[ Pyrrolidine
\ r
. Oy & == Of)
I R R

Angew. Chem. Int. Ed. 2024, 63, €202401671 7



Photocatalytic Approaches to Access Bioisosteres

g B

AR M 32 XLER N AR

Entry

0 0 ~N o g B W N =2

=
(=]

W & AR

F F o TeF
Bu A § OMs |
Y\/DTE \©\ é‘p N gy ?ﬂ:\/ E:\/
00 At Ir-F (4 mol%) ‘IJF'O . ‘ NI P 2b 2c
\gi © 2a K2CO; (2 equiv.) N CI;:’ "'lrm““ Mes
U . - W OV
+ PhCF;;: Me SN OBu
{Bu (1: iautazurg;-l P = tBu O " BuO._1 .
A CoM 450 tB N” 8 - TEa
1a :Me 30 W 450 nm LEDs 4 - . ! BFs 'O
RT, 24 h CO,Me CF Mes™" 4
3a ) 2 3 TBAOP(O)(OB
Ir-F Mes,Acr-tBu,BF, (0)OBu),
Alteration to conditions yield%®? Entry Alteration to conditions yield%"
none 80 12 PhCF; : tBuOH = 2: 3 as solvent 67
12h 67 13 2b instead of 2a 71
36h 64 14 2c instead of 2a 11
PhCN as solvent 53 15 K3;PO, as base 79
MeCN as solvent 63 16 Na,CO, as base 27
PhCF; as solvent 78 17 TBAOP(O)(OBu), as base 0
DCM as solvent 3 18 2,4,6-collidine as base 0
EA as solvent 24 19 fac-Ir(ppy); as PC 0
PhMe as solvent 19 X-ray
v 0 Ru(bpy)s as PC 9 crystal structure
tBuOH as solvent 44 21 Mes,Acr-tBu,BF, as PC 0 of 4
PhCF; : tBuOH = 3: 2 as solvent 74 22 No base/No PC/No light/No light and heated to 50°C 0/0/0/0

11

Angew. Chem. Int. Ed. 2024, 63, €202401671 o0
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Y B4R R RN R R RS AR B

1 Bn
“N “N N P U ~"COo,Me
~>Co,Me ~">C0o,Me CO,Me 2

23, 60% 24, 65% 25, 59% 26, 52%
— R 27, R = 4-Ph, 67%
N/ 28, R = 4-F, 30% ) Me
29, R=4-Cl, 41% N N A~
. 30, R = 4-Me, 70% Qﬂ \_co,Me cO,Me
N o~ 31, R = 3-Me, 69%
CO;Me 32, R = 2-Me, 69%
33,n=1,49%
34 n =2 46% 35,67%
Me
. Me
" ~">COo,Me N o~ e P
CO;Me “‘O \_—CO,Me u’\s \_-CO,Me
o] ‘\_o
X
36, X = CH,, 70% 38, 42%
37, X =0, 74% dr =1.5:1 39, 83%" 40, 36%"

Angew. Chem. Int. Ed. 2024, 63, €202401671 =
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Ir-F (4 mol%) 00 iPr
OO0 OTs chn3 {2 Equiv.] oy
‘*‘54‘ + TRIP-5H {10 mol%) S. N
.’ “NH, - Q_.
PhCF; (0.2 M) iPr iPr
30 W 450 nm LEDs SH
1 2 RT, 24 h 60-75
TRIP-SH
Primary amine Unactivated alkene Cyclic amine
00 00 00 00
'\‘s‘rf b ':.L ".1'Sr 'n\'s-'.r
OO T T IO
Cl Fac fBu iBu
60, 61% 61, 54% 62, 8B4% 63, T1%

0.0 0.0 0.0 00
00 0N, SO0, T
tBu tBu iPr tBu nBu tBu nHex
64, 70% 65, 7T4% 66, 82% 67, B9%

Angew. Chem. Int. Ed. 2024, 63, €202401671 =
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B. Radical inhibitor experiment

S. N Me
Standard conditions 0
» (Bu

1a + 2a + 3a » | 1a
with TEMPO (2 equiv.) g T b e

Detected and confirmed by HRMS

D. Radical probing experiment Il

o, 0
OTs Standard /@’ S\N COOMe
1a + + 3a -
\15: Conditions  tBuU I\I‘/ﬂue
79, 30% 0

C. Radical probing experiment |

iy

Standard conditions 5'-” Me
+ 2a + 3a - /©/ O
iy COgMe Bu /l\
__S0.Ph 78, 14% CO-Me
77, (2 equiv.)

5 R Py ~OTs R H-’HVH%JUTE !
; A X N\, -CO,Me i
' PN I".II Illllr E
E A :
: ' 5
: 3a R s oT :
: R. N —~_~_OTs - N” NS ;
: H H :
5 . MeO,C”~ ™~ ;
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ﬁRa ) ﬁRE
R T o
K,CO, T o 2
b |
HWDT H% ﬁ” &
Re m 1 ~"Rq
4-59
OTs o
Re 0 \Y Rhsiizﬂ
N

TR N T

I OTSArsH AS'  o_$—R,

H+ + II.II ".-III

Radical process Polar process
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Photocatalytic Approaches to Access Bioisosteres
€0 SBEASTIN - WA . 1. 11 RBH S B ERKREEN AR

A. Aza-bioisosteres of pyridine derivatives

—~ HO@®E

B 2-Aza-bioisosteres B 3-Aza-bioisosteres W 1-Aza-biocisosteres
B. Formal [3+2] annulation between (aza)oxyallyl cations and azabicyclo[1.1.0]butanes C. Radical coupling between azabicyclo[1.1.0]butanes and styrenes
W Cationic activation BnoO, B Photoredox catalysis
| Me
9 < K3P0Oy4, HFIP, rt; R QJWLME o PysHBr R Ar
RJJ\%'N‘ + MEHJ\N’OBH . )N RJI\%"N\ + ’/mﬂ.r = N
# -
Br e H then DBU, CH,CN, d then (Base 4

80°C

D. This work: switchable 1-aza-bioisosteres synthesis via photoinduced palladium catalysis

B Switchable synthetic strategy

B 1-Aza-bioisosteres synthesis

B Photoinduced palladium catalysis

B Radical-polar crossover transformation
B DNA-encoded library (DEL) synthesis
B Computational study

) 2
A0 ONA — I —o—

Figure 1. Background and reaction design. ,

J. Am. Chem. Soc. 2025, 147, 33700 =
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Y Sesm ST -E N [n. 1. 1] B4R S R R X IR A B

Me, M
0 Pd{PPhs)4 (5 mol%), Xantphos (6 mol%) _/______/Ph e e
Phkﬁh‘\ + MFI‘I LiBr {80 mol%), K2CO4 (2 equiv.) .0 g ‘
MeCN (0.1 M) N}N 0
1a 2a 450 nm LEDs (0.1 W/em?) PPh; PPh;
N2, 40 °C, 6 h s 20 B2 Xantphos
[Ir(dtbbpy)(ppy)2]PFs
Entry Alteration to conditions yield%® Entry Alteration to Entry 6 yield%®
1 none trace 13 Pd(PPh3)4 (2.0 mol%), Xantphos (2.4 mol%) 85
2 60 °C 26 14 Pd(PPh;)4 (10 mol%), Xantphos (12 mol%) 88
3 1.0 Wicm?, 60 °C a7 15 [Ir(dtbbpy)(ppy)zlPFs (1.5 mol%) 0
2 e ' B, “
4 1.0 Wicm?, 60 °C, LiBr (240 mol%)/(1.6 equiv.) 36/32 16 K,COs (5 equiv.)/(60 mol%) 95/80
5 1.3 Wicm?, 60 °C 71
17 K3P0,4/Cs,C05/Na,CO; 89/82/95
6 DMA (0.1 M), 1.3 Wicm?, 60 °C 95 (88°)
18 LiBr (40 mol%)/(2 equiv.) 95/95
Entry Alteration to Entry 6 ield®®
s 19 405 nm LEDs, 0.5 W/cm? 60
PdCl; (5 mol% 67
2 0 20 THF/DME/1,4-dioxane/PhH 0/0/0/0
Pd{OAc);, (5 mol%) 68
BINAP (6 mol%) e 21 DMA (0.05 M)/(0.2 M) 95/84
10 1a:2a = 1.5:1/11:11:2 51/29/63 22 No Ligand 69
1 Py+*HBr/NH BriNaBr 88/88/95 23 No LiBr & base 64
12 2hid hi8 h 62/93/95 24 No [Pd] & Ligand/No light and heated to 65°C 0/0

“Optimized reaction conditions: 1a (0.4 mmol, 2.0 equiv), 2a (0.2 mmol, 1.0 equiv), Pd(PPh;), (5 mol %), Xantphos (6 mol %), LiBr (80 mol %),
K,CO, (2.0 equiv) in DMA (2.0 mL, 0.1 M) at 60 °C under irradiation of 450 nm LEDs (1.3 W/cm?) in a water-cooled aluminum heat block for 6
h. *Yields determined by 'H NMR with dibromomethane as the internal standard. “Yields of the isolated product 3.

J. Am. Chem. Soc. 2025, 147, 33700 o6
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Y Sesm ST -E N [n. 1. 1] B4R S R R X IR A B

Ph Ph

e Pd(PPhs)4 (5 mol%), Xantphos (6 mol%)
0 LiBr (80 mol%), K,CO; (2 equiv.)
Ph)l\ﬁik g + =
DMA (0.1 M) 6 /= o
Z 450 nm LEDs (1.3 W/icm?) >_N >N
N,, 60 °C, 6 h PH Ph

1a 2aa 39 40
Me_ Me
O " O pth/\/ PPh, Ph,P._~_ PPh, pth/\/\/ PPh, Csz/\/\/ PCy, pth/\/\/\/ PPh,
PPh, PPh; L
Xantphos L1 L, Ls . Ls
52%, ;‘.,7:1 rr 38%, 2:1r.r. 46%, 3.6:1 r.r. 60%, 3:1 r.r. 42%, > 201 r.r. 52%, 1.6:1 r.r.
Entry Alteration to conditions yield%” 9 Entry Alteration to entry 1 yield%® rr
1 L4 (6 mol%) 42 > 201 5 1.0 Wicm?, 60 °C 40 > 20:1
Entry Alteration to entry 1 yield%? ' 6 405 nm LEDs, 0.5 W/cm? 33 >20:1
2 Nal (80 mol%) 59 > 20:1 7 Kl (1.5 equiv.),15 h 75 (68°) > 20:1
KI (80 mol%)/(1.5 equiv.) 57/64 > 20:1 KI (1.5 equiv.),15 h
8 : 7 64 > 20:1
4 Na,CO4/NaHCO4/Cs,CO4/Na;PO, 56/54/28/33 > 20:1 Pd(PPh3)4 (10 mol%), L4 (12 mol%)

J. Am. Chem. Soc. 2025, 147, 33700 o7
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€ S SEI-F AR [n. 1. 11 A E hE

G. Proposed mechanism

$ N LiBr
Pn)l\ﬁ.\ ity
1a

0 0 :
Ph” 7(7.\“ Ph” ‘T\ o
Br : I

X R & AL

Ph ‘

53 - \ Cy, Sy
Pd" \D

viil Lt

Cy Cy

J. Am. Chem. Soc. 2025, 147, 33700

68



EHn

Photocatalytic Approaches to Access Bioisosteres

A A AT

Entry

AR MR SEELER [2. m. n] FelES

IR FFHEF VIR & X

(o] Ir-F {2 mol%) OH
Me + =, Cs;C0; (1.5 equiv.) Ph
Ph -
DMSO (0.1 M)
CO;H M
450 nm LEDs, 24 h e
1a 2a 3
Variations from standard conditions Yield(%) Entry Variations from standard conditions Yield(%)
none 75 (73)° 8 THF instead of DMSO N. R.
1.5 equiv. Na;CO, instead of Cs,C04 63 9 EA instead of DMSO N. R.
1.5 equiv. K4PO, instead of Cs,C0, 50 10 4CzIPN instead of Ir-F 48
1.5 equiv. K;HPO, instead of Cs,C0, 39 11 5CzEN instead of Ir-F 48
1.5 equiv.DIPEA instead of Cs,C0, trace 12 Acridinium salts instead of Ir-F N. R.
2.0 equiv. 2a instead of 3.0 equiv. 64 13 no photocatalysis or no light M. R.
DMA, DMF instead of DMSO 50, 52 14 no base N.R.

10
t-Bu NC CN
N"-..
JuN N.rl
I N

4CzIPN Acridinium salts
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€0 Sty B e - AR S SSIIER [2. m. n] A 4

rRZ.O
R! R?
n or
CO;H n=0,1

1b-1o0

OH /~ oH .~ J
AN
o

& Me

35, 89% 36, 98%
@Q J\tl A
m,n =12
50a-50g 2ag-2am
OH
OH =
i
F
51, 92%*° 52, 97%"

or

1 FFHHF BRI S R

n=01
Ph Ir<F (2 mol%:) R2 OH Ph OH
Cs,C0; (1.5 equiv.) or
Ph DMSO (0.1 M) nf R Ph
450 nm LEDs, 24 h R?
2q Reaction condition A 35-48
i oH i oH /) i oH
t-Bu F cl
37, 73% 72% 39, 77%
Ir-F (2 mol%) W R®
RS Cp,TiCl, (10 mol%) el l' OH 7
P
= Hantzsch ester (2.0 nquw]
DCE (0.1 M) L
450 nm LEDs, 16 h
Zan-2ao Reaction condition B Sl mn=12 63-64
MBoc
OH
i F'I'CEH13 OH OH -
F F
53, 68% 54, 5% 55, 50%
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H. Proposed photocatalytic mechanism \ I. Proposed metallaphotoredox cara!ytr'c cycle
|
I EtO,C CO;Et
IEtO,C CO,Et 2 :
M {:j‘ 1mIE ’wfﬁ : H m N
e ase i S
Me™ N H l:! ﬁ (o]
co, "’r"ﬁPhi H Tl » .
CO;H Me I | HE
! HE Photoredox B
1a | v e
: _ catalytic cycle ’
ol Me 0 ! -H HE n }
T y | e .
| HE
] v \
¢ 0.0014 9 L pyHt g o Ir )
|
' Titanium HE*
I
Me :Et'D;C . -CO:Et catalytic cycle B“ iV
i l <) Vi '.f" 0 0Bn
I Me N~ Me o
2 m #‘b | ; N-O
OH PRSIl l PyH" OH oTiV
|
«—, | S M o0  50a
e I
Me 3 H | B 51 gn VI
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10 mol% PC1 S -
o 10 mol% CrCl, OH BF; “hf)__
ME\@ + NS+ JL. 12mob% (S, A1 ME\G/'V'"" Bu O N7 Q NN,
H THF : DCE (3:7, 0.1 M) L/ {f,
450 LEDs, RT, 17 h S, A)-L1
1a 2a nm . 5-38 (5. A
Aliphatic Aldehydes
oH OH OH OH
Me— S | Ph Me_ S ~_Me Me_ S ~_0Bn  pe_ S - NPhth T
® ; 9 : \U/\:/\_/ \U/\_/\/
= = = = /
5, 70% 6, 86% 7, 58% 8, 85% X-ray structure of 8
10:1 dr, 97% ee 12:1 dr, 98% ee 12:1 dr, 97% ee 12:1 dr, 94% ee (CCDC 2344646)
OH OH OH OH OH
Me— S T o Me S ~-Ph Me— S : Me— S ' Me— S
Z # Ph Z 7 Z
9, B1% 10, 91% 11, B6% 12, 68% 13, B0%
12:1 dr, >99% ee 13:1 dr, 98% ee 12:1 dr, 96% ee 14:1 dr, 929% ee 12:1 dr, 95% ee
OH OH OH OH OH
Me-_-S ' Me—_-S ' Me—_-S : Me Me—_-S : Me pMe_ S : S
L) L) 7Y Tue L) L) TN
= 0 = NBoc = Me = = Ph
14, 62% 15, 73% 16, B8% 17, 7T7% 18, 61%
14:1 dr, 98% ee 11:1 dr, 99% ee 16:1 dr, 92% ee 9:1 dr, 97% ee 12:1 dr, 98% ee

Nat. Commun. 2025, 16, 1354
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10 mol% PC1 3" 3“
0 10 mol% CrCl,
S 2
MeU + ANF o+ HJ\& 12 mol% (S, A)-L1 \Q/\/\& Bu +/
THF : DCE (3:7, 0.1 M)
450 nm LEDs, RT,17 h (S, R)-L1
1a 2a 3 39-47

- Natural Products and Drugs

OH
Me S ¥ OH
39, 70%, 10:1 dr, 97% ee 40, 74%, 9:1 dr, 96% ee 41, 59%, 10:1 dr, 96% ee
OH
S : Me Me
M
W@ O OO DT oD
Me Me
42, 47%, 8:1 dr 96% ee 43, 54%, 7:1 dr, 97% ee 44, 62%, 11:1 dr, 98% ee

Nat. Commun. 2025, 16, 1354 7°
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OH OH
MeO S . Me S ;
W\@ \/ :
=
Me
OMe OMe
52, 51% 53, 53%
8:1 dr, 81% ee 9:1 dr, 97% ee
OMe QH OMe OH
i LT
| = z
Meo” ~F & MeO oMe™
OMe OMe
56, 96% 57, 98%
10:1 dr, 98% ee >20:1 dr, >99% ee

b oM
N H
Z
OMe

60, 75%

61, 83%, 10:1 dr, 87% ee
10:1 dr, 92% ee Fro pren
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54, 93%
11:1 dr, 98% ee

N
\_/

Me OH

Z

OMe

58, 59%
12:1 dr, 98% ee

Z "Me
OH
Me. S ;
\'SRs
“
OMe

62, 54%, 13:1 dr, 74% ee

Nat. Commun.

OH OH
Me. S : BnO,C S :
\/ \/ :
S FmocHN =
Me
OMe OMe

55, 56%, 6:1 dr, 89% ee

N
\/

Boc OH

Z

OMe

59, 52%
9:1 dr, >99% ee

e
T\'c_,,.
Me. S ':
/ 5/\©
=z

\

OMe

63, 57%
7:1dr, 68% ee
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& b. TEMPO frapping experiment [ ] c. Radical trapping experiment
S ,
“HU . i 0 Ph
N 0 Optimized : = timized
~ A conditions | Me— S Opiin Me. .S
| + + H conditions = OMe
in L Ph H - a | N \ L,
3a TEMPO (5.0 equiv.) | Ph =

2N 2a | 1a 2i 3z  OMe 74,

! detected by HARMS

L ] d. Ketyl radical trapping experiment

HO HO
C " H
S P &\p o  Optimized e \é/.vi Y _en Ha\ﬁ/'v‘m? «Ph
+ W + Fh". conditions "'n. f : \b, + :
U = =

H
1a 2a {x)-frans-3as 75, 40%, 10:1 dr 76, 40%., 10:1 dr
- e. UV-Vis experiment . f. Stern-Volmer experiment
UV-Vis Stern-Volmer plot of 1a, 2b and 3z
5
2.5+ Me 4=
— PC10.25mM 1a U - 1a
2.0+ — 1a 0.25mM 3 - 2h
.E 1.5= — 2b 0.25 mM Me — 32
' — 3z 0.25mM 2b - ¢ - 0ssrt
E " N > 2 ‘rpu l:uul:?'.r.a:r:; + 05284
g 1.0 CrCl, 0.25 mM o
0.5 — Reaction Mixture 1
o — Reaction Mixture H
0.0 — T T T T T T T 1 without PCA 3z 0 T T T T 1
300 350 400 450 500 550 €00 650 700 TS50 7.5 150 225  30.0 37.5
Wavelength (nm) OMe Concentration of quenching substrates (mM)

Nat. Commun. 2025, 16, 1354 7°
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-~ ®—— g. Non-linear effects study - - ®— h. Proposed mechanism -
Optimized conditions c.-ll anti-selective
1a + 2a + 3a S Me_ o PC (@ " ¥
|V, .
100 - 1a = 0.046 ;

- Me. ¢ Photoredox OH

. m/\) catalysis P .

- l / é
2 VS 2 4er
= = - Me
S i PC

2a sLcrt
§ 504
- R = 0.9962 - _s H
?, Y = 0.9671"X + 1.810 ]
2 L .cr Chromium L
8 catalysis H 3R
.H+
3 crlloLn
0 T T 1 v

0 20 40 60 80 100
ee% of (S, R)-L1
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@ H. Proposed mechanism

«L Crll OH
IPMP. -
0 ~ 3
Photoredox Chiral Chromium
Catalytic Cycle Catalytic Cycle
Ph

— ‘\\

) c,m.,_ %PMPW\/CH"*L,,
*LCr 4
PMP, :}W 7/ 1L:,.m,.u,_/', 1l
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LY ST ER TS AL B B IR M R TR LR

i

CrCl; (7.5 mmol%)
0 (S, R)-L4 (9 mmol%)
stirring for 15 min

1a

PMP

=

3, B7%, 75:25 dr
96% ee, 98% ece

OH
RWDB"

=

7,93%, 75:25 dr
92% ee, 94% ee

/@)\Af\:f ® muBh Dﬁz

tBu
Mes,Acr-tBu,BF 4 (5 mmul%] Mes

8, 97%, 75:25 dr
93% ee, 93% ee

2 DCM (0.2 M), 450 nm LEDs, 12 h
Aliphatic Aldehydes
OH
0 R. ~_ _Me
J v =F Y
PMP ~ Z
4, 96%, 75:25 dr
98% ee, 98% ee
o
OH OH
R._~_-Ph R_~_N
7 7 0

9,91%, 75:25dr
> 09% ee, 67% ee

Mes,Acr-tBu,BF, (S, R)-L1
OH OH
R W R A-OTBS
; Cl :
,;f 7

5, 94%, 75:25 dr

6, 85%, 75:25 dr
98% ee, > 99% ee

75% ee, 81% ee

H\j)\/\;)'\j R\E/?:/Ma

X-ray of 9

10, 66%, 75:25 dr
CCDC 2352505

82% ee, 80% ee

ACS Catal. 2025, 15,2212 7°
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Aromatic Aldehydes

LY ST ER-

OH
E H

21, 72%, 70:30 dr
91% ee, 93% ee

OH
& X

26, R' = Cl, 82%, 70:30 dr
98% ee, 99% ee

27, R' = Br, 70%, 75:25 dr
76% ee, 78% ee

OH
R \/‘Um
7 F

32, 59%, 70:30 dr
71% ee, 66% ee

22, 84%, 70:30 dr
98% ee, 99% ee

28, 68%, 75:25 dr
93% ee, 93% ee

33, 86%, 75:25 dr
97% ee, 98% ee

OH
R\/\©\
= OCF,

23, 94%, 70:30 dr
93% ee, 96% ee

OH Me

&

29, 84%, 70:30 dr
91% ee, 90% ee

OH
= “

N~ 'OMe

34, 81%, 75:25 dr
97% ee, 97% ee

OH

R

24, 81%, 75:25 dr
92% ee, 94% ee

OH F
R\/:\©
=

30, B7%, 70:30 dr
96% ee, 97% ee

= o]

35, 65%, 75:25 dr
94% ee, 93% ee

25, 45%, 75:25 dr
95% ee, 97% ee

31, 90%, 75:25 dr
85% ee, 83% ee

R

36, 52%, 64:36 dr
87% ee, 88% ee
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Photoexcited Transition Metal Catalysis

Y TR R S R B R R M Y R R

A. Transition Metal Catalyzed C—C or C-X Bond Couplings Using Cyclopropanols B. Co-Catalyzed Polar Two-Component Enantioselective of Cyclopropanols

_________________________ Yoshikai & Yang: Co(OAc),/L* OH
Pd, Cu, Rh, Au, Ag, Zn, Ir, Co O

/ C,O, N, S, Se, F, Cl, | : j : + 5
CH Polar mechanism Sl Ph ; .
D& [ , ﬁ@ | G‘al | CoClylL* |
N\ MnAg CuFeVRu D © 0 0 | Meng: b :
- .)J\/\ :[><. M: OH Ri. R Ph
CorN : I [:>< + ‘E 2 _ —_—

A
¢

Radical mechanism o .
Ph Ry Rz
C. Cu-Catalyzed Radical Two-Component Enantioselective of Cyclopropancls D. This Work: Cr-Catalyzed Enantioselective Radical Three-Component Reaction
Liu: B Chiral Radical-Polar Crossover Chromium Catalysis

AR o R S N R g iSud

oc'iLs o criLr o CriljLr!

0o !
: S O - A
D I Radical m Polar IV

L*Cu''CF,4 ArMR e '

B Chromium Homoenolates WM Radical-Polar Crossover Mechanism W DFT Calculation

ACS Catal. 2025, 15, 14966
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CrCl; (5 mol%)

3 4 :
OH ﬁj\ o (S, R)-L, (6 mol%) o HO._.R : o o
>( + * stirring for 15 min | | HJ---.
R’ H"JLF{‘ - R1lk/\/ \ ,( : N N
DCM:THF = 3.3:1 (0.154 M) R?R3 :
1a-1r 2a-2i 3a, 3al-3aq 30 W 450 nm LEDs, Ny, 24 h 43-72 : (S, R)-L4

g =

Different Cyclic Alcohols

o 43, X = H, 52%, 11:1 dr, 97% ee
HO., Ph | R= 44, X = F, 93%, 10:1 dr, 97% ee
| <L | 45,X=Cl,99%, 13:1 dr, 97% ee
R._ A,z 46, X = Br, 70%, 15:1 dr, 90% ee
X 47, X = Me, 99%, >20:1 dr, 97% ee 49, 80% Me 50, 54%
48, X = CF;, 64%, 7:1 dr, 96% ee 10:1 dr, 98% ee >20:1 dr, 98% ee

MeO

51, 40% 52, 91% 53, 61% 54, 66%

11:1 dr, 99% ee 11:1 dr, 98% ee 10:1 dr, 96% ee 7:1 dr, 96% ee
o HO.. Ph
HO., Ph
o HO,, Ph Ph i o . 0 HO,, Ph
PMP P Ph Ph i Ph P

55, 99% 56, 73% 57, TT% 58, 88%

10:1 dr, 97% ee >20:1 dr, 95% ee 15:1 dr, 97% ee 13:1 dr, 90% ee

ACS Catal. 2025, 15, 14966 '
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