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Me, Me
a) b) R= w H
FG ipso-transformation o
T Isomer 1
Well established R’ R? EC50, GIuN2A >10 uM, inactive :
Elusive
J\/\ transformation
U 2 .
R R FG migratory Me :
| transformation R‘YRZ Neuroactive steroids
Unconventional for NMDA receptor T Me
OH
Isomer 2
o EC50, GIuN2A = 150 nM, active
d)
HeN A~ \:/COZ” aysine The problem:
NH,
1- to 2-NH2 migration
NH, . 2
on sp® scaffold ROY R
RYC{)ZH R‘J\/\R2 e NH,
Ny Alkyl amine SM Alkyl amine product
Biomimetic Widely available Highly valuable
R = | OH 1,2-amino migration
SN e This work:
PLP-imine Lysine 2,3-aminomutase
intermediate
(LAM) O
A<C02Me 9 O\/H/CD;Me
HN" R
- O CF3, PhSO,, MeS
NH, Ph,P(0), A
HzN NN _COzH B-lysine > 80 examples
B up to 83% yield

Nat. Chem. 2025, 17,941 *
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1) CF3SO,Na, KsPO,, PC NH2eHCI
—_—
- MeCN, RT, hv, 15 h Fgc\)\(cozm
oluene 2) Work-up with !
1 M HCITHF, RT, 6h Bu

Entry ArCHO PC Yield Entry ArCHO PC Yield

1 1a 4CzIPN 45 5 1a Ir(dtbbpy)(ppy),PFs 79

2 1b instead of 1a 4CzIPN 32 6 1a NO PC ND

3 1cinstead of 1a 4CzIPN 30 7 1a Ir(dtbbpy)(ppy)2PFg or dark  ND

4 1diginsteadofia  4CzIPN  trace 8 1a IEOOPYIPPYIPFe geo 6 4.1 1)

(3 mol%)
CHO CHO CHO
CHO
F. F 1d,R=H gHo
1e, R=CO,Me
1f, R=OMe
F F \

FoC CF.

¢ ¢ CFa F R

1a 1b 1c 19

Nat. Chem. 2025, 17, 941
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1) Ir(dtbbpy)(ppy)2PFs,

CF3SO,Na, K3PO,, PC NH2eHC!

/><C02Me ArCHO /XCOZMQ MeCN, RT, hv, 15 h Fac\)\(cone
f _— ”
‘Bu” NHy Toluene BuT N 2) Work-up with !

Ar 1 M HCI/THF, RT, 6h Bu

Scope of y-fluoroalkyl--AAs

pr Pr \I
\*COZMe m— CO,Me S co,Me VR COzMe
NH; NH,

NH; NH,
) 76 yield
g?f{"ﬂi 2.9 dr.

A (|
Ph Ph 'S S
\/i\ —> F3C/\H\002Me X — CO,Me
CO,Me CO,Me

NH; NH, NH; NH,
69 yield 41 yield
1.7:1dr 2.7:1dr

Nat. Chem. 2025, 17, 941
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Scope of y-phosphonyl-B-AAs COoMe COMe
H»,Nj)\ Ph H;Nj)\Ph
\/IIV\Hgone — /©S‘TD \/i\NHg:one — ©f“p
F
52yield F 74 yield
46:1dr. 20:1dr.

Scope of y-sulfonyl-B-AAs and y-thioalkyl-B-AAs

o Ph Ph

Ph

N\

Scome = S\\/\)\COzMe \/i\cog\ne
NH; V %t NH;

N
57 yield 45 yield
1.2:1dr 1.1:1dr

Scope of aryl bromides

Me o Me Me
NC.
CO,Me CO,Me WCOZMe CO,Me
NH, ) . 2
MeO, 2 NH, N A NH, NG NH;

66 yield 48 yield 57 yield 50 yield
4.1:1dr. 3.6:1dr. 4.1:1dr 26:1dr

Nat. Chem. 2025, 17, 941
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O[Bu O'Bu
OBu O ©\ COo,Me
PC
X COzMe ry
COMe  * Diphenylphosphine oxide —————————» O/ .
NS TEMPO (2.0 equiv.)
Ar 2n recovered >95% Ar
2n 65 Not detected S14a Not detected
OBu
o S
X i ine oxi 65 and S14a
Nﬁco;Me + Diphenylphosphine oxide Not detected + g -
\
JI\ (2.0eq.) o)
Ar P~ “Ph Ph
2n 24% yield
Ar

O'Bu

OBu o Nﬁ
PC W L
R CO,Me &
CO,Me + Diphenylphosphine oxide ©/ Nﬁ + O'Bu
R COzMe
GF N 7—CO Me 2:> Ar 2

2n é\Ar 65 7% isolated yield S14a 43% isolated yield
1.4:1d.r

Nat. Chem. 2025, 17,941 °
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CF3SO;Na, PhSO;Na, MeSSMe

P OOMe Ph—EF’?—H B I
HN R + | " _— \)\rCOzMe

Ph
a-vinyl-a-AA, A Feedstock chemicals, B R
. CHO -
Imine Acidic
activation SET 0 PC work-up
v
Aldehyde

A
N/) 3

MeO,C.
) CF3, PhSO,e, MeSe
R>(Nl\ \/ VY Ph,P(O)e, Phe \)\H\OMe

Ar R
Imine, D Anion, H
- SET
Radical
addition
Ar
~_f 2
CO,Me 3-exo-trig cyclization COMe Rearrangement N
———
)NI . ___Rearrangement \)\?,Cone
Ar @™ ar R
. Azacyclopropyl carbinyl -alkyl radical, G
B-alkyl radical, E Radical F a-alkyl radical,

Nat. Chem. 2025, 17,941 °
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Ar A
k |§ Ar Ar
N " . N 3-exo-trig %’ k
J\/ Radical addition " N Cyclization Z | N Rearrangement SN | A
— > e [ A _Tearrangemen” -
Me Mée | S Amino migration SN Me Me N/
Z Me

Me
MpO O‘Phth

N
A
[ /j
(TMS)3SiNH-Ad e} Sw2
XAT
Br
I N
e

i

Ar
MpO.

ArCHO S MpO—Q 3 SrS
‘/ > H il oo ’ _
e
" c:t:?ytz::e:;;e Nickel catalytic Me" Me
cycle l
k/ I Ni!
NH, NH, | B
=z
Me—’\/ MeO N
Me Me”  Me

J. Am. Chem. Soc. 2026, 148, 41745 *°
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[o}
CHO )j\
o | @6 e
Me_ Me N/) /N CF3
~ — ke I NH, |
HoN Me#\/ Me \
CFs e @ Me
ArCHO Ny -CFs Me
Alylamine JI/\J/
Br
[o} [o}
N N,

NH, c NH, \j NH, N NH, N
Me. Me. N Me. Me.
Me' Me' Me' Me

Me Me [o] Me Me
4% yield 3% yield 54% yield 54% yield
Q,
2 ,O /

NH, S\\O NH, N-N NH, ST\ NH, /N\n/sme

Ve Me*\/"\Q MeNN Me. SN
M M M

Me' e ® Ve ® Ve ¢ Me

44% yield 41% yield 52% yield 79% yield

J. Am. Chem. Soc. 2026, 148, 41745 **
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Me<, //O

CN
NH,
Me N’N N=
N
Me' \ /
Me N=pN \
37% yield 76% yield
from Etoricoxib

from mGIuRS ligand

F

F 8
J\ /)\ Br EtO-=|
F T so;Na F T s0,Na

P Br
Eo” X
F FF FF
@ o)

NH, NH, HN e NH: E,
Me*\/CFa Me*\/CHFQ F Me*\/C\
Ve e Me PO(E),

Me

Me
Me Me'

81% yield

35% yield

49% yield

Me

64% yield

J. Am. Chem. Soc. 2026, 148, 41745 **
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V(\/d NYNUJ -

N S.
NH, # \I( “Me
N
HoN X
Me

Me
48% vyield 39% yield 54% yield
it R_PO(Et)
~ NS F 2
NH N NH, 7
2 | 2 \“/ NC. HoN
Me o
Me” Et Me” Et O
48% yield 56% yield 39% yield
0
o) 0. SR (i '
HN 2 :
Me NH Me = P, H
Me Me O fx 3 CE)Ft H
FOF H
.......................... H
27% yield 27% yield 27% yield

J. Am. Chem. Soc. 2026, 148, 41745 **
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----------------------------------------------------------------------- MHAT mediated alkene hydroamination :-« - -« -« == -==-======xmmsxmssmsmmsmnmmsmnmmnemmnamnnanes

path a: intermolecular process path b: intramolecular process path a and b
O\ /O Mep r\/ radical generation
O\ /O Me’ via MHAT process

U cyclization
0 —

path c: migratory intramolecular process (largely unexplored)

Q

Enabling new reaction
modes via FG migration

pathc

cyclization amino r\/ radical generation via
- migration consecutive MHAT and
o M]—H Me: —_— » Me - Me’ A amino migration process
™Mp

doi.org/10.1021/jacs.6c17662 w“
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Ar
Ve R? Ar>
SN 3-exo-trig cyclization 7R'  Rearrangement Ko
—_ > —_—
Me R2 N
R! é\A, Mé R?
LnFe" MHAT
Ar Ar>
N //
N N R!
R1’)\/ LnFe' H!
R2 Mé R?
LnFe'
ArCHO J
imineacidic activation
NH, HoN, R'
RI—\~# WA
R2

doi.org/10. 1021/_]3.CS 6c17662
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1) Fe(acac); (30 mol%)

D —F SRRy e mramssmemes

1n1$=1véf;rkHqumtheh NH, 'f’t ’H‘MHAT%I 2- ;\ﬁ *ﬁlﬂﬂqu H

- ” ——— e @ P A AR A
I—— et s ramevors § INGIST Y E

sterically hindered internal alkene frameworks
o o BHXBikE . EMIATAIFGE
mwﬂj “Y£> e e W;If wAJijmf;Ld Foid R rh R B AR 57 (0 X Sk
NH, NH, NH, PONH, NH, NH, :

79% yield 49% yield 59%yield | 73%yield 73% yield 71% yield ’

T e BB MM a -
Scope of B-Methyl-B-AAs
EIEBRATEY BRI B -1 -
/ B IR,
e %L EE e Y( " o SRS TFREAE: NATL
CO,Et CO,Et CO,Et CO,Et CO,Et
NH N, N NH, NH, Ei. TRk INT ST

64% yield 65% yield 84% yield 64% yield 95% yield doi.org/l 0 1 02 1/jacs.6c 1 7662 16



a) Alkyl-to-alkyl FG migration

alkyl-to-alkyl o m
Functional group migration R " Ry

X = cyano, aryl, alkenyl, etc.
Most commonly 1,2-, 1,4-, and 1,5-FG translocation

X

R1/tMnQRz

X =FG

Inspiration: aryl radical-mediated alkyl-to-aryl HAT —

sae oY

Well-established and many applications
Most commonly 1,5-HAT

alkyl-to-aryl

Hydrogen atom transfer

b) Alkyl-to-aryl FG migration

R alkyl-to-aryl R
) X Functional group migration X

X =FG

Remain largely unexplored with rare precedents

——This work: photocatalytic alkyl-to-aryl amino migration

R
: R
R PC, hv
T R
Br N alkyl-to-aryl amino migration N

1,4- & 1,5-Amino migration
Excellent chemoselectivity

Good compatibility
DFT computation

ACS Catal. 2026, 16,9447
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Ry
aryl bromide imine, A imine, E
radical
g PC generation termination

R3 R3

Rs
R, cyclization R4  ring openin: R
4R yclizati (j/_m;’\‘kAngplg 4
O, 2 2
~ )Y \?’ N

|
R R.
1 1 R1)\ Ro

aryl radical, B azacyclopentenyl

carbinyl radical, C i
b) Potential challenges and side reactions 4 alkyl radical, D

@‘ intramolecular @ N intra- or intermolecular @ "
N
W H

cyclization aryl radical HAT
reactive intermediate

ACS Catal. 2026, 16 9447 *
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Me 4CZIPN (10mol%) eeeeeeieeeaan,
COMe TBAB (50 mol%) Me ! ph !

2 —_— = ‘@ = :

N (TMS);SINHA (1.5 equiv.) (D:\Crone : > ?{N/)\Ph :
Br Toluene (0.2 M) N eeeeceeei H

blue LEDs, RT, 9 h

Scope of aryl ring

CO;Me :@(\r CO;Me CO;Me
N2 MeO' p CoMe N2 NC N2
65% yield 65% yield 65% yield 71% yield

Scope of alkyl chain

F
CN N
CO,Me CO,Me CO,M CO,Me
N N N N

70% yield 57% yield 75% yield 37% yield

Fih: RBGLETFE. KRBT
B ERFERE. &K,
mEsE: BE. RE. ¥E.
bk, MR, BE. REEY
i 5%

EREE: LHL4-FETH
515-gEi1%.

H N :
H CO,Me !
H CO,Me CO,Me :
H — N i
: g COMe :

61% yield :
1,5-migration product .

ACS Catal. 2026, 16,9447 *°
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WCOQMe ‘:\i/eCOQMe °coMe
N Ph > O N Ph > E:CN Ph

B Y Ad,TMS © Y S

N e
Ph NSt Ph Ph
™S ™S
(TMS)3SiNHAd
PC*
radical aza-Brook rearrangement Ad\N-
e
(TMS)sSi Photoredox
catalytic
cycle
COzMe COzMe COzMe
COMe ? Oroar <—TBA M
Ph Ph
TBA*

ACS Catal. 2026, 16, 9447
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Reaction optimizations

i H OPh H
H . 20~ H
: o 9 N o O i" O'zp “oph !
H N If{(dF(CF3)ppylx(dtbbpy)PF6 (2 mol%) (¢} . N : H
H o~ > H H
e We hv, THF, 10 min, 0 °C Me” Me Me Mo @ NS
: : Ph '
i Entry Variations from standard conditions Yield Entry Variations from standard conditions Yield i
none 72 6 acetone instead of THF 43
: 2 thioxanthone as PC 64 7 EtOAc instead of THF 71 :
3 4CzIPN as PC 15 8 DME instead of THF 65
: 4 Ir(ppy),(dtbbpy)PFg as PC ND 9 R.T. instead of 0 °C 46 :
H 5 fac-Ir(ppy); as PC trace 10 no PC or in dack ND H

Adv. Sci. 2026, 13,¢76772 7
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Radical inhibition experiment

: o, N TEMPO o
' (0]

H Ir[(dF(CF; 15(dtbbpy)PFg (2 mol% or

i o—N 1(dF(CF3)ppyla(dtbbpy)PFe ( o) < o) TEMPO
H Me~ Me hv, TEMPO (4 equiv.), THF, 0 °C e Me

separation recovery of 11: 90%

' ND .

' found m/z via HRMS
Crossover experiment

i o

H o N

H [0}

H (ol N (o]

H M M M

H © © © Me" Me

E Ir[(dF(CF3)ppyl,(dtbbpy)PFg (2 mol%)

' > 42% yield 30% yield

: hv, TEMPO (4 equiv.), THF, 0 °C

: 7 o

: ™ o) n

Me~ Me fo)

H Me

H Me® Me

: ND ND

Adv. Sci. 2026, 13,¢76772 7
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o Ph
PhO. &/ Ir[(dF (CF3)ppyl(dtbbpy)PFs (2 mol%) Ph Ph

P16 _N.__Ph 3)PPYl2 PY)Fre ) H 18y
phd © o N THF, 0°C Ph/i\N 0 Ph/i\u 0

then AlH4Li (5 equiv.)

________________________________________________________________________________________________________________________________

RV SOCHON R AEENT, SRR, A AR i B -TRIR A be At B el B AN FR A B Hh

FE AR A R R AN TN 1, - E T

RS JE AL R R B 2R S R A RE B 2k R B - 8 2R 9% R BIN-OXUEE L) o

RIS BRI AL R ARG AE N B 224k, AFET 428 EnT WERALH “PIA A mER IR ENR R B2

Adv. Sci. 2026, 13,¢76772 7
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Ketoprofen Adiporon Morclofone N
anti-inflammatory agent adiponectin receptor activator anti-tussive agent H ;_EE [ﬂ 95& /ﬂ\% ’é— k ’J‘ N
H H N
New opportunity: replacement of benzophenone core with aryl difluoromethyl bicyclopetane (ADB) scaffold ﬁ/ K 2 % jF 1%

: WAE BRI T

L @i, BETR

L s
AWM. © R

! C-F activation [l strain-release ! R_O_R' vs R%R

Bioisosteric design:

i li ili : N
Synthesis of various ADB increased metabolic stability : 0 & —AF Kk R &%t

! substituted pharmaceuticals N . H
: ©\/ O/ \ﬁ enhanced bonding selectivity : Al
H H R o

improved membrane permeability

Nat. Commun. 2024, 15, 419°*
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hv, y-terpinene, PC
Base, DMSO, rt

...........................................................................................................

FoF

el

“PN()
reductant

PN(I)
photocatalyst

&‘ catalytic cycle

aryl difluoromethy! bicyclopetane (ADB) synthesis

FoF via C-F bond activation
NHAC \/&

Photoredox

PN(Ill
oxidant

T

ELBELAR 6 ArCFa AR, 86 it 4 ArCFBr 2 B St/ s
BRI R N-BTB T HLGHAA PON, 2R . T3l 4
D CoF LRI SE, iR ADB P

BMITEET", >70 B, S35, ZRBER. ARG

T 2 [3.1.1)[4.1.1]propellane, 3RFA[E] JLAT TR (1) SR S HE Ak 5
DU, TS Bpin 2R LER LT
LB 5 ADB T — A TS R b

Nat. Commun. 2024, 15, 419%°
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Rt H,quh FQoF
7N QO B
i . __H2.PdOHYC i
e E K/an NPh i
i FC e [(0-OMe)Ph],PPh (8 mol%), v
i ¢ v XantPhos (8 mol%),LiOH (1.0 equiv.), Ph i

: THF, RT-40°C.6h i

Ph

: Scope of Trifluoromethylarenes

Ch'r: @ s F N R
P P % Jo ot

92% yield 71% yield 64% yield 56% yield 85% yield 64% yield 70% yield

Scope of Nucleophiles

[}
Eﬁj . s(\ NH DOQH " " @\,( OH R ©,an
s SOy BocN g O/

80% yield 56% yield 90% yield 60% yield 71% yield 39% yield 90% yield 58% yield

JACS Au 2024, 4, 4223
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Proposed mechanism

SET

FQoF !
‘>\ Pd(I)Ln
. recombination
rfugrat!on F'd(II)L
insertion ~LiF

Difluoromethyl

Pd(ll) complex
[ Pd(I)Ln:|
Pd(l)Ln e Hybrid difluor_omethyl
©/\/\/ w\m’ve Pd()) radical
(a8

radical
recombination

JACSAu 2024, 4, 422377
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: (Ij path | (0] path Il .
P Rpe 4 m— Rie + :
R1) * R1)I\R2 R :

E R2 =Me 2 !
i High-energy UV light Aromatization as sole driving force :

Radical recombination Harsh reaction conditions (high temperature)
Decarbonylation Limited substrate scope (methyl ketones) :

Sci. Adv., 2024 ,10, eado0225. **
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—X
Step 2
Br Py Py
N =
| N Z
N R
0.

Step 1
- NHMe or &
<
OO T s SoNo e
e 0. e ~
MPHA 2100 | o/\ o
Ketones One pot eximp_es
(no solvent change) up to 94% yield
N'(0)47SETT Ni(l) i
Simple PAI L '_ R_ed_uctl_ve
MPHA synthesis por PC elimination
—X
Py, Py,
: =N ):N‘ pPC* —Ni()
: HN_ _NMe HN_ _NMe sE ((Me or X N|(III)
: é Me Aromatization-driven Radical recombination with 0
H o 0. C-C cleavage Ni(ll) species Nl("')
Dihydrotrizole PAI Carbon-centered radicals Ni(ll) adducts
Scalable to gram quantity
Suitable for one-pot procedure
Sci. Adv,, 2024 ,10, eado0225. *°

Broad ketone scope: cyclic, methyl and drug-derived ketones
Mild conditions with excellent functional group compatibility
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C=0 bond cleavage _ _ C-C bond cleavage

E | 3 R
: Me PhsPZ R Me)\lO Z R - O/\/ E
: - 0 o :

Wittig reaction Heck reaction

polysubstutited well-established unstrained largely unexplored 1,2-disubstiututed
alkene ketone alkene

Angew. Chem. Int. Ed. 2026, 65, 18599 *°



$B=29n TBHHE R SIHEREL
&0 JE 3 SR AL B BB E Mizoroki-Heck & FI

step 1 p 0 @@
o MPHA (0.2 mmol) y)—N . A
.. — d N
Ve CSA (10 mol%) N, Nve P 06mmo) 0()/\/ o mr
Me
o

o} DCM (0.5 mL) DMAP (40 mol%)

60°C, Ny, 12h InBra (20 mol%)

DCM (1.5 mL), 440 nm 2a 2b
25°C, Ny, 24 h E-selectivity: with 4DPAIPN

Z-selectivity: with [Ir]

1a-PAl

Scope of ketones

: (:(\/A’ (\:(\/Af : A AT /@O\/\/A’ QOWN
. O, TsN AcO

63% yield, 94:6 E/Z 83% vyield, 93:7 E/Z 50% yield, 92:8 E/Z 47% yield, 99:1 E/Z 47% yield, 98:2 E/Z
82% yield, 83:17 Z/E 76% yield, 85:15 Z/E 56% yield, 81:19 Z/E 53% yield, 88:12 Z/E 53% yield, 78:22 Z/E

cope of alkenes

THPVT%N THPm THP\AQ TP g P THF\/\q,O
i
/) | // N A oF MeMe o

N

64% yield, 90:10 E/Z 42% yield, 86:14 E/Z 53% vyield, 98:2 E/Z
72% yield,

3

46% yield, >99:1 E/Z 43% yield, >99:1 E/Z

46% yield, 76:24 Z/E

Angew. Chem. Int. Ed. 2026, 65, 18599 **
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H Ar
! ketone, 1 O A (j\f

: -

! | o (@]

i\ MPHA

H* Ln-Co"
l N TN\
H
! 1a-PAl SET Al
: // Cobalt O Co'-Ln
Photoredox s catalytic cycle

pC* catalytic cycle

Ln-Co"-H

PC Ln-Co'" 7« 2a
hv H*, base * EnT

Ha

Angew. Chem. Int. Ed. 2026, 65, e18599°*
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Aryl diazonium salts Heteroaryl pyridinium salts

This work: aromatic amines as direct precursors to aryl donors with in situ rapid diversification

H
Direct deaminative NH. One-pot H" / o
N From functionalizaiton @ 2 cross-coupling “Me
| imiquimod —_
> ©\ H From
Nucleophiles N:/Nfﬁf'\"e CEDEEES o estrone

Me .
>170 examples 20 examples

16 coupling partners

RB(OH),

AlkZnl  AlkCI ArOH Alcohol

Zn(CN),

AlkBi

SH Alky Ami

Nature 2025, 648, 341.
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&€ NBENSNEERSEERK
©\NHN°2 + Clsource —SMHNOS _ CLCI ©\NH2 v Clsource Acid, Base ©\c,

DCE (0.1 M), T, 1h DCE (0.1 M), T, 1h

2-chloropyridine 2-chloropyridine
> MN-vth“iiiﬁ)ﬁ'— 1 %R%ﬁ%ﬁiﬁ > &ﬁ%ﬁ: /C'\%]_ HNOs ﬁﬁi (16%4>74%) 5 HCl\ HZSO4\
PR TfOH. TFA. AcOH 34 1< % ;
MgCl2(3.0 equiv) + HNOs(3.0 equiv), 100 > #RML: SOCL &M, POCL. AcCl. BzCl, TsCl KZ,
°C: 42% yield; LiCI/NaCl/MgCL/NH.Cl/"BusNC1 3 f& 4% i %34 ;
FAeHNOs ZMgClii & : 42 M R 2] ; > #Jfik: DMAP ®#% (57%) , DMF. DBU, TMEDA,
MgCl: 3.0 equiv, 50 °C : 68%; BEME . E6N 434504 ;
g%ﬁ@dgaﬂm_%‘* o) > #®Hik: DCE &4 (57%) , DCM 55%, THF 35%, i
9 (1.8 equiv base, DCE, 70°C ) : 2. 4% 44%, MeCN AR trace, ¥ %/DMF/DMSO % %;

DMAP: 74%; =2 . 0 0/ . 0, 0/ . 0 o/ .
DBU:55%: - 4 8: 65%: 4 37 : > B 50°C, 39%; 70 °C, 57%; 100 °C, 57%;

60%: NBny: 67%; 2,6-=A T ooz : > gt EHA: SOCL 2.5 equiv\‘ HNO? 1.5 equiv. DMAP

61%. 2.5 equiv BY A 70-74%; K A&ARAEFAE A 1.2 equiv HNOs,
2.5 equiv DMAP. 2.5 equiv SOCL. DCE. 100 ° C. 1 h,
2-F o 74%.

34

Nature 2025, 648, 341.
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NHz 1.2 equiv. HNO3, 2.5 equiv. DMAP C'
2.5 equiv. SOCI2, DCE, 100 °C,1h
Substituted pyridines
Cl Cl
E@cm Bpin\fj CI\E\/E‘ N0 | N @ i el
® ® ® ® ) ) B
N Cl N Cl N Cl N Cl N CF3 N Ph N
55% yield 74% yield 85% yield 80% yield 92% yield 75% yield 53% yield
Heteroarenes
cl CF3
s ON__s NG Ph Ny _N__Cl
E ): N
Cl | = Z N
N/>_ TN»_C \l:('N_Ph \[N;LCI s 0 C\)I\;Ecw
N N “CI
86% yield 36% yield 80% yield 66% yield 83% yield 69% yield
Arenes
Br cl - Ph cl Me’ (°] i Cl
41% yield 47% yield 63% yield 61% yield 40% yield 50% yield
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NHz

1.5-6.0 equiv. HNOg, nucleophiles
DCE, 70 °C, 1h

C-Br bond formation

cl
Ne_Cl
X
| D NI N Br
Br Br AN,
50% yield 66% yield
C-F bond formation
Me
I\ coMe o
N NE
F
38% yield 35% yield
C-N bond formation
N
I )
B P i, NTf,
38% yield 40% yield

IPh
¥ 2, "
Br
I\%_ MeO,C’ Br B
CN

71% yield 50% yield 68% yield

C-I bond formation

Me c o
ON N Me' S,
| [ =
F cl I me” N
45% yield 49% yield 70% yield

C-S/Se bond formation

N,
JON L
B P Nscn 0N SCN

529 yield

O,N” : “SeCN

9,

41% yield

O,N” : “Br

68% yield

Meozc\©\
1

77% yield

Intramolecular C-C(sp?) bond formation

® 9
o N 4@

Intramolecular C-C(sp®) bond formation

71% yield
Me. MeMe Ml;/le
O —
T ®

43% yield
C-0 bond formation
NI\ Ch A N|\ oFy
7 oTf N\N/ OTf  Ph & 0" "CF3
S5%yield | A45%yied ... S3%yied ..
36
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Pathway A: N-nitration polar mechanism initiated by preformed sulfonyl amides

3 RSO,CI HNO, NO2 ci
i Ar—NH; ———— Ar—NHSO,R —————— _N_ —» Ar—ClI
i base -H0 Ar” YSO,R

(Int-1)

Pathway B: N-sulfonyl polar mechanism initiated by preformed sulfonyl amides

: SO,R T

: RSO,CI RSO,CI 2 Cl

| Ar—NH, ————— Ar—NHSO,R ———————> N ———> Ar—CI
- base base Ar” SSO,R

(Int-2)

Pathway C: N-sulfonyl polar mechanism initiated by preformed N-nitroamines

H HNO NO_ ci
Ar—NH, _ % e Ar—NHNO, ﬂ‘. Ell —_— Ar—CI
: "H0 base A SO,R

Nature 2025, 648, 341.
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Pathway D: O-sulfonation polar mechanism initiated by preformed N-nitroamines (favored)

R
HNO, RSO,Cl or SOCI, o Os¢ ci
Ar—NH, ————3 Ar—NHNO, — "% A S "~ o pA—cl
- H; base tN—0
(Int-3) Ar—N

Pathway E: Transient aryldiazonium generation facilitaed by DMAP promoting nitrate reduction

ci
—  » Ar—Cl

DMAP .
Ar—NH, + HNO; ———[NO* | — | Ar—N=N

(Int-4)

38
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: NHR! 1.2 equiv. HNOj, 2.5 equiv. DMAP | H . e 4s
: 2 N\XIP Ppooeeeee Experimental verification of pathway B: ------- :
: DCE (0.1 M), 70 or 100 °C, 1 h g R i :
! X=C.S N,S°2°F3 . o 2.5 equiv. DMAP - ~r”
ND ’S0,CF; c./s\m DCE (0.1 M),70 or 100°C, 1 h X
1.2 equiv. HNO3 ND
X=CIN

% ;
@ NHR' 55 equiv. SOCl,, 2.5 equiv. DMAP @ cl 5
DCE (0.1 M), 70 or 100 °C,1h T

39
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oS conditions as below |
| _NO,
N7 NHNO, not detected N
1, Int-3, 1 mmol R = SO,Et or COCF;
condition yleld
EtSO,CI (1.2 equiv), LIHMDS (2 equiv, 1 M in THF), THF or DCE, 70 °C, 2 h n.d.

1) "BuLi (2.5 equiv), THF, -78 °C, N3, 5-10 min; 2) EtSO,CI (3 equiv), THF, -78 °C, N3, 10 min-3 h nd.
1) "BuLi (2.5 equiv), THF, 0°C, Ny, 30 min; 2) EtSO,CI (3 equiv), THF, 0°C, Np, 12 h n.d.
EtSO,CI (3 equiv), EtsN or Pyridine (3 equiv), DCM, 0°C, 12 h nd.
TFAA (2 equiv), EtN (3 equiv), DCM, r.t., 12 h n.d.
CF;CO;H (2 equiv), EDCI (3 equiv), DMAP (3 equiv), DCM, r.t., 12 h n.d.

! 1)LiHMDS (2 equiv, 1 M in THF), THF, 0°C, Ny, 5 min; 2) EtSO,CI (1.2 equiv), THF, 0°C, Ny, 12 n.d.

Nature 2025, 648, 341.
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| N- R e R Do

™
Y m
N NHNO,
i A
n ! o,
H i (> () >
S +OHNO, ——(DCWWHSO. m\ R —— | SR i @mm,
= : L | *
1 OSNT NH, DCE (0.1M), 70°C, t NZ “NHNO, L A
1.0 equiv. 1.5 equiv. 1 @ HNO; ™~ ~
H ok N1
L o ~ ~
I L
U
@ HNO; x>
» ’ — 1 0min
i_U ks
» Standard sample.
‘ N H .

Nature 2025, 648, 341.

41



o BIEEECSIREREL
& N-BENSHEEREEERAL

e Reaction kinetics experiments: .. ..oy
: @ o 1.8 eq. DMAP | N i 10g H
: N » : :
H z S. P~ B 90 H
: N” NHNO, CI”>CI DCE (0.1 M),70°C, 1h N et H
H 1 2,74% i 50 i
: 25eq. v o o o H
: : 0 o v :
: 1.2 eq. HNO3 o
H N Q 1.8 eq. DMAP N H 60 o o H
o _ + & — -7 = _ H ° ° :
H N~ NH, CcI”°Cl DCE(0.1M),70°C, 1h NNl i 50 o :
: : o :
H 25eq. 2,74% 40 :
: 3 eq b ° :
: : 3 o :
: HNO3, H,S04 | N SOCI,, DMAP : 20 :
: _ H o :
: A N~ NHNO, B : 10 :
: : o H
: H 0o H
: i N HNO; : 0 20 40 60 80 100 &
H : Titie :
: N/ NH, SOCI,, DMAP o E ime (min) H
: c H A oB ocC H
e e e e et e eaaan P :

42
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Me0,C NH,

Meozc\[j,r«,‘ar; o
| . i
s
7 o>

N
0.1 mmol 2.5 equiv.

/©/NHZ
i
+
N
MeQ,S cI el

=0

(> ?
+
S,
N el
0.1 mmol 2.5 equiv.

0.1 mmol 2.5 equiv.

1.2 equiv. HNO3
2.5 equiv. DMAP

DCE (0.1 M), 100 °C, 1 h

1.2 equiv. HNO3
2.5 equiv. DMAP

DCE (0.1 M),100°C, 1 h

1.2 equiv. HNO3
2.5 equiv. DMAP

DCE (0.1 M), 100 °C, 1 h

1.2 equiv. HNO3
2.5 equiv. DMAP

DCE (0.1 M), 100 °C, 1 h

MeO;C. S Cl
| e

N
25,54%

MeO,C g C!
| P
N

25,14%

o
MeO,§

5107, 53%

o
MeO,S

$107, trace

Nature 2025, 648, 341.
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 Detected by GC-MS @ 3.0 equiv. AICl, @ . T
In L. - + 2
: Z DCE (0.1 M), 70°C, 1 h Z

N NHNO,
1.0 equiv. 75%

To a 20 mL vial equipped with a stir bar was added N-pyridylnitroamine (139.0 mg,
' 10 mmol, 1.0 equiv.), AICl3 (400.0 mg, 3.0 mmol, 3.0 equiv.) and DCE (10.0 mL). The
vial was sealed and the solution was degassed by sparging with argon for 10 minutes.
Subsequently, the reaction was heated to 70 °C for 1 hour. The reaction mixture was

cooled to room temperature and analyzed by GC-MS.
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C - H insertion and electrophilic substitution:

Me ' ' .
O 6.0 equiv. HNO3 O O I (:(\/\ 6.0 equiv. HNO3
KSCN, MeCN, 100 °C ’ .
0 NH; .

Control experiments

NH KSCN, EA, 100 °C
2
40% yield 9% yield Me

O 6.0equiv. HNO; O P (:(\/\ 6.0 equiv. HNO (:(\/\
N I >

| KSCN, DCE, 70 °C P P Ph

P :

N NH, 60% yield g

. NH, KSCN,benzene, 100 °C
|N v 30% yield

Nature 2025, 648, 341. 45
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N,Noz
H

H N -
Standard condition Ej\ ? DMAPH--CI
. Z ,,’;] —_—

nucleophile

Ritter-type reaction

o1
B e 005
W

1.2 equiv. HNO, 2.5 equiv. DMAP Q/‘
e e
25 equiv. SOCI,, DCE, 100 °C

Hammett analysis

Br Br E
H )
N 1.5 equiv. HNO3, 2.5 equiv. DMAP | RS H 03 01 01 03 05 o7 09
Z >\, 2.5 equiv. SOCI,, MeCN, 100 °C NP N nhac -
41% yield H 2
129 ¥ 130 H S o] o oamex-o00m
. g R?=0.9951
oz o,
0
Proposed mechanism oo
N0 :
DMAPH* N + t DMAPH--CI H
thy +
pathway a I N/ N,,N”O DMAPH* H

N” °N
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No A
~ SEwe N
EWG = carbonyl, sulfonyl
amidy! aminyl

9+ N
e
N )j\ N-radicals
H from N-heteroarenes
aminium iminyl

Well established Proposed work

unactivated alkene

pyridinium salt

Alkene scope for hydroamination of unactivated alkenes

2N
e 1

66 yield 57 yield 64 yield 88 yield.rr. =3.2:1

Scope for amidosulfenylation

o oA S «::@ MeyMe
O/\Q O/\@ O/ O,sphmrp e (5]@

N

67 yield, d.r. > 20:1 67 yield, d.r. > 20:1 54 yield, d.r. >20:1 65 yield, d.r. > 20:1 40 yield, d.r. > 20:1

Scope for bromoamination

5% &% &

45 yield, d.r.= 1.3:1 38 yield, d.r> 20:1 44 yield, d.r> 20:1

Angew. Chem. Int. Ed. 2023, 62, ¢202314312."
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N N :
9 ’ Yy om i
P’:ﬂ(‘g:'f)al{:of iy 'I':/O; %) QD ©N> H ination Manifold of it Alkene via N- ic Radical
e 3 mol% \ Ph H
1e + 2 *N L e
CHClj (0.025 M), 467 nm (20 W), N, r.t., 3 h <:/> Ph\(’\? ; =N
H N,
3 Ph : radical O' @
E E E aromatic N-heterocyclic | y  trapping
Photocatalyst MY MY kealmort vield of 3 ... radical procursor ON/: | Hydroamination
SPh
[Me-Acr-Mes]BF ; +2.20 - 447 0 /=N
N
[Ru(bpy)sl(PFe)2 +0.77 0.81 465 0 @
triplet
[Ir(ppy)2(dtbbpy)IPFs +0.66 0.96 49.2 13% energy
transfer i
fac-Ir(ppy)s +0.31 173 58.1 14% radical Amidosulfenylation
addition Br
IH{dF(CF5)ppyl(dtbbpy)IPFg +1.21 -0.89 61.8 70% /=N
N
thioxanthone (390 nm, 20 W) +1.18 ERT 655 20% @
None - - - 0 *
Bromoamination
N=\
N N
Me . s —_— .
1e 2+ e )\/\rMe Standard conditions N \@ C{
Me ::
ND

Angew. Chem. Int. Ed. 2023, 62, ¢202314312."°
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Photocatalytic Arene C-H Amination with Aromatic N-Heterocyclic Radicals

& 0
U Cr "%

N-heterocyclic radical v

N - Photoredox
(:[ \> BF, catalytic cycle N
N ¢

+\N Me N

Me—¢ " Phy é
— Ir NN\
R ~

49
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SRS Proposal

£ B AR, 2-— LR R

Ar ) - 3-exo-trig Q/Ar Akr
k Radical attition N Cyclization N Rearrangement XN
Sy —_— —_— Me E— Me
Ph’

Ar
§
Amino migration
F
N, U .

TMSN3

L*Fe"

L*Fe''Ng
Ar
N Acidic N H
L'Fe! N _ workup :
Na Wd H
B NH, H
Ph H
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