Formation and Reactivity of N-Centered Radicals
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Early Application of N-Centered Radicals
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Application of N-Centered Radicals in Enamine Catalysis
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Cecere, G.; Kdnig, C. M.; Alleva, J. L., MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 11521.
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Generation of N-Centered Radicals

N-H bond cleavage

amidyl radical

~ oxidation <
N - X

—e

aminium
radical cation



N-X bond cleavage

N-O bond cleavage

Generation of N-Centered Radicals
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Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

- Fragmentation (/4-scission) is possible, but not universal

Formation of sp® C—N bonds: intramolecular cyclization
Formation of sp® C—N bonds: addition to olefins
Formation fo sp® C—N bonds: addition to aromatic compounds

N-centered radicals-mediated HAT of sp® C—H bonds

m O O o »

Fragmentation of N-centered radicals



Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

* Fragmentation (/4-scission) is possible, but not universal

A. Formation of sp® C-N bonds: intramolecular cyclization



Amidyl Radical Cyclization: From Free N-H Compounds

2 mol% Ir[dF(CF3)ppyla(bpy)](PFe)
O 20 mol% NBu,OP(O)(OBu), 0 /
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Miller, D. C.; Choi, G. J.; Orbe, H. S., Knowles, R. R. J. Am. Chem Soc. 2015, 137, 13492.



Amidyl Radical Cyclization: From Free N-H Compounds
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Miller, D. C.; Choi, G. J.; Orbe, H. S., Knowles, R. R. J. Am. Chem Soc. 2015, 137, 13492.



Amidyl Radical Cyclization: Enantioselective Hydroamination

2 mol% [Ir(dF(CF3)ppy)»(5,5-dCF3bpy)]PFg

2.5 mol% chiral phosphate

blue LEDs, —20 °C

achiral sulfonamide
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~
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30 mol% TRIP thiol, PhCF4

O\\//O
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enantioenriched product
up to 98:2 er

catalyst

Roos, C. B.; Demaerel, J.; Graff, D. E.; Knowles, R. R. J. Am. Chem. Soc. 2020, 142, 5974.



Amidyl Radical Cyclization: Enantioselective Hydroamination

achiral sulfonamide

PCET

2 mol% [Ir(dF(CF3)ppy)»(5,5-dCF3bpy)]PFg
2.5 mol% chiral phosphate

98% yield
92% ee

I

30 mol% TRIP thiol, PhCF4
blue LEDs, —20 °C
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Me 7 Me v

e e
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87% yield 80% yield
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up to 98:2 er

96% yield
90% ee

Roos, C. B.; Demaerel, J.; Graff, D. E.; Knowles, R. R. J. Am. Chem. Soc. 2020, 142, 5974.



Amidyl Radical Cyclization: Reductive N-O Cleavage

NO,
2 mol% eosin Y

2 equiv K,CO4 Me.
() . \
Me_ _O acetone, r.t., green LEDs

W 1,4-cyclohexadiene
o) (CHD) 78% yield

Me

SET_ HAT
reduction

NO,
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Me_ _O —ArO~ o /
N o)
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Davies, J.; Svejstrup, T. D.; Reina, D. F.; Sheikh, N. S.; Leonori, D. J. Am. Chem Soc. 2016, 138, 8092.



Amidyl Radical Cyclization: Reductive N-O Cleavage

NO,
2 mol% eosin Y

2 equiv K,CO4 Me.
() . \
Me_ _O acetone, r.t., green LEDs

N O

W 1,4-cyclohexadiene
o) (CHD) 78% yield

Me

NO, NO, NO, CN

N02 N02 N02 .
*eosin 'Y

reductive

potential —0.26 V -0.37V —0.57 V -1.11V —1.43V 210V
(v.s. SCE)

Davies, J.; Svejstrup, T. D.; Reina, D. F.; Sheikh, N. S.; Leonory, D. J. Am. Chem Soc. 2016, 138, 8092.



Iminyl Radical Cyclization: Oxidative N-O Cleavage

Me CO.H Me
Me%/ 2 5 mol% Mes-Acr(ClO,), base Me X
N7 Me X=Y >~ N

)I\/\)\ solvent, rt, blue LEDs |
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(v.s. SCE)

Davies, J.; Sheikh, N. S.; Leonori, D. Angew. Chem. Int. Ed. 2017, 56, 13361.



Iminyl Radical Cyclization: Oxidative N-O Cleavage
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Davies, J.; Sheikh, N. S.; Leonori, D. Angew. Chem. Int. Ed. 2017, 56, 13361.
Jiang, H.; Studer, A. Angew. Chem. Int. Ed. 2017, 56, 12273.



Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

- Fragmentation (/4-scission) is possible, but not universal

A. Formation of sp® C-N bonds: intramolecular cyclization

B. Formation of sp® C—N bonds: addition to olefins



Intermolecular Hydroamination Using Secondary Alkyl Amines
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91% yield

Musacchio, A. J.; Lainhart, B. C.; Zhang, X.; Naguib, S. G.; Sherwood, T. C.; Knowles, R. R. Science 2017, 355, 727.



Intermolecular Hydroamination Using Secondary Alkyl Amines
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Musacchio, A. J.; Lainhart, B. C.; Zhang, X.; Naguib, S. G.; Sherwood, T. C.; Knowles, R. R. Science 2017, 355, 727.



Intermolecular Hydroamination Using Secondary Alkyl Amines

secondary
alkyl amine

O

60% yield
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Me Me

T

66% yield

Musacchio, A. J.; Lainhart, B.

2 mol% [Ir(dF(Me)ppy),(dibbpy)]PFg

50 mol% TRIP thiol
toluene, r.t., blue LEDs
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C.; Zhang, X.; Naguib, S. G.; Sherwood, T. C.; Knowles, R. R. Science 2017, 355, 727.



Intermolecular Hydroamination Using Primary Alkyl Amines

Me\l Ve 2 mol% Ir[dF(Me)ppyl.(dtbbpy)PFg Meﬁ H
Me._ _N 2\ Me\/N\A' Me
N~NH Bu 50 mol% TRIP thiol Bu
toluene, blue LEDs
secondary 65% yield
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potential 0.94V 1.54V
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Miller, D. C.; Ganley, J. M.; Musacchio, A. J.; Sherwood, T. C.; Ewing, W. R.; Knowles, R. R. J. Am. Chem. Soc. 2019, 141, 16590.



Intermolecular Hydroamination Using Primary Alkyl Amines

Mo 2 mol% photocatalyst Me Ir[dF(Me)ppylo(dtbppy)PFg: 65% yield
ﬁ Me > ﬁ H Eqp 1€ = 0.97 V vs SCE
Me_ N )\ 50 mol% TRIP thiol Me\/N\A"Me
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Me back-electron transfer Me
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e e
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Miller, D. C.; Ganley, J. M.; Musacchio, A. J.; Sherwood, T. C.; Ewing, W. R.; Knowles, R. R. J. Am. Chem. Soc. 2019, 141, 16590.




Intermolecular Hydroamination Using Primary Alkyl Amines

R2 2 mol% Ir[dF(CF3)ppyl.(4,4’-d(CF3)-bpy)PFg y H
R/NH2 %\Rs R/N\KKIIRZ
3
1 30 mol% TRIP thiol, dioxane, blue LEDs o
primary . secondary alkyl amine
; olefin .
alkyl amine >20:1 mono-:overalkylation

~P oo, O'C

77% yield 62% yield 54% yield
N . :
t-BU/\:< z ©\<N : |:|
Me Me H Me Me H
59% yield 69% yield 73% yield

Miller, D. C.; Ganley, J. M.; Musacchio, A. J.; Sherwood, T. C.; Ewing, W. R.; Knowles, R. R. J. Am. Chem. Soc. 2019, 141, 16590.



Incorporating Unprotected NH,: Aminochlorination of Olefins

5 mol% Fe(acac),
1.05 equiv NaCl Cl

: /NH3+ /\/\
PivO C8H17 \ NH2
OTH CeHi

MeOH/DCM, r.t.

aminating reagent

' 72% vyield
2 steps from HO-NHBoc olefin yie
A
Y Fe(ll)
SET chlorine transfer
—Fe(ll)
l\\' Fe(lll)
Cus/\/\ - Fe(lll)-Cl CI\Fem
'NH3+ ' /\/\/NH2 y * \
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FeCl, cl

HO3SO—NH, Bu” X > /\)\/NHz
Bu

25-45% yield

Legnani, L.; Prina-Cerai, G.; Delcaillau, T.; Willems, S.; Morandi, B. Science 2018, 362, 434.
Minisci, F.; Galli, R. Tetrahedron Lett. 1965, 22, 1679



Incorporating Unprotected NH,: Aminochlorination of Olefins

5 mol% Fe(acac),

2
NH A 1.05 equiv NaCl , ol
PivO” ong— RA\ > 3 ?\(NHZ
LS MeOH/DCM, .. AR
. . aminochlorination
aminating reagent olefin product
Cl
/\/\)CI\/ -II-S [ NH2
NH N\)\/NH
HO 2 N\ 2
Br
68% yield 61% yield 81% yield
M N
Cl Me CI e H2N §\ Cl
MGWMG N/ \ N\/\)\/NHZ
NH, NH, \=N
o | .
73% yield, 14:1 dr 65% yield 58% yield

from cis-olefin

Legnani, L.; Prina-Cerai, G.; Delcaillau, T.; Willems, S.; Morandi, B. Science 2018, 362, 434.



Incorporating Unprotected NH,: Aminochlorination of Olefins

H

/\)\/NHZ
CSH17
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70% yield

NH,
CgH17
=

with allyl-MgBr
71% yield

NH

o N

with NaOH + Nal
95% yield
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/\)\/NHz
CgHy7
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/\)\/H
CgHs7 ~Ph

with benzyne
71% yield

NH,

/\)\/H
CgHy7

with LiAIH,
73% yield

NH,
/\)\/N3
CgH17

with NaN5 + Nal
66% yield

NH,

/\)\/CN
CgH17

with NaCN + Nal
70% yield

Legnani, L.; Prina-Cerai, G.; Delcaillau, T.; Willems, S.; Morandi, B. Science 2018, 362, 434.



Incorporating Alkyl Amines in Aminochlorination of Olefins

H2

N
PivO” + ~Me

OTf

aminating reagent

N
PivO” +
OT#

aminating reagent

olefin

CSH17/\/\

olefin

5 mol% Fe(acac),
7.5 mol% Sc(OTf),
1.05 equiv NaCl

HFIP/DCM, r.t.

5 mol% Fe(acac),
10 mol% AICl,
1.05 equiv LiCl

o

(\NCbz
H \)

PivO” +

nBuOH/DCM, r.t.

Cl

/\)\/“
C8H17 \Me

62% yield

57% yield

B 10 New aminating reagents developed
B Usually 3 steps from commercial materials

® Up to 30 grams synthesized

Falk, E.; Makai, S.; Delcaillau, T.; Gurtler, L.; Morandi, B. Angew. Chem. Int. Ed. 2020, 59, 21064.



Incorporating Unprotected NH,: Aminoazidation of Olefins

5 mol% Fe(OTf),
1.05 equiv NaN,

BuO Z  25equivPVONHOTH 210 NH, CO2PMes  BUO \H
' _—
N3 HN
MeO MeOH, r.t. MeO 63% yield ~ MeO Q

O

30% yield
RO 20-1724
PDE4 inhibitor
previously 7 steps

5 mol% Fe(OTf), NH
2

— 1.05 equiv NaN; N3 H O
2.5 equiv PivONH;OTf 3 steps Br Br
A\ > N\ — > y
5 N MeOH, r.t. | " \
r Ts .
32% yield Br 'II\'ls HN NH

hamacanthin B

previously 7 steps _ _
antibacterial

Makai, S.; Falk, E.; Morandi, B. J. Am. Chem. Soc. 2020, 142, 21548.



Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

- Fragmentation (/4-scission) is possible, but not universal

A. Formation of sp® C-N bonds: intramolecular cyclization
B. Formation of sp® C—N bonds: addition to olefins

C. Formation fo sp? C—N bonds: addition to aromatic compounds



Formation of C(sp?)—N Bonds: Addition to Aromatics

NCS, 5 mol% Ru(bpy);Cl,
H MeCN or HFIP, rt, 30 min G
- N
N\l_| then 4 equiv. HCIOy, rt, 1 h @

blue LEDs
, then basic work-up _
2 equiv 86% yield
I
chlorination
SET oxidation,
NS deprotonation
I
Cl
I
protonation
Y H
~ _ \'I{'l/
SET /
N reduction X H
/ \ | >
H CI _Cr H

aminium radical cation

Ruffoni, A.; Julia, F.; Svejstrup, T. D.; McMillan, A. J.; Douglas, J. J.; Leonori, D. Nat. Chem. 2019, 11, 426.



Formation of C(sp?)-N Bonds: Addition to Aromatics

NCS, 5 mol% Ru(bpy)sCl5
A MeCN or HFIP, rt, 30 min G
- N
N\I_| then 4 equiv. HCIOy4, rt, 1 h @

blue LEDs

secondary amine (hetero)arene then basic work-up C-N coupled product

Ar Ar Ar

33% yield  75% yield  42% yield
10:1 r.r. 5:1rr.

O Me Me
\|}l/ _ l}l \l?l/
Ar Ar Ar
From Dextromethorphan 24 amines 99% yield  85% yield  42% yield

(Robitussin)

Ruffoni, A.; Julia, F.; Svejstrup, T. D.; McMillan, A. J.; Douglas, J. J.; Leonori, D. Nat. Chem. 2019, 11, 426.

and more



Formation of C(sp?)-N Bonds: Addition to Aromatics

NCS, 5 mol% Ru(bpy)sCl5
H MeCN or HFIP, rt, 30 min G
> N
N\H then 4 equiv. HCIOy4, rt, 1 h @

blue LEDs

secondary amine (hetero)arene then basic work-up C-N coupled product

X
(@) Me |
O Z @)
\Me I N \\> n
N « N N
H Me -

* < § N
N
N * Me/ \Me Q

& )

From MacMillan imidazolidinone From PyBOX From polystyrene From [Ru(ppy)(bpy)2](PFg)
49% yield 90% yield 19% yield 19% yield
2:1rr. 4:1r.r.

Ruffoni, A.; Julia, F.; Svejstrup, T. D.; McMillan, A. J.; Douglas, J. J.; Leonori, D. Nat. Chem. 2019, 11, 426.



Formation of C(sp?)-N Bonds: Addition to Aromatics

N . 5 mol% FeSO, N NH,
I ~NH; |
NG MSO™ o ~ _'
MeCN/H,O, rt =
(hetero)arene aminating reagent aniline
1 equiv 2 steps from HO-NHBoc
OMe OMe
OMe
NH, NH,
i} NH,
MeO Br
Br NH,
% Vi MeO
78% yield 70% yield 61% yield ©
1.8:1
HoN
COOMe -
HoN A . From Robitussin
88% yield 33% yield
134 :2:1 23:1.6:1

Legnani, L.; Cerai, G. P.; Morandi, B. ACS Catal. 2016, 6, 8162.



Formation of C(sp?)-N Bonds: Addition to Aromatics

N Et pZ | |
- | OTf cat. Ru(bpy)s(PFe)2 | aminolysis L
T« NT Et NS > L
A | F MeCN, 23 W CFL - - =
OTf P OTf
one step from —  N-arylpyridinium - -
arene 2-Et-Py-N-oxide aniline
Utility of late-stage amination in drug discovery
Me
Me Me
7 0
0 — amination @) — separation T
=S—NH c
WA |
H,NR— 68% yield sulfamethoxazole
B 63:19:18 H,N (antibiotic)
@)
— C-H Cl NH
amination Separation
\ P =
N derivatization S/
Cl N
MeO,S Cl
86% yield vismodegib
49:26:23:2 (anticancer)

Ham, W. S.; Hillenbrand, J.; Jacq, J.; Genicot, C.; Ritter T. Angew. Chem. Inte.

Ed. 2019, 58, 532.



Formation of C(sp?)-N Bonds: Addition to Aromatics

- - -
S6C T Y

Ph _ _ hydrogenation
I AN al.’nln(.?/}./SIS H,, PtO,
C—H activation piperidine or
[Cp*RhCl]2 | _~  Hy, PdIC
Ph———Ph \ 3 _

9
(™
OTf Grignard
reduction — ™~ MeMgC!:
@\ «— Na(Hg) L N-arylpyridinium - then TCAA;
NaOMe
NT X / ~ @)
reduction
N NaBH, N™ X OMe
/ 0 Me Z

@\ PhN
,\(j — Diels-Alder —
s
Z N

Ph”

Rossler, S. L.; Jelier, B. J.; Tripet, P. F.; Shemet, A.; Jeschke, G.; Togni, A.; Carreira, E. M. Angew. Chem. Int. Ed. 2019, 58, 526.



Formation of C(sp?)-N Bonds: Addition to Aromatics

5 mol% CpsFe

O O
H
@)
" A -
Y Md Me ey DCM, 50 °C
@)
SP

1 equiv N

SET
reduction
O
MeO_ N _OMe Me
N Me\ N
| N
“ /
RoN o )\ \ N
Cl |
Me
60% yield 40% yield

Foo, K.; Sella, E.; Thomé, |.;

—t'BUO_, —COQ,

—acetone

r
homolytic aromatic substitution

Me ©
prlc\yltf)lzol Me \
NR»> N 4 \ /i \
—_— N
Me —
Me

SET oxidation,
deprotonation

o)

Me NH,
H,SO,
= N\
H,0 —
100°C e
60% vyield

Eastgate, M. D.; Baran, P. S. J. Am. Chem. Soc. 2014, 136, 5279.



Formation of C(sp?)-N Bonds: Addition to Aromatics

O O O
| X H . O>—CF3 5 mol% Ir(ppy)s _ )
N~ MeCN, rt i N
0 blue LEDs = O
10 equiv
A
SET SET oxidation,
: —CF3CO5~ d tonati
reduction eprotonation
Y
N H
O —: 0]
=
N e o N
homolytic aromatic substitution ©/ (
@)
O
M " NPhth Ve Me
e
~N N N NPhth NP
)\ | />—NPhth | _
0 >N~ N Br”™ N7 Br _
I Me Me Me N Me
Me
45% yield 32% yield 89% yield 66% yield

Allen, L. J.; Cabrera, P. J.; Lee, M.; Sanford, M. S. J. Am. Chem. Soc. 2014, 136, 5607.



Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

- Fragmentation (/4-scission) is possible, but not universal

Formation of sp® C—N bonds: intramolecular cyclization
Formation of sp® C—N bonds: addition to olefins

Formation fo sp® C—N bonds: addition to aromatic compounds

o0 m >

N-centered radicals-mediated HAT of sp® C—H bonds



Amidyl Radical Induced 1,5-HAT for sp® C—H Functionalization

N-H BDE
107-110 kcal/mol

@)
)]\ R’
R I}l/\/\r
H H

PCET

e —

O
)I\ R
R N/\/\r
. H

amidyl radical

unprecedented selective homolysis )]\
cate > R N/\ 1 cat—H
R
of N—alkyl amide N—H bonds

amidyl radical

Ir photocatalyst ')
phosphate base R
Z > Ewe > RJ\I}I
blue LEDs H EWG
SET & PT

o)
1,5-HAT e Q
> /\/\/F{1 - R
R N R N
I . |
H H/\/\K/EWG

alkyl radical

Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.



Amidyl Radical Induced 1,5-HAT for sp® C—H Functionalization

R2
1
Ar/u\T/A\V/A\+/R A EwG
H

78% yield

O Me. Me

PMP/H\T/A\V/A:WJX\V/A\COMe

H Mé Me

57% yield

2 mol% Ir[dF(CF3)ppylo[5,5°-d(CF3)bpy]PFg

5 mol% NBu,OP(O)(OBu),

PhCF3, blue LEDs

O
O COMe
PMP)I\I?I/\/ 7/\/
H Mé Me
62% yield
AV
Ph/S\N/M/COZMe
|1| Mé Me Ph
74% yield

@) COzMe

/ﬂ\ /«\//\W/J\V/COﬂM

H Me

40% yield, 1:1 d.r.

Boc CO.Me
g

H Mé Me Ph

29% yield

Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.



Amidyl Radical Induced 1,5-HAT for sp® C—H Functionalization

. 3 - . . .
PG selective remote sp® C—H functionalization PG

\N/\/Y\Me - \N/\/\l/\Me
H |

H challenging and elusive transformation H

nitrogen motif as directing group

Ir photocatalyst
EWG R strong base EWG\N R
TW o . |
H H blue LEDs H R®

l deprotonation T

)

EWG _ R SET EWG_ R 1,5-HAT EWG /\/\/R1
|:1 - NW - |}1
H L)

oxidation . H H

amidyl anion amidyl radical alkyl radical

Chu, J. C. K.; Rovis, T. Nature 2016, 539, 272.



Amidyl Radical Induced 1,5-HAT for sp® C—H Functionalization

2 mol% Ir[dF(CF3)ppyl(dtbppy)PFg

@) Me Me 2 eqUiV K3PO4 ) Me Me
)]\
CF3)I\N/\/>8<H /\C02t'BU CF3 N . H
Ill vd H wet PhCF,, blue LEDs Ill MeC
46% yield CO,tBu

4 mol% Ir[dF(CF3)ppyl.(dtbppy)PFs Z>c0,Bn

2 equiv K3PO,

-
wet PhCF5, blue LEDs
39% yield
o O
)]\ gy Standard condition )]\ COM
CF; N/\/>< A coMe ' > CFy NW\/ ©
|1| vd Me 63% yield |!| Me Me

)]\ § K3PO,, blue LEDs )]\ y
CF NW ZcoMe > CE N/\/>(

|1| Me Me >50%yield Meoc\) Me Me



Amidyl Radical as HAT Reagent for Intermolecular sp® C—H Functionalization

H
@) O J\
Et PCET _Et R" "Re
| R1 R2
H HAT
MeO MeO
N-ethyl-4-methoxybenzamide amidyl radical alkyl radical

1,5-HAT is not possible

2 mol% Ir[dF(CF3)ppyl,[5,5-d(CF3)bpy]PFg
5 mol% NBu,OP(O)(OBu),

O\ 1 equiv N-ethyl-4-methoxybenzamide Mph
N H COPh . N

@)
b PhCF3, blue LEDs, 60 °C Boc

)

10 equiv 1 equiv 60% yield

2 mol% Ir[dF(CF3)ppyl»[5,5°-d(CF3)bpy]PFg
5 mol% NBU4OP(O)(OBU)2

H Ph 1 equiv N-ethyl-4-methoxybenzamide CO,Me
CO-Me PhCF,, blue LEDs, 60 °C Ph

10 equiv 1 equiv 69% yield

Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.



Amidyl Radical as HAT Reagent: C—H Bromination

H '}‘ benzene Br
Br

100 W light bulb

CFs r.t., 30 min
1 equiv 1 equiv 70% yield
@)
O/Me '}' benzene O/Me
Br > +
visible light X
CF5 Br
75% yield 20 h »
) . romides
1e 1e
quiv quiv 98.5%
@)
Me methylcyclohexane Me
N—Br y +
AIBN, 60 °C \Br
© low yield
. 2° bromides
1
as solvent equiv 37.8%

Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389.

OLBr

3° bromide
1.5%

Me
OLBr

3° bromide
62.2%



Amidyl Radical as HAT Reagent: C—H Bromination

O
O O
N benzene
N | N
Me Br > Me
o 6.5% 1.7%
O CF, visible light O
. . 56% yield
1 equiv 2 equiv . .
(81.8% selectivity for 6 position)
NPhth O NPhth
CFs3 o B benzene
I|3 >
r
Me Me visible light Me Me
CF3 Br
1 equiv
Namenda 3 equiv 70% yield

anti-Alzheimer

Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389.



Amidyl Radical as HAT Reagent: C—H Chlorination

Cl

3.1%
dichloride

Me
cl. O

Me

Me Mlél
82% yield

8 steps

O
/t-BU
H '}' benzene Cl
Ci :
OF 1 equiv Cs,CO4
3 visible light, 55 °C
1 equiv 1 equiv 72% yield 96.9%
monochloride
% 0
CF -B
Me o) 3 N7 benzene
& >
Me 1 equiv Cs,CO;4
Iil CE visible light, 55 °C
Me Me °
Sclareolide, 1 equiv 2 equiv
@)
NH
(@)
chlorolissoclimide OH
8—14% overall yield Me -
Cl.,, -
: OH
Me Mlc_el

Quinn, R. K. et al., J. Am. Chem. Soc. 2016, 138, 696.



Amidyl Radical as HAT Reagent: C—H Xanthylation

O
CF -Bu
3 I?l/
S OEt
0 g P
" CFj S Me
© o] 1 step ), O
> —_— ‘
Me PhCF3, 450 nm LEDs Me
me Ma 55% yield Me Ma Me Ma
sclareolide, 1 equiv versatile building block = OH, D, SH, SCF;,
SR, N, allyl, alkenyl
E g E Y
t t
Me” s R
N C—H xanthylation s functionalization
r X y
n Et Et
Et Me SJ\OEt
OAc S
. X y
polyolefin Et Et
Me S OEt
m
polymer grafting

Czaplyski, W. L.; Na, C. G.; Alexanian, E. J. J. Am. Chem. Soc. 2016, 138, 13854.
Williamson, J. B.; Czaplyski, W. L.; Alexanian, E. J.; Leibfarth, F. A. Angew. Chem. Int. Ed. 2018, 57, 6261.



Outline

- Aminating reagents, forming sp® and sp? C-N bonds
- HAT reagents for sp® C—H functionalization, due to large BDEs of N—H bonds (up to 110 kcal/mol)

- Fragmentation (/4-scission) is possible, but not universal

Formation of sp® C—N bonds: intramolecular cyclization
Formation of sp® C—N bonds: addition to olefins
Formation fo sp® C—N bonds: addition to aromatic compounds

N-centered radicals-mediated HAT of sp® C—H bonds

m O O o »

Fragmentation of N-centered radicals



Fragmentation of N-Radicals: p-Scission of Iminyl Radical

MMe CO,H
e
| Cl o -
N/O [/Ili/7_ 5 mol% Mes Acr(CIO4)> Me, Me
NC\/\/’<
| e F/N+ (BFa)z K,COg, MeCN/H,0 F
Me blue LEDS 84% yleld
N-O N C-F
cleavage | Me p-scission Me formation
> > NC\/\/ Me
Me .
Successful p-Scission Unsuccessful p-Scission
N N N N N N
?I ?I ?I FI FI |
R? Me
R
R2

N N N
| me L - | e | me
Me Me

Dauncey, E. M.; Morcillo, S. P.; Douglas, J. J.; Sheikh, N. S.; Leonori, D. Angew. Chem. Int. Ed. 2018, 57, 744.



Fragmentation of N-Radicals: -Scission of Aminyl Radical Cation

2 mol% Ir(ppy)-(dtbbpy)PFg

H H
\Q =z - =
+Bu MeOH, visible light +Bu Ph

N-cyclobutyl aniline 97% yield
SET cyclization
H Ph H
& p-scission | . % |
N N
o — "7 — OO0
tBu +Bu +Bu Ph” N
H
§ _ Ph N
/©/ \Q o% /©/ 92% yield
CF Ph
CF3 OEt 3
CO,Et
H H H
: Ph P : 95% yield
% yie
_ =z m 13:1d.r.
Ph\N - Ph
H H H

Wang, J.; Zheng, N. Angew. Chem. Int. Ed. 2015, 54, 11424.



Fragmentation of N-Radicals: -Scission of Aminyl Radical Cation

ek

BCP amine derivative

excitation
p-scission
v o
N.
Ar\/

A ph

pr\N/D k=12x10°s""

>

1 mol% 2,2’-dipyridyl disulfide
- Ph
neat, 390 nm lamp OZN@N

38% yield

recombination

6-exo
Ph Ph Aﬁ Ph

)

cyclization Ar\/N .

Ar\/ N°

Pr\ Z
N/j k=12x107 g
y

Harmata, A. S.; Sowden, M. J.; Stephenson, C. R. J. ChemRxiv. doi: 10/26434/chemrxiv.13118528.v1



Fragmentation of N-Radicals: -Scission of Aminyl Radical Cation

Al

OZNOVN 7
V/,
BCP amine derivative
excitation
p-scission
e
N,
AI’\/ |
° Ar\/ N

MeOQC — M902C MeOQC
~ Ph Ph o
N N N
Ar\/ Ar\/ Me

65% yield

1 mol% 2,2’-dipyridyl disulfide

neat, 390 nm lamp

@) N\( }
2 N
/

38% yield

recombination

)

30% yield

6-exo
i Ph A# Ph
> >

cyclization Ar\/N .

N N

31% yield 73% yield

Harmata, A. S.; Sowden, M. J.; Stephenson, C. R. J. ChemRxiv. doi: 10/26434/chemrxiv.13118528.v1



Summary

Formation of sp® C—N bonds: intramolecular cyclization
Formation of sp® C—N bonds: addition to olefins
Formation fo sp? C—N bonds: addition to aromatic compounds

N-centered radicals-mediated HAT of sp® C—H bonds

m o O = »

Fragmentation of N-centered radicals
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