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Prevalence of highly oxygenated natural products

Oxygenation as privileged motiv

increased bioavailability

possibility for multitude of (non-)covalent interaction

activity in electron transport

prevents self-toxicity by regulating bioactivity

Dibrell, S. E.; Tao, Y.; Reisman, S. E. Acc. Chem. Res. 2021, 54, 1360.
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Molecular oxygen as an oxidant

driving force for biological oxygenations

4 e 4 H* AH = -80 kcal/mol
Oo > 2 H-0

E“12=+1.229 Vvs. SHE

triplet ground state kinetically slow oxidant
reduction of 302 to O2-* is endergonic (AH = +7.8 kcal/mol)
BUT:
BDE of H-OQO- only 47 kcal/mol

spin-flip barrier involving closed shell reaction partners

Huang, X.; Groves, J. T. J. Biol. Inorg. Chem. 2017, 22, 185.
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o -ketoglutarate dependent non-heme enzymes
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largest subfamily of non-heme iron enzymes

most diverse set of oxidative transformations
(hydroxylations, desaturation, ring closure/expansion)

Hegg, E. L.; Que, L. Eur. J. Biochem. 2004, 250, 625.
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“chloride rebound” kinetically favored
due to BDE (Fe-Cl) < BDE (Fe-OH)

Vaillancourt, F. H.; Yin, J.; Walsh, C. T. PNAS 2005, 7102, 10111; Borowski, T.; Noack, H.; Radon, M.; Zych, K.; Siegbahn, P. E. M. J. Am. Chem. Soc. 2010, 132, 12887.
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Enzymatic engineering for unlocking new reactivities

SyrB2
(wild type)

COOH N COOH
M e/\l/ \/\l/

NH, NH,

with carrier protein 4% yield

preferential binding of spherical chloride anion over linear azide

Bollinger et. al. Nat. Chem. Bio. 2014, 10, 209.



Enzymatic engineering for unlocking new reactivities
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SyrB2
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increased space in binding pocket
perturbing the relative o0 . co0n
triggering efficacies for O2 binding Me/\l/ H 3
NH, \/\1!1:2
with carrier protein 52% yield

Suppression of chloride binding (1000-fold decrease) / azide binding unaffected

Bollinger et. al. Nat. Chem. Bio. 2014, 10, 209.



Enzymatic engineering for unlocking new reactivities

X~ pocket
SyrB2
Me = H (engineered)
increased space in binding pocket
perturbing the relative o0H o0
triggering efficacies for O2 binding Me/\l/ O2N H
NH, \/\1!;2
with carrier protein 19% yield

Allows for effective nitration under native conditions

Bollinger et. al. Nat. Chem. Bio. 2014, 10, 209.
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First steps in mimicking enzymatic rebound

Groves (1976)
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modification of Fenton’s reaction

Groves J. Am. Chem. Soc. 1976, 98, 5290-5297; Groves J. Am. Chem. Soc. 1983, 105, 6243—-6248; Mansuy J. Chem. Soc., Chem. Commun. 1986, 341.
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Metalloporphyrins for synthetic rebound
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Metalloporphyrins for synthetic rebound

rigid coordination environment flexible redox system

stabilizing high-valent metal-oxo species

balance between strong metal-oxo bonds to generate radicals and tunable M-OH BDE



Influence of axial ligand on reactivity
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Influence of axial ligand on reactivity
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axial ligand crucial for rebound OH 40 . . . .
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BDE(FeO-H) / kcal mol™

Kang, Y.; Chen H.; Jeong, Y. J.; Lai, W.; Bae, E. H.; Shaik, S.; Nam, W. Chem. Eur. J. 2009, 15, 10039.
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Use of chiral porphyrins for C—H oxidation

Bach (2018)

Mn OH

Me - Me
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>
MeO N7 X0 CHCl2,0°C  \e0 N7 O
H H
68% vyield
99% ee

lower reactivity of Mn prevents over-oxidation + improves selectivity

Burg, F.; Gicquel, M.; Breitenlechner, S.; Pothig, A.; Bach, T. ACIE 2018, 57, 2953.



Use of chiral porphyrins for C—H oxidation

Bach (2018)

Mn
Me Me
>
MeO N7 X0 CHCl2,0°C  \e0 N7 O
H H
68% yield
99% ee

lower reactivity of Mn prevents over-oxidation + improves selectivity

proposed intermediates

MeO

Burg, F.; Gicquel, M.; Breitenlechner, S.; Pothig, A.; Bach, T. ACIE 2018, 57, 2953.



C—-H aminations by radical rebound with cobalt porphyrins
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Lyaskovskyy, V.; Suarez, A. |. O.; Lu, H.; Jiang, H.; Zhang, X. P.; de Bruin, B. J. Am. Chem. Soc. 2011,133, 12264.
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C—-H aminations by radical rebound with cobalt porphyrins
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C—-H aminations by radical rebound with cobalt porphyrins

EWG—NH H

~
~
~

\\N/.CC‘)II ) A
N EWG
\\H
H
EWG&N/

16 e~ ds-complex with nitrene radical ligand (non-redox innocent)

Lyaskovskyy, V.; Suarez, A. |. O.; Lu, H.; Jiang, H.; Zhang, X. P.; de Bruin, B. J. Am.

highly reactive nitrene intermediates involved

¥

requires fast C—H abstraction

intramolecular C-H amination preferred /
intermolecular challenging

Chem. Soc. 2011,133, 12264.



C—-H aminations by radical rebound with cobalt porphyrins
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16 e~ ds-complex with nitrene radical ligand (non-redox innocent)

Lyaskovskyy, V.; Suarez, A. |. O.; Lu, H.; Jiang, H.; Zhang, X. P.; de Bruin, B. J. Am. Chem. Soc. 2011,133, 12264.



C—-H aminations by radical rebound with cobalt porphyrins

EWG—NH H
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~
~
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N EWG
X
H

EWG&N/
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— + N
\N\ \N \ - EWG\N,N4
A \ :
SN \
N\ N N R
A \
R
H H
X EWG\T
~N—" \
N\ N\ \N R N>
A \
R
16 e~ de-complex with nitrene radical ligand (non-redox innocent) H-bonds with EWG

Lyaskovskyy, V.; Suarez, A. |. O.; Lu, H.; Jiang, H.; Zhang, X. P.; de Bruin, B. J. Am. Chem. Soc. 2011,133, 12264.

=

nitrogen extrusion is RDS

Improved N2 evolution rate



C—-H aminations by radical rebound with cobalt porphyrins
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C—-H aminations by radical rebound with cobalt porphyrins

Zhang (2009)
H
> N/\/NS
Troc—Ns, neat, 40 °C H
Br
85% yield
SN \ Ph
N
XN Y \
Ph

Zhang Organometallics 2010, 29, 389; de Bruin Chem. J. Eur. 2017, 23, 7945.

de Bruin (2017)

~

> N
Boc
Boc20, PhMe, 100 °C /Ej
Br

95% yield

~xN— \

N\ N \N Mes
A \

Mes



Co

C—-H aminations by radical rebound with cobalt porphyrins

Zhang (2009) de Bruin (2017)
NHTroc
Co H Co
> N/\/l\|3 >
Troc—-Ns, neat, 40 °C H Boc20, PhMe, 100 °C
Br Br
85% yield
||
\N/C(\)" \ Co \ \N/Cc\) \ M
N\ N Ph A N \ es
N D X
PH Mes
Co(TPP) Co(TMP)

cobalt: C-H amination occurs via rebound

other metals: rebound vs. C-H insertion

Zhang Organometallics 2010, 29, 389; de Bruin Chem. J. Eur. 2017, 23, 7945.

BocN/>

N
Boc

95% yield



White (2018/2021)

Me Me

Me
‘\\

allylic C—H bonds

Me

Allylic C-H aminations by radical rebound

Mn Me Me
Me k Mn
Phl=NTces *  Me
>
AgSbFg Cl
PhH, 40 °C
53% yield
a.r. =6:1

White Nat. Chem. 2018, 10, 583; White J. Am. Chem. Soc. 2021, 143, 14969.
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White (2018/2021)

allylic C—H bonds

TcesNH Me

Allylic C-H aminations by radical rebound

Mn Me Me
Me k Mn N
Phi=NTces e o Mnl™
> 7 ~N N=—
AgSbFs TcesHN Cl = ~N=
PhH, 40 °C Cl Cl Cl
53% yield cl
d.r. =6:1
Mn(CIPc)CI

3° C-H unaffected

Me

53% yield

Exceptional selectivity for benzylic position
over tertiary amination

White Nat. Chem. 2018, 10, 583; White J. Am. Chem. Soc. 2021, 143, 14969.



White (2018/2021)

Me " MC Mn
N Me Phl=NTces
H AgSbFs
PhH, 40 °C

allylic C—H bonds

TcesNH Me
3° C-H unaffected

Me

53% yield

TcesHN

Me Me

Me
‘\\

Me

53% yield
a.r. =6:1

NHTces
Cl N

Me
Cl

44% yield
8% aziridine

Allylic C-H aminations by radical rebound

Mn

‘N~ N’IQI"T,;\ N
Cl = N= Cl
Cl Cl g .
cl
Mn(CIPc)CI
TcesHN

TBSO
53% yield
r.r>20:1; d.r. >20:1

White Nat. Chem. 2018, 10, 583; White J. Am. Chem. Soc. 2021, 143, 14969.



Aziridination using manganese catalysts

rebound
possible?

fluorination by radical rebound mimics unnatural halogenase activity



Aziridination using manganese catalysts

Groves (2012)
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Aziridination using manganese catalysts

Groves (2012)

Mn

AgF (3 equ.),TBAF (0.3 equ.)
PhlO (3-6 equ.)

Mn(TMP)CI ' ~n—Mn"
\} | N Mes
MeCN/CHzClz, 50 °C Me Me ) I

42% yield Mes

Mn(TMP)CI

proposed mechanism:

Mes M Mes AgOH Mes

hydroxy/fluoride exchange allows for selective fluorine-atom transfer

Liu, W.; Huang, X.; Cheng, M.-J.; Nielsen, R. J.; Goddard, W. A.; Groves, J. T. Science 2012, 337, 1322.



Groves (2015)

2L

Aziridination using manganese catalysts

NaNs (ag.,4 equ.), PhlO (3-6 equ.) N3
Mn(TMP)CI or Mn(salen)CI O.
>
EtOAc, r.t. Q
@
56% yield

Huang, X.; Bergsten, T. M.; Groves, J. T. J. Am. Chem. Soc. 2015, 137, 5300.
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Groves (2015)

proposed mechanism:

Aziridination using manganese catalysts

NaNs (ag.,4 equ.), PhlO (3-6 equ.) Ns

Mn(TMP)CI or Mn(salen)CI

EtOACc, r.t.

Huang, X.; Bergsten, T. M.;

» O.Q

O

56% yield

\
\N/IYI(‘ \
N\__{_ N,N \ Mes
NS

Mes

Groves, J. T. J. Am. Chem. Soc. 2015, 137, 5300.
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Groves (2015)

Aziridination using manganese catalysts

H NaNs (ag.,4 equ.), PhlO (3-6 equ.) Ns

O. Mn(TMP)CI or Mn(salen)CI O.
O - O

proposed mechanism:

EtOACc, r.t.

O

56% yield

relative rebound rates Ns > NCS > NCO > (Cl > OH

Huang, X.; Bergsten, T. M.; Groves, J. T. J. Am. Chem. Soc. 2015, 137, 5300; Goldberg 2023, 62, 17830.
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Aziridination using manganese catalysts

Groves (2015) Mn(TMP)CI
y | M
NaNs (aqg.,4 equ.), PhlO (3-6 equ.) ’ %Mes
N\
O. Mn(TMP)CI or Mn(salen)ClI O. ~ )
& | o "
EtOAc, r.t. Mn(salen)CI
0 O

N

o - Mn!l
6% yield t—Bu—< ?—O/ (|:|\O—</ >—t—Bu
-Bu Bu

I-

proposed mechanism:
i OH
\')
e (W ' sy
\ NN Mes \ ~ N Mes
S H ~
Mes Mes
/[ 7 —"Nj
relative rebound rates Ns > NCS > NCO > Cl > OH

Huang, X.; Bergsten, T. M.; Groves, J. T. J. Am. Chem. Soc. 2015, 137, 5300; Goldberg 2023, 62, 17830.



Aziridination using manganese catalysts

Groves (2015) Mn(TMP)CI
y N /Mnlll
NaNs (aqg.,4 equ.), PhlO (3-6 equ.) ’ %Mes
N
O. Mn(TMP)CI or Mn(salen)CI O. |
& ’ & =
EtOAc, r.t. Mn(salen)CI
0 O

N

o - Mn!l
6% yield t—Bu—< ?—O/ (|:|\0_</ >—t—Bu
-Bu Bu

I-

late-stage aziridination

O
oA
:'N/\\\

: Me
Obz N3
38% yield 20% yield 45% yield
from estrone from artemisinin from rasagiline

Huang, X.; Bergsten, T. M.; Groves, J. T. J. Am. Chem. Soc. 2015, 137, 5300.
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Me Me

= T ST
PivO PivO

Chen, M. S.; White, M. C. Science 2007, 381, 783.



Development of non-heme catalytic systems

White (2007) X
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/
Me Me

N
_M\ Fe . —— ~ 7L T
— Fe [, >
H OH
R
51% yield | P Fe(S,S-PDP)

d.r. > 99:1 non-heme catalyst

Chen, M. S.; White, M. C. Science 2007, 381, 783.



White (2007)

2 MeCN

Development of non-heme catalytic systems

Me Me

~ 7LH —— Fe —— ~ 7|
PivO PivO

51% yield
d.r. >99:1

1]/
e
N" | MeCN H20,

H,O + 2 MeCN

Chen, M. S.; White, M. C. Science 2007, 381, 783.

>
-
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N
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T
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Development of non-heme catalytic systems

White (2007) X
| 2 SbFg~
N/
Me i Me ’ ‘N,,,.Fle_“\nNCMe
—— e _> [
meH fﬁLOH
PivO PivO g IL \NCMG Fe
X
51% yield - Fe(S,S-PDP)
a.r.>99:1 non-heme catalyst
H N
|I:elll
OH N” | ~MeCN H205
2 MeCN H,O + 2 MeCN - .- ..
' Mechanistically similar to
%g\H metalloporphyrin oxidation
N N
LW L v
N’Te -OH yrhe'=0

Chen, M. S.; White, M. C. Science 2007, 381, 783.



Development of non-heme catalytic systems

White (2007) X
| 2 SbFg-
/
Me Me l}'

O_M\u E— Fe — ,: 7L " I\I""Fe“"“l\ICI\/Ie
N |
Piv PivO N | NCMe '

N
N

51% yield | P Fe(S,S-PDP)

d.r. > 99:1 non-heme catalyst

|
Fe"I
M\OH N"" | MeCN H20;

1 equiv. of C-H substrate

2 MeCN HoO + 2 MeCN lower oxidant loading
M\ H improved TON

N
||= ™ | higher site selectivities
|

Chen, M. S.; White, M. C. Science 2007, 381, 783.



Catalyst Design for Selective C—H Oxidation
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i) electronic H 5\)\/ EWG
Me
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. : H

li) steric j\)\/Bulky group
Me

i) stereo-

electronic Bulky groupWH

H

Howell, J.; Feng, K.; Clark, J.; Trzepkowski, L.; White, M. C. J. Am. Chem. Soc. 2015, 137, 14590.
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Catalyst Design for Selective C—H Oxidation

X

| Z
N

/,“ ‘N,,,' “‘\\NCMe

' ‘Fe:
N “NNCMe

N
|

-

A

Fe(PDP)

Factors for selectivity:

R R
i) electronic H M EWG
Me
R R

. : H

li) steric 5\)\/Bulky group
Me

i) stereo-

electronic Bulky groupWH

H

Ar(C F3)2

/

\

/ ‘N,,' ‘\\NCMe
Iiy,, ., o
N “NNCMe

Ar(C F3)2
Fe(CFs-PDP)

Main factor for selectivity:

primarily sterics

Howell, J.; Feng, K.; Clark, J.; Trzepkowski, L.; White, M. C. J. Am. Chem. Soc. 2015, 137, 14590.



Catalyst Design for Selective C—H Oxidation

X

| Z
N

/,“ ‘N,,,' “‘\\NCMe

' ‘Fe:
N “NNCMe

N
|

-

A

Fe(PDP)

Factors for selectivity:

R R
i) electronic H M EWG
Me
R R

. . H

li) steric 5\)\/Bulky group
Me

i) stereo-

oo Bulky groupWH

H

Ar(C F3)2

/

\

.wNCMe

“NNeMe

Ar(C F3)2

Fe(CF3-PDP)

Main factor for selectivity:

primarily sterics

Fe(CFs-PDP) Me

Me

Me

NsHN® “CO,Me

>

NsHN® ~CO,Me

56% yield ketone
15% yield alcohol

Howell, J.; Feng, K.; Clark, J.; Trzepkowski, L.; White, M. C. J. Am. Chem. Soc. 2015, 137, 14590.
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Catalyst Design for Selective C—H Oxidation

S - ATCFa):
N/ N/
’ N,’ ‘\\NCMe ’ N NCMe
e '.Fe"‘\ Iiy,, I""Fe““\\
Z | N
S |
\ Ar(CF3)2
Fe(PDP) Fe(CFs-PDP)

Site-selectivity for Fe(PDP) vs. Fe(CFs-PDP)

OH

Fe(PDP) Me
Jij o /O |
<
AcO AcO

66% yield alcohol
19% yield ketone

Gormisky, P.; White, M. C. J. Am. Chem. Soc. 2013, 135, 14052.



Catalyst Design for Selective C—H Oxidation

N o ArCFa)z
P |
N N/
/ "N NCMe [\
":, ‘\‘\ N, \\NCMe
. Fe‘\ iy, ""Fe““
N | NCMe N | SNEMe
Z | N
S |
\ Ar(CF3)2
Fe(PDP) Fe(CF3-PDP)
Site-selectivity for Fe(PDP) vs. Fe(CFs-PDP)
OH M
" Fe(PDP) _«Me Fe(CF3-PDP) Ve
SO O e
AcO AcO AcO O
66% yield alcohol 51% yield ketone
19% yield ketone 28% yield alcohol

Gormisky, P.; White, M. C. J. Am. Chem. Soc. 2013, 135, 14052.



Strategies for Overcoming Substrate Control: N—Complexation

Me H Me OH

Challenges of N-Heterocycle Remote Oxidation

N-heterocycles prone to catalyst complexation and/or oxidation to N-oxide

C-H bonds adjacent to nitrogen are activated toward functionalization



Strategies for Overcoming Substrate Control: N—Complexation

Me H Me OH
) )
R R

A
Me H
>
N
/ \
R BF;

Lewis acid complexation renders basic nitrogen strongly withdrawing



Strategies for Overcoming Substrate Control: N—Complexation

S 2 SbFs~
Me H Me | _ 6
LA H+

NII,. _‘”\\NCMe Fe

>N,
> Fe
\ 6N/ IL “Snewe

'}' then Fe | Fe(S,S-PDP)
R R | ~
AcOH, H20» —

White (2015)

Howell, J.; Feng, K.; Clark, J.; Trzepkowski, L.; White, M. C. J. Am. Chem. Soc. 2015, 137, 14590.



White (2015)

O\/\M;/Me
N

Me

52% yield

Strategies for Overcoming Substrate Control: N—Complexation

LA H*

then Fe

AcOH, H-0>

Me
Me

EtO,C

N

I
Me

55% yield

Howell, J.; Feng, K.; Clark, J.; Trzepkowski, L.; White, M. C. J. Am. Chem. Soc. 2015, 137,

N
/ \
H BF,

65% yield

/_\

N/, .
l',, .

|
Fe
6N/ | \NCMe

X
| 2 SbF -

=
_‘”\\NCMG Fe

Fe(S,S-PDP)

N
| R
&

Me

FSB\NM

/ \
H H Me Me

56% yield

14590.



Late-stage C—H methylation via radical rebound

How can a selective, late-stage C—H methylation be achieved via an Fe-oxidation?

Gormisky, P.; White, M. C. J. Am. Chem. Soc. 2013, 135, 14052.



Late-stage C—H methylation via radical rebound

White (2020)
O
Mn O
_Ar %
N > N~ Ar
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Feng, K.; Quevedo, R.; White, M. C. Nature 2020, 580, 621.
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Late-stage C—H methylation via radical rebound

White (2020)
O
Mn O O
Ar DAST or BF3 - OEt>
N~ N— Ar _Ar
> > N
AcOH, H0: then AlMes
H OH Me
C-H substrate C-H oxidation methylated product
N/, . | i) NCMe ‘
iy, . Mn .
N IL NCMe
Mn
Mn(CF3-PDP) B ]
O O
F-or LA 0 [Me-]
N— AT X ® R N— AT methylated product
N~ >40 examples
/ AlMes
OH Me

Feng, K.; Quevedo, R.; White, M. C. Nature 2020, 580, 621.



White (2020)

Ny, niNCMe
Mn:
N IL “NNCMe

l,,'

Mn(CFs-PDP)

Late-stage C—H methylation via radical rebound

68% vyield
88% yield/step

N’Ar

Mn 0.5 mol%

AcOH, H-0>

DAST/BFs- OEt>
then AlMes

O

Feng, K.; Quevedo, R.; White, M. C. Nature 2020, 580,

N’Ar

Me

> N’Ar

OH

NC

36% yield
/1% yield/step
from citalopram

NNs

37% yield
/2% yield/step

621.



Catalyst control over rebound pathways

Costas (2024)

-Bu

Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.



Catalyst control over rebound pathways

Costas (2024)
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72% yield
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Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.



Catalyst control over rebound pathways

Costas (2024)
~ = AcO
; \\\OAC t :“
< Mn Mn >
-Bu AcOH, H2Oz, HFIP +-Bu AcOH, H2Oz, HFIP t-Bu
72% yield 40% yield
/3:27 cyclopropane:cyclobutane 20:80 cyclopropane:cyclobutane
NMe, CO,Et
[ [
£ =

N N
/ "Nuy, I 0OTH | Ney, I 0OTH

iy, ! Mn 1y, Mn
e o

B B
b S
NMGZ COZEt

Mn Mn

Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.



Catalyst control over rebound pathways

Costas (2024)

p OAc
< Mn
+-Bu AcOH, H202, HFIP
72% yield
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NM62
‘ X
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e SRS
less oxidizing N
‘ X
S
NM62
Mn

-Bu
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Mn >

AcOH, H20z, HFIP t-Bu

40% vyield
20:80 cyclopropane:cyclobutane

N
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Mn
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Catalyst control over rebound pathways

Costas (2024)

p OAc
< Mn
+-Bu AcOH, H202, HFIP
72% yield
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less oxidizing N
‘ X
S
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Mn
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Mn >
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Mn
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Catalyst control over rebound pathways

Costas (2024)
p OAc
< Mn
+-Bu AcOH, H202, HFIP
72% yield
/3:27 cyclopropane:cyclobutane
NM92
‘ X
N/
more nucleophilic , SNy, WOTS
11y, ' .Mn‘ il
o SRS
less oxidizing N
X

S
P ‘ NM62

radical rebound
dominates

Mn

-Bu

-Bu

AcO

Mn >

“"Mn
6N/ |l| o

AcOH, H20z, HFIP t-Bu

40% vyield
20:80 cyclopropane:cyclobutane

Ny, | WOTS more electrophilic

stronger oxidizing

‘ X
S
+\
Mn cationic pathway
dominates
-Bu

Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.



Catalyst and medium control over rebound pathways

Costas (2024)

Mn >
-Bu TFE, H202
TIPS
‘ S
o
N
l, N" .Nln ,n\‘OTf
Mn :
6N/ | ot
N
‘ ~
= TIPS

Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.



Catalyst and medium control over rebound pathways

) ; «_-CFs
Mn >
-Bu

Costas (2024)

-Bu TFE, H202

60% vyield
57:43 cyclopropane:cyclobutane

TIPS
‘ X
~
B N
' NI".IVEn"““OTf
rare use of alcohols in radical rebound Mn
N OTf
N
‘ R
Z TIPS

Galeotti, M.; Bietti, M; Costas, M. J. Am. Chem. Soc. 2024, 146, 8904.
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Can we mimic halogenase activity?
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Radio fluorination of C—H bonds

Can we mimic halogenase activity?

-»> -
N

g

—=-—0

synthetic catalyst

hydroxylation often preferred over halogenation in catalytic non-heme systems



Groves (2024)

Me

Me

COOMe

Me

Radio fluorination of C—H bonds

COOMe Mn

Mn
Me Me

>
Me -Bu @
[18F]F-, KoCO3, PhIO 18p

tone, 50 °C, 10 mi
acetone min 65% ROC

Huang, X.; Liu, W.; Ren, H.; Neelamegam, R.; Hooker, J. M.; Groves, J. T. J. Am. Chem. Soc. 2014, 136, 6842.



Radio fluorination of C—H bonds

Groves (2024)

COOMe COOMe Mn

Mn
Me

>

['8F]F-, K2COgs, PhlO

acetone, 50 °C, 10 min

MnIV
/ |\
t'B”QO OHOQ"B“

-Bu -Bu

lower TS for fluorine vs. oxygen rebound

Me

Me

18F

65% RCC

Me

Huang, X.; Liu, W.; Ren, H.; Neelamegam, R.; Hooker, J. M.; Groves, J. T. J. Am. Chem. Soc. 2014, 136, 6842.



Radio fluorination of C—H bonds

Groves (20174)

COOMe

Mn
Me Me

>

Me
[18F]F-, K2.COs3, PhlO

acetone, 50 °C, 10 min

(mH

—)f\

18|:

nIV

-Bu -Bu

lower TS for fluorine vs. oxygen rebound

COOMe Mn
Me Me .
mnll
18F
t-Bu t-Bu
65% RCC
O O
Rl 18 COOEt
Me
COCF3
N\ /©/
F.c—¢ N
—
‘\‘COOEt
18F
23% RCC 46% RCC
from celecoxib from enableprilat

Huang, X.; Liu, W.; Ren, H.; Neelamegam, R.; Hooker, J. M.; Groves, J. T. J. Am. Chem. Soc. 2014, 136, 6842.



Ackermann (2018)

Electrochemically induced radical rebound

0 H 0 N,
N Me —— Mn — N Me
O O

Meyer, T. H.; Samanta, R. C.; del Vecchio, A.; Ackermann, L. Chem. Sci. 2021, 12, 2890.
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Ackermann (2018)

Electrochemically induced radical rebound

0 H 0 N,
N Me — Mn — N Me
O @)
N3~
anode [Mn'!] < Mn
|
N3
H
N5~ HN
H

o

N3

|

[Mn'V]

| %g\ H

N3
o

H
N3_ M\Ns
[MnIII]
|
N3

Meyer, T. H.; Samanta, R. C.; del Vecchio, A.; Ackermann, L. Chem. Sci. 2021, 12, 2890.



Electrochemically induced radical rebound

Ackermann (2018)

0 H 0 N;

Mn
N Me —— Mn — N Me \Mn""
A S

anode [Mn'} < N~ Mn
|
N3
H
N3_ HN3 M N3 M
! LMo
e :
N, , 0 AcO
| :
[Mn"] %?\H
I ‘
N3 Me
o 75% yield 48% yield (r.r. = 3:1)
H from estrone from (-)-menthol
N3_ M\Ns
[MnIII]
I
N3

Meyer, T. H.; Samanta, R. C.; del Vecchio, A.; Ackermann, L. Chem. Sci. 2021, 12, 2890.



Radical ligand transfer by photoredox

Katayev (2023)

Cl

Ir Ir
N Ir NO, (PPY)3
Me N > Me
O NH4ClI

CoCl2
Me

Patra, S.; Giri, R.; Katayev, D. ACS Catal. 2023, 13, 16136.



Radical ligand transfer by photoredox

Katayev (2023)

Cl

O Ir Ir
X Ir NO, (PpY)s
Me N/I\Io2 > Vo
Vo . O NH4CI

CoCl2
Me

proposed mechanism

y—NO>

o
— (i '— _N

0% SO~

nitryl radical

Patra, S.; Giri, R.; Katayev, D. ACS Catal. 2023, 13, 16136.



Radical ligand transfer by photoredox

Katayev (2023)
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Radical ligand transfer by photoredox

Katayev (2023)
Cl
O Ir Ir
N Ir Co NO, (PPY)s
Me N/I\Io2 g Me
Vo O NH.CI Co  CoCls
O Y MeCN Me
Cl-
proposed mechanism / Ir Y
Cl
O /\ LC(I)n+1 LCOn
_NO, ¥ \ \ / 't
N —{Ir,— 0% “o- > $ NO > )\/Noz
O nitryl radical

Patra, S.; Giri, R.; Katayev, D. ACS Catal. 2023, 13, 16136.



Radical ligand transfer by photoredox

Katayev (2023)
Cl
O Ir Ir
N Ir Co NO, (PPY)s
Me N/I\Io2 g Me
Vie () N Co  GCoCh
O Y MeCN Me
Cl-
proposed mechanism / Ir Y
Cl
O /\ LC(I)n+1 LCOn
_NO, ¥ \ \ / 't
N —Ir | — O// ~o- > A NO, > )\/Noz
O nitryl radical

not radical rebound, but radical ligand transfer operative

Patra, S.; Giri, R.; Katayev, D. ACS Catal. 2023, 13, 16136.
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1 mechanism, multiple application



Radical rebound: bio-inspiredversatility and precision

Me 5 OAc
PivO
-Bu

oxidation

F/Br/CI.,

TcesHN

amination halogenation

1 mechanism, multiple application

OZN\/\l/COOH

NH,

azidations nitrations



Thank you!

Any Questions?




