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Introduction "SH, reactions occur very commonly in multivalent (non)metallic centers”
SH2 reaction Atom abstraction
VS
w w w W z
A | | . A+ cl: z A — A-W o+ cl:
+ c—z — — A—C + z A - c—Z -
/ "'., / '», / =, / "'-, / ~
X Y X Y X Y X Y X Y

tBuO’ + MesSn, — = tBuO—SnMe; + MesSn . ] o
Why is homolytic substitution of saturated carbon so arduous?

o O « Homolytical substitution at other centers (atom abstraction)
N+ SnBu, I::EN—SNBus + By « Other side reaction like radical addition, homocoupling etc.
(o} .
Solutions
. . w
| + cCl 5 IcI " cl,c # weak C-Z bond for clevage |
) pathway 1 V/-\/C —Z
Roberts, B. P. Nat. Phys. Sci. 1971, 229, 221 VALY pathway 2
Sy2 in the early years: <>
& Heteroatom as attacker, metallic center as acceptor. A A
& Mechanistic study was more favored ’ .
& Few C-X or C-C bond formation reported A
. gas phase . w : w
F:C + Me,C — > F,CMe + Me;C | |
A—C + Z A-Z + -C
X/ X X/ "'»,
Y
D Cl D cl D Cl Y
. cl cl
. cl cl Cly .
cl + H —3» H . —2— cl + ¢l
D H H b H & prevent Z being attacked by A (steric hinderance)
D

 impede homocoupling (Persistent Radical Effect, radical sorting)
"Seldom postulated, rarely discussed, frequently discarded as improbable, but potentially of immense
interest in synthetic organic chemistry”

Johnson, M. D. Acc. Chem. Res. 1983, 16, 343
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coenzyme B,

R = 5'-deoxyadenosyl(Ad), CH3, OH, CN

5'-deoxyadeonosyl (Ad)
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V"I BDE 1. Intramolecular rearrangement alkyl radical could be stablized with coenzyme B4,
27 Bs,Co—Me 37 kcal/mol H Y Y H
Co CH 99 kealimol —C—C— - overaii reaction > _(':_(':_ eg. methylmalonyl-CoA mutase (F%: A —BR BB BEA T 1 BF)
1
C-C 79 kcal/mol . I -
AdCH, H coo H coo
58.93 7452 - ; s, |
3d74s H E EEO G i
- O=C H
AdCH ! ,g’y
H,NOC 0 : SCoA SCoA
) H,N Y Y
/ —é—C— - —(I:—C— methyllnalonyI-CoA succinyl-CoA
: i i (FRERN R RBREEA) CREBLAERTA)
Halpern, J. Science 1985, 227, 869
2. Methyl transfer simple alkyl (methyl) group could undergo bimolecular (intermolecular) substitution reaction

eg. class B radical SAM methyltransferases (RSMTs)

Fo—S" CHs
/Ie 4 =108 !
S—Fé | s
LS oFe SAl AdCH, RH - overall reaction  RCH;
o
_|1+
SF]
LS iFe L-Met + AdCH, R
[4Fe-48] cluster

Liu, W. Acc. Chem. Res. 2012, 45, 555
Booker, S. J. J. Biol. Chem. 2015, 290, 3995
3. Ribonucleotide reduction

SAM

methyl transfer alkyl group transfer
s—
oot 7>
NH, (|?H3 (i‘,HzR
: Co3+; : Co3*;
L-Met ’NHz
SAH
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Persistent Radical Effect

H & A term coined by Finke in 1992
H o” "o
o” o Keq=1.5%0.1 _N N « Demonstrate the necessary conditions for high selectivity of intermolecular radical
J e .
N | Ns —— - + reaction
g4 - AN

Co III SN N7

A C

1. one of the radical intermediates formed during the course of the reaction must be more
persistent than the others.

5
10 _________________________ 1 _______ 2. the persistent and transient radicals must be generated with equal rates.
3. the persistent radical can't undergo homocoupling.
H..

oo

N N N
7N dm ” kerm

c° it /: ™ 10 0

N 4 N - PR =
K) K1 =50710 e / 105

sM K. TRePR

10 -

Ka=10"9s" 107
K1_10810 K,=14*10%s" 106 10° “TR+PR 4&w TR-PR
107 ‘PR+'PR P8 pR-pR
N ’ 10-7 \ 10° TR+'TR k—&s‘T TR-TR

TR — 103

ﬁ c"r |

4 ,

10°  10* 10° 102 10! 1 10 102

¢/mol

cage radical pair Figure 2. Simulation of dynamic systems obeying the principle of the
K. = 10810 M1 61 PRE. Both radicals PR and TR are continuously generated at equal
rates (k=10 *s ). The rate constant for the self-reaction of the
" ‘o persistent radical was varied (2kpz=0, 10°, 10° 10’, and 10°m 's ).
|

IMs
/I Co 0 I\ _@ K4 =10°M" /I Co il I\ for systematically learning, see Studer, A. Angew. Chem. Int. Ed. 2020, 59, 74
N i z
| |

free radical

H, K3 =10810g

Finke, R. G. J. Am. Chem. Soc. 1992, 114, 2773
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Metal-carbene radical species

Carbene radical complex

Xiang Peter Zhang
Department of Chemistry
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d-orbital \

- A

Ph "CO,Et

J. Am. Chem. Soc. 2004, 126, 14718

_ Q .COR
R' NO,

Angew. Chem. Int. Ed. 2008, 47, 8460

Boston College M= Co, Rh, Ir
Asymmetric cyclopropanation
H CO5R [Co]
Zen o+
N2
O;N COzR
C
/\R1 + \"/ [Col
N,
NC CO,R
C
NI \Lr [Co]
2

- é CO,R
1
R CN
J. Am. Chem. Soc. 2010, 132, 12796

NC,_ COR

= NC\"/COR [Co]

R? H Ar [Co]

b=

J. Am. Chem. Soc. 2011, 133, 3304

\
..ji

Ar R radical
J. Am. Chem. Soc. 2017, 139, 1049 addition
R2 1 p2
H HetAr C R -‘R
R [Co] ;
R * > H.. /\ .R* R__H
4 NNHSO,R Aret R3 \"/

J. Am. Chem. Soc. 2021, 143, 11141
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Asymmet;LcH;ntramolecuIar cyclization Other intermolecular Sy2-related reaction
H [Co], base o ©j§-.--m
N"R? N N, i N,
R! R' Chem. Sci. 2018, 9, 5082 HB\/ /_/> RJ\O’O\"/R HB\/ /:/)
H H NNHTs I RF E o _ N i FF ¢
N\ m F > I NIV F
’i‘ H [Co], base > H\Q N RJ/N F CD3NO,, 95 °C, - 2 CO, N\_//Rl/TI F
Boc Boc v FF R = 4-FCgH, or Ph(CH,); v RO
J. Am. Chem.Soc. 2018, 140, 4792

O

[Co], base
Hol [H /=>
R’ Ar
J. Am. Chem.Soc. 2021, 143, 11670
----------------------------------------------------------------------------------------------------------------- N /CF3
/ '~cF, CD3NO,, 90 °C, - 2 CO,

Ph N, NNHR v
H;C 65%

\

5%
H
NTOR?
Ph R
& stoichiometric organonickel methylation & priorly prepared sensitive nickel(IV) complex
Ph & homocoupling exists & limited radical scope
Sanford, M. S. J. Am. Chem. Soc. 2019, 141, 8914
: : TR e : p-TsNHNH, CO,Et
H H H ' . 2
: : [Co™] N COE LiO'Bu
: : : : R [Co(TPP)]
/.\ H ™y >
: N" R : /ﬁH : Lo R!
1 ' '
H . A . H 2 2 3 2
: R : Metalloradical Catalysis : NTHRE ROR RR
H i H R H
MRC P i De Bruin, B. Angew. Chem. Int. Ed. 2020, 59, 11073
H-atom
abstraction
& intramolecular Sy2 reaction « diazo-compound as radical precursor
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David Macmillan's work ; Me
. (O
: /m NPhth . H
o : Boc I [Ir] [Si] Me '
RH)I\ _NPRth R R! R : H > N P N °
R? o NN — > R2>| : | Boc”
R3 R3 ! Bra_~_-9° N (o}
——quaternary product—— ' \C(j 2 70% yield, < 5% primary-primary alkyl dimer
. M H
[Ir] [SI] K ~_ NHBoc :
! E ! Et Et PFs
N Et Et t-Bu TMs
Cbz : _Si—TMS
R .\Rs Me E F N ™S
R2 Me :
nucleophilic N\ N : t-B N
3° radical [ \|/ Et Et ¢ | S
~-N ! Y
: Et Et Me
g [Ir] [Si]
. (o]
Br R4 s fir] [Si] R* dual photoredox R® | 8 [ R% NPhth
- 10 - -
~N radical generation R R2 RZI. °
rima radicalé primary bromide | R
p! ry radical , tertiary redox-active ester
homocoupling
' primary radical S,;2
R“\/? homocoupling
radical sorting radical sorting
nucleophilicity: 3° > 1° — > - —_—

R1%R3 SH2 cross _»
R* __coupling

tertiary radical
homocoupling

P S

rapid dissociation

desired
quaternary product

Science 2021, 374, 1258
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Carboxylic acid-alcohol cross coupling oh AcOy | -OAc . FBUW Bu
+ 1 -Bu
Me - Me tBu N Me Me : o lO
CO,H MeHN NHC, pyridine, Mesl(OAc), \/NHMe \> :Ni:
+ e \/\OH O z O (e}
o 10 mol% [Ni], 1 mol% [Ir] o N J\/\
blue LEDs tBu o Me tBu tBu t-Bu
BF4
J. Am. Chem. Soc. 2022, 144, 6185 NHC MesI(OAc), NI
* . . ,
‘Double carboxylic acid cross coupling o | \,N . o R = Me 9.5 keal/mol
i Mesl(0Ac), | ‘ N N R=Et 1.1 kcal/mol
5 mol% Ni , 5 mol% K[Tp* “oBe - 1 B
~ K, ot Ao o CO0 (Bl
| COH I </, H \\7 s N r=i
P> TXO, Me,CO3 = — - N—N II? (e} W R =i-Pr — 1.9 kcal/mol
F4C 365 nm LED FsC ) e
* R=t-Bu - 9.8 kcal/mol
J. Am. Chem. Soc. 2022, 144, 21278 KITe’) X0 ! calimo
. o &
C(sp®)-H methylation ) I I
o~/ | o /| Q0 4[BuNI
o 9 o 2.5-5.0 mol% TBADT o / \
! H 10 mol% Ni(acac), H : =W ——|—0 O- W=0
Sx St N'OJLMG > Sx7Me Vo] W
1 10 mol% KTp* A S ’ 2 ' /
R Y 365 nm R RERN _0-9y) 0
J. Am. Chem. Soc. 2023, 145, 2787 i 3
TBADT
Tertiary alcohol-bromide coupling Ar )’@
tBu N O tBu  SiEty N
Me H I Me H > | F SimtBu | N
OH o N o NHC, pyridine, [Si] _ \({o N o) o) N-O N N—l
+ Br 3 - 3 - F = N
Boc”N 5 mol% Fe(OEP)CI, 5 mol% 4CzIPN _N tBu BF, S
oc blue LEDs Boc Ar = (4-CF3)CqH, @-{l/
reductively-activated [Si]
J. Am. Chem. Soc. 2023, 145, 16330 NHC 4CzIPN
Triple radical coupling o
NHC, Ni \ N\> =
~_-OH BnO,C Cl | , Ni(acac), . F o N s
CbzHN + 3 N N T
F Boc” Me 5 mol% 4CzPN Boc” " NHCbz tBu - =
blue LEDs Me BF, !
Nature 2024, 628, 104 NHC 4CzPN
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Double alcohol cross-coupling

NHC, pryidine

O then Ni(acac),, Ir(dF(CF3)ppy)(dtbbpy)PF Me
+ Me >
CbzN quinuclidine, Bz,0, CbzN

Blue LEDs

Science 2024, 383, 1350

Proposed Reaction Mechanism

CbzbO prmmennas .

.........

Me E
| ....... Y o A
g < ; : \ "
NHC : : “SET :
Ph H
t-Bu NI N 2
; /
tBu  BF, Photoredox .. | ;e Ni ckel.
. Catalytic
L ) = Catalytic H
: : Cycle
+ pyridine 1 - pyridine-H \ Cy cle RO !
Ph\ /
o N—~
C(onj[\ SET
CbzN .

JZ:[

[N::oc:[ on .y @

NHBoc
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MHAT/S 2 Hydrobenzylation in (-)-eugenial C's synthesis Stereoselectivity
M
l;l f‘OH 10 mol% Fe(acac);
10 mol% Fe(TPP)CI [Fe]
Mé o + 8 equiv PhSiH,(O - Ar>. e

2 equiv NaHCO3
i-PrOH/acetone, open to air
(58%)

(>10:1 dr)

& Mn(dpm)s, Ni(dpm), instead of Fe(acac); and Fe(TPP)CI resulted in 20-30% yield and 1:1 dr
Shenvi, R. J. Am. Chem. Soc. 2023, 145, 15714

favored

Proposed Reaction Mechanism LS RIS R PTREERITE
: MHAT/S 2 Hydrobenzylation by a single catalyst
HBr 5 mol% Fe(T4CPP)CI
an : Br Me 3 equiv PhSiH; Me Me

Y

Fe(acac T ' + /g A
Me (acac); am : Ar) Ph 1 equiv NaHCO; PhX/ '
)\ Me (TPP)Fe Br : i-PrOH
M H " :
; N ,
Me
H

Ar Ar

MHAT : _/Br Shenvi, R. J. Am. Chem. Soc. 2024, 146, 2351
E Ar
(acac),Fe—H [Fe] \ . Ar -
111 Me SH2 (TPP)Fe—H H
T e (i
( (TACPP)Fe
an am  Ar Ar
(TACPP)Fe (TACPP)Fe
Folarac)s \ (TPP)Fe(tD) : Ar Ar
PhSiH,(0-i-Pr) PhSiH,(0-i-Pr) ; (I
Me ; (TACPP)Fe—H

){/ H /Q/ i Fe(TPP)CI Fe(TATPP)CI
/K Ar=Ph Ar = 4-CO,H-Ph

10 mol% Fe(TPP)CI
or PhSiH,(0i-Pr) /\X/\/\
> MeO,C OTs

CONHPI
TSO/\/\/

Me_ Me

Meozc/\><CONHPI or

Shenvi, R. Science, 384, 113
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Primary amine catalyzed enantioselective quaternization

5 mol% Fe(OEP)CI

o)

2 mol% (Ir[dF(CF 3)ppy,](dtbpy))PF ¢

o]

o)
CO,R ¥ Ph
O o

chiral amine

\\/\ Ph
Oeon

Blue LEDs
Yang, Z. P. J. Am. Chem. Soc. 2024, 146, 9404
o (o)
2
Proposed po NTf /Ph
Mechanism COR ,{,/\
Q/ CO,R
NH, o)
Hzo
H,0
N Amine TNH
g o~""Ph
COR catalytic
CO,R
base cycle 2
Et Et
i Et Et

(i

(e baseH*

Et Et
N
NH Et
Photoredox Et
catalytic é’/COzR I
cycle ron
Ph catalytic
III] [ll‘"] Et
[Ir
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Et Et
Et Et
H "NTH,
1
OO 5
. e NH, K/o
Et Et chiral amine
Fe(OEP)CI

Mechanistic Studies
1. radical trapping (2 equiv TEMPO was added):

(o}
o COzR Me Me
S\/\ Ph ? Ph \/\/O\N
COR Me N Me Me
MeUMe Me
0% 7% 16%
2. CV analysis
“SNH o
Ph\/\)j\
A (R = 1-adamantyl) B
Reductive quenching:
E4/5 (PC*/Pc™) = +1.21 V vs. SCE
Eq/z (A™/A) = +1.03 V vs. SCE E4/5 (PC/IPC™) = -1.37 V vs. SCE
Eq/2 (B/B™*) = -1.17 V vs. SCE Oxidative quenching:
E4/, (PC*/Pc*) =-0.89 V vs. SCE
E4/5 (PC/IPC™) =-1.37 V vs. SCE
3. X-ray stucture
n-HexLi

10
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PIDA N
5 mol% 4-CzIPN Me I
©/W 5 mol% Ni(acac), CH,CF, N j<\;(
+  ICH,CF; - -4
K[Tp*] Y \\7 @k
Blue LEDs
Koh, M. J. J. Am. Chem. Soc. 2024, 146, 10274 K[Tp*] 4CzIPN
Mechanistic Studies
Proposed
Mecil'):anism H3C: /R 1. Intermediacy of low-valent nickel species
R' . Br ICH,CF, Me
©M (jr'\"e PIDA CH,CF3
+
- standard
= | conditions (84%)
Tp*Ni”'X fully recovered
Tp*NilX WGHs e
. . e N ICH,CF CH,CF
PC* photosensitization PC Nickel R R ©/\/\ + CHl , 2d Z
Iyti standar
Cycle Cacl‘;cjllé [+ conditions not detected
SH2 2. diffenrent methyl radical source
Me
CH3 N Dicumyl peroxide CH,CF,
- Phl, -2CO, T *'!"”IX ©/\/\ standard >
PIDA P conditions (14%)
Hl,, R
A CHl g /-
H (detected) R *
XAT
R-1 R* + =
R

1"



