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Abstract Nitrogen-centered radicals (NCRs) have been known in the literature since the beginning of the 1900s,
but only with the spread of photoredox catalysis, and in particular visible-light-mediated radical processes, has ni-
trogen-radical chemistry become more accessible via the in situ generation of such radicals under mild conditions.
Historically, unlike their carbon counterparts, nitrogen radicals were not utilized widely in academia or industry due
to a lack of efficient strategies for their production. Nowadays, NCRs are more established, and this graphical re-
view highlights key publications from the literature, categorizing them by both the type of NCR and the type of
reaction. Such nitrogen radicals can be divided into four different categories according to their electronic configura-
tion, orbital structure and chemical behavior. Additionally, the reactivity of these radicals is mostly exploited via
four main types of process: (i) intramolecular cyclization, (ii) intramolecular hydrogen atom abstraction, (iii) Norrish
type | fragmentation, and (iv) intermolecular addition to 7 systems.

Key words nitrogen radicals, photoredox catalysis, visible-light-driven reactions, amidyl radicals, cyclizations, ad-
dition to 7 systems, hydrogen atom transfer

Organic compounds bearing nitrogen atoms are widely found in pharmaceutical and agro-
chemical products. In fact, the use of C-N cross-coupling methods in medicinal chemistry ac-
counts for approximately 23% of reported reactions in recent publications, highlighting the
ubiquitous nature of this transformation. Furthermore, functionalized amine and amide prod-
ucts are important building blocks in active pharmaceutical ingredients (APIs). For this reason,
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new and green synthetic strategies to construct C-N bonds under mild conditions are a central
goal for chemists. In traditional chemistry, sp> C-N bonds are typically formed by Pd-catalyzed
Buchwald-Hartwig reactions or Cu-catalyzed Ullman-Goldberg reactions, while sp®> C-N
bonds are usually installed through reductive amination and alkylation, Gabriel synthesis and
Hoffman degradation. However, these approaches have the same drawbacks: the requirement
for prefunctionalization of the substrates and the use of high temperatures.

In recent decades, with the increased use of photocatalysis and, in particular, visible-light-me-
diated radical processes, nitrogen-radical chemistry has become more accessible. This revolu-
tionary technique has made it possible to develop novel and previously unattainable synthetic
approaches. Photocatalysis describes transformations that require light as an energy input to
proceed, and they typically use catalytic amounts of light-absorbing photocatalysts such as
metal complexes or organic dyes. Moreover, photocatalysis is characterized by the use of low-
energy photons as reagents, opening the door to environmentally safe, more sustainable, and
non-hazardous visible-light-based chemical synthesis.

Nitrogen radicals can be divided into four different types according to their electronic configu-
ration, orbital structure and chemical behavior. Iminyl radicals possess an sp?-hybridized ni-
trogen atom, a planar structure and a o-configuration with amphiphilic behavior. Amidyl radi-
cals have single electrons in a p orbital perpendicular to the nitrogen substituents, so they as-
sume a m-configuration with electrophilic chemical behavior. Meanwhile, aminyl and aminium
radicals both have a n-configuration but opposite reactivity. In fact, aminyl radicals are weak
nucleophiles and are commonly utilized for their preference for H-atom abstraction, while
aminium radicals are strong electrophiles. Although there are other types of nitrogen radicals,
these four main classes can be used to illustrate their reactivity (e.g., carbamyl radicals and N-
Ts radicals are consistent with the behavior of amidyl radicals). The philicity of radicals has
been effectively defined by computational and experimental studies, and is a crucial parameter
for developing new radical reactions.
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The best way to generate nitrogen radicals is via cleavage promoted by light under mild condi-
tions. In particular, the most suitable bonds to be broken are N-H, N-halogen, N-N, N-O and
N-S. There are four main strategies to break these types of bond: homolytic cleavage, reduc-
tion, oxidation and oxidative proton-coupled electron transfer (PCET).

Homolytic cleavage can occur when an N-halogen, N-N, N-O or N-S bond is irradiated with
UV light, generating two radical species that can lead to the desired transformation. The sec-
ond and third methods involve a photoredox quenching cycle, which can be oxidative or reduc-
tive depending on the reaction counterparts. In detail, in the reductive quenching cycle, single-
electron transfer (SET) occurs to generate a nitrogen-radical cation in two different ways: the
electron can be abstracted either directly from the HOMO of the precursor or from an oxidiz-
able group external to the key NCR moiety which can undergo a fragmentation (e.g., a decar-
boxylative cascade mechanism). Also, in the oxidative quenching cycle, the SET can occur via
two different pathways: the electron can be donated either directly to the 6*-orbital of the ni-
trogen radical or to a m*-orbital of a suitable precursor (e.g., hydroxylamine and pyridinium

ions). In oxidative PCET, the nitrogen-radical precursor undergoes concerted homolytic activa-
tion through the formation of a hydrogen bond complex between the N-H of the amide and a
suitable base.

The reactivity of all these radicals can be classified into four main types: (i) intramolecular cy-
clization onto alkenes or alkynes via a classic exo-trig process, (ii) intramolecular hydrogen
atom abstraction (e.g., 1,5-HAT), (iii) Norrish type I fragmentation (with limited examples), and
(iv) intermolecular addition to m-systems such as olefins, alkynes and aromatic compounds. It
is significant to highlight the fact that not all the classes of nitrogen radicals share these reac-
tion modes, since it is their philicity that stabilizes (or destabilizes) the corresponding transi-
tion states.

In this graphical review, we have summarized the most well-known published examples of ni-
trogen-radical reactions, grouping them by their reactivity and the type of radical generated.
Although there are numerous examples of reactions involving nitrogen-centered radicals in
the literature, we will limit our report to reactions involving visible light.
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Figure 1 Overview of nitrogen-centered radicals'>d
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Figure 2 Intramolecular cyclizations for the synthesis of cyclic amines and substitutes indoles?*-9
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Figure 3 Iminyl radical intramolecular cyclization for the synthesis of heteroarenes and functionalized pyrrolidines*-
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Notable features
« Synthesis of y-lactams and N-substituted pyrazoles
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Notable features
« Synthesis of substituted lactams and cyclic carbamates

« Oxidative PCTE and photoredox oxidative quenching
cycle

+ O-Aryl hydroxylamides as nitrogen radical precursors
» N-H and N-O bond cleavage
» Wide substrate scope

« Easy postfunctionalization of bioactive compounds
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Figure 6 Bioactive heterocycle formation®>

280
THIEME

5-exo-trig cyclizations

[Ir(dF(CF3)ppy)2(bpy)IPFg (3 mol%)

NBu,4OP(O)(OBu), (25 mol%) le)
»\ JAr
ZEWG  (3eq) N
X\/S(\/EWG
CH,Cl, rt, 18 h /i Rr?
Blue LEDs 34 W
Selected examples 24 examples
50-95%
X=C
0} (0] =z
: CN |
Ph EWG:
v YN X \fj
EWG
94% 50% 78% 76%
X=8

:o~</ o) o)

: Ph Ph
o : o) N~pp >\N >\ N
R (2 moi%) B : m i coMe S CO,Me
i 1 R 2 0 O 2 2
NTXTY R K,COs (2 eq) N coMe
R2 CHD (2 eq) )\ :
oF X 5 63% 87% 72%
acetone, 1t, 16 h ' e ° °
Green LED 41 examples ! >20:1 dr
L
Functionalization of APls NO,
PrecurstIJr photocatalytic
synthesis conditions
O/Y S N02 —_— O/\rN
NH2 N NS O
» O/Y s 70%
IVIIexHetlne‘ (0] 1.71dr
anti-arrhythmic
CHD NO,
Precursor photocatalytic
synthesis conditions
e d tyl N
_}’ NO, adamanty \r
damantyl N (e}
H,N d \( \n/\/\
Rimantadine 0] 67%
antiviral 3:1dr

6b) Leonori, J. Am. Chem. Soc. 2016, 138, 8092.

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 273-299
Georg Thieme Verlag KG, Oswald-Hesse-Str. 50, 70469 Stuttgart, Germany



281

THIEME
SynOpen M. F. Boselli et al.
Notable features Intramolecular cyclizations
- Easy access to dihydropyrazoles and tetrahydropyridazines (2 mol%)
{J
Ts Ts R* Ts
« Photoredox reductive quenching cycle i K2CO3 (1.5 eq) i M. R*
Ik R* TEMPO (20 mol%) i OH Nig
3
= N-Tosyl hydrazines as nitrogen-radical precursors | | \ R or I OH 40 examples
R R®  CHON.m12h Op(1atm)  /—I~ge R™ Kk
« N-H bond cleavage R1R2 t?;ePII:IiDs“TeV(;I) R R'R
i 3
« New methodology for the synthesis of sulfonamides, a very FRIBESES MESiERIE 54-91% 59-91%
important class of APIs Ts Ts Ts
i N N ye s s
N | ~ N | —/SET—> N | N-N 0, N-N 0-0- H* + e~ N-N OH
NCR Intermediates Ph Ph Ph Ph Ph Ph
+N=0 N-O - '
Organo- ‘ Ts Ts
catalysis ! ! !
i _N _N
Ts 'Irs o \SET / ! 6-endo NI — NI
N. R* N. g / \ cyclization | Ar
N | %0 Ph Ar Ph oH
I 3 %(\ = N{ cr™* Photo-
RO AR R e " catalysis | _
AR R hy §E) ©:
~+ *\
o
amidy radicals R e
Photocatalysts —
o [Ru(bpy)3ICl, (2 mol%) He
O=$O [Co'l(dmgH),pyCl] (8 mol%) = ?
HN. K,CO3 (1.5 eq) /N\C(l:l/N\
0.
O %(\ CH3CN, 1t, 24 h \N/ : \N/
R oS Blue LEDs 3 W ] L
L /i 'R2 O. ‘H’/O
O v O 21391)(‘:;%"% Col(dmgH),pyCl
- ~—
\ cio, 7b) Xiao, Chem. Commun., 2016, 52, 12749. a
Selected examples
LY [Ru(bpy);]Clz
Hmax = 455 nm Amax = 452 nm 0 PhI(0,CAN), (1.1 ¢ 0 o, 0 0, 0 0.0
ESex(Acr™/ACr) = +1.88 V/(T),  E%eq(Ru(ll)"/Ru(lll)) ~ 083 V £22 maty §° S b D
+2.28V (8) EC,(Ru(ll)*/Ru(l)) ~ +0.77 V/ il i O Q O
Z | e DCE, rt,2h Z | b =
S visible light s 5 O
R R OPh Cl
31-99% 85% 80% 50%
39 examples

7c) Muniz, Chem. Eur. J., 2016, 22, 9929.

Figure 7 Heterocycle and sulfonamide formation’s-<
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Notable features

« Divergent synthesis for the preparation of oxyamidation
products

+ New methodology for the synthesis of sulfonamides, a very
important class of APIs

+ Photoredox reductive quenching cycle

* N-O and N-H bond cleavage

NCR Intermediate

Jic M1 '
R/\/\O NH

amidyl radicals

Photocatalysts

[Ir(ppy)2(dtbppy)]PFg
Amax = 410 nm
E eq(Ir(*/Ir(IV)) ~ -0.96 V
EOo (Ir(l1)*/Ir(I1)) ~ +0.66 V

[Ru(bpy);]Cl,

Amax = 452 nm
E%eq(Ru(l)*/Ru(lll)) ~ -0.83 V
E%(Ru(l)*/Ru(l)) ~ +0.77 VV

Figure 8 Heterocycle formation®a-<
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Intramolecular cyclizations

3\\ [Ir(ppy)2(dtbppy)]PFe (2 mol%) o [Ir(ppy)2(dtbppy)IPFg (2 mol%) 3\\
o NH (1eq) - )j\ OBz Ph3N (1 eq) o NH
2 R R0 SN AR
CH4CN, 50 °C,6 h H CH3CN, 50 °C, 6 h :
BzOCO Blue LEDs 5 W | Blue LEDs 5 W BzOCO
; SET
Anti + syn
r 2 i
JZ) . R/\/\O NH 0
C|) N - H—NEt; i cl)J<N'H )OBZ
T RsN H
H/\\R ~0Bz H/\*\
R
RN
(0]
HOBz O//< HOBz
L., NoH
romotes an Sy2 reaction pathwa ; Ph;N promotes an Sy1 reaction pathwa
13 eXamples p N ion pathway H/\\l\a 3N p N ion pathway

8a) Lu, Chem. Eur. J. 2016, 22, 18695.

[Ru(bpy)s]CI2 (

2 mol%)

‘|I's K,CO3 (1.5 eq)
HN TEMPO (1 eq)
N
J\)L : CHCl3 1t, 16 h
R R Blue LEDs 3 W
8b) Xiao, Nat. Commun. 2016, 7, 11188.
Ts [Ru(bpy)sICl5 (2 mol%) Ts
K,CO3 (2 &
O’NH 5CO3 (2 eq) o-N
A CHCly t, 24 h
R S Blue LEDs 3 W
19 exemples
51-77%

8c) Xiao, Chem. Commun. 2018, 54, 6780.

Selected examples

T 1
S
1 _N
N N cl
N. @
Ph

R™ R
46 examples Cl

51-96% 57%

Selected example

Ts
Nn [RU®PYLICI: (2 moi%)

Q K2COj3 (2 eq)
3 —_—
Gl CHCI3 1, 24 h

Blue LEDs 3 W
MeO

78%

99% e.e.
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Notable features

« Stereocontrolled synthesis

+ New methodology for the synthesis of API derivatives
« Easy access to boron derivatives

» EDA complex formation

« Chiral phosphonate as a chiral base in oxidative PCET

« N-H and N-O bond cleavage

NCR Intermediate

R’ i
Oy 5 o
JSS /\/\% 2 N
=L B 1 I
R R
amidyl radicals
Photocatalyst

[Ir(dF(CF3)ppy)2(5,5'-dCF3bpy)]PFg

Eq(Ir(1)*/Ir(IV)) ~ 0.9 V
EQu(Ir(I)*/Ir(1l)) ~ +1.68 V/

Figure 9 Heterocycle formation via 5-exo-trig cyclization®®
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5-exo-trig cyclizations
o [Ir(dF(CF3)ppy)2(5,5-dCF 3bpy)]PF¢ (2 MoI%) Q\S/,O
o\\S/P /\/\)\ phosphotane | (2.5 mol%), TRIP thiol (30 mol%) NTR
~ )
R : R PhCF; -20 °C, 72 h C‘\/RZ
Blue LEDs R
29 examples
50-98%
Ph 87:13to 98:2 e.r.
Selected examples of pharmaceutical interest
Ph 0.0
\S//
Ph -
W N Q\ //o /©/ b Si.
Y S\y /©/ N
MeO
phosphotane | Sildenafil (Viagra) derivative Sultiame derivative 85% yield, 96% e.e.
y, 50% yield, 96% e.e. 89% yield, 96% e.e. 1.5:1dr
9a) Knowles, J. Am. Chem. Soc. 2020, 142, 5974.
Proposed mechanism o
o} NO, R WJ\ OAr
\/\)'\N,o By(OH)4 (5 eq) O\I\ji)\ Bpin s
)
R! R - DMA, rt, 16 h “e By(OH),4
2 Blue LEDs 30 W HO, EDA complexl hv
then pinacol/Et3N 24 examples /B—O /
42-75% HO =N+ o
A \/\)J\N/
o) o \
_OAI
Selected examples \/\)J\N Oinr N
| N
o \ 8 BPin HO o 9 B,(OH),
: A =l 7/
N Om KO =N }/ . o
A .---B—B~0oH
BPin H
30%

9b) Studer, Org. Lett. 2021, 23, 7688.

\
! oH N/ HO
HO OH
57% yield, >98:2 dr OH /TTOEB: N
B TOH g
K . :
N OH o
AN 1 “OH
& N— OH
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Notable features

» New easy access to functionalized aliphatic amines
- Easy access to aminated benzoxazoles

» Photochemical homolytic cleavage and photoredox
reductive quenching cycle

» N-Hydroxypyridine-2-thione carbamates and
N-chloroamines as nitrogen-radical precursors

+ N-O and N-ClI bond cleavage

NCR Intermediate

el

R1/+. \RZ

aminium radical

Photocatalyst

[Ir(ppy)2(dtbppy)]PFe
Amax = 410 nm
EO,oq(Ir(II*Ir(1V)) ~ -0.96 V
O, (Ir(lly*/Ir(11)) ~ +0.66 V
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THIEME

Addition to = systems

A 0 ¢ N musH, 2 0Et
b;oa OEt, tBuSH re 1 A 0Et RL, o~ OE!
R R'= ~ X N“S0 g CHaON, tt 3
CH;CN, rt R Tungsten lamp
Tungsten lamp \
/ tBUSH J - \ fi s
OEt
— N — B R _ox
. A R o
N oFt \) R’N\/\/?‘/\oa ’_\\/\OEt — N
R’ N+\/\ R
R™H X
R = alk
R'= al%yl vinyl

[Ir(ppy)2(dtbppy)]PFg (1 mol%)

Cl x—N Ph3N (2 eq) x—N R = alk
N + R2—- \> - R2-L \>—N\ R1 E alzyl vinyl
R” °R! Z~0 CH,Cly, 1t, air, 60 h Z~0 R1
Blue LED 3 W
21 examples
34-90%

Synthesis of an anti-HIV reagent .
Proposed mechanism

HN N-Boc
)NCS (2.2 eq),
NPh
CHzCIz dark, 3 h ©: N Boe ,
2) photocatalytic Fv
conditions 70% (two steps) Ir(ly*
o
NPh;
o 1) CH,CI,-TFA,
rt,3h Ir(l1) ”)
(\N 2) 4-bromomethyl-7-
N methoxycoumarin, .
DMF, rt, 12 h N
) 5. \
g | Cl / ‘ R _ O>
Ny i .
© 60% R” R’ R

10b) Xue, Synlett 2014, 25, 2013.

Figure 10 Addition of aminium radicals to ethyl vinyl ether and benzoxazoles'%>
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Notable features Addition to n systems

* New easy access to functionalized aliphatic

H
h
amines O“\)\R Ir(l) "’
+ Easy access to anilines G
fac-[l 2 19
« Photochemical homolytic cleavage and ; R2 R? acﬂ[alré’ptr;)igls](é.sn;g)b) R N\ N.
photoredox reductive quenching cycle R.-R R-N R AS”
r

: . : N = :
» Amines and O-aryl hydroxylamines as nitrogen- H R4 RS toluene, rt, 12 h R2™ RS + H
radical precursors Blue LEDs 34 W R*H N\/( O\‘
+ N-O and N-H bond cleavage H/ R " H ArS-H
50 examples t Ir(l1)
46-98%
NCR Intermediates SET
11a) Knowles, Science 2017, 355, 727. \ A R
- I\ O H Q\/\R
_NH . N
R%2 rRINR2 Ae H \/(R — ArS-H
fac—[lr(ppy)3] (2 mol%) Ir(l)
aminium radicals R R L REMA R TRIP thiol
NHp  * = . —H
R3 dioxane, rt, 48-72 h = R2 SH
Photocatalysts 6eq Blue LEDs
31 examples
43-77%
1, 4 I wt 11b) Knowles, J. Am. Chem. Soc. 2019, 141, 16590.
T I T2 S
|
=z
X fac-[Ir(ppy)s] [Ru(bpy)sICl, (2 mol%) [Ru(bpy)]Cl, (5 mol%)
Amax = 375 nm R. _R! Ar-H (2 eq) R. R Ar-H (2 eq) R. _R!
z I EO, e (Ir(HY/Ir(IV)) ~ -1.73 V (’})‘ NO, HCIO,4 (2 eq) N R. R NCS (1.1 eq), HCIO, (2 eq) N
E%, (Ir(llIy*/Ir(11)) ~ +0.31 V N”
S S oclIr(IN/1r(ID) CHLCN, 1, 16 min 2 H HFIP, 1, 1 h R2C
NO, Blue LEDs O R =H or alkyl Blue LEDs %
iy - then KOH (aq)
[Ru(bpy)s]Cl, R = alkyl 39 examples 79 examples
Mmax =452 nm 36-91% 21-99%

E0 oo(Ru(l)*/Ru(lll)) ~ -0.83 V
E% (Ru(lly*/Ru(l)) ~ +0.77 V/

Figure 11 Addition of aminium radicals to olefins and arenes'#-d

11c) Leonori, Angew. Chem. Int. Ed. 2017, 56, 14948.

11d) Leonori, Nat. Chem. 2019, 11, 426.
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Notable features Addition to = systems
» New easy access to functionalized anilines )
« Photoredox oxidative quenching cycle N Ru[Ru(bpy);]Cl; (2 mol%) r Et amine (5-15 eq) R
« Activated pyridine N-oxides as nitrogen- @ _ Ar-H (1 eq) / [ N CH5CN @—NH
" TfO —_— 2
radical precursors Ef I}J CHCN, 30 °C, 90 min - _\ / —
-N-Obond cleavage _ oTt Blue LEDs 40-70 W 0
« Pyridyl r?dlcal cations: a hlgr.ﬂy reactive 16 examples
class of nitrogen-centered radicals due to an 15eq 41-93%
unpaired electron located in an sp?- mix of regioisomers
hybridized orbital.
12a) Ritter, Angew. Chem. Int. Ed. 2019, 58, 532.
NCR Intermediate Ru[Ru(bpy);]Cl, (2 mol%) 1) Ru[Ru(bpy)3]Cl, (2 mol%)
R R Ar-H (1 eq) N Ar-H (1 eq) R
J | \ PtO, (5 mol%), H, (1 atm) / | N\ — CH4CN, 30 °C, 90 min @ CH3CN, 30 °C, 90 min / | A

R N EtOH, 2 h Ny ,» _ Blue LEDs 40-70 W N Blue LEDs 40-70 W NH,

+e = — — h —

N - OTf 2) piperidine (10 eq), CH5CN

\_7 TIO
9 examples 1.3¢eq 14 examples
pyridyl radical 42-74% - 28-79%
mix of regioisomers
Photocatalyst

easy derivatization of N-aryl pyridinium salts

(e}
%Ph
N\ O
I % /N
Ph

7
N R
INAG L
T, Q- B0 i
S N TIO Z
Ph
Ph
[Ru(bpy)sICl @\ oFs 0
humax = 452 nm N N
EO _y(Ru(ll)*/Ru(lll)) ~ -0.83 V ﬁo Ph
0 * ~ y
EC, (Ru(ll)*/Rul)) ~ +0.77 V D> D} Pr TfO

12b) Carreira, Angew. Chem. Int. Ed. 2019, 58, 526.

Figure 12 Addition of pyridyl radicals to arenes for the synthesis of highly tunable pyridinium salts'22>
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Notable features

« New easy access to functionalized
anilines and diamines

« Photoredox reductive quenching cycle
« Activated pyridine N-oxides and
chloroamines as nitrogen-radical

precursors

+ N-O and N-ClI bond cleavage

NCR Intermediate

§
R "R2

aminium radicals

Photocatalyst

[Ru(bpy)s]Cl>

Amax = 452 nm
EC oo(Ru(lly*/Ru(lll)) ~ -0.83 V/
EC,, (Ru(ll)*/Ru(l)) ~ +0.77 \/

Addition to & systems

Cl

NS

N7 TiO
|
OTf

1.5eq

13a) Ritter, Org. Lett. 2019, 21, 5363.
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[Ru(bpy)s]CI; (5 mol%)
Ar-H (1 eq)

CH4CN, 23-25 °C, 24 h
CFL23 W

¥

NaHCOj; or LiOH+H,0
tBuOOH

THF/H,0, 0 to > 25 °C

12 examples
29-92%

[Ru(bpy)s]CI; (1 mol%)

NCS (1 eq)
TFA (6 eq)
R\N,R1 R R2
H =/ CH,Clp 1t, 2h
Blue LEDs
12eq

13b) Leonori, Angew. Chem. Int. Ed. 2020, 59, 15021.

Figure 13 Addition of aminium radicals to arenes and olefins to synthesize pyridinium salts and diamines'3*>

R1 Base (10eq) R'_ _R'
R-N  CI H il 5:6) v R
2 R7ORY cHoN 0°C )
30 min R
42 examples 5eq 30 examples
20-96% 33-94%
Proposed mechanism / Ru (II) \‘:hv /—\
+e
uan  Ruiy Reg R’ R R
1 + 1 X '
Ro-R H R‘ﬁ’R —NgerL—> N~ g2
B H ClI _or
N
LT LM
N+ Cl R R Cl R+R1
e 2 _N < "
R \)\Rz HJ;I R2 H kel
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Notable features Addition to & systems

« Enantioselective a-amination of /

aldehydes 0 N>\/©\ r- Common mechanlgm === =sssamssssnsssmsassanmansmasmm oo s e
« In-flow synthesis of an enantioenriched . Et ‘

a-aminated aldehyde N (30 mol%) : xR

» Carbamates as nitrogen-radical (0] . 0 :

recUrSors I 0 2,6-lutidine (1.7 eq) . : }\
P onso. L [2,6-lutidine][TfOH] (0.3 eq) R H : P Ar
+ N-O bond cleavage + N~ OR2 R20. _NR! ' _Ar z
R R DMSO/CH,CN (1:3) A 5 Ny X R
NCR Intermediate CFL26 W o : A _NH )\/N
2eq ‘ (0) (0] o
16 examples '
o} 79-67% : o) R,
'NJORZ S 94-86% e.e. : N~ “OR
) : ~ 023 E R/\i)J\H
B DRs= NO, | REO__NR'
amidyl radical , \g/ \ < Ar Ar
N\\J NR'(COOR?) /3 NHR'(COOR?)
Photocatalyst NO, : O%/NQ)\ ANES NIR
' + R %

by gl
14a) MacMillan, J. Am. Chem. Soc. 2013, 135, 11521. / N
A e w———— o - o
Bn : DNsO\NJ\ORz DNsO\NJlORz
ZZ\| N— ' I1 |1
Y HN7§ (30 mol%) : R i
9 0 o : DNsO "~ hv
2,6-lutidine (1.7 eq) o ;
H . DNSO\NJ\ [2,6-lutidine][TfOH] (0.3 eq) H \ﬂ/ :
fac-[Ir(ppy)s] R | R O ' 0 o
A =375nm DMSO/CH5CN (1:3), it, 16 h : rt- L onso. L,
mes 2eq ; 2 5 examples : N~ “OR? N” "OR
QoI /IF(IV)) ~ -1.73 V White LEDs 465 mW/cm 45550 ; é1
0 * ~ = o :
EOu, (Ir(Hy*/Ir(ll)) ~ +0.31 V 5 73.85% 6.6, |
Bn g S
N_
hio2 j\ HN7§ (30 mol%)
(]
() »
) 'il 2,6-lutidine (1.7 eq) OH Method Productivity (mmol/h) Rel factor
Further reading L o B
O,N [2,6-lutidine][TfOH] (0.3 eq) NaBH, (2 eq) n batch 0.004687 1
i !
14c) MacMillan, Science 2008, 322, 77. fac-[Ir(ppy)s] (1 Mol%) BHALEGH O N .
©] Biphenyl (1 eq), DMA 230 2°C 235 i ﬁ/ coil 223 uL 0.48176 103
14d) Seeberger, Chem. Rev. 2017, 117, 11796. ’ 35%
H 0.02” ID x 110 cm in PFA S00% e"e coil 995 pL 0.97714 208
14e) Noél, Trends Chem. 2020, 2, 92. 2eq tg = 30 min, rt o

_ 2x Blue LEDs 540 mW/cm?
14b) Benaglia, Eur. J. Org. Chem. 2023, 26, €202201309.

Figure 14 Amidyl radicals in enantioselective photoredox a-aminations of aldehydes'4-¢
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Notable features Addition to & systems
« Access to aryl and heteroaryl substitutions
« Photoredox oxidative quenching cycle and r-- Proposed mechanism ---- - - -«
photochemical homolytic cleavage [Ir(dF’L’;Y&f’](Z(Oég)mOI%)
« Phthalimide, saccharin and N,O-diphenyl-N- 0 AcOH (20 mol%) 0 . 6]
methylhydroxylamine as nitrogen-radical K,CO5 (3 eq) ]
precursors N—ClI N=Ar . N—@
* N-X and N-O bond cleavage CH3CN, rt, 24 h ;

e} CFL20 W 0 : o)
NCR Intermediates '

22 examples ;

o 2,0 40-60%
: N. S
N -~ Bs N
15a) Lee, Chem. Commun. 2014, 50, 9273.
0 H
N ] NO N-Cl
Ir(|||) Ir(liny*

amidyl radicals

by
o fac-{Ir(ppy)s] (2 mol%) g / 0
& o P
Photocatalysts ST o A NaHCO; (1.2 eq) o A Bs )
070 + & . N SET SET
N. T TX CH3CN, 11, 24 h Sy ~X \

5 @

~"Bs White LEDs i \
2eq 23 examples r(lv)
47-98% : O
Q e
ot e

15b) Yu, Org. Lett. 2014, 16, 3504.

EO,oq(Ir(I*/Ir(IV)) ~ -1.24 V/

EO, (Ir(H11)*/Ir(ll)) ~ +1.00 V

15¢) Cheng, Chem. Eur. J. 2014, 20, 14231. 15d) Cheng, Org. Chem. Front. 2016, 3, 447.

F E
% E
H 1 0
fac-fir(ppy)s] Q0 20 ; o o 2,0 R 2.0
oy = 375 NM Ar-H (3 eq) ! S! R? visible light X X S!
EO IV ~ 173V N-Br > N-Ar N-X o+ N—ps  * 2 R
zealIr(ARV)) ~ 1. CH,Cly, 1t, 12 h : Rz R  CHClprt ReR
E ox(Ir(ll)7Ir(I) ~ +0.31 V o) visible light o) 5 o) 1-5 min o) o) A
' 3
H 1.1eq 2R
25 examples ! 24 examples
[Ir(dFppy)s] 49-90% : 75-95%
1 251

Figure 15 Amidyl radicals in imidations and amidations of arenes and heteroarenes and the halo-functionalization of alkenes'*-4
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Notable features
« Aryl functionalization and double addition to alkenes
» Photoredox oxidative quenching cycle
« N-Acyloxyphthalimides and pyridinium salts as nitrogen-radical
precursors
« Amines and N-chloroamines as nitrogen-radical precursors
* N-O, N-N, N-Cl and N-H bond cleavage

NCR Intermediates

o)

5 3 HNL
N R T - Ts

N
R™- Alkyl

(0]
amidyl radicals

Photocatalysts

7 N N\

[Ru(bpy);]Cl,
Amax = 452 nm

fac-[Ir(ppy)s]
Amax = 375 nm

EO,oq(Ir(I*Ir(IV)) ~ -1.73 V
EO, (Ir(lly*/Ir(11)) ~ +0.31 V

tBu
[Ir(ppy)2(dtbppy)]PFg
Amax = 410 nm
ECeq(Ir(1)*/Ir(1IV)) ~ -0.96 V
EC o (IF(11Y*/Ir(I1)) ~ +0.66 V

EC oo(Ru(ll)*/Ru(lll)) ~ -0.83 V/
E%, (Ru(lly*/Ru(l)) ~ +0.77 V

290

16d) Yu, Org. Biomol. Chem. 2015, 13, 10295.

H

16e) Yu, Chem. Eur. J., 2016, 22, 15669.

Figure 16 Amidyl radicals in imidations and amidations of arenes and heteroarenes and double addition to alkenes'®a-¢
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Addition to = systems
Selected examples
OMe (0] /
O O fac-[Ir(ppy);] (5 mol%) 0] A NPhth S\A_NPhth ~ N
»—cF; Ar-H (10 eq) wr N >—Nphin
N-O - N=Ar B B O)\N 7/
CHLCN, rt, 24 h ¢ |
0 CFL2GW o 81% 69% 16%
12:1.0:10.3 4.6:1
22 examples
23-89% |
O(__NPhth N _~NPhth | Sag 0l
wr wr )
N
16a) Sanford, J. Am. Chem. Soc. 2014, 136, 5607. 51% 49% 66%
[Ru(bpy)s]Cl, (5 mol%) ~, TS
X ' | N Ar-H (1 eq)
| R fac-[l 1 mol% T OHN-Ts | N2
K‘/ . _ ac-[Ir(ppy)s] (1 mol%) HoR HN—-Ts ! 'Tl s CH4CN, 40 °C, 24 h R X
. BF; Rz R® acetone/H,0 (9:1), 1t, 4 h R2 RS /N\TSBF4 Blue LED z
Ts Blue LED '
| 22 |
1.1eq 18 examples ! 2eq ;;agr;);/)oes
51-98% 1
i ! 16¢) Studer, Org. Lett. 2015, 17, 254
16b) Akita, Chem. Eur. J. 2015, 21, 11677. ' » Org. Lett. s 14, 295,
. o
| dtb PFg (1 1% N
R’N\Alk . @/\ [Ir(ppy)2(dtbppy)]PFg (1 mol%) | N “Alkyl
o Z DCE, tt, 6 h o/
R White LEDs R1
R = Ts derivatives, Boc 22 examples
51-98%

R [Ir(ppy)2(dtbppy)]1PFe (2 mol%)

N NaOCl; (3 eq) 2 \ \ /Ts
Sy - 1,4-dioxane, rt, 1 h L:\ E’>—N
White LEDs =k R
X =0, NMe
49 examples
47-98%
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Amax = 539 nm N
B0 ((EYYEY*) ~ 111V O
O (EY*/EY") ~ +0.83 V BB

17a) Itami, Chem 2017, 2, 383.
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Notable features Addition to © systems
« Aryl functionalization and a-amination of 2-
acylimidazoles 5
« Photoredox oxidative quenching cycle J\ " 5 O i
R : i R (2 mol%) i = PLOPOSEA M CHANISIN «icc o mimimimsmims o immiiimm oo o imimi g im
Amlnes and carbamates as nitrogen R N NO, Ar-H (2 eq) R)J\N’R :
radical precursors (') '
+ N-O and N-H bond cleavage acetone, 1t, 16 h T o)
Green LEDs R _ ; e
NCR Intermediates NO> - R™ N
: R
o 1 27 examples :
J\ - _R! EOZR 2 N'R Se-aeie : hv
R™ N RO,S T— 6b) Leonori, J. Am. Chem. Soc. 2016, 138, 8092. : / j\ "
x B N
amidyl radicals | O 0
[Ru(bpy)s]Cl (2.5 mol%) : Py \©\
Photocatalysts Ar-H (1.5 eq) RO,S.. .SO,R’ : R™ "N™ Y \/ \/ EWG
R R IBB (2 eq) N i R!
O OZS~N/SOZ E SET SET
3 H DCE, 40 °C, 12 h ;
coo Blue LED OO ; \\ /
Br: o Br ' 0
25 examples ! )J\ R
“o o 0 35-88% ; R” N7
Br Br I

*PFg”
o)
Qo o} A-RhO (2 mol%) o R Bu
N 1 2,6-lutidine (1.7 e N N=
R ) N\W)&R Ly @)kf ~COOMe Mech__ |
S EiBHE <\/N CH,CN/DMSO (3:1),1,2h  \_N R! SRh
O,N NO, oTol Blue LEDs 24 W STol -
MeCN .
N
[Ru(bpy)s]Cl> 52-99% fBu >
Amax = 452 nm 92-98% e.e. 1) ARRO
0 * F 2
E rea(Rull'/RuliD)) ~-0.83 v 17b) Meggers, Chem. Eur. J. 2016, 22, 9102. ‘
E%(Ru(lly*/Ru(l)) ~ +0.77 V/

Figure 17 Amidyl radicals in amidations of arenes and a-aminations of 2-acylimidazoles®'72.b
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Notable features

» Easy access to anilines and functionalized B-aminoalcohol
derivatives

» Diamidation and oxidative amidation of alkenes

» Photoredox oxidative quenching cycle

« Amines and carbamates as nitrogen-radical precursors

* N-O and N-H bond cleavage

NCR Intermediates

- R PG
HN !

amidyl radicals

Photocatalysts

tBu

fac-[Ir(ppy)s]

Amax = 375 nm
EC eq(Ir(H*/IF(IV)) ~ -1.73 V
EQ, (Ir(IY*/Ir(I1)) ~ +0.31 V

[Ir(dF(Me)ppy)(dtbbpy)]PFg
Amax = 360 nm
EO oq(IF(1)*/Ir(IV)) ~ -0.97 V
EC o (Ir(Hy*/Ir(Il)) ~ +0.92 V

O \
+/

)

Ph

BF,

292

THIEME
Addition to = systems
r Proposed mechanism -------- oo
5 mol% :
(5 mol%) Ronm -
R Ar-H (1 eq) : H R
HoN~ AN ] R -— ! “NH
- DCE-Buffer pH 8 (4:1),t,4h  RIE : o = rNSAH
Blue LEDs = ;
3eq 71 examples : N Ty
33-90% :
; ~ o,
18a) Nicewicz, Angew. Chem. Int. Ed. 2017, 56, 15644. : HOO" Hoo™ HOO'
----------------------------------------------------------------- : V 7}
: \ SET
| 2
Troc TRIP thiol : hv \ ?
o] : HOO™
g:{\oj\"ﬁ SH f When arene: via: . When arene: via: .
H E1/2°x & E*red, Acr+ or ’\|”-|2 E1/20X> E red, Acr+ I}IHZ
i R R
0 Troc fac-{Ir(ppy)s] (1 mol%) Ac N -
i N TRIP thiol (0.5 eq) R N N N
oNR o+ R1@ N o R'T N \
~~<" CH4yCN or DMSO, tt, 12 h el O Z" Trec
NC White LEDs 34 W = _
\I in DMSO
2eq 1eq R1 19 examples 20 examples
47-80% 0
18b) Yu, Org. Lett. 2017, 19, 2909. ° 38-96%
O R OR'
OR! \ fac-[Ir(ppy)s] (2 mol%) NHTfoc
A o
o) R Ar DMSO, rt, 12 h
- White LEDs 22 examples T
FaC [Ir(dF(Me)ppy)z(dtbbpy)]PFg F OJ\AJ;
\> <l (2 mol%) OH F
BnG ‘ X NHTfoc F
L # DMSO/H,0 (9:1), 1t, 12 h Ar
White LEDs 19 examples
18c) Yu, Org. Lett. 2018, 20, 401. 46-91%

Figure 18 Amidyl radicals in arene functionalization and double addition of olefins'8-<
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Notable features

+» Double additions to terminal alkenes

» Anti-Markovnikov hydroamination of olefins

» Photoredox oxidative and reductive quenching cycle

» Carbamates and sulfonamides as nitrogen-radical precursors
» N-O and N-H bond cleavage

NCR Intermediates

PG (ONpe)
NoR A NH

amidyl radicals

Photocatalysts

tBu tBu
[Ir(dF(Me)ppy)(dtbbpy)]PFg [Ir(dF(CF3)ppy)z(dtbbpy)]PFe
Jmax = 360 nm Amax = 380 nm

EO,oq(IF(IIN*/I(IV)) ~ -0.97 V
EO, (Ir{I1)*/Ir(ll)) ~ +0.92 V

EO o (IF(IN*/Ir(IV)) ~ -0.89 V/
EO, (Ir(HH)*/Ir(ll)) ~ +1.21 V

| clog

Amax = 455 nm
EO,(Acrt*/Acr) ~ +1.88 V (T),
+2.28 'V (S)

293

THIEME
Addition to = systems
(5 mol%)

Selectfluor (2 eq) TrocHN R

R Na,HPO, (3 eq) \_kw
TrocHN X + 3
0" "COOH Rt CH3CN/H,0 (2:1), 1t, 16 h
Blue LEDs

32 examples

15eq 41-93%

19a) Studer, Angew. Chem. Int. Ed. 2018, 57, 10707.

R
CszN\OX R1& b =\EWG

1.5eq 2eq

#
COOH

19b) Studer, Angew. Chem. Int. Ed. 2019, 58, 16528.

Common mechanism

[Ir(dF(CF3)ppy)(dtbbpy)]PFg (0.5 mol%)
CsCO3 (1.5 eq)

R'R
0 (@eq) ChzHN K~ _EWG
CHuCly, 1t, 24 h
Blue LEDs 30 W
47 examples
37-93%

PG ' [Ir(dF(Me)ppy),(dtbbpy)]PFg (2 mol%)
Y4 ; TRIP thiol (10 mol%) ,
0~ >coo ; o 1 Re PCyj (2.5 mol%) 9 _oR
O R R = R3
FI,G i /Ss & = Ar7 N _27
HN., X - / AT NH s PhCF rt, 24 h AN=

07 C00  gpf— : Blue LEDs 34 W R
-CO, NC
(Me),CO + 5

[”\7 : 10-83%

= [ 19c¢) Doyle, J. Am. Chem. Soc. 2021, 143, 18331. 26 examples

hv
R “17 e
a +
o P AT
aNSR BF,
PG F

Figure 19 Amidyl radicals in three-component reactions to aliphatic amines and the synthesis of sulfonamines'?-
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Notable features
« Intra and intermolecular C-H alkylations
« Oxidative PCET activation mechanism

» N-H bond cleavage

NCR Intermediate

amidyl radical

Photocatalysts

[Ir(dF(CF3)ppy)2(5,5'-
dCF3bpy)]PFe

Amax = 380 nm

EQ o (Ir(I1)*/Ir(IV)) ~ 0.9 V

EQ,, (Ir(I)*Ir(Il)) ~ +1.68 V

Further reading
20c) Knowles, Acc. Chem. Res. 2016, 49, 1546.

20d) Nuzum, Clin. Ther. 2007, 29, 26.

Figure 20 Remote C-H alkylation promoted by PCET2%-d

[Ir(dF(CF3)ppy)2(dtbbpy)]PFg

E0 o (Ir(I1Y*/Ir(IV)) ~ -0.89 V
O, (I /r(1l)) ~ +1.21 V

294

THIEME
1,5-Hydrogen-atom transfer
20a) Knowles, Nature 2016, 539, 268.
(0]
[Ir(dF(CF3)ppy)2(5,5'-dCF 3bpy)]PFe (2 mol%)
j\ . NBu,OP(0)(OBU), (5 mol%) Ar)LH/\/Y\/EWG
/
AN tOEWETY R'R
H/\/\Rﬁ PhCF; 1t 32 examples
Blue LEDs
R = H, alkyl, cycloalkyl EWG = COAlkyl, 29-87%
R' = alkyl, cycloalkyl COAr, CHO
20b) Rovis, Nature 2016, 539, 272.
[Ir(dF(CF3)ppy).(dtbbpy)]PFg (2 mol%)
£ v £
R + /\/Y\/EWG
2
FsC HW R%EWG PhCF; rt FC™ N
R! : H R'R R3
EWG = COOAIlkyl Bl 20 A
= yl,
R = H, alkyl, cycloalkyl COOAr, CHO 26 examples
R'= alkyl, cycloalkyl, OTBS Rz 1y iyl 37-83%
R3=H, alkyl
------------------------------------------------------------------ o-- Selected examples - -----cccmm o eeeeeeeciiaaaaas
Proposed mechanism Pregabalin derivative C—H alkylation
: 0 o}
: Z>CoMe
0 R o : PMPJ\N PMPJ\N ONS
i EWG g 5 H 20a) cond. H
RN R N/\/\(R : MeOOC MeOOC
! o,
R'R? R3 iy py H R -
Base™ « '
Concerted o : °] o~ 0
)OL R* PCET R)LN/\/\(RZE . C)LN “o0eRy, | CJ\N COOtBU
— ' 3 3
R NWEWG » ”. Rl H/j/Y 20b) cond. H/j/X\/
Horany RTR2 R3 Bas(e_)H ! Me0OC MeooC”
Base-H : i ivative C— i
A 1,5-HAT : Steroid derivative C—H alkylation
SET ' (0] (0]
o) R4 \ fe) E
RJ\N - EWG C-Cbond RJ\N R? BnO
formation < !
o TR2 g3 Hiay R 5 Z>C00Bn
r(ll) Base.di : _ >
Base-H R3 ases 20b) cond.
4 H
R ewe :
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Notable features

« Synthesis of functionalized imidazoles and
1,2-thiazine-1,1-dioxide

« Intramolecular and intermolecular EDA
complex activation

« 3-O-Aryl oximes as nitrogen-radical precursors

« N-O bond cleavage

NCR Intermediate

R’I

+Z-3

iminyl + aminium radicals

NCR Intermediate

R1

/

Z R2

iminyl radical

Further reading

21c) Melchiorre, J. Am. Chem. Soc. 2021, 143,
12304.

295

THIEME
1,5-Hydrogen-atom transfer
NO, Proposed mechanism — —
NO,
R! R!
O,N DMSO [Ox]
—_— N _— NZ O.N hv
N R it 5h )|\/N—R . N-R 2 A
CAUNCR! CFLZIW | A Ar 0\|N R R

20 1 \ .

R 32-85% S N_R N_R
R*w
27 examples _

R =H, alkyl —
R' = alkyl, Bn intramolecular EDA complex

S
fragmentatlon O,N
O\IN '3
N._R’
R2_' NS +.\/
~

radical ion pair

i
SET

N i
| N-R o ff AN +R
Ar RG P

diradical nitrogen
intermediate

NO,
N/O \\s//O RZ _-O:S,/O by
| DABCO+(SO,), (3 eq) R 2 e N
- - . .
NO,
- DMSO, 1t, 48 h @ _:
R Blue LED 18 W R _
R! R 1§
18 examples ' .
35-80% EDA complex radical ion pair
-80% j
'\rl{ﬁ\ //O N
) Os° | oSy 1.5-HAT
< X . R-L N
R—I T R2
_: ( RZ N R?
) R R

21b) Wu, Oryg. Lett. 2017, 19, 4472.

Figure 21 Intramolecular C(sp?)-H imination for the synthesis of functionalized imidazoles?'-
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Notable features

+ Synthesis of fused cyclohexanones

+ Photoredox reductive quenching cycle

+ Acyl oxime as a nitrogen-radical precursor

+ N-O bond cleavage

NCR Intermediate

2
N R
R3¢
=
iminyl radical
Photocatalysts

[Ir(ppy)2(dtbppy)1PFg
Amax =410 nm

fac-[Ir(ppy)s]
Amax = 375 nm
EC eq(Ir(IY*/Ir(IV)) ~ -1.73 V. E o4 (Ir(11)*/Ir(IV)) ~ -0.96 V
EC (Ir(IY*/Ir(l)) ~ +0.31 V. EC, (Ir(1)*/Ir(11)) ~ +0.66 V/

296

[Ir(ppy)2(dtbppy)]PFg (1 mol%)

DABCO (4 eq)

THIEME
1,5-Hydrogen-atom transfer
CF3
0 o)
fac-{Ir(ppy)s] (1 mol%)
AcOH (1
R3—/ | 1 cOH (1 eq) O\N 1
N R"  CH3CN/H,0 (4:1), 1t, 24 h iR .
R Blue LED 34 W N R
R2 R3f
15 examples N~
57-90%
22a) Nevado, Angew. Chem. Int. Ed. 2017, 56, 1881
Proposed mechanism
O
NH
H,O
_
R! i
R
|
r(l1) R2 R R2
hv
C-C bond
formation
Ir(H1)*
NHR R!

= DABCO
e c-Nbond
formation
O. ¢ R
N R R! N R R!

R1
' R? R? /
R2 N

Figure 22 Aliphatic C-H functionalization through a 1,5-HAT cascade??

R R1
SN R?
N
R4
=

THF, rt, 24 h
Blue LED 34 W
2 examples
63-68%
Selected examples
(e} (]
FsC
H 3 /GI-%
79% 88%
o (o}
H %
83% 90%
(e}
= Ph
N
Ph
67% 68%
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Notable features 1,5-Hydrogen-atom transfer

« Synthesis of y-functionalized imines and ketones

« Photoredox oxidative quenching cycle COOH > (5 mol%) COOH
%/ crs\fgsO o NCI Y G5F:(2 &q)
S : : e 4
a-amino-oxy acids as nitrogen-radical precursors O\N (4 eq) J\/\Km O\N R3 [Ir(dF(CF3)ppy;)(dtbbpy)IPFg (1 mol%) J\/Y\/EWG
) R |
+ N-O bond cleavage RJ\/\/W toluene, rt, 45 min R R2 R/‘\/Ym + )\EWG CHCly 1t, 16 h R g 1,
Blue LED Blue LED 10 W R
R2 10 examples R2 31 examples
i 34-91%
NCR Intermediate ° 31-84%
N- (5 mol%)

R COOH Cs,CO3 (1 eq)
R Selectfluor (2 eq) o
R2 O‘N Ag,CO; (25 mol%) )WF
)'\/\rw CH3CN/H,0, rt, 15 min R R?
R2

(6] 0} O
Ph)f\/x\rcoonne Mcoom Ph)K/X\(coosn
Ph Ph Ph

1
iminyl radical R Blue LED R 75% 84% 81%

14 examples

Selected examples
52-88% :

23a) Leonori, Angew. Chem. Int. Ed. 2018, 57, 744. 23b) Studer, Angew. Chem. Int. Ed. 2018, 57, 1692.

Common mechanism H,O o
X ........ > X
R1 R R!
R? R?
Sy2 reaction
T
R X=Y

R2 SOMOphile

Photocatalysts

Clo,

tBu

[Ir(dF(CF3)ppy).(dtbbpy)]PFg

Amax = 455 nm Amax = 380 nm T

5 1,5-HAT
E%x(Acr**/Acr) ECeq(Ir(I1)*/Ir(IV)) ~ -0.89 V s
~+1.88V (T), EO, (Ir(Y*/Ir(I1)) ~ +1.21 V R COO :

COOH
+2.28 V (S) 4[ N
0 Base O
S
1
R)\/\(R R R COO /
fragmentation

R2 R?
| 1
R
RJ\/\(

RZ

Figure 23 y-C(sp?)-H functionalization of ketones?3*"
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Notable features

» Easy access to cyanoalkyl scaffold as future building
blocks

NCR Intermediate

i N N
(&R R gg
n
X R1
RyR; n X

iminyl radicals

Photocatalysts

fac-{Ir(ppy)s]
Amax= 375 nm

EQ,oq(Ir(II*Ir(IV)) =-1.73 V
EO (Ir(lly*/Ir(11)) ~+0.31 V

+2.28 V (S)

Figure 24 Norrish fragmentations?3224.>

| clo,

Amax= 455 nm
E%(Acr*/Acr) ~+1.88 V (T),
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THIEME

Norrish Fragmentation

F4C
¢ 1 fac-lrppy)l (1mot%) oo
ac-[Ir(ppy)sl (1 mol%

O, + = )k(\ PR
i H\A’ MeOH, rt, 24 h Ar ! & "ei
& R Blue LED 5 W

X 29 examples

61-94 %
X =0, N-Boc

Proposed mechanism

0. _Ar ArCOO"
N
LT —

N
2& C-C bond Ne > X
cleavage
X
. /\ o

Ir(n* Ir(Iv)

Ph" >"x"eN
Ir(Iity e
hv =]

h;\/\x/\CN @» Ph)\/\X/\CN

H+
24a) Zhou, Chem. Commun., 2017, 53, 11544.
\_COOH
(5 mol%)
N-C K,CO3 2 eq, X-Y (2 eq) ROR'
<$<R CHZCN/ H,0 1:1, 1t, 15 min X CN
£ R? Blue LED 60 examples
31-94 %

n=0,1,2

23a) Leonori, Angew. Chem. Int. Ed., 2018, 57, 744.

CF3
o R® R
fac-[Ir(ppy)s] (2 mol%)
NO R® _ Na,COs(2eq) Ar)v\%‘ﬁ“CN
+
| /J\Ar DMF, it, 12 h R'R
n({)yR Blue LED 7 W 43 examples
X, 45-92 %
R?R!
X =C, O, N-Cbz
n=123
R® = Ar, Me, OTMS
Selected examples (I:bz
PhWCN Ph%\/N\/CN PhWOvCN
Ph 90 % Ph 80 % Ph 80 %
Boc
Ph N
Ph
=z
e CN Ph._~ CN
45 %
° Ph 909%
24b) Xiao, Angew. Chem. Int. Ed., 2018, 57,738.
NC—., F
N
oN s
51 % 46 % 46 %
dr 3:1
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