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_ Photochemical Rearrangement

g D  1,4-

A. Polar 1,2-Aryl Migration (Semipinacol Rearrangement)
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C. Radical 1,4-Aryl Migration (Single-Electron Smiles Rearrangement)
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B. Radical 1,2-Aryl Migration (Neophyl-type Rearrangement)
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A3

D 1,4-

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

Ph

EtO,C CO,Et
2,93%

Yield (%) Entry

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

Ru(bpy)s(PFg) Ir(ppy);
E+ = 46.0 kcal/mol Et = 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

. o)
40 °C instead of light N.D.
No light N.D. Thioxanthone

Er = 63.4 kcal/mol

Angew. Chem. Int. EQ025 64, 202415495 °
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D 1,4-

W,
CO,Me : O F

EtO,C CO,Et
9, 83%

IS
f

W
,CI

Et0,C CO,Et
10, 71%

Boc
N
§< U

Et0,C CO,Et

Br

Et0,C CO,Et
1, 79% *

EtO,C CO,Et
8, 75%

O F Boc

Et0,C CO,Et F Et0,C CO,Et

14, 69% 15, 70% ° 16, 79% ° 17, 70%

XD QO / X
, o v

EtO,C CO,Et Et0,C CO,Et EtO,C CO,Et Et0,C CO,Et

20, 63% 21, 87% 22, 89% 23, 89%

Ph Ph
VoV, g
(o} Me
NC o) s
Et0,C CO,Et Et0,C CO,Et Me
127,9% Me

26, 58% ?

5

W
O CFs

EtO,C CO,Et EtO,C CO,Et
12, 65% 13, 79%
S
9 )
EtO,C CO,Et EtO,C CO,Et
18, 57% 19, 67%

F

&

; CF,

Et0,C CO,Et Et0,C CO,Et

24, 89% 25, 81%
H
Ph L Me
O Me
0 Me
Et0,C CO,Et
from L-(-)-1 28, 62%
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g D  1,4-

Me
Ph O
'i‘ "._' '
MeO.,C Me MeQ,C Ph Ph Ph

MeO,C CO,Me

O
20

MeO,C CO,Me

32, 83%, dr = 2:1 2 33, 90%, dr = 3:2 2 34, 75% 2 35, 89% 37, 96%
CCDC 2346447
Ci NC MeO,C MeO OMe
A O ‘o Y
MeO,C CO,Me Et0,C CO,Et Et0,C CO,Et Me0,C 'CO,Me MeO,C CO,Me Et0,C CO.Et
38, 73% 39, 72% 40, 82% 41,73% 42,82% 43, 81%
F cl,  cl

ay

Me Me
A
MeO,C CO.Me Me0,C CO;Me MeO,C CO,Me

oY,
MeO,C CO.Me MeO,C CO,Me Me0O,C CO;Me
44, 65% 45, 67% 46, 79% 47, 75% 48, T9% 49, 73%

Angew. Chem. Int. E@025 64, 202415495 '
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A. Gram-scale experiments

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

EtOAc (0.1 M)
450 nm LEDs, 24 h

Photochemical Rearrangement

EtO,C Ir-F (2 mol%
Et0,C X ( LU

= /
EtOAc (0.1 M)
450 nm LEDs, 24 h

Ph

Et0,C CO,Et Et0,C CO,Et

1a 2, 80%, 1.41 g fu 22,76%, 115 g
B. The continuous-flow experiment 5 mmol scale C. Synthetic application 5 mmol scale
Et0,C HO
Ph HO
EtO,C = N\—A 1 CO,EL
—_— / 2
Ph Ph Ph
59, 84% 0
EtO,C CO,Et Ph
2-Chlorothioxanthone (5 mol%) H
R= » 0. 5 mmol scale
EtO,C CO,Et - N y O 58,99%
D. Radical inhibitor & initiation experiments 54, 75%
|. TEMPO (3.0 equiv.
<(,, b EtOzc CO,Et

Ill. AIBN (1.5 equiv.)
or
IV. BPO (1.5 equiv.)
80 °C, EtOAc (0.1 M), 12 h

1a

Il. 2,5-dimethylhexa-2,4-diene 2 0. =
EtO,C Pph (3.0 equiv.) N
EtO,C standard conditions
Ph

EtOzc
Et0,C Me

56, 99% 57, 81%

Angew. Chem. Int. E@025 64, €202415495 °
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g D  1,4-

E. UV-vis experiment F. Fluorescence study G. Stern-Volmer quenching experiment
02+ ——1a(5mM) M 3 501 * W
Ir-F (0.1 mM) 7%10% —PC 1 4
13+ Ir-F — PC + 1a (5 mM) 454 /
8x10° 4 ~——PC+ 1a (10 mM) :
| ——PC + 1a (15 mM), 404 o
8107~ PC + 1a (20 mM) ]
] ——PC+1a (25 mM) 354
b 0.1 4 4-10° - ] 4
§0.1 2 & 30 <"y =0.1440x +1.0469
4 20
3-1o‘j 3] & R?=0.9985
210° 20
| ] o
1%10° 4 1.5
0.0 T T T T 1 0 ) L ) - v 1.0 T T T T 1
350 850 800 650 700 450 500 550 600 650 700 0 5 10 15 20 25
Wavelength (nm) Wavelength (nm) C (mM)

Angew. Chem. Int. E@025 64, €202415495 °



_ Photochemical Rearrangement

g D  1,4-

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.) g e et L R BN
: ' .
b Ir-F (2 mol%) : i : y = 0.6400x + 0.2310, R? = 0.9660 =
aed 45?2:1(0618“; h : EtEOZOcC " ] ' - ' 07 y = 0.0572x + 0.2594, R* = 0.9814
-—Gm ' : t 2 :
: ' ' gom . 084
: " iR
: v Eon ?
: standard : % 8 04
‘ conditions ! ® S
. ' E o028 % 02
E : : 02
: ' 026 4
: Ph ; 01
" "YA R PR e P P A | : 0025 00 0075 0100 0425 0150 0475 1o 's 20 25 30
magnetic feld (mT) E F ' C{th)/M C{ir-F) { mM
An=1.38mT, Ay=025mT : E
J. Proposed mechanism i Et0,C CO,Et : Rate law: rate = k[1][Ir-F] k = 0.45 M- 'min’!
wpplt ST AL ® ;
1
R® 1
{ 2R t R3
@ Energy.transfer Dearomatization f'?f;'-;?/'(,‘I/‘}.-';EIII':'1-'”.‘/)’ R { L ISC Rzi \'j : 3
@ =0.0044 5-8X0- g { @ bina 2’< n .-/
n
Tl I R Rz
2-53
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g D  1,4-

Ir-F {1 mol%)

MeCN (0.1 M)

450 nm blue LEDs
RT, 16 h

O
NC ' Ph

41, 95%

42, 98%

47, 98%

53, 62%

J. Am. Chem. So2024 146,18210 **
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® D. UV-Vis experiment
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® G. Proposed mechanism
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® E. Fluorescence study

0.05 mM Ir-F
0.05 mM Ir-F + 1.25 mM 1a
— 0.05 mhM Ir=F + 2,50 mM 1a
TSN r"\,\ 0.05 mM Ir-F + 3.75 mM 1a
|' 0.05 mM Ir-F + 5.00 mM 1a
[} 0.05mMIrF +6.25mM 1a
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@ F. Stern-Volmer quenching experiment
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‘A8 % Q

A: Seminal work: photochemical di-mm-methane rearrangement B: Previous work: di-r-ethane rearrangement via EnT catalysis
me, Ph.__Ph Me, Me R; EnT catalysis R CN ¢
© bh Me T Ph Ph M - )v(_ R ><}
Ph /- - HEAY" R; CN Ry 450 nm LEDs R:* Rj Ry
oh  Ph Ph  Ph Rs
Ph Ph

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

EnT catalysis R, Ma

o Do

Nat. Commun2025 16,9417 *°
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A )

Qal
I
U Thioxanthone (s mol%) g40.¢ —~ . o g’
o N
EtO,C Ph >\/(_ G G I
™ CO4Et MeCN (0.1 M) EtO,C Ph HO s oM
Br Br

1a 405 nm LEDs, RT, 12 h 2,91%

Eosin Y Ru(bpy)1(PFg)

Ir(ppy); % v
Er (kcalfmol) = 46 Eq (kealimol) = 58.1

E¢ (kcalimaol) = 43.6

Entry Photocatalysis Yield(%) ® Entry Variations from standard conditions  Yield(%)*
L Eosin Y (2 mol%) 0 7 PhCF4/EtOAC/DCE 93/90/30
26 Ruibpy)sPFg (1 mol%) 0 8 DMF/DMSO/THF GA/BE/2T
30 If{ppy)s (1 mol%) 29 ge° 0. 1mol%1 mel%/2 mol% of Thioxanthone 87/92/92
4 b 4CzIPN (2 mol%) 10 10 &+ reaction time 1 h'é h/9 h 27189/M92
g0 Ir-F {1 mol%) 82 11 no PC 0
G Thioxanthone (5 molls) Y 21 12 nao light ]

Fig. 2 | Rational design and optimization. Reaction condition. 1a (0.2 mmol),

4CzIPN
E (kealimaol) = 58.3

F —
FsC PF
™ [ g |

Et (kcal/mol) = 61.8

Thiexanthone
Er (kzalimol) = 65.5

LEDs are used instead of 405 nm LEDs. € PhCF; as solvent. ¢ Thioxanthone (TXT,

Thioxanthone (TXT, 5 mol %), and MeCN (2 mL, 0.1 M) at room temperature under 1 mol%) was used as photocatalyst.

30W 405 nm LEDs with a cooling fan for 12 h under N,. @ Isolated yield. ® 450 nm

Nat. Commun2025 16,9417 **
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Y

EtO,C CN
EtO,C CN EtO,C CN EtO,C
EtO 5
EtO,C NBoc EtO,C ] Et0,C 2C /
L 4 [
14, 7T0% 15, 60% 16, 68% 18, 4190
Et0,C CHN EtQ-C CMN
? Et0,C CcN Et0,C, CN 2 EtO,C, CN
EtO,C 0
z [ Et0,C Et0,C Em;c)\/%
NBoc
19, T0% 20, 43% 21, 50% 23, 51%
EtO,C CHN Et0,C CN
EtO,C CN
EtO.C EtO;C
’ Et0,C N\
s
F FiC |
25, 58% F 26, 48% 28, 41%3 ~F
EtO,C CN EtO,C CN
Et0,C CN
EtO,C Et0,C
Et0,C Max:ﬂ,lnle
o, i
from L-Citronellofl GV’\T/WW from Vitamin E o] from L-Menthol o \Q
29,82% © Me Me 30, 75%7 31, 85%

Nat. Commun2025 16,9417
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Y
[] [ ]
: : Ph Ph
Et0,C7[~""Ph i Ph7I~""Ph : iy
1ah ] 1ai : 1aj

N R N

Et0,C CN Et0,C Phi Ph CN Ph Ph ! Ph CN
Ph Ph CN Ph E Ph Ph CN Ph ' Ma Ph

35, 59%, 1.5:1dr 35, 39%° 2:1 dr E 386, 53% 36", 34% 37, 85%, 1.4 1 dr

E Ph
Me Me Ph j\)l\

1al 1am 1an

T ]

"‘)v{-c" \:;::.v[ - 5 Et0,C CN
Me” V' Ph Ph : u>\/<;

A
Et0,C7) Ph

A
Ph Ph

1ak

' Ph CN H Ph
CONA e A
5 H Ph CN Ph

38, 15%° 38", n.d.

39, 92%° ; 40, 81%°9 41, nd.
ne e S _Me NC, 5 ne e F é:“kﬁ F
Ph - | Et0,C —— EtO,C
Ph Ph Ph PHK Ph Phi Ph : COzEt Et0,C R
1ap 43, 87%, 1:1 dr 1aq
-----------------------------------------.------------------------------------.------------------------------------.---.---------------------------------

COEt i
Ne o " EtO, cN | NC
Ph__ Em,c’l\/‘ﬁ > :
F10:C cosee Nse: Et0,C Ph iEtﬂzﬂ COLEt CO;Et

lar 45, n.d. i 1as
o

1%
T EtO,C

Et0,C cN
= A
E10,C” V CO.Et
46, n.d.

Nat. Commun2025 16,9417
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NC TXT (1 mol %) pnPh pn Ph
W - Ph Ph
Ph e Ph PhCF3 (0.1 M) ﬁ cNo Tt b eN '
405 nm LEDs - I
4Ta m,9h trans-48, 48% cis-48, 9% trans-48 | cis-48
dr=5:1 (CCDC 2417730) (CCDC 2419059)

Entry Variations from standard conditions  Yield(%)? dr Entry Variations from standard conditions  Yield(%)* dr
1 1 mol%/2 mol%/5 mol% of TXT 57/60/60 5:1 7°¢ MeCN 7 6:1
2be Irppy)a 13 5:1 8° EtOAC 53 4:1
g be 4CzIPN 22 51 ge DCE 54 51
4 be Ir-F 56 a1 10° DMF 10 4:1
5< TXT-CI av 51 11° DM30 a1 51
6< TXT-iPr 60 &1 12 ¢ Acelone 58 71

Ir-F TXT-CI TXT-iPr TET

Ir{ppy)s 4CzIPN
E; (kealimol) = 58.1 E; (kcal/mol) = 58.3 Ey (keal/mal) = 61.8 Et (kealimal) = 62.8 Et (kcalimaol) = 63.7 Er (kcallmol) = 85.5

Nat. Commun2025 16,9417



_ Photochemical Rearrangement

g ¥ .6, &

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

o} 0 Ph

[0] O 0 - 7
SR A . CT
B ethylene oxide M propene oxide M styrene oxide LK=< = Ph /- — Me
Me Ph \e Ph | Me

Ph
W Versatile intermediates M Drug candidates B Polymer industries Me M Me Me Ph Ph
e L

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 | > \7@ 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. So2025 147,16248 *°
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IS
f

V4 ~
Y -6, O
Ph Ph
Spn  TXT(5 mol%) Ph—{
I'~|.I - N o
MeCN (0.067 M) ==
phJ\/D 390 nm LEDs, 12 h Ph

1a 2

Entry Photocatalyst Ey(kcal/mol) g, . MYIMInyy E, MM () Yield(%)

1 Eosin Y 45.4 +1.18 -1.60 N.D.

28  Ru(bpy)s(PFgle 46.0 +0.77 -0.81 MN.D.

38 facdrippy) s 58.1 +0.31 -1.73 44

4 4CzIPN 61.6 +1.43 -1.18 15

5 Ir-F 61.8 +1.21 -0.89 70 /90°
Y

6 TXT 65.5 +1.18 -1.11 99 (B4)°

o

|h‘\“ 2+
i
i ] I|l.N"'\I-
!‘R r

B 0 B ~N u

r r

L0 2 WD

N

HO S OH | _
Br Br # 2| PFy|
Eosin Y (45.4) Ru(bpy)s(PF ) (46.0)
Variations from .

Entry standard condition Yield(%)

tBu N

7 EtOAc /PhCFy/ DMSO 78 /66 / 60

fBu

a8 MeOH / THF /DCM 80 /46 /N.D.

Ir-F (61.8)
9 Taluene Trace N

NC CN 4CzIPN (61.6)
10 DMF
1 without TXT
12 without light

Reaction conditions: 1a (0.2 mmol), photocatalyst (S mol %), and 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. So2025 147,16248 *°
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g % 6, &

N Q
BocN W (BIA
\
30, Te% 31, 55% 32 94%

M ) M 5]

¥ g 8

F Lo

38, R = CF, 75%

39, R=Me 51% 40, 58% 41, 85%
HB ':"
45, 48% 46, 75%

N 0] N o N [v]
[ ‘:; g { ;
X X
36, X = 0, 74%
37, X = NBoc, 68%

N 0 N o
V4 x’;,f
Me PhO

42, 49% 43, 41% 44, 44%

1

,Jvua

47 5T% 48, T4%

33 K=5 4% 35, 580%
34, X = 0, 45%

N o]

P Ma-

J. Am. Chem. So2025 147,16248 *°
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Ph
Ph . .
O B Epoxide Synthesis
TXT Ph Ph
R? NJN Ph (5 mol%) " _*&N 0 N Ph—{\ B Oxa-m, o-methane Rearrangement
HJK(&. MeCN (0.067 M) 3_,&\_“3 = %:,'I G . @ B Amino Group Migration

e a— 390 nm LEDs, 12 h RZR' R* B Energy Transfer Catalysis
1az-1bh 53-61 TXT B Metal-free Condition
N
N |
' N N N N .0
0 ! ; LMy ' ")
Ph Ph Ph o Phj\lo Ph =0 o
Et Ph F F 1be Ph
laz p,. 1ba 1bb 1bc 1bd 1bf Dtﬂﬂa
N O Me
N 0 N O N 0 N 0 N O N OHO
—\H —\ ¢ ~|-me
] =—\H =\ H —/ N F —r— =\ 'Ph \u.
Ph on PR Et PH  Ph PH F mePH P H NARY :vﬂ'
53, 50% 54, 56% 55, 25% 56, N. R. 57, 65%, 3:2 dr 58, 26%, 58% ee 59, 52%, >20:1 dr
: N N Ph. -0 ! E
PN g0 NI) 5 N~ ,g@,\, o %
E 1bg 60 ; 1bh

..................................................................... e L L L L L L L L L R L L L L L L L l

J. Am. Chem. So2025 147,16248 21
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g % -6, &

A. Gram-scale experiments B. Synthetic applications OH N

Bm:l-m’\-|/\m Y Ph

C. Coumarin-based antifungal azole synthesis

i EncHN’yﬂ'—: \ Ph 'I::N Ph H/~7(CM
Ph Ph . 65, 50% wd Ph
5 ‘i
"}‘Fh TXT (5 mol%) Ph—@N S P:E 53%—4:5@ A 63 76%
- 1 ] 1 -ﬂ-
J\/'fll' MeCN (0.067 M) e a | g
~ b
Ph 390 nm LEDs, 12 h Ph ! Ph 4 o
1a 2 ! ~.. Ph | / Ph—-(
4 mmol 1.1g, 87% E BMHH,\I/\C©+ -0 - N o] a_ . WH O
- pr 2 _/_\'
: 67, 65% I | Phg2, 63%
D. Radical inhibitor & triplet energy quenching experiments : & - i c
: o * Ph + o
. E ™ Ph OMe phA\N =
TEMPO (5.0 equiv.) - 5“"'"/\|/\"/\7 A w H
PhTPV \ Ph—t{h . Ph L\/ﬂ Ph” N HO
i
TXT (5 mol%), MeCN N 0! 68, 57% 69, 80% 64, 59%

Jj\/ 390 nm LEDs, 12 h \-7@‘
Ph \ / Ph

Ph
2,N.D. Ph—{
2, 5-dimethylhexa-2,4-diene N O
F OH L

T'EI, 54%

J. Am. Chem. So2025 147,16248 **
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:b v -6 ’ 6-

E. Crossover experiments
F G. UV-vis experiment

pevey &
— 1a (1 mM)
—— TXT (0.25 mM)
=N 0 15} — a1 mM) + TXT (0.25 mM)
TXT (5 mnl',.l"n} -

!
Ph)L/O

1c MeCN (0.067 H: F
390 nm LEDs, 12 h 90% NMR yield F 71, N.D. ost
* Ph Ph
naoF - - - - - -
N Ph 380 400 420 440 4ED £80 00 520
\'.ll' o ‘Wawalength {nm)
>= N H. Stern-Volmer quenching experiment
PH A=
F 1u Ph 12
BZ NI".I'IR Id
F. The N-O o-bond cleavage experiment o yie 4N.D. or
y = 1. TBT04+0.7465
i R = .8828
)\Ph TXT (5 mol%) =
N - No reaction
0 MeCHN (0.067 M) ar
Ph ~" 1bi 390 nm LEDs, 12 h 98% of 1bi was recovered .l
8 .
] 1 2 3 4 5 8 T
I. Proposed mechanism C {mhd)
P P“ Ph. _Ph

Ph
};}—pn \rn‘”

I -, N _—
)\/ LE‘ - i(/ B
Ph Ph I pr~ O i
Energy transfer

Ph Ph
Ph
@ = 0.0326 ph_{(‘:' \I'l/

1a \7LL - ph#' o"l v
J. Am. Chem. So2025 147,16248 **
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A3

Ca

(a) Top 5 most frequently used rings from small molecule drugs

0 0 "0

@ Benzene Pyridine © Piperidine

H@H O

Piperazine ® Cyclohexane

(C:I Radical cycloaddition with pyridines enabled by energy transfer

F"I1/“\\\“)L N’PMB [Ir-F]@polymer (1.5 mol %)

acetone (0.1 M)
== (o] -

Blue LEDs, Ar,5h

{b} Radical migration of pyridines enabled by electron transfer

Zhu:
OH CF350;Ma (2.0 equiv)

RW Phi{O,CCF,), (2.0 equnr} Jk/_\l/.\ \Kg{’m:
HetAr +

& CH5CN (0.13 M), RT

+

:

! DMSO (0.1 M), N,, RT  HO CF 0

n ] 29 3
~TN R Blue LEDs

X CF,SO,Na (2.0 equiv) S | = r
| o oTe Eosin Y (2.5 mol %) N . f

{d} This work: energy transfer enabled rearrangement invelving pyridine motifs
Type I:

P 7\
N | Energy transfer N=
X catalysis
R = Ar
Ar
R
@ <&
Type II: B Energy transfer catalysis B Di-m-ethane rearrangement
Energy transfer
| = catalysis
N" =
Ar
R
B Pyridine migration B Ring expansion B Radical rearrangement

CCS Chem2025 7,2721

24
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g
o "
N Ir-F (2 mol %) uc:@cu
EtO,C CN (0. >
B0, 45u“n:.':l.{EE,TEh Et0,C CO,Et % N @ ~Bu

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 Chem2025 7,2721 25
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Ir-F (2 mol %)

| “: GA(OT; (30 equiv) N
N MeCN (0.05 M), - e CO,Mea = = S o
MeO,C Ph g on IEEDB, th N Ph | W —CO,Me I N7 CO,Me | 7 —CO;Me I > ; L_CcO,Me
41a 42, T7%, dr = 19:1 H : : h
Entry Variations from Standard Conditions Yield (% @ Q @ @\
F
MeO,C F.C F,CO
. Without Gd(OTf)s NLD. 0L 49, 68% 3 50, 98% 3 51, 98% 52, T4%
2 TFA, Zn(OTf)> or Lu(OTHz 45, 46, 5¢ FPh -\ !
instead of Gd(OTf)3 | = "k | &
3 Using 0.2 equiv Gd(OTf); Trace N —COMe | = N Lcome
Fa — &~ 2
4 Using 2.0 equiv or 4.0 equiv Gd(OTf); 45, 55 : \ N Ph
5  Using 0.1 M MeCN 63 @ MeO,C @ s o
6  Ir-Me (2 mol %) instead of Ir-F 60 54, 84% , uy strwaters 41n ’
7 Thioxanthone (5 mol %) instead of Ir-F Trace ahad /
8 3 mol % Ir-F 81 |"“ com |""‘ e |_"“ com
9 No photocatalyst under 450 nm or N.D. N" 2ne N" ©0: N" OaMe
365 nm 3 3
10 40 °C instead of light N.D. 9 Me @ ]
0] | 8] - S |
M | = I =
F Me '] l:]'.‘- e e h’:\,* - _\D._._lh \I' aﬁ\‘,‘" \‘?‘v-"'li‘--F
HJ Bu .-': B . Me *;, Ma
. | R f / sT.81% sg, 72% ° 59, 78%
F. |I'..!|l|l|ll Me
| N7
"\ ) Bu
F PFg b
Ir-Ma -~ Ir-F F Z CFy

CCS Chem2025 7,2721  *°
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n
A

U

(a) The continuous-flow experiment & gram-scale experiment

Et0,C
EtO,C P
—_—
(Y
Z Ir-F (2 mol %)
1a MeCN (0.1 M), 450 nm LEDs

tg = 225 mins, 0.08 mL/min

(b) Gram-scale experiment and synthetic application

7\

Ph

EtO,C CO,Et

2,1.3 g, 75%, 5 mmol scale

e Ir-F (3.0 mol %) | S
| Gd(OTf); (3.0 equiv) N —=CO,Me LiAlH4 (1.0 equiv)
N/ > <
MeO.C Ph MeCN (0.05 M) Ph THF (0.05 M), 0°Ctort, 4 h
. 450 nm LEDS, 24 h 42. 78%. dr > 19:1
> 1 ’2 : 63, 77%, dr > 19:1 X-ray structure
41a, 5 mmol Sl 08g of 63 (CCDC 2382482)
(C) Radical inhibitor & initiation experiments
I. TEMPO (3.0 equiv)
EtO,C Il. 2,5-dimethylhexa-2 4-diene (3.0 equiv)
EtO,C standard conditions COzMO
oN Ph
M"ozc lll. AIBN (1.5 equiv), MeCN (0.1 M), 80 °C
or
41a IV. BPO (1.5 equiv), MeCN (0.1 M), 80 °C e °°2E‘ 42 -

CCS Chem2025 7,2721  “/
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[d] UV-vis experiment (:E} Fluorescence siudy

D - ir-F {0,1 mh)

Ir-F [2 msly ir-F (0,1 rekd) o+ V@ 41,28 b
An (00N 3810 irF (0.1 /el & Ta (350 i)
34 Feacton mistors irF (0.1 b+ T TS k)
BTN ir-F (0.1 k) T S0 ek
ir-F (0,1 6 = T g8 25 rbdj

E:*.-n:“

F T

5 - g 2t

w 1% 10*

10010

Smp

ap - L1 . . 1
43 Ll L= =0 E 50 [ 45 L]
Veweatargi (e Vemmimrgih in=)
EtO,C -
Et0,C
[g] Proposed mechanism
N
wpdll
Ir L J 1a
Ph
EtO,C 1

Ph
EtO,C—]+

Ph
@ EnT EtO,C f EtO,C
= @ =0.0013 N T "Et | N -
m I = ! = |

Ir
I ny
= \w=nm3*1ﬂ' ~
| = / I -
Hugzc PR EnT I N
41a MeO,C

{f] Stern-Volmer quenching experiment

¥ = 00558 = 0984
E Rr= 09085

CCS Chem2025 7,2721  *°
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Y. Q U

A. Radical migration involving 1,2-boron shift via SET B. Radical migration involving 1,4-boron shift via SET
. Me
Aggarwal: Studer: MgBr Me MgBr
@ Ar 0 Re
Bpin © Bpin Bpin - Me — _ . Me
P -e ﬁ 1,2-boron shift [ \/\/B\‘O Me
Bepin - ArBpin Bpin radlcal Bpin Bpm
Stud 1,4-boron shift l
uaer: Me
: Bpi o Bpin 5 o M;
R \A< in ). Bpin W B il ; e
- . - B.
Rz R® 1R? R® 1.2-boron o, rad:cal Q\I/l\ﬂ) R'/Y\/ R'/\|/\/-- o MNe
R R2 Bpin :
shift Bpin
C. Boronic Ester Enabled [2 + 2]-Cycloadditions 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
H Bpin
7 BP‘“ EnT catalys:s Bpin Bpin Bp"‘ gpe': Bpi Bpin Me Bpin
=
o Bpin " Me " Boin
R Bpin pin
EnT n H 14-Boronshift I Cyclization
Catalysis | =

Polyborylated alkenes (Masarwa):

T /]

Bpin ype 2 Bpin

Bpin.__Bpin gnT catalysas : Bpin 8 _R=Ph_ P 15-HAT  BpinMe cyciization {prpm
% pin | — il

OJLO Bpin BPm BpmM Mei:l =

Ph Ph Vv

4

Nat. Commun2025 16,3724%°
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~ N

Y Q 0
] [ ]
. PC {2 mol%:) B
Bpin —Bpin
U MeCN (0.1 M) HA Pl H A\ Ph
Ph Ph 450 nm LEDs Ph Ph * pn Bpin
1a RT,12h 2a 2a'

Entry Photocatalyst Er(kcal/mol) E, [MWM1(y) E MVMI{y) Solvent Yield (%)

1 Ir{ppy)s 58.1 +0.31 -1.73 MeCN ]

o8 4CzIPN 61.6 +1.43 -1.18 MeCN ]

3 Ir-F 61.8 +1.21 -0.89 MeCN a7

4 Ir-Me 62.9 +0.87 -0.92 MaCN 86

58 Thioxanthone B65.5 +1.18 -1.11 MeCN 73
Entry Variations from Entry 3 Yield (%)

6 without PC, under 365 nm or 385 nm or 450 nm 0

7 without light 0

8 EA instead of MeCN 7

9 DCM instead of MeCN 76

10 THF instead of MeCN 55

11 PhCF; instead of MeCN 90 (86)°

12 PhMe instead of MeCHN I

13 DMF instead of MeCN 7

14 DMSO instead of MeCN ar

15 MeOH instead of MeCN 77

NaOH, H,0,

RT.2h

dr(3:3)

o

1.8:1
1.8:1
1.8:1

dr (3:3")

0

1.2:1

211

0.9:1
3.2:1 (2.9:1)

1.21

Ir(ppy);
Ey (kcalimol) = 58.1

Ir-F

Ir-Me
Et (kcal/mol) = 62.9

4CzIPN
Ey (kcalimol) = 61.6

CF; PR,

PFs

Thioxanthone
Et (kealmol) = 65.5

Nat. Commun2025 16,3724



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 OH
Ph
F

23, 78%, 1.2:1 dr

H OH
dﬁ(;
Bu

287, 60%, 1.9:1 dr

HE)MI
Ph Ph

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

He}A(—Epln

Me Ph
2ai, 93%

Photochemical Rearrangement

Ph

F
24", 71%, 1.5:1 dr

H OH

Ph

PH
299 44%, 1:1 dr

X-ray structure of 29

f{CCDC 2367147)

H )&(-H pin

Ph Me
2aj, N.R.

Ph

cl

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

H OH

Ph

F4CO
30, B3%, 1.8:1 dr

n-Bu OH

Ph Ph

34, 68%, 1:3.4 dr

Bpin
PPy — P

Ph

Nat. Commun2025 16,3724%

Ph

H OH
o
Me

26%, 1%, 2.1:1 dr

H A /—OH
Ph
QO

31, 60%, 1.2:1 dr

Ph Ph

35° 50%, 1:2.3 dr

Ph
Ph
— - Bpin

2ak, N.R.



Photochemical Rearrangement

Bpin Ir-F (4 moli) M , o-Methane rearrangement
M MeCN (0.1 M) Me Bpin Me s Ar M 1,4-Boron migration
Bpin Ar > * M Energy transfer catalysis
Me 450 nm LEDs Bpin Ar Bpin Bpin M Borylated cyclopropane scaffolds
1al-1ay RT, 24 h 40-53 40°-53" M Diboron architectures (14 examples)
Me Bpin Me Bpin Me Bpin Me Bpin Me Bpin
F
Bpin Bpin Bpin Bpin Bpin
F
F cl
40, 69%, 1:1.3 dr 41, 67%, 1:2.4 dr 42% 75%, 1:2.2 dr 43, 60%, 1:2.7 dr 44 70%, 1:1.5 dr
Me Epin Me Bpin Me Bpin 5 A{ Me Epin
Bpiri Bpiri Bpin ﬁ% Bpini
E \}
Me OCF, X-ray structure of 47 CFs
45 62%, 1:2.9 dr 467, 45%, 1:1.6 472, T1%, 1:1.4 (CCDC 2367148 ) 48, 67%, 1:1.2
Me Bpin Me Bpin Me Bpin Me Bpin Me Bpin
F
Bpin Bpin Bpin Bpin Bpin
CF, F F
OMe F3C F F F F
O
497, 83%, 1:2.6 dr 507, 60%, 1:1 dr 517, 64%, 1:1 dr 529, 60%, 1:1.6 dr 53, 68%, 1:1dr

Nat. Commun2025 16,3724%
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g 1Y

Bpin
Epinj\)L Ph

R
1az-1bh

Bpin
| -Bpin
Ph** |
Me i/ N

54, 48%, 1:1.1 dr

Bpin
Bpin
Ph'
Me ] o

M
59, 65%, 1:1.7 dr

Q v

Ir-F {4 mol%)
MeCHN (0.1 M)

450 nm LEDs
RT, 36 h

Epin
~Bpin

Ph
Me I X

OCF,

55, 53%, 1:1.2 dr

Bpin
Bpin

Ph*
Me

OMe

o
60, 51%, 2.2:1 dr

Bpin Bpin
_—Bpin —Bpin
+*
Ph' Me*"
Me R ph R
54-62 54'-62°
Bpin
{ -Bpin
Ph
e
CF4
56, 64%, 1:1 dr
Bpin
Bpin
Ph""
Me B

61%, 47%, 1:7.7 dr

M Boron mediated HAT/eyclization

M Energy transfer catalysis

M Borylated cyclobutane frameworks
M Diboron architectures (9 examples)

Bpin Bpin
—Bpin _-Bpin
Ph** Ph
Mea I R Me I 3
_— ——
F Cl

57, 68%, 1:1.7 dr 58, 65%, 1:1.4 dr

Bpin
_-Bpin

Ph] e
Ma

X-ray structure of 61°

(CCDC 2367149) 62°, 55%, 1:2 dr

Nat. Commun2025 16,3724%
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E. Light on-off experiments

80 -

NMR yield of 2a + 2a" (%)
% S

]
L=
1

1 1a

Ir-F (2 mol%)
PhCF, (0.1 M)

450 nm LED=s
RT, 12h

Y.

2a'

% I [N ——

e B e e LR

F. Deuterium Labeling Experiment

D ks Ir-F {4 mol%)
D Ph MeCHN (0.1 M)
Bpin
Ph 450 nm LEDs
RT, 75h
laz-D;

G. UV-Vis experimant

Bpin .
Fonin :’ZQ{T
Phl 1 tl |D + .
{ oy Ph b Bpin
D D
76, 30%, 1:1.6 dr 77, 28%

H. Stern-Volmer quenching experiment

Nat. Commun2025 16,3724
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()
‘e 3 5
Q U S [
] [ L]
a} Catalyst-dependent Divergent Synthesis b} Reaction Conditions-dependent Divergent Synthesis
/——" | Product |
: a : : A |
Starting Starting Condition A
Material Material

Condition B

EnT Catalysis F F @ B Time-dependent Reaction
@ B Divergent Synthesis
= R A B Photochemical Rearrangement

B Energy Transfer Catalysis

Reaction time CD B Functional Group Translocation

{2 M Fluorinated Strain Ring Synthesis

Angew. Chem. Int. Ed. 2025, 64, €202516222



Photochemical Rearrangement

o
TXT, R=H
2-CF4-TXT, R = CF, O O
2-CI-TXT, R=ClI

TXT (5 mol%)
BP
gt ond MeCN (0.1 M) 2-iPr-TXT, R = iPr
390 nm LEDs, 12 h
N
-B
e 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.? 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. @ 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.NWem™2, T =40 °C). f) 385 nm LEDs (0.54 W em™2, T=60 °C). & 405 nm (0.15W cm™2 T

—pistead otaSmm o Wicrs. T— 002 Angew. Chem. Int. Ed. 2025, 64, €202516222



_ Photochemical Rearrangement

4 o 5

F CO,Me

F}—-C0;Me

O

FiCOg 719 yiela®

@

F CO,Me

F 7/ ~CO,Me
&

PR 11, 97% yield

F,CO

F GUQME
co,Me

heod

(L2

Ph
16, 77% yield

&

t-Bu

®

F CO,Me
7/~ CO;Me

O -

Me0:C 7 6ag yield®

F CO:ME‘
—/—COMe

17, 80% yield®

8, 74% yield?

F

F CO;Me
7/~ CO;Me

Ph 13, 73% yield

OMe

F Cﬂlzﬂle
CO,Me

;m

18, 70% yield

Angew. Chem. Int. Ed. 2025, 64, €202516222

9, 87% yield

MeO

F CO,Me
7/~ CO,Me

Ph 14, 78% yield

OMe

F CU;ME

F 7~ CO;Me

&

Ph
19, 77% vyield

MeO 49, 859 yield

Me
F CO,Me
cozu.
Ph

15, 95% yield

OMe
MeO Q
F COQHE
F 7~COaMe
Ph

20, 56% vyield?
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() S ?
OMe
! MeOQ
TXT (5 mol%) Q v
- A A\
“EG:C F ED:MH
MeCN (0.1 M), 12 h MeO,C CcCO,Me
390 nm LEDs C O
27A Q Q 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%

B

4CzIPN

Angew. Chem. Int. Ed. 2025, 64, €202516222



Photochemical Rearrangement

0 s [

A

t=2h|35A, 93% yield

MeOzc

36A, 93%

CO,M
t=15h| 38A, 93% yield ale

40A, 60%

Angew. Chem. Int. Ed. 2025, 64, €202516222
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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 A HH'*""‘H_..--,&__...
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, €202516222
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4 s ;

Ca

[ ] [T
c) Stern-Volmer quenching experiment of 26f d) Radical inhibitor experiments of 32A
" P 1ot ey 200036 A0 I: TEMPO (3.0 equiv. )
1ot 4 IeF (0 ) e 26802 50 M) W
e O 5
e (01 M)« 200 (825 M)
ey IeF (00 mb) ¢ 260 (7.50 i} .
8 o) . MeO,C MeO,C
“onier 4 y* 32000 + 1,004 MOOZC MeO,C
1 RE=0mia
oy - 32B, 0%
e M RO P AT S II: 2,5-dimethylhexa-2,4-diene
Wavelongth (nm) o o4 . ' (3.0 equiv.)
© (mil)
e) Stern-Volmer quenching experiment of 32A The formation of 32B from 32A
Ir-F (2 mol%), MeCN (0.1 M)
" L JU—— N 450 nm LEDs Ph
P < 304 075 ot (1.31 W/cm?, T = 60 °C)
e t=12h
i > Condition B
o] veopmi o MeO,C
. ; ™ MeO,C
ot w/o Ir-F, 0%
ol - ' _ y , w/o light, 0%
@ 4 M W 0 o ' s "m . . 328, 80%
Vimvebengm (nm| (

Angew. Chem. Int. Ed. 2025, 64, 202516222
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Photoaxcited

Maih,C

m&m

&

w P
T ast o
e
Lo
I ]
Vs Ut g

i

CO.Ma

MaD Co.Me

Ring close
-

Relaxation

Aryl migration
—_—
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Photochemical Rearrangement

s [

] [ L]
W )— Free energy profile of the Path A
— Triplet
AG Singlet "
(kealimol) “ 54.0°
i~ " 50.7 Im3 '
II.," 26a “ . 7 3Ts2 . Y )
.'III . - N . 1"' ” i
.'-". " - \\a b «".x
/ ., 435 - ~.\‘ i
¥ 3 " & 5§
/ [ . 383 o )
Me0,C CO,Me y
Iln' ._\
|ll 1
w! !
T §
Hi
!
/
/
S
/
J
f
i
.'ll-
I
I
/
128a J/ (UIMDE-2Xaug-cc-pVTZIMOE-2X/6-31+G(d), SMD{CH;CN)
0.0
{0.0)

Angew. Chem.

60.8*
[—— !zr#

Me0,C CO,Me

i
MeO .
OMe ¢ ‘Q, \
\ F

;
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s [

)]
0
[ 1]
c)
OMe t -
Triplet
AG Singlet
(kcal/mol)
- CORMQ
CO,Me
oY
37151-3X OO F o
! 782 © 181-3X
', Dissociation
&N N
OMe

1260 m—

0.0

(U)M06-2X/aug-cc-pVTZIIM06-2X/6-31+G(d), SMD(CH,CN)

\iM2.3X/
0~

6.0

-

OMe
{

M —co,me
CO,MQ
F F
3783-3X
72.8*

Free energy profile of the Path B

OMe
{

3152-3X

T82-3X
) 882 ">,
m2-3X ! W
OMe p

/ 59.9

IM4-3X

Angew. Chem.

MeO
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gr Q -g -6 -

a) The Dowd-Beckwith reaction enabled by szingle-electron-transfer (SET) mechanism

0

0 X
O Q
condition
o T
L ﬂ
&nza

CO,Et

b) Photoisomerization of acetophenone oxime derivatives

i uv N
(E) iF‘C 427 nm (2)

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

B Aza-di-r-methane Rearrangement
o~

N
AN .

I 1,|1,= EnT Catalysis HL ,O 4 -e.rn-tﬂg
(’x QD a s \’3}60 cyclization
X

- — B Radical Ring Expansion
;;.l:. . H‘i" - B Two Carbon Insertion
| | p-scission |)l\-‘a B Energy Transfer Catalysis
T x . -O B Photorearrangement
b \-’% M Visible Light Condition
I - M Diradical Mechanism

Angew. Chem. Int. Ed. 2026, 65, e20490
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-€ -0 - U

OR
RO N M Radical Ring Expansion
T Ir-Me (2.0 mol%}) _ L M Aza-di-r-methane Rearrangement
| Illbk""Ar - \. B Two Carbon Atom Insertion
MeCN (0.1 M) # M Energy Transfer Catalysis
CO,Me
450 nm LEDs, 24 h CO.Me B Photochemical Rearrangement
3 4-30 M Visible Light Condition
OH OH OH OH OH
Hs"' H:’“ Nj‘ Nr‘ NH‘
| b \ \ \
\ Y A A, i,
M t-B Cl CF
a¥, aa aall Q‘(} y e
cOo,Me cO,Me CO,Me CcOo,Me CO;Me
4, 85%, L/E=1.41 5, 82%, Z/E=1.41 6, 79%, ZHE=1.41 T, 75%, Z/EE=1.5M1 8, 64%, ZFE=1.31
OH OH OH
’J'
ij "H N
! ! \_
\ \ )
coMe CcOo;Me CO;Me
- X-ray structure of Z-9 X-ray sm:.mmre of E-9 - -
9, 78%, ZE=1.41 CCDC 2447765 CCDC 2447766 10, 76%, ZE =1.21 11, 50%, ZE=1.21
OH OH OH OH
N ~OH o N N
| H'I \ | Me 1 F
"~ ) "*~ ) 0
- L] CH OH >
Q@"”‘-‘ aVas / : Q ,
CO;Me cO,Me CO;Me CO;Me COMe
12, 65%, ZE=1.41 13, 67%, Z/E = 1.5M1 14, 63%, ZE=1.2M1 15, 73%, ZE =1.311 16, 67%, ZE=1.41
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()
g Q ;
_ ) € -0 0
,..-DH ’,.F'H #DH OH OH
N * *
A \ N N
i"\ .,‘H‘ ‘ ] H
a¥, e, e, —) >
o o J .

& N—cFy 4 \Hs—\:: 4 O __—=Me CH,OMe CH,0Bn

42, T1%, Z/E=1.31 43, 64%, ZE=1.31 44, 80%, Z/E = 1.5M1 45, 56%5-¢ F/E =351 46, 55%°+¢) Z/E = 3.5/1
OH OH
o1 oH A" NT ":r
\
\ ) O -
@ @ f " "
0
CO.Et
cuzm CO,Me z o 0
i-Pr Me

47, 76%, ZE=1.41 48, 63%", Z/E = 2.0M1 49, 43%%, ZE=111.2 50, 60%%), Z/E = 1.4/1 51, 63%%, ZE=1.31
R R = = I e e ettt
HD\ H'Dm.-M HO
! ..-}-'"""Ph : |
: . +—PMF"
E DEMH EDEME E QZME W
: cgzmg 2ie CO;Me
i Four-membered transition state 52, ND E Five-membered transition state 33, ND
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g Q = -5-6-3 i

{E} Oxa-di-r-methane (ODPM) rearrangement - well established

Yol e

{b} Oxa-di-r-methane [ODPM) rearrangements in synthesis

72% O

(C) This work: Oxa-di--ethane (ODPE) reactions enabled by triplet EnT

Type I:
0o Q
WY 8- %
Triplet energy transfer Q
o ) o

Me *
[ M OMEM OMEM ] (0]
Me § é /\bl 3 -
E i =‘< Hj:_mi — l I‘iu — ? H : '
—_— — } |

o B Demuth H Me ® Maimone” Me

Type N:
v 0 0
—
B X
R G Alloc X

Triplet energy transfer

i Et N 00W gy R N
Sunlight H Hg lamp 0
HIII ﬂ &
T2% 51%, o O
Me —_— —_—
Me H Wu H Ding H X v X v X Vi
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N

€ o 563 8

(8]
o &
l:ﬂzllll 2-CF3-TXT {5 mo %) o

(a] .- : 2-CF3-TXT
EtOAc (0.1 M), 405 nm, 12 h / (o]
CTOsM
2, 9% e

(dr > 95:5)

Thioxanthona Ir=-F ACzIPM
Entry Photocatalyst E; (kcal/maol) Yield (%) Entry Variations from Standard Conditions  Yield (%)
1 Ru(bpy)s(PFg)s 46.5 <5 7 MeCN instead of EtDAc 94
2 fac-{Ir(ppy);] 57.8 23 8 THF instead of EtOAc 94
3 4CzIPM 58.3 51 9 Mo PC under 405 nm n.d.
4 Ir-F 60.8 98 (92) 5 10 No PC under 365 nm n.d.t
5 Thioxanthone 63.4 89 (82)l= <l 11 40 °C instead of light n.d.kl
6 2-CF;-TXT 69.3 v 98 (91)la! 12 Mo light n.d. il
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Q -

g -
0

3

O oY
0 :. @
t} “CoMe
'COzMe
19, 92% 20,64% °©
0.65 g, 88% (2.4 mmol scale)
R 0 R
R (0]
Ogh
o
@ ;
28, R=CO;Me
25, R=H, 85% 9 97%, 50:50 dr
29, R = CO4Et

26,R=CN, 95%°
27, R = CO,Me, 69% *

80%, 50:50 dr
30, R=Ph, 79% ¢

0
N B~ / \N
\ \
“—NBoc o) -0 o] &
"CO,Me : “co,Me : ‘co,Me
21, 94% 22, 30% 23, 49%
CO,Et
(o) 2
O CO,Me on Ph
N
Boc
(o} Ph o?jg‘
31 32,83%¢

96%, 50:50 dr

[o) :.\{NBOC

“co,Me

24,77% €

O CO,Et
2= _Ph

NBoc

|

o) Ph

C\Ycozst
N

Boc

33, 61%, 50:50 dr 9
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gr-

Q -

BocN Ph

BocN

2
XJH/MR

67

Y ’ é ()
1
R’ 2-CF5-TXT (5 mol %) O~ o
MeCN (0.1 M) FsC
. : LI
405 nm LEDs X . R S
68-111 2-CF3-TXT
H 0 0 H 0O H
o o
Me
MeO Ph Ph
Ph MeO BocN Ph Me
74, 70%" 75, 99%"? 76, 99% 77, 99%
0. CFaH o Me %Zf 0/
BocN Ph BocN Ph BocN Ph BocNQ—/‘ Ph

79, 99%* 80, 99% 81, 99% 82, 92%°

_ . _ H H
83, R = Me, 73% 89, R = Cl, 95% o o
84, R = t-Bu, 84% 90, R = CN, 63% F
85, R = OMe, 76% 91, R = CF,H, 82% £
86, R = OCF3, 73% 92, R = CF3, 77% BocN BocN
87, R = NHBoc, 48% 93, R = Ac, 99%
88, R = F, 99% 94, R = CO,Me, 99% o 6. BB
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€ o 563 8

(@) DFT calculation

Free energy
(kcal/mol)

+ 51.5 kcalimol {
o COzMe Ph

1a
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gy~ 9 - -0 -6 -3 0
(a) Spirocyclic scaffolds synthesis by oxa-di-r-ethane rearrangement
kcaMnol 4 )
,k(t(\(‘( |
fy Mo st s
J/L 0 E
® | BocN ™~/ ~Ph N (\}

J)\ .c“.".'- 4.9 \“‘Q o H
e ¢s7ph M\\/;L /L
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V‘ BOCN Ph X

0.0
A Ts2

N L INTT L N
¢ A0 . 13
. m ,F;‘e;‘ %Qph

O_H

BocN 67a : b
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A. Radical aryl translocation in synthetic chemistry B. Chemaoselectivity in 1,2- translocation of an aryl group """" By p h """"""
| N |
o & v et W GO0
PTH {1 mol% : |
—_— N { )- & J\rme b o N o :
Yo X Y. X X Y L HEH-Cy frackd ! \ i
st Mo A (0.8 equiv.) | Co' O c |
i o N y :
! I EtO,C CO,Et;
. Me :IB"‘I 2 | | 2 .
1, {n+2}'ar}d translocation C hefemarrf groups = ar}r‘f groups : :
Co-(S,S) Me H Me :
_______ o L....n.: A
C. Chemoselectivity in 1,4- translocation of an aryl group D. This work: Unexpected chemoselectivity in radical aryl translocation via photosensitization

Photochemical rearrangement

S
(2.0 equiv) @ -
Ar ’W Ar J\/\lf\cFa

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

Y

Energy transfer catalysis

OH E 5

| : HO, i

Ar WC& ; s :

Hothr —— ' —_— Ph !

: \ :

heteroaryl groups > aryl groups ' FPhotosen emz ation Unexpected Chemoselectivity :
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/™% on
J'...‘
PC (2 mol%) HO BuOK (10 mol%)
- 5 .
MeCN (0.067 M) \ Ph RT,1h
450 nm LEDs, 24 h
1a 2
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)a 58.1 +0.31 -1.73 23 9¢ MeCN 74
4 4CzIPN 61.6 +1.35 -1.21 Trace 107 MeCN 77(76%)
5 Ir-F 61.8 +1.43 -1.18 73° 1 without Ir-F N.D.
'
6" TXT 65.5 +1.43 -1.18 15 12 without light N.D.
0
Py , 0
Br. Br
OO @
HO 5 OH s
Br Br
Eosin Y (45.4) Ru(bpy)s(PFg) (46.0) fac-Ir(ppy); (58.1) 4CzIPN (61.6) Ir-F (61.8) TXT (65.5)
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X-ray structure of 3
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Aryl Migration Scope
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0 Ph f|
S KH
N |

X-ray structure of 22

21, 51% 22,6 CCDC2483686

23, 48%

24, 69% 25, G1%"

O Ph O
Ph
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1an 56% (5:1)
g OH Ph
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—
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