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High oxidation R/ X Radical
1 SHZ*I]RLTfEﬂ',ﬁH; Igtale I:netall I\III" +1 generation
R
Sy2/RLT
capture / [o] Sn2/RLT

catalytic cycle \
Sy,2 fELTETR e \ RLT Ewﬁ%

R-R of R-X 1 MEHEIKE: BNSmEAY MeX, X NaHBEs
1 BIRIRE: ENEEEREY Mo
Low oxidation } Product
Statcimctal ( formation ks Mo0X SiEEEEE RRR, X EEEEE R
2 BHERHRK: MO BERESREEHE RERIRESEEER R-MO)

s TIEES: EXRFLOHRENK, SEHWERET - BT clET
3 SH2 RE: JREESETRRSHABRENE RBHITND FIOREMK

FEUIRRL: 2R CX S RX, SR MO
o FRUITGEE: SR C-C BB RR, SREE MO RS . -

© ST ETE RS IR E O SEESL: MO SEAFIERAEREE Mo+-X SSRIER
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Hz. RLTSS, 2 X SHEl

2.1 RLT (Radical Ligand Transfer, EHEEHIED) KERRAT

RLT : —EERFEM (X)) NEHWEREENSE 1 ENRIBE (Kochi group)
E'JID(MH+‘7X)E}'§E§*§§U—‘/|\*%EE HRER) L, RETEAEENEEESEHL Mo )-X SEEIRRERE R,
B C-X B, RSB HERAENT M, h .
ZITREBFRA B OLT
ZIFEBFRA B IR EEE(OLT) ——
75 X RFRMIIBIN, FRARA0 C-X 58, ARSI MO,
. J
<
%ﬁgg (ET) : Mgg—%ﬁéﬁfgéﬂ%ﬁg&k 3 REMFNET FRFECIET ER (Smec group)
AN A {ég[)ﬂ E\Ea; * EF&‘EE. {EE#Tﬂ i;’*" TSR RUT SEEIRAART - TG, BT SH TSRS R AL,
al— iR T =>4 nd N1 F3 2 )
clET mechanism
e 4  Groves group3EiRISiE
M1 —X R RS SRR N B S BRI R S T, SRS,
=
. . i . 5 EoidibEtE
Radical Ligand Transfer RS THEEAER AN LRI AR RUT S, S ASHIRASIERN RLT 550,
"Radical Rebound” J

"Oxidative Ligand Transfer"
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1. RLTEXSHNH
2.1.1 G EE P450 BY HAT - BHREEESIE

Foll  =ssasew g

B BRRE: MR P50 2 RLT HUEIREYIRE,

o SRR BN Fe(IV)=0 ¥ (Cpd-) HUT HAT . '
- thiol group -------- S
cys364

4 chiERAERE: AERK Fe(IV)-OH (Cpd-In) FIKRELEHIEL,

BOSTRF: Groves BRADIRL EEESBENE], Shaik FAFFRIEREM (TSR) [RE

o RESE: RERKREREERZELT, U jsptmiowis,
[ W ﬂt#ﬁﬁl: Houk ] Ess Eﬁﬁ?ﬁbﬁ?@?%ﬂ%?ﬁﬂaﬁiﬂlfﬂﬁiﬁﬁE%@?@Zﬁﬁﬂﬁ%ﬂlﬁa
Ao

H. (‘°R He 2R

. o /H-r 2L -1
+ Fe'V“:‘, R-H a5 pe“i ‘ Fe"’_' Fe“'__
“Cys S‘Cys “Cys “Cys

Cpd-1 Cpd-Il

Hydrogen Atom Transfer Radical Rebound 5
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2.2 8,2 (Bimolecular Homolytic Substitution) X5 FIIZEUL

Sy2: RENSE BB — 1 EHE, 55— EHREREIRN
€, FBk C-C i

B M ERERNEEN, ERMSESFRIE. AR/
IREBHEW—RREEHE).
FANEHEEEEFEN. FAMBHEWN=RREEHE).

Backside homolytic substitution

M@\—(f‘\ .
\ R
"s,2"

"Bimolecular
homolytic substitution”

TONGII UNIVERSITY

O HERE
Eliel ERIRH Si2. LI FIngold’ s SN2,

© REHSE
B IEINOIBERICRRL, #hE Walden 24

© =%
IR SR EYS 8RR RN e R

© MacMillan 8U3H
;‘J}Eﬁﬁgﬁﬁ (Fe(ll) #1 Ni(I)) kAR EREEBE, SLEEER B12 $hik
Sy

O ERxR®
BITKER S,2 STLHZ EFNERPOTE, eI BEREEERY




Less efficient RLT

More efficient RLT

404

AG

kealmor ] N
F O
NO;. )
a
o
N8,
N ) £
&
o NOs
O,
F & o
a
NO; a
cl g L
NO,
NOy F
o ~ @ No:
N
No.
6 F o o
oH
c No,
NS,
Ny OH NO:
c c
no,
NOs
F Ny
cHs
Ny
N, o g
No. O
o NG, o
s A NO,
oH
cHy oH No;
CHs. o )
b, ¥
Ny CcHs
[ F
cHy
cH
J ch, O oy
o
CHy
cHy
cH
o CH;
st TV T W v oV oM ma¥ e RV ReM coll NI

]

FITLESEHTEREISREUS, 2 RLD IR FEEESBE

oH

X

Porphyri

n

c

Ny

NO;

oH

aviy Me.
explored reactivity \e ~
\—~" OoH
Me

S | AG =-50.2 kcal'mol”"  Me,
N‘Fe'i‘ 2 —_— >—o}-| + N
N NS Me =

g
$Me —

CYP4SOmodel 43 (5 SAMA T BARFESLIe ARSI R L

< N‘Fe||£| N X= NO, cl
N | NS
MG 723 502 467 -427 -41.8 -41.3

-388 -38.7

T
SMe

HE—: C-CREMFZRIRIE T C-XIBRIAZRE
1) EE-HM-C)RABEERBETRE-REFM-XR BET A 4s,2E
EWATC-CRAIEE, MRLTIAFC-XR2IIEE.

MEZ: EEINTUS, REIREIEX

1) WFRA—LRE, RESHACSREEIWERLTRIRNZEN,, EiBR
FFEE (X) BERERRUCSER, fiMn, Fev, XEER
M-X@F 5508, RREERUTNEERESE.

2) ggggmwwnmvﬂumm&gwﬁmﬁ (JFem, Niv) , EAM-C

ME=: BEAMBNERS, HREVCEDESEIEEMS — Zn, BERF
FFEUEIN, S, 2/RLTEEERDS LEEEET

1) Sc (§7) : ScrdEEiEHE, BABRE—MIENIENTS, ERA

SciRELEME, FILMERDZAIRE ERIMSE, ZISREIETRLTEE—
SHEREESEBPOHLESRM.

2) zn (%) : ZnBERUNENSEE, BRAERIEEN, BT
BHERLT, (BIHEFEN, R8H, BBz -IMIFNEREIREEEX

BIRLTRRIRENS, (SIFIRERTRG, XiRIBNRERE L BEENS,
BHBLM R, 7
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3.1 KBRS EAEWTSL2)
N
Fe OMHEZE4) Fe(OEP)CI
MacMillan BIFA 2021 FEiRE5, FITSEUARIRAISN SH0S, 2 ST BH, LERRIREL Fe RIRPREAT S,2 AL,
Fe:::(OEP)CI 8 Et, 8 H Me Ni SR A
Fe''(TPP)CI H, OPh i k
Femfuc:,,,)c, OH, © 4-COH-Ph Ni'(Tpo)Le MacMillan A ELFRT SBA3E BB I S5 AN B R 3 S B,
Bu napth, :H <
L Co IR Co-1
2 Zhang BIIFETF R 5,2 MGBEEEEY, STIIMESHER G, BITCo RREMEFRINETATN 5.2 S5,
HN
A R
”
|, EEUSSERSET "SEPURK NASHERES, MAEUBRNSE Rk
HN 2, B (IARINASISRISIARA) SIS F IR aERBR ER
N 3, BRESHSRPEEE SS— NSRS RENS FIIRMR, SIYLFIERIC CIBE
-, J
napth*” A .
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3.1.1 S, 2{E(b i EEF R RERER

MHAT Radical addition
Mnm 0 - @L BlESi% (Radical Sorting)
S - g—( —~— ,.B—Q X0 FS_Q ETEHREMRER GRE/FRE) HTsRERNNBRE
RS L R R” X R i85,
HAT XAT

SEERESE (TRS)
R > o8 RsSi R ?‘ﬁwf&%gg Lﬁjm MRS, HHENT
oy 3’ PON s 2R
\.///H\—'(— _RH ) A X—é -_>R3$i)( )
2EEBERELL (ring formation)
USSR GREEE, ETHFRS,2 X5,
PR AR,

Radical sorting Triple radical sorting (TRS)

primary radical : ) o
) strong bond j : favored selectivity
~Le — M : e O
: Su2 . .
LG Activation : e-poor e-rich
> = C : o radical ) & adicar
Lo : P o
>r _KL — : M :
weak bond M : ) R N
tertiary radical g e-rich alkene
lysis (ring
m ~N2 co'
D o I = % f; - X
-~ H 2
Su2 \F; HAT e <t @ co' Tadical L
Co co' coll addition
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3.1.2 S, 2thEEMEEEC-Cig

$42 in C-C bond formation

Primary alkyl radical precursors Radical coupling partners
S a  MHAT b addiion ¢ MRC
ctivation 0] M
~'c m" _Q Q\ e\"\ Ru"H\—(—
< . .
Activation modes Sy2
Deon E

N, FosoR ®so,Na JF o 9 CcoH J\(
500 D DO & © \F @6 e @
OO O O Activation modes p O O

& 6 edodd6 " -® O ® ado @

LEHBERFITZ: ERAKEARAE, . xY). HE. EEHRARNSHEHERIE.

2LEBEARISHE: &% (M) | R (IBRY) | § (MM SEPEEREIRBRIMAIRAIE,

JRESENR: BIRZSXAT. MHAT, JEW. BHECEZEMECERIRES, FRGBXIRERSMRELERR.
4.%5‘%;3573;@2 MRS, BSSMEENNE. X, SR, BEISHRXANEEMENR, S 28R T IEAC-
CiEgE LI,
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3.2 EX{EMLRYS, 21938 C-Cig

A biomimetic Su2 cross-coupling mechanism for

quaternary sp*-carbon formation
‘Wei Liu't, Marissa N. Lavagnino'f, Colin A. Gould}, Jesus Alcazar?, David W. C. MacMillan™*

MacMillan, D. W. C. Science 2021, 374, 1258.



V - v X\© B Dbiological methylation
traditional
o

reductive elimination N oxidative addition
cross-coupling _x
M

cycle M
powerful, broadly used \© alternative mechanistic

mechanism for ©/ \_/ pathway needed for
Y.

C(spA-C(sp?) coupling 3° alkyl cross-coupling
transmetalation

C a biomimetic approach to C(sp®-C(sp?) cross-coupling

[o]
R
R NPhth >(\/\
- Br. R - R
n e e >
g via 1° radical
quaternary product
Ir O Si- Fe i methylcobalamin
v e . .
NHBoc nature’s free radical carrier
S Sy2
\ n
_%R Cbz Me
SV
R Me
N
nucleophilic

Y

3° radical

R &+ %5

TONGII UNIVERSITY
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5,2

[Ir(5-Me-4'-F-ppy),(dtbbpy)] (PFg) (1 mol%

Me o} H )
o. o H Fe(OEP)CI (2 mol%) Me
) : ; N (¢} N7 o
Cbz O (TMS)3SiNHAdm (2 equiv) 1 H
[e] Cbz

KOAc (2 equiv), 1:1 acetone : PrOH

redox-active ester (2.0 equiv) alky! bromide (0.05 mmol) blue LED, 50% light, 2h
Deviations Yields
none 86%
without [Fe] 13%
75%

without KOAc

without photocatalyst 0%

without aminosilane 0%

ambient light 0%

14
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SH2

[Ir(5-Me-4'-F-ppy),(dtbbpy)] (PFg) (1 mol%)

Me o
H 1
catalyst (2 mol%) Me
Cbz O Y © N
o Cbz

(TMS)5SINHAdM (2 equiv)
KOAc (2 equiv), 1:1 acetone:/PrOH

redox-active ester (2.0 equiv) alkyl bromide (0.05 mmol) blue LED, 50% light, 2h
Ph
Et Et
Et. Et Ar
Ph Ph
Et Et /K©\
Et Et Ph Sl
FRIQERICH Fe(TPPICI Fe(p-MeOTPP)CI
86% yield 6% yield 8% yield
Ph Ar

Co(TPP)CI Co(p-MeOTPP)CI
3% yield 8% yield

HOOC  COOH

e O
pyr
Me- Me Me. N N, Me
|
Lo X
Y, Me \rlq é, r;n/ Me
Me- OH o
N Me
Vitamin B12 Fe(lll) Protoporphyrin IX Chiloro(pyridine)cobaloxime (lif)
7% yield 18% yield 3% yield 15



SH2

Me

Br.
N
N NPhth b s m
)
Cbz O

1° alkyl bromide

1.0-2.0 equiv.

«-amino carboxylic esters

(£)-15, 71% yield (£)-16, 80% yield

HN,
Bod NHCbz

CbZHNX\/NHQﬂn

Boc
20, 64% yield
a-oxy carboxylic esters

NHBoc

Me”  Me

21, 51% yield¥

NHBoc

Ir photocatalyst 11 (1 mol%)

(TM S)3SINHAdmM, KOAC

__ FeloR0I @Ol O{;\ m
w 3 0O u [o]
Cbz

acetone: iPrOH (1:1)

blue LEDs, 2 h 75% yield of C(sp®)-C(sp°®) product (14)

. F
e
H
MO N._O  CozHN NHBoz " Me H
N’ 0. N
Y
Boc

|

()-17, 46% yield"

tertiary carboxylic esters

Me'
Me

22, 47% yield

secondary carboxylic esters

JORTTS ooy

25, 50% yield"

26, 68% yield

(£)-27, 56% yield

18, 69% yield™-*

()-23, 63% yield

NHBoc
) g\/

28, 65% yield

additional examples in

supplementary materials

(£)-19, 61% yield

Me NHI
Boc Me.
Ny
M
o> i NS0 N
H 1
Cbz 0,IS\\O

24, 60% yield

Cbz

(£)-29, 50% yield

R % +
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alkyl bromides

Me

% QME

N

N
| '°CDs | Y
Coz _N

(£)-30, 59% yieldS! 31, 84% yieldS!

Y

36, 70% yield 37, 52% yield* 38, 47% yield (%)-39, 74% yield
o
N ° N SN N N NHBoc
| 1
oz Chz o N/) Coz () Coz
(4)-41, 75% yield (4)-42, 52% yield (£)-43, 65% yield" (+)-44, 68% yield
access to spirocycli Y
9 O Ir) Fe O Ir ) Fe
CozHN ON g~ Mooz 2 o~ o AN
Br o CbzHN B cl Q(—) CbzHN il : O
ON® N OoN N
N then NaH N then NaH ébz then NaH |
Boc éOC

Me
N, N
:

EN:N( h(}/\/cu

Cl
N, N
N =% D D
| | Y
Boc Me N

()-32, 71% yield 33, 63% yield

46, 66% yield 47, 98% yield"

48, 62% yield" 49, 99% yield!

Cbz

()34, n =1, 33% yield
(#)-35, n =3, 76% yield

oMe OMe L | o N o
_Boc 2
M OMe N o
.
Cbz” Cbz N
Boc

()-40, 70% yield

Me
0.
\ |
Cbz N—p

\
CO,Et

(+)-45, 63% yield

Olr Fe
v

Cbz

50, 55% yieldt 51, 85% yield" 17
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A PhotoNMR experiment to directly observe n-Bu—-Fe(OEP) complex in situ

o
N7 CONPhth + Br. Me - @@ . n-Bu—Fe(OEP)
! . e acetone-dy by Zn0, ZnCl, Me . Me
= cbz 54 N ~NPhth (1 equiv.) -
| L3 N N

————— t=120min .
t=90 min 53
o t=60min
S - t=45min
— =30 min
——— t=15min
- t=3min p N L .
-4 before inadiation | independently prepared D ly in C~C bond formation
— et ~— n-Bu-Fe(OEP)

- —m—— Ve +Fe(OEP)CI OQMQ/MC
N SNPhth + B,\/l\ N NHBoc
NHBoc

C  Light is not required for C-C bond

54
dark  44% (+5) yield
blue LED ~ 42% (+7) yield

radical generation in the absence of light

Cbz O standard condition Cbz
Me. Me
Et O(M,o o 53 55 56
Et N
é/:é} bz ) m icl for F iated Sp2 i 0mol% [Fe]  15%yield, 1:1.1 d.r.
N - . .
versus radical-radical couplin % =

E 14, 64% (+3) yield Ll 10 moi% [Fe] ~ 56% yield, 3.2:1 d.r.

54, 7% (+1) yield
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SH2

STV " ™S TN RLSiBr
™S - .\ TMS —Rs R
T» /N Sn\ Br\/\/R [ Q/\/
pord () ™S

52 &) 56 1

oxidant (12) Photoredox  reductant (13) Iron
Catalytic Catalytic

N
Cycle N /~N Cycle gt Et
Et Et
5 6
1 (1) > Sy2 <
SET — _\ W\H
>Hl\ -CO,

—phthalimide 3 quaternary product 19

Et Et
Et Et
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Rapid and Modular Access to Quaternary Carbons from Tertiary
Alcohols via Bimolecular Homolytic Substitution

Colin A. Gould, Andria L. Pace, and David. W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2023, 145, 16330-16336 I: I Read Online

BEWS FIORBM = REZRIEIE R AR

MacMillan, D. W. C, J. Am. Chem. Soc. 2023, 145, 16330—16336.
20



o>

tertiary alcohol to quaternary carbon

Me_ ,OH Me_ Me
sp-sp® elusive, yet desirable,
cross-coupling transformation
N N
| |
Boc Boc
1°-3° are rare
T 1°-3° sp®-sp’
20 sp?-sp? cross-coupling

cross-coupling

/@,O

= Yo
/Y

all sp*-sp? cross-coupling

methods well- synthetic methods
established underdeveloped
, \ yd B
Me_ ,OH / NHC activation // radical somng\\ Me Me
( \
| W
tBu \ PC (Fe \
N /
Boc tBu \ O) / Boc
\\ J/
32 alcohol

R % + %

radical generation bond formation
Me_ ,OH
NHC / N
—_— \O" ~ SBoc
’i‘ Boc | radical Su2
Boc sorting \
3% alcohol

3°radical \_
Fe —>»
e
Si
i > RN
Br " Ncoz ey

1° bromide 1° radical

This Work: deoxygenative formation of quaternary centers

Me_ ,OH M H
Pc (Fe (si © N o
H
N
N Br/\/ SCbz
l () I
Boc v Boc
3° alcohol 1° bromide quaternary product

Figure 1. Synthesis of quaternary carbons from tertiary alcohols via
bimolecular homolytic substitution (Sy2).
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SH2

NHC (2.75 equiv.), pyridine (2.75 equiv.)

Me TFT (0.1 M), =25 °C, 2 h; then:
o, H O\H,Br OH [Si]-5 (2.0 equiv.), CsOAc (3.0 equiv.) Me m
4 470 N (6]
BOC/N Fe(OEP)CI (5 mol%), 4CzIPN (5 mol%) \ H
Boc”

IPR, 450 nm, 50% int., 1000 rpm

(0.05 mmol) (2.5 equiv.) MeCN:t-AmOH (0.05 M), 6 h, 25-30 °C
Changes from above Yield*
none 71%
no Fe(OEP)CI 2%
no 4CzIPN -
no CsOAc -
no silane 6%
no light -

22



SH2

NHC (2.75 equiv.), pyridine (2.75 equiv.)
TFT (0.1 M), =25 °C, 12 h; then:
[Si]-5 (2.0 equiv.), CsOAc (3.0 equiv.)

R 1o on
O, N 0. Br
N
B catalyst (5 mol%), 4CzIPN (5 mol%)

IPR, 450 nm, 50% int., 1000 rpm

i m
(j/ﬁ\o N o
Boc” i

(0.05 mmol) (2.5 equiv.) MeCN:+-AmOH (0.05 M), 6 h, 25-30 °C
catalyst Yield*
Fe(OEP)CI 72%
Fe(TPP)CI 31%
Fe(Pc) 7%
Ni(acac), 3%
Ni(TMHD), 2%
Cu(TMHD), 3%
Et Et Ph
= & NN Me. ~ M Bu. N B tBu. N B
e 7 il N N
Ph Ph N\ /FE\ /N /Nl\ /N\\ /Cu\
P @ @ @
Yol
B K N Me)\)\Me B N gy I-Bu)\/kl-au
Et Et Eh
Fe(Pc) Ni(acac), Ni(TMHD), Cu(TMHD),

Fe(OEP)CI Fe(TPP)CI

R %+ 5

TONGII UNIVERSITY
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SH2

NHC, pyridine
TFT (0.2 M), —25 C°, 2 h;

[Si] (2 equiv.), CsOAc (3 equiv.)

5 mol% Fe(OEP)CI, 5 mol% 4CzIPN

MeCN/-AmOH (1:1, 0.05 M)

Me o H
0, N__O
oyt e e 1091
N
Boc”
tertiary alcohol (1) primary bromide (15)
SiMey SiEts SiEty
0, O/
Phth™Si Phth™ " Si Phth”” \/s,\
E Bl
Site,> 1% SiEt, S0 By oY
[Sil-1 [Sil-2 [Sil-3
silane sterics >
o
o} o} !
SiEt;
_o. /S«Etg oo /SIEla N/o\ / <}
/ / /
N /SI\PB N /SI\{B 7 NtBu
tBu Y E A +Bu
¢] 0 ¢]
F F ON
[Sil-4 [Sil-5 [Si]-6

<«————— |reduction potentiall

blue LEDs, 16 h, rt

entry  silane reagent

1 none
2 [Sil-1
3 [Sil-2
4 [Sil-3
5 [Sil-4
6 [Sil-5
7 [Sil-6

R %+ 5

TONGII UNIVERSITY

Me H
Wo N._O
3

quaternary sp®-sp® coupled product (16)

yield
6%
17%
12%
60%
67%
71%

0%

SiEty
o/
Ng \/i .

t+-Bu
+Bu
o}

air-stable, crystalline solid
decagram-scale synthesis

alkyl or aryl bromide activation

24
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NHC, pyidine A
R B PN
on TFT (02M), 25 °C, 2 i then W \3, §
L O R aD o e e
[SIi}5, CsOAc, Fe(OEP)CI (2.5-5.0 mol%) x +Bu
4CZ-IPN (5 mol%), MeCN/+AMOH (1:1, 0.05 M) SH w, Ar= (-CF9CaH,
20-25 squiv. automan "
blue LEDs,,9-16 h i B
o
N e
Lt O/\A O/\/\ J\O mnm
r \
v ) Ty = I
17.67% il 18,60% ol 19,61% ild 20,67% yiold
HFC, G
W o o. " 5o
PN . o, o o PN N
St aavel : )
Boc” ) N, N
i o )
21,63% yield 22,71% yield® 23, 44% yield 24, 62% yield®
benzylbromides
A_a
o .
i
A e
.
Mm o Boc” B o™ oe.
25, 56% yield 26, 63% yield 27, 66% yield 28, 52% yield
o wo
or, e, come ser,
N. LEVA™ LA™
Boc”
2,60% ied 30, 72% yild a1, 74% ield

32, 6% yield ©

-
. .
o o o h oy
Boc’N N Yo Bﬂc’" N7 Yo Boc’N e
H H H Boc”
33, 67% yield 34, 62% yield® 35, 52% yield® 38, 74% yield®
.
o " " =
éK\Q/CF! Mtﬁwcfn oFy
&
A JOR® o /
~ .
(£)-37, 43% yield® (£)-38, 59% yield (2)-39, 64% yield (2)-40, 85% yield
A
s e e
o
e Y o
~
e P— p— e
A
9 e o o
[ J e v L NS0 ™
o ¥ P
45, 49% yield 46, 51% yield® 47, 68% yield 48, 56% yield®

“Reactions were performed on a 0.5 mmol scale with alcohol (2.0-2.5 equiv), NHC (1.1 with respect to alcohol), pyridine (1.1 equiv. with
respect to alcohol), TET (0.2 M), 2 h, = 25 °C; alkyl bromide (1.0 equiv), [Si]-5 (2.0 equiv. for alkyl bromides; 0.0 equiv. for benzyl bromides),
CsOAc (2.5-3.0 equiv), 4CzIPN (5 mol %), Fe(OEP)CI (2.5-5.0 mol %), 1:1 MeCN/t-AmOH (0.05 M), blue LEDs, 9—16 h. All yields are
isolated. 3.0 equiv. alcohol. “3.5 equiv. alcohol. /4.0 equiv. alcohol.

25



SH2

&) (A £ 5

TONGII UNIVERSITY

modular of all-carbon q y centers
o
Me_ Me o
l OMe 7 OH ()i re
\ HNL MeMgBr \ HN v
/ Boc ) —_— ! 'Boc
Boc 49, 84% yield Bog 50, 50% yield
quaternary carbons from
esters and ketones
CD;
MeMgBr o o CDyMgl >
7 then
N. N, N.

D/\n/om then
- \
N. N N
80c” ()irc Fe Boo” mrf
v

91% 51, 66% 52

expedited synthesis of bioactive

published synthesis (ref. 33)

Cl/coem
N.
Boc”

sp*-sp® fragment coupling
o
I ()irc re
v

Me- + MeN

Reduction Wittig

LDA, Mel PCC H,, [Pd]

40% yield
ot

HO Cr
4 total steps

2 steps from

1 step from
commercial (56)

commercial (55)

r

npc Fe
v

95% 53, 50% 54

3 additional
steps
8 total steps
all-carbon
o quaternary center Q

cr ()

liver receptor agonist (57)
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SH2

proposed mechanism
A
Me, ,OH tBu N
X
¢Bu N + pyridine 0" o
\(;E > [N tBu
N O"BF;  —PyHBF, LD
| +Bu
L3 BooN
alcohol (1) NHC activated alcohol (2)
N/” H N/A' quaternary product
a | 0 6
5 Io><o . Io>= Me. R
B-scission
Me (L Me
Cf v
BocN 3 B Boc 12

tertiary radical (7)

*PC (4) PC™ (5)
oxidant photoredox reductant i
catalytic N catalytic
cycle / ~N oEs
SET>
PC(3) -~ >_/
Cbz Br Cbz A
u/\/ -(2 N 8 Can we develop a novel method for

reductive halide activation?

bromide (8) primary radical (9)

prior work:

™S

Sic:
- "TMS

e T™S

XAT
Cbz\N/\/ il Cbz\N

H

primary radical (9)

@x@ﬂ i

=Y

novel XAT reagent development

oxidatively-activated reagents reductively-activated

TM
S|R3

SI TMS

n-Buy N” n-Bi TM S

1
"~ @
this work

fBT"’\@\ OSiRg RgSi
“si
Ho oV R" R R
bromide (8) 14 13

VERSITY

Figure 2. Proposed reaction design (top) and design of a reductively
activated halogen atom transfer (XAT) reagent (bottom).
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Nickel Catalysis via S;2 Homolytic Substitution: The Double
Decarboxylative Cross-Coupling of Aliphatic Acids

Artem V. Tsymbal,';' Lorenzo Delarue Bizzini,” and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2022, 144, 21278-21286 I: I Read Online

‘s, 2 ERERRINREN: IERERRINRREE X BEX

MacMillan, D. W. C, J.Am.Chem.Soc. 2022,144,21278-21286
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TONGII UNIVERSITY
of free radi C Decarboxylative cross-coupling of aliphatic carboxylic acid — an elusive transformation
- intrinsically unselective
nu. R
< Me Me M (Ni (PC Me
B —— + AN\
HO,C” R
.)_Me N N N
|/\ '‘ Boc” Boc” O Boc”
N > v
Boc” ~ cross-coupling aliphatic carboxylic acids sp®-sp® cross-coupled product

minor product

| 1

Me, . T o. 0 A
Homolytic S,;2 substitution Y\R n:,#_R Ni

new catalysis mode iy o} o
© P - > 3 Me | Radical sorting
0" Vs —2C0, (\ Y via S2 mechanism
N N
. Boc” Boc” \/
Can Sy2 at nickel enable
catalytic cross-coupling in situ acid activation free alkyl radicals
of free radicals?
(\. ) Me
N \/ M mild conditions B commercial reagents W operationally simple W > 50 examples
Boc”
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SH2

CO,H
g "O/
)

carboxylic acid

entry”
1
2
3
4
5

2.5 equiv. Mesl(OAc),

5 mol% Ni(acac),, 5 mol% K[Tp*]

10 mol% TXO, Me,COj (33 mM)

365 nm LED, 30°C, 1 h

deviation

none

no Ni(acac),, no K[Tp*]
no K[Tp*]

no TXO

no light

S

cross-coupled product
yield” (%)
85
37
S1
82
0

0.1 mmol scale. “UPLC yields vs acetanilide as an internal standard.
See the Supporting Information for further details. Ts, para-

toluenesulfonyl.

R %+ 5

TONGII UNIVERSITY

AcO—I—OAc 4 mol% Ni(acac),, 4 mol% ligand
O/COEH Me. Me IPR 365 nm, 100% LED intensity O,Me
500 rpm stirring, 5200 rpm fans Pt
v Me;CO; (0.1 M), 1h
carboxylic acid 3 equiv. methylated product
Scorpionate ligands
M Me

e\N/ \N, e —

I o
Y Ced
{ s
Me

22% yield 28% yield

2 4
N N \ N‘N\ e
N’
N HUI Me Ll
N, B, ,N SBL N,
N Cr,q NN e
=N =N =,
Me’
Me
29% yield 56% yield 78% yield
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SH2

Table S4. Evaluation of iron and cobalt Su2 catalysts under UV light protocol.

()/COZH
g

0.1 mmol

Entry Metal catalyst
1 no-metal control
Ni(acac)a/KTp*

Coll(salen)

Co'(Me-salen)

Co'(Mex-salen)

2

3

4

5 Coll(Me;-salen)
6

7 Col(threo-Phz-salen)
8

[CoM(Cy-salen)(OTs)]-Hz0

2.5 equiv. Mes|(OAc);, 10 mol% TXO

5 mol% metal catalyst

IPR 365 nm, 100% LED, stirring 500 rpm

5200 rpm fans, Me>COs (33 mM), 1 h

% AY, % Entry
37 9
88 10
34 1"
34 12
38 13
42 14
34 15
35 16

Mo
,N/_<N,
e o

Me-salon

Metal catalyst
Col(TPP)
Vitamin Brz
[Fe''CI(OEP)]
[Fe""CI(TPP)]
[FeCI(TPP)]
[Fe''CI(PC)]
Fel(PC)
[Fe''Ci(salen)]

methylated product

SM, % AY, %

16 37
7 38
68 8
87 trace
- 13
kal 20
90 10
8 32

Me-salen

COH

0.1 mmol

Entry Metal catalyst
1 no-metal control
Ni(acac)/KTp*

Col(salen)

Co(Me-salen)

2
3

4

5 Col(Mez-salen)
6 Co'(Mes-salen)
7 Col(threo-Phe-salen)
8

[Co"'(Cy-salen)(OTs)]He0

Mo Mo
Mo, Me

vl

By 8

Mesalen

2.5 equiv. Mesl(OAc),, 10 mol% TXO
5 mol% metal catalyst

IPR 450 nm, 100% LED, stirring 500 rpm

5200 rpm fans, Me2COs (33 mM), 3 h

SM % A% Entry
8 18 9
4 93 10
29 7 1"
21 7 12
39 13 13
42 20 14
21 10 15
17 9 16

L

threo-Ph-salen

Metal catalyst
Col(TPP)
Vitamin Biz
[Fe''CI(OEP)]
[Fe'CI(TPP)]
[Fe!CI(TFPP)]
[Fe"CI(PC)]
Fel(PC)
[Fe'Cl(salen)]

R %+ 5

TONGII

UNIVERSITY

Table S5. Evaluation of iron and cobalt Su2 catalysts under visible light protocol.

Me

methylated product
M % A%
87 trace
11 18
48 5
66 1
- 7
“ 15
a7 10
29 10

-
o ol

Cy-salen
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SH2

2.5 equiv. Mesl(OAc),, 10 mol% TXO
CO-H 5 mol% metal source, 5 mol% KTp* Me
_N N o _N
TS IPR 365 nm, 100% LED, stirring 500 rpm TS

5200 rpm fans, Me2COs (33 mM), 1 h

0.1 mmol methylated product
Entry Metal source SM, % AY, % Entry Metal source SM, % AY, %

1 no-metal control 8 37 6 Fe(acac)s 5 37

2 Ni(acac)z 7 88 7 Co(acac). 74 4

3 V(acac)s 10 26 8 Co(acac)s 80 3

4 CrCl2 7 36 9 Cu(acac)z 62 26

5 MnClz 8 38 10 BiCls 29 8
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R % £ 5

TONGII UNIVERSITY
Primary Acids y Acids
N—o Me Me TBSQ Yoy Me Me Me
P o ;
i A\ N Me’ A Me CFs
- & N NHBoc
Boc
® 67% yield 1 ©57%yield 1p ©85%yield 13 © 90%vield® 1a © 70%yield 15 © 69%yield, 331 dr.
© 59% yield © 75% yield © 80% yield © 74% yield © 70% yield © 70% yield, 3.0:1 d.r
=
It F OH Noy N Q Me
N Corny Me u Boct
Y O L
Z Boc” Me
FsC Me
Me
10 © 80%yield 16 © 8% vield 17 ©85%yield 1g © 84%vield 13:1dr 19 © 6% ield © 81% yield, 2.2:1 d.r.
© 66% yield © 73% yield © 82% yield © 82% yield, 1.3:1 d.r. © 60% yield © 61% yield, 2.0:1 d.r.
Tertiary Acids a-Amino/Oxy Acids ———
Ve Ph HO Me O
—
MeO’ cbz” Br Cbz 0\) N~g
gy © 68%yield g5 © T3%yield g5 © 7% vield © 86% yield © 91% yield, 231 d.r. © 72% yield © 64% yield
© 56% yield © 55% yield © 80% yield © 40% yield © 70% yield, 2.3:1 d.r. © 44% yield © 65% yield
H Me
o} Q Me. 0. H Ph, Boc
Me_ Me _N__Me —N
o B : T, | e o
My e Me Me M Me 0 e
H Me
26 © 74%vield,>201dr. 57 © 59%vield g © 0% vield® 29 © 78%vield 3 ©61%vield ® 76% yield, 8:1 d.r.
© 42% yield, >20:1 d.r. © 54% yield © 40% yield®© © 53% yield © 52% yield © 81% yield, 8:1 d.r.
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SH2

0
COH
Artesunate
Me
|\N COH
z OMe
Me' N (&)
Ph  Ph
Ambrisentan

Gibberellin Az

® 0% yield®
© 44% yield®

Me

|\N Me
Me N/)\o)><ome
PH Ph

© 89% yield

36
© 48% yield

[, e
HO' o@ >

8 ® 76% yield, 19:1 d.r.
0 57% yield, 9:1 d.r.

Late-Stage F

R % #

TONGII UNIVERSITY

Grazoprevir precursor

COZH
Cl

Bezafibrate

MK-8245 SCD inhibitor

© 60% yield, 2:1 d.r.
© 45% yield, 2:1 d.r.

OMe

O. Me
o X
Me Me
N
H
% Yiel
Cl 37 ® 63% yield

© 84% yield

N<
/N
@Q 4

® 40% yield
© 26% yield
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SH2

CO,H
AN —_—
. /O/ (Mes),0,¢” R
B

MmN, (PC

visible or T N

carboxylic acid I(1l) reagent i Lvight cross-coupled product
CD, 13cH
()/ s (j s O/\OM e O/\Cl
N. N. N N
T~ g o T~
® 82% yi L] i . % Vi ® 42% yie
%0 82% yfeld M 1% y!eld a2 58% y!eld a3 42% y!eld

© 79% yield © 69% yield © 48% yield © 32% yield

NHBoc
O/\anoc O/\Me O/\/
" " o

© 48% yield 45 © T4%vield 6 © 5% vield

© 20% yield © 56% yield © 13% yield

Me
Me Me
o.
cl OAc w
N N OMe
Boc” Boc”
a7 © A% vield © 47% yield Me 49 © 45%vield
© 36% yield © 54% yield © 35% yield

TONGII

UNIVERSITY
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SH2

A W

COH

no Ni source

background reaction

o “NHBoc 0

Ni  (PC

v

34% yield
dr. 1501

5 mol% Ni(acac), 63% yield
5 mol% KTp] dr.2.4:1
5 mol% Ni(acac), 81% yield
5 mol% K[Tp*] a.r.3.0:1

Ni mediates C~C bond formation

c 10 mol% TXO
oM PhH (0.1 M
o Y hH (0.1 M), rit.

R %+ 5

TONGII UNIVERSITY

10 mol% TXO

PhH (0.1 M), rt. Ve Me

Ma)ko/ e O

Mes

O Me Me

5mol% | Tp*Ni(OAc) 55

B
O/COZH " Ni (PC
T )
51
v
| +3equiv.
standard | X
H 1
reaction i
| s 54
conditions |
o CFy
85%yield | 84% yield 83% yield

aryl halides are fully recovered

Intermediacy of Ni(0) and Ni() is unlikely

MesI(OAc),
Signal congruence
corroborates the proposed.
nature of Ni(ll) species
o Me, 55 Me,

Me

Et

i-Pr

0
fold T

e

10 mol% TXO
PhMe (0.1 M), rt. v

Mes.

detected by EPR
Ni-R BDFE
Only methyl and 1° alky! bind
9.5 kcalimol o the nickel complex
1.1 keal/mol l
- 1.9 kealimol
Radical sorting
- 9.8 keal/mol
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SH2

A Less substituted free radical sequestered by Ni(ll) and turned into persistent Ni(lll}-Alk species — (N —
(\' /Me
LR
L
N,
o
3 radical 1° radical
0 binding selective binding [
Me,
sequesters less substituted radicals mmmmp  radical sorting stronger
Ni-C bond
Me:
8 Me
visible or 9
( ) 4 Huwir R
o uviight —N =
\ | Boc”
) .
carboxylic acid 1 ‘seloctve radicsl N/"‘\L cross-coupled o
6
" oduct
s,
2 [@F™)
R ~COx(IMes) M
N e Photosensitization  po Nickel Catalytic or-
in situ acid T Cycle So Cycle

Sy2 radical
‘substitution NC. CN

/

— N
vell - photolysis O A
o \Mes Hiy, =
N He R N radical sorting enables
Boc” 3 a Boc” <~ 5

cross-selectivity () acaen
v

mixture of I(lj carboxylates free alkyl radicals
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Alcohol-alcohol cross-coupling enabled by S2
radical sorting

Ruizhe Chen't, Nicholas E. Intermaggio't, Jiaxin Xie't, James A. Rossi-Ashton't, Colin A. Gould?,
Robert T. Martin, Jestis Alcazar?, David W. C. MacMillan'*

A S;;2 BEEDRHAVEE B2 B

MacMillan, D. W. C, Science 2024, 383, 1350—-1357.
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SH2

A single functional group cross coupling

o

OH

Vol

Moz ChzHN NHBoc
cross-bromide coupling cross metathesis cross-alcohol coupling
relative area superior

oc coverage of
diversity o chemical
products b
#commercial bromides # commercial olefins # commercal alcohols

C Previously Unknown: Cross Alcohol Coupling Enabled by Radical Sorting

OH

O/OH H NHC) Ir Ni
4 I
BocN. 0; ( ' EocmHEcc
NHBoc e v
alcohol alcohol C(sp*)~C(sp°) product
single vessel open to air double in situ activation
Me COMe Me NGz Me
7
7 o
{
le N =i Cbz
Me N "
LE: Boc
2° methylation 3° methylation 1°-2° coupling 3°-1° coupling

TONGII UNIVERSITY

B ¢-0 cleavage and radical sorting

Ph,
™ Ph
°£<” tRd o Bu
VAR 5<%
tBu /_&\/\) o
+Bu
BocHN
BocN:
Ir ( ) NHC
.
BocN' o
O Ni <" NHBoc
disfavored favored
binding binding
e
. NHBoc 3
|/\ (\ radical
BooN, Ni
sorting

alkyl radical  metal~alkyl complex

Ph Ni(acac),
4
8y 1Y
0 . Ni
tBu  BF,
NHC activation 1 radical sorting
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SH2

NHC-1 (2 7 equiv), pyridine (2 7 equiv)
.1 M), rt, 45 mi

BE
oH WA ORI HADhPFa (1 %) C(\Aph ()’ o
Ph_~_-OH
CDIU Ni(acac)z (25 mol%) bz CoaN

Bz20 (1.5 equiv), Quinuclidine (5 equiv)
IPR (450 nm, max fans, 100% int.)
MTBE/DMSO (1:1,0.05 M), rt, 1 h

) 0.05 mmol
0.05 mmol 1.5 aquiv. “Standard Conditions”

Deviation from “Standard Conditions” UPLC Assay Yield
None 54%
No photocatalyst 0%
No base 0%
No peroxide (under air) 13%
No blue LEDs (ambient light) 0%
No Ni catalyst 17%

2R (B £ 5

TONGII UNIVERSITY

=

NHC-1 (2 7 equiv), pyridine (2.7 equiv)
MTBE (0.

1'M), rt, 45 min;
Ir[dF(CFs)ppylz(dtbbpy)PFs (1 mol%) Me
Me==OH
Ni catalyst (25 mol%) CbzN
Bz20: (1.5 equiv), Quinuclidine (5 equiv)
IPR (450 nm, max fans, 100% int.)
MTBE/DMSO (1:1,0.05 M), it, 1 h
1.5 equiv
Ni Catalysts UPLC Assay Yield
Ni(acac)2 68%
Ni(TMHD)2 57%
Ni(acac)2/KTp* 60%
Ni(dtbbpy)Cl2 13%
NiBrz(glyme) 33%
Ni(OEP) 9%
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SH2

simultaneous activation

then Ni(acac)y,
IH(dF(CF5)ppy)a(dtobpy)PFe

NHC-1,
o pyridine, Ve
" of
ol BuOMe quinucidine, Bz;0;, G
45min Blue LED's, 1 hour
alcohol  alcohol o purification, no filtration coupled product
Primary Methylation Secondary Methylation .
e Me o
e o O«Ms ve O
NHBoc. CaN, BocN,
|
cean—/ &z
2,51% yield @3, 55% yield$? 4,63% yield @5, 70%yield 6,71%yield @7, 62% yield
e Hgae d Q N -
oL O dol oF
Crat o e I i~y Bo Boch.

8, 53%yield (1.5:1 d)

=g

@)-14,51% yield

Me
lj—an
Book:

20,62% yield

MK\NJ e

25,60% yield (1.5:1 dx)

@9,60%yield ()10, 58% yield (5.7:1 d)*

:
TR, BoeN-

(@15, 63% yield (®)-16, 58% yicld*

@, 59 ied
e,
oo
o My
ez

17,66% eld (12 d)! - @418, 53% yield (L.

Quaternary Methyl Formation’

26,63% yield (1.3:1 dx)

we
Me
Mo
N
oz

(@22, 50% yield

9
P Ve
Boc o
= o
e 3

@27, 57% yield

(@12, 60% yield 13, 53%yield

ouliv e

(@19, 68% yield

dr)

B Me Me.
3 .3
;

23, 63% yield ()24, 40% yield

Me
_ve FiC o
N
bz W
Boc
28, 67% yield 20,34% yield

27 NET N

R—Nu]

o

N
oz

&

o’

Modular Construction of All Aliphatic Quaternary Centers.

nucleophilic addtion

Me—OH

cross-alcohol coupling

nal
ChaN- 7\
e w

30,47% yield

67%yield

58,51%yield

(previously 2 steps)

64,31% yield
(previously 4 steps)

MEgc
N %
e Neoo

35

O/\AP" O/\QC\ ()/\ME
taN, coaN. \goo  CoRN.

59,39% yield

65,30% yield

31, 46% yield (1:1 d.x)

ChaN,

General Cross-Alcohol Coupling

NGhe™

61,32% yield

60, 50% yield
(reviously 4 seps)
N
Mo Mo
P
N
e e

(£)-66, 40% yield (£)-67, 37% yield, (1:1 dr)

2.

"
- o +
|..'

I'm 7" '3
TONGII UNIVERSITY
Ve rapid and modular

synthesis of

é quaternary carbons

[

:
g Me
caN, G
32, 53% yield
[ Me_ Me
"OMe Me
chaN.
62%yield 36
Coz
62,39% yield (£)-63, 40% yield
(previously  steps)
o
Me
Mo 56 supplementary
materials
N
Coz for adtional
examples

()68, 41% yield
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SH2

=
ﬁAkCL
S “

ome

NN

5 W
o

(244, 58% yield

~y (;S

o

47,54% yield (1.5:1 dx)

Heteroeyclic Alcohls
oo o\\,, coume
YA
T PD_MH
e
e
39, 76% yield ]
o
Q.
Moo
ey

()45, 60% yield

o
5'025

()48, 5% yield

W
"o
S0

40,73% yield (1:1 )

1,

(£)43, 44% yield (1.5:1 dx)

46,44% yield (1.5:1 d)
Me
Me
BocH, AN
g
(#)-49, 53% yield

T

(£)-50, 629% yield
from Boc-Metoprolol

thymidine

Bool

H
NHBoc

tripeptide

[}

51,33% yield
from Trt-Losartan

TONGII

52, 4% yield (151 dr)
from VHL E3 Ligase Ligand

Nucleoside Library Synthesis

oomT

54,44% yield (10:1 dx)

Peptide Editing

Coyteu

oomr

55,35% yield (10:1 dr)

e
o
] N
IR PR
57, 42% yield

R % £ %

UNIVERSITY

53,34% yield (11:1 dx)
from Boc-Halofuginone

56,21% yield (10:1 dx)

w
o
N L
vo
Costu M
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SH2

70
3alcohols,
single flask

o Me_ Me
ad T A

. ”.an
Ree
o
£ /\§§
o 1%ay
.
2 153

Functionalization of Diols

= Mo, Mo
o) e (i
S r-\‘ P 'OH —|
Oox v CbzN. HO,
1C(sp*)~C(sp?) bond
71, 51% yield
.
Me_ Mo
oH
oH | P
oM. NHBoc
75, 52% yield 3°
Ree Et_ OH
o H H
oM i
Boc
()76, 45% yield, (16:1 d.r.) [4
Mo
oH

B
Boo
oH

CbaN,

77,52%yield

TONGII UNIVERSITY
.. General Cross-Alcohol Coupling
n Mo
= I SO R, LT A e e
conn conN, coan = NHese
Neoo BocN. RHobz
3°-CD; coupling con, N
73,55% yield 58.51% yield £9,30% yicld 60, 50%yicld 61,32%yield 62,39% ield @63, 40% yield
e (previously 2 steps) (previously 4 steps) (previously 5 steps)
Me_ Mo N 9
oH e . Ve Ve Mo
ol T2 B icoz @ o 50 supplementary
b, Bock. wd e G materials
ot couning e e & forecatone
74, 57% yiel xamples
it 64,31% yicld 65,30% yicld (4966, 40%yicld (567, hyield, 121 dr) (468, 419% yicld Crais
o (oreviously 4 steps)
Mar, Mo ore: 6 ‘Selocted addltonal scopa of general cross-alcohal coupling
v~ o o on o .
NHBoc Mo Nigoc N yo e
Me Mo NHCz e
_— . ™ oH
193¢ 78, 47% yield » it (:C)<uu 5 (S\ﬁ
soa{ ™ To0PS 5 i .
g e 2 e
— Whyild @1 dr) 360 yields 9% yield 30% yield 350 yield
HO' oH vo o
o, o @ T i o Nicbz
NHBoc
Arcse Niica:
e ode W
Cor Y e N N A
8 79, 40% yield, (10:1 dx) Boc e 14 »No
a2%yield 27%4yicld (151 de) 30%yield (121 dry* a9 yield 364 yield 2% yield
(Ar=3,5di-BuPh)
v e
g M Mo e e e e
OH we o o s Mo “ N
HO' oH m %
NHBoc ez oo e
NHBoc, N Ncbz Nrcoz
Coz N = Y ¥ Boch o NHCoz
14 e e
154 80, 529% yield, (1.2:1 dx) 324 yild 4 yild 324 yild 36%4yild 3354 yield 31%4 yield
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SH2

Stern-Volmer Quenching Experiments

SV plots for MeO/CpO/HexO-NHC adducts, Quinuclidine and Benzoyl peroxide in MTBE/DMSO

12 y=2114.4x+1 .
R?=0.9952
y=18928x+1
R¥=09951
10
y=1848.3x + 1
Re=09974
8
y=1278x+1
R?=0.9933
bl
4
2
y=24.744x +1
J R?=0.7442
0
0 0.001 0,002 0,003 0,004 0.005 0.006
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NHC-1 (22 equiv), pyridine (2.2 equiv)

R % + %

TONGII UNIVERSITY

SH2

Me==OH

OH

0.05 mmol 1.0 equiv

control conditions

no nickel catalyst

as above

fold change

other products

no nickel catalyst

as above

In the presence of Ni

NHC-1 (2 2 equ.v), pyndlne (2 2 equiv)
E (0.1M),1t, n;
Ir(dF(CF:g)bpy)z(dIbbpy)PFs (1 mol%)

Me
Csz

OH

Ni(acac)2 (25 mol%)
B2202 (1.5 equiv), Quinuclidine (5 equiv)
IPR (450 nm, max fans, 100% int.)

MTBE/DMSO (1:1,0.05 M), i, 1 h
coupled product
20 di [product] /
product 2°-2° dimer [2°-2° dimer]
16% 8% 2.00
70% 4% 17.5
t4.4x $2.0x 18.8x

cm@

6%

H

4% 25%
10% <1%

TR RS BE A R (BEA R BIFP E R THY.

MTI
Ir(dF(CF)bpy)=(dtbbpy)PFs (1 mol%)

BE (0.1 M), rt, 45 min

Ph
CbzN

,OH
Ph. ,OH
Csz ~N

0.05 mmol 1.0 equiv
control conditions | product
no nickel catalyst 22%
as above 57%
fold change
In the presence of Ni t2.6x
OH
other products Cr
CbzN.
no nickel catalyst 8%
as above 1%

By, XLLIEMRERBNMIG 7 —HERN SHEBESEERN: SEAMEENEERRELIRE
ERHNERERE—E, miEfagh. FHENENEHE BREEE, hiHl—LHENSHNEHES

Ni(acac)z (25 mol%)

Bz:0; (1.5 equiv), Quinuclidine (5 equiv)
IPR (450 nm, max fans, 100% int.)

MTBE/DMSO (1:1,0.05 M), it, 1 h
coupled produst
) ) [product]/  [product]/
2-20dimer  1°-1°dimer 15 50 imer]  [1°-1° dimer]
9% 13% 244 1.69
5% 16% 1.4 3.56
$1.8x 11.2x 14.7x t2.1x
H
Ph OH Ph H
CMO cm@ NN NN
20% % 2% 26%
10% 7% %

13%
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&) A £

TONGII UNIVERSITY

4) Proposed Reaction Mechanism

alcohols

OH Bz
o-d C(sp’)-C(sp?)
BocN Bz/ product BocN. NHBoc

stoichiometric
oxidant

| N S)
SET
NI:(:_1 +N/Ph / \
| &

2°alkyl
0\>_ O Photoredox radical Nickel LNi"
L . Catalytic » Catalytic
\ Cycle t Lo Cycle
+ pyridine l pyridine-HCI

i / p-scission BocHN
SET C-O cleavage
C( >< o ? | BocHN" >

1° alkyl radical
P (f"\ v
ONe—. -~ .
(a8 :N f-scission
[ >< I _Z N

VRt e —
NHBoc C-O cleavage
BocHN BooN
NHC-alcohol adducts
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FXECARIMHAT-SH2

[@F} %+ 5

Carbon quaternization of redox active esters and
olefins by decarboxylative coupling

Xu-cheng Gan't, Benxiang Zhang't, Nathan Dao't, Cheng Bi', Maithili Pokle?, Liyan Kan'?,
Michael R. Collins®, Chet C. Tyrol4, Philippe N. Bolduc®, Michael Nicastri®, Yu Kawamata'*,
Phil S. Baran'*, Ryan Shenvi'*

SHEREMEFIFR SR BRI R TR R N

Shenvi, R. A, Science 2024, 384, 113118
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SH2

A Conventional quaternization (polar or pericyclic)

« Nitrogen quaternization

R %+ 5

TONGII UNIVERSITY

C Quick routes to high Fsp3 materials

| alkyl—I1 i | ) alkyl—M 7 Me_ Me
B —— awile Y\( — e aw F =
I Menschut N 4
r‘w‘s;y;“ kin N~ o M=Cu 8B o Me0,C’ 7 CONHPI
stc.
* Carbon quaternization 45 W Previous synthesis|
alkyl Z heat
alkyl—X o | HO,C
O T N i
I base " D
o o o &
B This work: radical quaternization using abundant feedstock chemicals
R R! alkyl— CONHPI R' alkyl B
J<CONHPI or \/
R2” SRe R2 [Fe] R274TR3 A
cuc <
H
H [Fel R! [Fe] alkyl c
i + alkyle 1
A‘/ o «}\(
R? “ R?

 Single [Fe] catalyst * Chemoselective * Simple protocol * Broad scope

/\)L cat. Fe(TPPICI Me_ Me
_— A KA
Me0,C” 7" "Me PPN Me0,C 3 oTs

Lt 3 47% (from RAE 1)

42% (rom olefin 2)
radical quaternization

COH LIAH, PCC Me, Me
-0-0-00> 10 _~_X A _~

ome s OB (0, TsOH
RBES

RSN (A8) SHERK (85 |, RUARIW
FUFFRMEERERICRES: B2 + SR (RAE) — Z=gR

RIFET): 105 (S58EE — 154 751%, BEBIER
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SH2

B Reaction optimization

el

Entry
1

2

3° radical precursor

Olefin 7

Olefin 7

Olefin 7

Olefin 7

Olefin 7

Olefin 7

Olefin 7

Olefin 7

RAE 8

RAE8

RAE 8

RAE 8

RAE 8

RAE 8

Olefin 7

Fe(TPPICI (10 mol%)

PhSH,(OP) (3 equiv.)

CsOAc (2 equiv.)

—_—
Aro/\/\)l\ NHPI 1,2-dichloroethane/acetone

o

Ar0
Me 6

3° radical precursors
Me Me

°M

Me  Olefin7

e MeCONHPI
0\/\)<Me

Me  Racs

Optimal conditions

(VA =38:2,0.1M)
5 (Ar = 4-ON-GgHz) 1224 h, Ar

Deviations from above Yield

None 58% &
no base trace
KOAc instead of CsOAc 50%
sealed under air 48%
1,2-dichloroethane as solvent 14%
+ 10 mol% Fe(acac)s 32%
PhSiHg instead of PhSiH,(O/Pr) 45%
PhSiHz + PrOH (2 eq) + KOAG 52%
None 9%
20 mol% Fe(TPP)CI 24%
Zn instead of PhSiH(OPr) 37%
Zn in 1,2-dichloroethane/acetone = 7/4 42%
2Zn/KOAg instead of PhSiH,(O'Pr)/CsOAc 44%
Addition of EtsN-HCI (20 mol%) to entry 13 61%
Conditions in entry 14 nd.

L Conditions A (olefin-RAE)

Fe(TPP)CI (10 mol%)
PhSiH,(OPr) (3 equiv)
CsOAc (2 equiv)
1,2-dichloroethane/acetone=3:2
0.1 M) 24 h, Ar

Conditions B (RAE-RAE)
Fe(TPP)CI (20 mol%)
EtgN-HCI (20 mol%)
Zn (3 equiv)
KOAG (2 equiv)
1,2-dichloroethane/acetone=7:4
(0.1 M) 24 h, Ar

G %+ 5

TONGII UNIVERSITY
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R %+ %5

SH2
bat

FoTPPICI (10 mors)
RSLH (8 i)

MOAS (2 i)
Soant v

¥

m@ PN

S04, 62%

o
}_{ Phinn—

TONGII UNIVERSITY

Fo(TPPICI (10 mor%|
RaSLH (3 equiv)
—
oA (2 o)
solvnt, A,

o
.

»«*W
ud e
127, 35%, 14:1 7

S1-29, 47% 8129, 41% " S1-28, 39%
B Q’ ,@ ST A s o~
.
o
o ) PSS A GOSN Qv
oo oS QC\A jog 4 e <
n:nJH(l’)(\)C\/\o 5134, 54% 135, 68% 51-36,48%
" el
« - - O~
SN T LB O - G
o o o © e 137, 75% 5138, 73% {_
o
m \ o
{
N N o a ™
) o~
Mo, Mo /©/ OMe Mo Mo Q’ ° Me_ Mo /@’ S1-40, 60%
. . . ~Ponne . - o
’ . ; S n LT 50

S1-108, 73%

H 81109 30%



SH2

o o Fe(TPP)CI (20 mol%)
° EtsN-HCI (20 mol%)
. >
O—NPhth PhthN—0 2Zn (3 equiv), KOAG (2 equiv)
DCE/Acetone = 7:4, 24 h, Ar
A B
Me
Me_ Me NHBoc

/@( Me_ Me /@[ Mo, Mo o
s 2 ;
Me' 'H\)WLM- Me’ Mo o COMe
$1-43, 54%

SI-41,72% 81-42, 52%
Me

Ve
Me_ Me Me_ Me
NPhth Wnnao: N
,H\)k,u\, " o N Neos

S1-44,61% S1-45, 54% S1-53, 44%"T
BPin
0
SI-47, 57% 148, 62% SI-49, 47%

Me OMe o ]
Me_ Me Me F
2 on Me
e o Ph

SI1-50, 62% SI-51, 62% SI-52, 65%
Me, Me N(CH,CHCl),
Me  Me
2
F Me’ 0
Boc NBoc
SI-54,61% SI-55, 34%" S1-56, 61% (from chiorambucil)

MeO, CHO
Me
Me>‘\/\/\ ]Q/
Me’ 0’
SI-59, 38% (from Indometacin)  OM®

SI-57, 60% S1-58, 50%

TONGII

R i+

UNIVERSITY
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SH2

CF4COH +  aly-NiBr NaOH NaNH,
¥ HOC ap-MeOk. Y Me0,C Sz 2 Ho.C -
oo \/>(\/ o—o—o \/>(\/\/ \/Y\/\
Me” Me Me” Me Me” Me N
HBr Nal Brp 53
Me’ Me
52 previously 8 steps
(Fel. (S—H) Heslinga et al., ref 21
o : EtO,C.
Et0,C e et i me” “Me Radical quaterization: 2 steps
55 53
Mg, anthracene  0sO, (cat )
Me Me, Me
Me”” CHO then CulsSMe, 56 .
MVK previously 5 steps
Luetal. ref 22
o o [Fe), [Si-H] ——— o
Jk/\)L —_— ouc\)wl\ Radical quaternization: 2 steps
NHPI Me (45%) Me
58 56
°5-° Me LM, LA, = o Me_ Me
2
KOH - NeOH; 180 °C; Me” “Me
o e Et0,C Fen b O pseBif HBr Hydrolysis o HoC
59 previously 11 steps
] Me0,C Walker et al., ref. 23
Sicher et al. ref, 24
Me o~ CO,Me NHPI CO‘M; . Sicher etal, ref. 25
Z > com Me N
2Me Radical quaternization: 2 steps
_—
Fe(acac), PhSiHg [Fel. [Si-H] Me” Me
Me 1 72%) Me™ e g (58%) 60 MeO,C

F) % + %5

TONGII UNIVERSITY

CICO;Me TFA Boc,0
o I\MOTBS LiAH, Mel
Boc "
69 previously 7 steps TBAF
Proto et al,, ref, 27
Radical quaternization: 3 steps
OMe
CO.H NHPI, DIC [Fel, Zn =
84% 42% OH
¥
MOMGCI HO_, , CONHPI N
Boc 71 A ! 70
72 Boc
s m-CPBA MeLi A ugsr  BrBr AH Mel
MeOMeINH TBSCI BAF 0
3 Pd
73 previously 10 steps
Muler et al. ref. 28
" Radical quateization: 3 steps Me
o
Me;SO4 [Fel. 2n MeO.
Ho, then NaOH ©
Me’ 0 COH NHPLDIC HO_, ,_CONHPI M C Me )"
Me 75 e 72 Mo o0 M



1) Cyclization/Ring-opening ReactionsGAM&,/ TR KL)

a)

EO,C_COsEt
si12
RAE-olefin coupling Me
Me
mé

Mo

Me
o,

Q

N

0.1 mmol scale: afforded 22.3 mg (49%)
b)

H.

Me_ Me

0.1 mmol scale: afforded 18.6 mg (60%)

©)
cbz
N. o RAE-RAE coupling
¥ _—
oy
Me. o, MeO’ NPhth
Ve o nenn

RAE-olefin coupling

NC
o NHPI

0.1 mmol scale: afforded 15.0 mg (38%)

/ TONGII UNIVERSITY

2) Deuterium labeling

Ph

"BuLi
_
THF,-78°Ctort, 8h

d)

o
Pn/\)Lcnz

100% D

CD3PPhyl

Ph/\ICDz

100% D

121H
H 479D
Olefin-RAE coupling

Ph Dy

NC. °
/\/\[[ M \©\ /\/\)L _NPhth
CD; o o

0.2 mmol scale: afforded 39 mg (60%)

Q.

SI-13

—_ CN

cbz cbz
N. N
Me - \é 1/\/@,0»&
e OMe Me

not observed
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R £ F

SH2
X2 5058 (Stoichiometric Experiment)

al

N
N rel

N 1.NGBH,

e —_—

N
(tPP)Fect

in CyDy

(TPP)Fe-CI
|o

(TPP)Fer

|e
(TPP)Fe! + RAE
(1 hour)

|

(TPP)Fe! + RAE
(15 hours)
25 ppm

H
N

e

N;

Fe

N/

N

(TPP)Fe!-H

in CgDg

(TPP)Fe!

|

TONGII UNIVERSITY

2.
NHPI
"B“/\fr
2Bu

o
N N
fast N /Fs N (0.25 equiv.) N Fe’ N
—_—
N N

bimolecular

homolysis (TPP)Fe" (TPP)Fe'-"Pent
then fiitration

“12m, inC,Dy inCyD,

(TPP)Feli-rPent

|

10 ppm 54



SH2

A Reaction design and relevant literature precedent

Convergent catalytic cycles from alkenes and redox-active esters?

[a]
~olefin =

activation
_°<

[SiH] 3°-RAE
Zn

activation
e3+ e2+

alkyl—CONHPI alkyl ®

Fe**—H

alkyl—Fe®*

R % + %

TONGII UNIVERSITY

m Setsune et al., ref. 12; Neta et al., ref. 13
H —> 4 | - :
H i Me

A o

[C-radicals invoked for Fe-porphyrin/borohydride + olefin]

m Shenvi and co-workers, ref. 15

Fe(TPPICI
yMe Br  Fe(acac)s Me Me
+ A
R Ar) IS-HI r\)QR

[Olefin activation and cross-coupling with two Fe catalysts]

@ Baran and co-workers, ref. 16

[Fe]

alkyl—CONHPI + Ar—M —————>» alkyl—Ar

[Fe activates RAE and couples with Ar-M]

55



R (A k5

&/ TONGII UNIVERSITY

PREMLIIMHAT-SH2

Alkene Hydrobenzylation by a Single Catalyst That Mediates
Iterative Outer-Sphere Steps
Lingran Kong,® Xu-cheng Gan,® Vincent A. van der Puyl Lovett," and Ryan A. Shenvi*

Cite This: J. Am. Chem. Soc. 2024, 146, 2351-2357 I: I Read Online

B—EARINSIEUIMERIEE S TENR N

Shenvi, R. A, J.Am.Chem.Soc. 2024, 146, 2351-2357 56



SH2

a. Quaternization by radical additions, e.g. MHAT alkene hydrofunctionalization

M'-H] M'-H]
E +1-E +R-X/M?
>|\/” -
4° (radical trap) (dual catalysis)
[TsCN, C=C-EWG faryl-X, alkyl-l
TsNHN=CHR etc.] M'—H] MHAT heteroaryl-X]

)LE]—[JV ] Ak

b. [prior work] Two catalysts and exogenous oxidant

o,
0, |
alkyl L[Fe®] alkyl {Su2} alkyl R L1[Fe?
T )‘\/H A H "
alkyl [SH]  alkyl LAFe™—R  alkyl L2[Fe?*]
{MHAT} ) |
[R—x]

I

&) [ £ F

TONGII UNIVERSITY

d. Dibenzyl (1,2- dlary\ethane ) motifs are common among drug substances

CN HO,C CO,H
\ / cl O \/:Nr o
\(j\ NH H,N /N Ny
| =
OI T L.
NH,

NS

CDP 840 Taranabant Pralatrexate

a: WRIKS AR ART nFHBK, BEATER M FERIEEHINREIE.

biIZRRFBE 0. KB Fer',

PR T BARUR. 57



R % + %

1 equiv.

Br

) +

Ar

1equiv. 5 mol% Fe(T4CPP)CI
3 equiv. PhSiHg
Me 1 equiv. NaHCOg Me

[
Ph i-PrOH (0.2 M) Ph

22 °C, argon

Ar = 3-MeO-Ph

entry

1

NN AW

8

variation®

none
Fe(TPP)Cl not Fe(T4CPP)Cl
Fe(T4SPP)CI not Fe(T4CPP)Cl
Fe(acac);

CsHCO; not NaHCO;,

no NaHCO;

NaBH, not PhSiH;

2 mol % Fe(T4CPP)CI

Me
Ar

1a

% 1a”

87
14
10
nd
45
36
65
52

/ TONGII UNIVERSITY

Ar/\/Ar
1b
+  Me, Ph
Me Me
Ph 1c Me
% 1b % lc
8 2
1 6
S 2
nd nd
N 2
3 2
S 9
7 2

“T4CPP = tetra(4-carboxyphenyl)porphyrin; TPP = tetraphenylpor-
phyrin; T4SPP = tetra(4-sulfoxyphenyl)porphyrin. “Values deter-
mined by '"H NMR; theoretical yield of 1a, 1b, and 1c are 100%, 50%,

and 50%.
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SH2

5 mol% Fe(T4CPPIC!
RS R Br 3 oquiv. PhSiH;
1 Equw NaHCOs

\/l( . OMe.
AR rsﬁu o2m

To. Py, ‘im

2a, 96% (93%) 2by X =CFj : 83% (79%) 2e, 62% (57%)"
X=CN :78% (76%)
2ﬂ,X t-Bu: 97% (87%)
pm Me Me
o & Oy~
-’ O
2, 72% (69%)° 29, 68% (10%)” 2h, 91% (79%)

”e;

2i, 41% (@3%) 2}, 99% (91%) 2K, 75% (77%)
Ph
B
N
! ome
coMe
21, 72960 2m, 7% @5:1 o) 20, 90%09
M
77% (69%)
©/\/ from E-akene Me. O
64% (64%) om
N Em O
Me 2

5 mol% Fe(TACPPICI
5 mol% Fe(T4CPPIC Br e Ehsm’

K©/ou-

1 R
3 equiv. PhS\H3 RR 1 equiv. CSHCO;
37 gé 4:1 MeOH / -PrOH
i PrOH ©02M) R® R (0.2 M), 22 °C, argon
22°C, argon

3a, 84% (71%) b, 63% (61%) 3c, X = OCFy: 88% (82%) ,,.p,
3d,X=OPh: 72% (63%) NG o Me
o X Y(
NN OMe CO,Me e
Me Me N7\ Me_ Me
7 4d, 32% 4e,74% 4, 28% 4g,69%"
Me OH NHBz ,
D "
e, 71% (62%) 3, 80% (76%) 3g, 52% (50%) Mo  Br .
co,Me Me Me Me’
cl
4, 66% 4j, 58% ak, 65% a4, 44%°
Z
o b )
Y\/ N Nl
3h, 83% (79%) 3i, 47% (35%) 3j, 76% (74%) Me o N\E oc
aunrs L br .
‘With 0.2 mmol of alkene and 0.2 mmol of bromide. ”'H NMR yield an, 5% P
(isolated yield)
Me
H
Fl me H N,
H H N
Me Me” “Me Mo
aromadendrene  a-cedrene
4q,69% 4, 72% (13:1 o) 4s, 40% (20:1 )

wh

TONGII

4t 429%° (2011 dr)

1‘-‘%5

UNIVERSITY
4c, 46%°

)\(

ah, 72%°

Me
M.)\O\
OHC.
Me

4m, 57%"
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R % + %

TONGII UNIVERSITY

SH2

a. alkene is converted to C-centered radical

5 mol% Fe(TACPP)CI
3 equiv. PhSiH3

1 equlv CsHCOg “‘
4:1 MeOH /i-PrOH
(0.2 M), 22 °C, argon

d. C-C bond formation occurs with different dr than R* R* coupling

Me  5mol% Fe(TACPP)CI
3 equiv. PhSiH3
1 equiv. NaHCOS MeO .
i F'rOH ©02M) < Me
22 °C, argon 5h

i _Me
(62%)
5a/5b = 2:3 5a
b. Alkene outcompetes background homodimerization 58% (4:1.dr)
5g, 0.2 mmol 0.2 mmol
5 mol% Fe(T4ACPP)CI
Br 3 equiv. PhSiHz
EtO,C. CO,Et
Me 2! 2l
CO,Me 1 equiv. NaHCOs NHPI ]\/I @\
i PrOH 0.2M) MeO' S
22 °C, argon 5¢c (76%) CO,Me  5d (10%) CO,Me i
blue LEDs (456 nm)
c. MHAT is irreversible 5 mol% Ru(bpy)3Cl,*6H,0 5h
NHPI DMF, 22 °C, argon
11% (1.5:1dr)
OMe 5h/1b = 1:0.74] Ar
OMe 5 mol% Fe(T4ACPP)CI 5i, 0.08 mmol 5j, 0.08 mmol . 1 Ar/\/

CD; 3 equiv. PhSiHz
1 equiv. NaHCO3

D
A\
+ _—
O i-PrOH (0.2 M)
22 °C, argon
O > oo
S5e (>99% D)

1b: Ar = 3-MeO-Ph

Figure 2. Experiments relevant to the mechanism of C—C bond
formation.

+1H ("H NMR)
+1 H (GOMS) 60



R % + %

7/ TONGII UNIVERSITY

Br ' . 5
Ar / Ar— H—[Fe®*|L® —-e—a H —[Fe?*L®
L3Fe?+ see Brault and Neta, Ref. 12
H
[Si-H] L3Fe? Ar” et - Hﬁ. [Fe**)L®
Ar
Ar
L3F33+—H !/
MHAT Sp2 Ar Ar . Ar
/K )'\/H /Q/H Fe(TPP)Cl  af Fe(T4CPP)CI
Ar = Ph Ar = 4-CO,H-Ph
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ERILAIMHAT $249SH2

Engaging Alkenes in Metallaphotoredox: A Triple Catalytic, Radical
Sorting Approach to Olefin-Alcohol Cross-Coupling
Qinyan Cai,” Iona M. McWhinnie,* Nathan W. Dow," Amy Y. Chan, and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2024, 146, 12300-12309 I: I Read Online

EeECENPENER: —F=8EK. BREDKNIRR- BB

MacMillan, D. W. C, J. Am. Chem. Soc. 2024, 146, 12300—12309
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SH2

A. Building C(sp®) quaternary

relative commercial availability

C(sp?)

)
increasing
three-dimensionality

from C(sp?) ionali
advantages in:
Me e —
cisp’) (j/\H aicotplesi
s
N « solubility
Cbz

« clinical success

and di

traditional partners

ity of ial alkyl
HO—Alk

_Alk
HO,C

for cross-coupling
moving towards
PinB—Atk 1= Atk native functionality
—

Y

TONGII UNIVERSITY

C. Radical sorting bles pi

H
Y — o (5
\mdica/ Me

N N
Cbz Cbz H
Ni J==
H:‘ y  metallaphotoredox e —/so,ﬁng N
e W
OH deoxygenation
D. This work: cross-coupling of alkenes and alcohols
HO
NHCbz
NHCbz
Me
H

u>40

u (hydro) ylation + m up to 89% yield

’?‘;\@@ D0
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SH2

NHC-1 (3.3 equiv), pyridine (3.15 cquiv), H
MTBE (0.5 M), rt, 20 min; then: Me

OH
CbzN H\\)\H
L H 3(0.25 mol%), 4 (20 mol%), 5 (10 mol%)

TMDS (5 equiv), Bz;0, (4 equiv), KOAc, Hy0

CbzN

0.05mmol  3equiv.  MTBE/DMA (0.067 M), IPR (450 nm), 2 h 2-75% yield

entry deviation yieldb
1 none 75%
2 in absence of base (KOAc) 65%
3 in absence of H,O additive 65%
4 Fe(OEP)Cl instead of § 2%
N no Ni catalyst § 10%
6 Ni(acac), instead of § 67%
7 Fe(acac); instead of 4 9%
8 Co(acac), or Co(salen) instead of 4 4%
9 no Mn catalyst 4 0%
10 no light 5%
11 no photocatalyst 3 19%
12 no TMDS 0%
13 no oxidant 0%

“Typically performed with 0.5 equiv. KOAc, S equiv. H,O and 4:1
MTBE/DMA. See SI for experimental details. “Yield determined by
'H NMR. Ac, acetyl; Acac, acetylacetonate; Bz, benzoyl; Cbz,
benzyloxycarbonyl; DMA, N,N-dimethylacetamide; MTBE, methyl
tert-butyl ether; OEP, 2,3,7,8,12,13,17,18-octaethyl-21H,23H-por-
phine.

TRRS

Entry 4

Entry §

Entry 6

Entry 7
Entry 8

Entry 9

FEF MK (Deviation)

I Fe LIS Ni
5)

DN Ni A

1 Ni(acac), (Folid
1

F Fe i Mn (4)
F Co ft8 Mn (4)

AN Mn )

R (Yield)

2%

10%

67%

9%
4%

0%

R %+ 5

TONGII UNIVERSITY

#ie

Ni IR Fe MITCAESMHT "AMESEE (Radical So
rting) “ LAz C-C e,

SEBA Ni 2B TG, RECREILFHFIE,

BB, (BEETESR (Tph) % NifeHIESE,

Mn BRI Fe-H RETEiA(& Mn-H BRHHSXUBEIHIE .
Co-H AR RIAEH.

SEBY Mn BERETEL (MHAT SH2) (IRsEEsett,

standard reagents and catalysts

Ph

tBu

[
By’ +Bu
Ou,__'L"m o
o | o
. Bu
+-Bu! \ /0
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R %+ 5

TONGII UNIVERSITY

SH2

substitution patterns v
X hydroalkylation product
TMDS, B2,0,, KOAS, H,0 W—— additonal examples as

MIBEIDMA; ;218 Ll el extended scope in SI
methanol alkene product atonel product akonol product atonor product

e
terminal alkenes A, Mo N "OMe. OMe.

o e ot o o Ao cmd/vk

o oM
Otte ie 4 yiel (9927, 64% yic
: " _— WY S 251 et — @, o
Ao, N\ S hg
o Y H, 08t H,

.
. .
- . " "

W
Ho O ~ Iy °. ~
,\tj compatible with various CbaN. H ( Ymelsi CoaN. H

OH NHC-1, pyridine, MTBE, rt, 30-45 min;
WIS
: \

di- and trisubstituted alkenes — quaternary products 28, 55% yield 30,74% yield
5 - : -
o o P T oag ok " "
:
)
cant loee 1 W owe Aose oAl o~ e )
2,72%yield 11, 57% yield , 54% yicld 14, 53% yield ()31, 54% yield (32, 73% yield ()33, 56% yield
e
o Me H H M Boc W H P W Q
Mo Mo o o N, ) <
e " N "o o HO' Sw N
Ll o' o ol "
o CoazN. Cuahl, o,
a oo (£)-34,52% yield 35, 63% yield 36, 60% yield
()16, 67% yicld® 17, 63% yield 18, 45% yield 19, 54% yield
. —
H, 3 H.
woee . " {on i
-sourced olefin substrates. MHAT activation using alternative classes of systems o AN o NHCbe o
o ) CbzHN NBoc
- . "
By g - 37,66% yield 38, 53% yield 39,44% yield

™ centers
Me- 1° vs. 2 aleohol
W, on 1°vs. 3° alcohol

"
" LA
L0 WKL
w o
1745, 3" aicohol
Oe vs. 3°alcohol W Vo \ " oo
8 Moo’ % yicld® p v U oon on " oo

22,72% yield 23, 59% yield’ 24, 70% yield’ ‘Me o e oH

from terpinyl acetate from estrone core No/\)<m, cbaN. ol ND/\)<M,, obai

20, 67% yield” 21, 51% yield « adjacent heteroatoms tolerated s orthogonal handles preserved 40, 89% yield @41, 56% yield (@42, 5% yield
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SH2

late-stage hydromethylation

from ataluren core from retapamulin from cholesteryl benzoate from picrotoxinin
(muscular dystrophy) (pleuromutiin antibiotic) (steroid derivative) (stimulanticonvulsant)
43,51% yield 44,30% yield 45,74% yield® 46,51% yield

late-stage hydroalkylation

-

I
-
e

on

:

from cholesteryl benzoate icrotoxinir

( treatment)
47, 60% yield 48,70% yield® 49,34% yield 50, 64% yield 6 6



Radical trapping experiments( 2 FAEHIALIT)

Me according to )

M o
. eMe O Ph/\./Me via:
") Me
K7 &
HJ\H /\/Ph Me or (.oﬁe

methanol alkene TEMPO general procedure A product S1 product S2 product S3 Me
3 equiv. 0.5 mmol 2 equiv. 10% yield 11% yield 13% yield

XEAORESHAMANGIEIE—E, FRSMHATRNHC-INSA RN ERHRIE/IRRE-EE3 X IBERRY
BRI ER.

/ TONGII UNIVERSITY
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SH2
TONGII UNIVERSITY
H
H,\_H Ph H .
B N . 50 New metallaphotoredox strategy: Mn MHAT
- »——H
OH O:<o:[~~ + H Xi
alcohol (1) i vin L M"m_H
' RaSi—
NHC-1 | —H* 1 N'"_L olefin partner ¢
MHAT
Ph Ph. /\ Manganese RgSi—
Ho Ne -~ ON— -~ radical sorting Catalytic X
_oo% 1 /0_<o:[~~ and Sp,2
Me—0~ O Mé He H Cycle
) (D)
-H* ( ning, X! 0 xim LMn"—x L Mn"—x
- | b > <
1M (1v) I (v)
idant ductant [Oreql®”
oxidant Photoredox reductan Me red.
Catalytic H
Radical sorting catalysis
Cycle | — [0] o Xvil
SET
O - ” \ C(sp®)-C(sp®) product new approach to cross-couple
¥ " / [Oreal™™ new quaternary center olefins with unactivated radicals
¥ 1y .
blue light photocatalyst generated via photoredox
source
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Article

Alkene dialkylation by triple radical sorting
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SH2

a 5,2 as aplatform for radical sorting

o
- (/\0(\/"" D)k/m a0
d

Me0,0_H o,
.

>O\/NN, he

. Come

1° radical precursors

Me
COM o

7t e
Cr

b S, 2-enabled trimolecular cross-coupling

o.

R

2° and 3° radical precursors

Trimolecular coupling of
alkyl radicals across alkenes

Electronic radical sorting

N "OMe. Me
MR [ \ =N
e —_— Me "OMe.

Radical sorting through steric parameters

" [ow
Me0” N —_— ! !

Cross-coupled products

™

Strong 1° M-C bond

™

o
Weak 3° M-G bond

S,2-mediated sp-sp® bond formation

s,2

\
.
:
T
o
D)\)fg
o Boc
-
©/\)\/ tad

Perfect regioselectivity
Steric radical sorting

FF

—
S cosMe -
.
o 82 2
e N NHgoc
NEoo
NN JL h
o LA
Feedstock alken
AR ez Two new C(sp®-C(sp?)
bonds formed
© This work
Electrophilc radicals Nucleophilc radicals
0,8 A
ne (i Me_ Me
8r0,C. F
: h UN SN
on :
bz Y " AL NP N
s (j :
PC Boc” NHObz o o
Approxi imately A
ooty Appronataly  Approximatoly R m L s o™
2000 Commwa, 210 combinatons Fam” Sy
RUoons  atoydiones  ahan

NHEoc
12 examples 11 examples
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NHC-1 (2.05 equi NHC-1 (2.05 equiv.), FiC=—\ Me
o Pyridine (2.05 equiv. Pyridine (2.05 equiv.), rt;
oTi CsOAc (2.5 equiv. CF. X
ol 3 o Methanol (2.5 eq o 3 gOTt Methano! CsOAc (2.5 equiv.)
AN i o e m S
N Mes Mes Ni(acac)z (15 mol%), KTp* (15 mol%) Mes” > “Mes Sk2 cat. (X mol%)
i Ir(d_i;g;sggz)zgﬁp?ﬁg rrh;lox%) N Photocatalyst (1 mol%) Y
1,0.05
0.05 mmol 2eq 2eq IPR (max ":"sv 2("/“ int), 12 h)'s Di-functionalized product oo TBME/tAMOH (1:1, 0.05 M) Coz
. X X X o
0.05 mmol 2eq. 2eq. IPR (max fans, 2% int.), 12hrs 1y, 10 tionalized product
Photocatalyst
entry deviation yield
; a4 Ir(ppy)2dtbpy)PFs  Ir(dFMeppy)2(dtbpy)PFs Ir(dFCFappy)2(dtbpy)PFs 4CzPN
none /o
i 9 o o o o
2 No CsOAc <5% Ni(acac)z (25 mol%) 75% 74% 66% 63%
3 No light 0% Ni(acac)z (15 mol%) 73% 72% 74% 60%
Sk2 Catalyst

4 No photocat. 0% Ni(acac)z + KTp* (25 mol%) 79% 79% 81% 1%

5 No Nickel <5% Ni(acac)z + KTp* (15 mol%) _ 81% 82% 84% 65%
6 No sparge 22%
7 100% light int. (15 mins) 71%
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30, 63% yiolss

35, efinconazole, 77% yield®
e

on

>

76% yiol®

(e-32,61% ekt 8
Gompiex exmples

Mot

fae

36, fom paroxetine, 439% yild"

et

3, ot

)33, 57% yols® (2)-34, 58% el

; _Z/QYO/
)

79% yield®

I

Ho, co.et

o e e o
e oo o ot
. o,
o cost Yet !
N o N e, oo oo
o LN 0" 5 o
o ™

il v
v
56, 519 yield 57, 54% yieldoe 58, 539% yield® (4)-59, 59% yield® (=)-60, 65% yield
o e ooz
oo - o woe" s
o @ e
o
\ \ My Jop
4 4 o O o
61, 80% yield® 62, 69% yield® 63, 66% yield® (2)-64, 81% yield"

%

TONGII UNIVERSITY
e—— e, pyrdine, N
s, o sy " e o e, RED), . o Z I
. sOc, -1 o’ M y > . e
Unsctveted Boctophic Sl bus eDa,t | Ditctonaand Unactvated  Electrophiic  Primary  blueLEDs,t  Difunctionaized [ R
alkene radieal radieal alkene radical  alkyl racical product
PP —— nHe
Akt
”'MY\(\CF W Ol
L s 'S s e Me vo o e
bz’ coz” cbz” F N, H
1,1-disubstituted -
. - 1,70% o (2142,61% o 45,729y a8, 64% o 45,620 yikne
o v L B
N, N, B e AN =
(2120, 57% yildh (2121, 85% yield® 22,57% yield" (423, 62% yiolch 24, 79% yiold® b ) o o o’ 1o ), b
ot
" N i XI o 46, 70% ok (ar47,63% o 18,675 oo 10,5550y 50,740 i
s B o . ~ £ o 3
OL)—Q oY N o
cva’ Ty - o " e Mo
£ - A™ wl, vl e ome o Ho  NHBoo cosgt
5 e E10,C- MeO,
25, 66% yield” (2)-26, 64% yield" 27, 72% yield” 28, 49% yield® 29, 69% yield® ‘CHy ot
|
b ) N COt 13
i Az =y o
A, e 51, 66% o 52,71% yele 59,60% yiod® 54, 69% it (e85, 50% iod®
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HNIECIE

R RESEIE(VTNA)

AMesSCFy(OTH) VINA
First Order
005
Soo
Z oo
2 oo R y—
001 —e—1equiv.
o
o 10w
S(dMesSCF3(OTA'at
Zero Order
o0s
oo
o0
$ oo —e—2 cquiv (conra)
£ 00 —e—1equw.
o
0 w0 a0 &0 w0
Time (minutes)
-1 Order
005
oot
B 23
Som fop——
300 —e—2equi (ontrol)
£ —e—1cqu
o1
od
0 20000 40000 0000 50000

SldMessCF3(OTH*at

the reaction is first order in dMesSCF(OTf).

MeOH-NHC adduct VINA

Zero Order

o2 cqui contol)
—e—1equi

0 w0 w0 s a0
Time (minutes)

First Order

o8
003

002 ——2equiv contrl)

(Product] (M)

——tequi

o

o w  m  w
JIMEOH.NHC addctat

-10rder

—e—2equiv (control)

—e—tequi

0 200 w00 so0
S{MeOH NHC adeict ot

the reaction is zero order in MeOH-NHC adduct.

)

[Product] (M)

i(tp*)(acac) VINA

Zero Order

0 20 w0 w0 80
Time (minutes)

First Order

SINi(tp* Nacacl'ae

-1 0rder

100000 200000 300000
S[Niftp*)(acac) *at

the reaction is zero order in Ni(Tp*)(acac).

Alkene VINA
Zero Order
006
005
2 om
T oo
—e—tsmoik(conta) | oo — 1 cqui (contro)
—e—75mat% £ 00 —o—15 cauiv.
3
0 20 a0 w0 &0
Time (Mintues)
First Order
00s
—e— 15 moi contol)
i 1 cqui (contra)
—e—15equ.
3
o so w0 10
Slalkene]'at
-1 Order

— 15 moi% contrcl)

—e—75mo% —e—1 cquiv (contro)

—e— 15 equiv.
10000 30000
Slalkene] it

the reaction is zero order in alkene.

IR RIER £ AR ER T B H L E B R RE

7

TONGII UNIVERSITY

Photocatalyst VINA

First Order

002 —— 1 mol (control)

B

oo —e—2moit

0 02 o4 06 o0
Slphotocatalyst):at

Zero Order
o
s
& —a—2molt

S w o @
e (it

-1 Order
Som
§ oo R —
o001 —e—2mol%

0
0 200000400000600000800000
Slphotocatalyst] At

the reaction is first order in photocatalyst.
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Radical Clock Experiment

o
o
o NHC-1, Pyridine, rt; NH,
NH, I Ni(acac), Me: F
- _— F
Stern-Volmer Quenching Study FF AN T CsOAc, 42PN, ”

MeOH TBME/MeCN (0.05 M) S

° y=3.6971x+1 blue LEDs, rt Ts 37%yield

8 R?=0.9997 .-®

radical addition

y=0.0215x + 1

et R?=0.8341 y S-exo-tri i
8 /\/N\/\)Qn/ g F
0

~1x105s‘
0 0.5 1 15 2 25

[Quencher] (mM) Ts Me E F "

©dMesSCF3(0Tf) @ NHC Adduct /\/l!l\/l\)Q"/NHz
HN MNM]/NHQ
XA FSHAI TR S8 F5-exo-trigMUITTEAR R

BRFMH © ©

Both products NOT observed in the reaction
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1 NHC 2 A
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. Formation of
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Asymmetric radical cyclopropanation of
dehydroaminocarboxylates: Stereoselective
synthesis of cyclopropyl a-amino acids

Wan-Chen Cindy Lee," Duo-Sheng Wang," Congzhe Zhang, Jingjing Xie," Bo Li,’
and X. Peter Zhang'#*

S EERBRERI A TREREARRL: AAE«-RERIIREFEESK

Zhang, X. P. Chem. 2021, 7, 1588—1601.
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SH2
NNHTris VSOLC.. . A
o C cat.
= H —

|/ 2 * T base

R 1a-c 2a

entry? R cat. product yield (%)? dr (ZE)° ee (%)¢
1 H = 3a 18 17/83 =
2 H [Co(TPP)] 3a 65 64/36 =
3 H [Co(P1)] 3a 66 59/41  -36
4 H [Co(P2)] 3a 69 53/47 16
5 H [Co(P3)] 3a 80 68/32 43
6 2-OMe [Co(P3)] 3b 98 82/18 93
T 2-Et  [Co(P3)] 3c 81 67/33 37
8 2-OMe [Co(P1)] 3b 68 87113  —65
9 2-OMe [Co(P4)] 3b 62 83/17 -12

R %+ 5

TONGII UNIVERSITY

o5
N-H

Me” e

Me Me

[Co(P1)] [Co(P2)] [Co(P3)] [Co(P4)]
(P1=3,5-DiBu-ChenPhyrin) (P2=3,5-DiBu-QingPhyrin)  (P3=3,5-Di'Bu-Xu(2-Naph)Phyrin) (P4 = 3,5-DiBu-Chen(N- yrin)
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SH2
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DFT-Optimized Structure Models of Qatalyst, Intermediates and Transition States of [Co(P3)]-Catalyzed Cyclopropanation of 2a with 1b® H,, A\ C0:Me
' | G NHAc
O OMe  (2-3b
' - : Q H O
= \ X : Homd ‘440 A e M 2314
g ) e J\stm' V4 J M =% “H
oM oo | o L_Iyeea 0 i -G =0
i H»N/” 3 N—H\"Eoﬁf,\:( z’l;AH o NZ: soah H-N
OO O= 3
[Co(P3)] : TS1copayin licoP3yin TS2co(pa)yibrza Hicop3)ybrza
EScricd E5e/ZRHk GNEntry 1-2)  {RLIRAY [Co(P3)] BBi (Entry 6) it
FE(id) 5 (18%- 65%) 157 (98%) MORBEITTRIZE — [Co(P3)] HEMKINER, FIFISSERIMIIBATIIE
R
BUSSHEC s save e v oo (EF3, IR T IS SRR PR
r O] —_— Ay S—
FRSZ NSRS HIROERR, SCI T BinF
THREIEME (e) TR (<40%) 93% STMT S FHIRSEER HESFHEN. BIEREESK.
wiERS Tolz b/ RoEE SR + 7 R FRRE T BRI AR
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SH2

NNHTris 1 2R3
ROgCTNR R [Co(P3)J°

TONGII

R %+ 5

UNIVERSITY

entry 1: 98% yield =2immalscale= entry 3: 74% yield entry 4: 96% yield
82:18 dr; 93% ee %’;vszafsg/g‘,}fz'g 53:47 dr; 83% ee 86:14 dr; 90% ee

H.,

H, A COMe CO,Me

Br.
NHAG
( )3
OMe  (xray) OMe
entry 5: 97% yield entry 6: 92% yield entry 7: 99% yield entry 8: 93% yield
90:10 dr; 91% ee 75:25 dr; 90% ee 86:14 dr; 91% ee 81:19 dr; 90% ee
COMe F H, A COMe

NHAc
€r3m - pMeo F G

ntry 10: 95% yield entry 11: 94% yield entry 12: 95% yield
82:18 dr; 99% ee

entry 9: 94% yield el
80:20 dr; 82% ee 72:28 dr; 76% ee 81:19 dr; 89% ee

MeO

-)-3r

entry 16: 94% yield
78:22 dr; 52% ee

entry 17: 87% yield
83:17 dr; 69% ee

~CO,Me
NHAG <JA NiTAS
(-3t \ (*)-3u

O,Me

entry 18:91% yield entry 19: 65% yield

85:16 dr; 64% ee

76:24 dr; 60% ee

entry 20: 68% yield
72:28 dr; 67% ee

entry 24: 95% yield
80:20 dr; 97% ee

MeO

entry 28: 92% yield

entry 13: 99% yield X-ray Crystal entry 14: 70% yield
80:20 dr; >99% ee

entry 15: 93% yield
Structure of (-)-30 68:32 dr; 86% ee 81:19.dr; 77% ee

81:19 dr; 75% ee

entry 21: 91% yield
73:27 dr; 61% ee

entry 25: 88% yield
65:35 dr; 98% ee

le
(+)-3ae

entry 29: 80% yield
80:20 dr; 90% ee

entry 22: 93% yield entry 23: 90% yield

70:30 dr; 53% ee

MeO

entry 26: 85% yield
75:25 dr; 92% ee

CO:Me

(+)-3af  MeO
entry 30: 93% yield
83:17 dr; 87% ee

82:18 dr; 94% ee

entry 27: 91% yield
80:20 dr; 91% ee

H

OMe (+)-3ag®
entry 31: 72% yield
82:18 dr; 93% ee
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A Selective Hydrolysis of Ester Group in N-Protected Cyclopropyl o-Amino Ester : C Full Hydrolysis of Both Ester and Amide Group in N-Protected
Cyclopropyl a-Amino Ester
H, A\ LOH H, A .COMe

H., A .COH

NaOH/H,0 :
i, NHAC : NHAc _4NHCVHO NH,*HCI
40°C;2h : 90°C; 12h
MeO MeO OMe s OMe OMe
(-)-3d: > 20:1 dr; 95% ee (-)-8: 92% yield; 100% ds; 100% es i ()8b:>20:1 dr; 93% ee IecrysIaISIZ)a}lgnesss/gAy;lelgd 13023’ 1cI ?ir1gg°£ e

B Selective Hydrolysis of Amide Group in N-Protected Cyclopropyl a-Amino Ester D Enantiospecific Transformation to Spirocyclopropyl Oxazolone
: 0]

FH, A COMe

NEB 4N HCI
oc —————
dioxane; rt; 6 h
MeO F MeO e . MeO
-9: 93% yield; 100% ds; 100% " H .
(+)-3aa: 65:35 dr; 98% e ,ec,ys,a(,,,la,mn 56¥fyle|d 58 o B0 o (Mot ives omteg} (¥8:>2011 0r; 95% ee (+)-11: 84% yield; 100% ds; 100% es
E Construction of Dipeptides
o NH,+HCI con o kBN
H A Moy TCO:Me 2 Lo | ot Ao
LN H CO,Me NHAc A
NHAc HOBt; EDC*HCI HOBt EDCeHCI NHAc —
e Meo OMe - - = (X-ray)
MeO OMe EtgN; DCM; rt; 48 h Et3N; DCM; rt; 48 h
. -8: > 20:1 dr; 95% e OMs
(£)-8: >20:1/dr;85%100 (-)-15: 83% yield; 100% ds; 95% de

(+)-14: 87% yield; 100% ds; 100% es

TONGII UNIVERSITY
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SH2

A DFT Calculations on Energetics of [Co(P3)]-Catalyzed Cyclopropanation

N,
[Co(P3)] __ ©\)\H
A: 0.0 kcal/mol
17 OMe
= TS1: +11.7 AGH=117
barrierless Al Tt
CO M ~—
AcHN 7 2V® . Nat
HOMe MeO,C.__NHAC 2
TN N 8
[Co(P3)] ™18 +1.1kealimol_— [Co(P3)]
C:-27.7keallmol  AG¥=9.4kealimol  B:—8.3 keal/mol
B Trapping of a-Co(lll)-Benzyl Radical Intermediate by Spin Trap PBN
H Ph
a Y PBN
Ph—» Y
T | S 2 .
= 2NN e
o

(Co(TPP)] cotepyta Wiarpryta

----- Simulated

08 ‘Observed

dx"/dB

=2.0061!
07 |18 9

Ay =40.6 MHz
Agy=68MHz
12

3310 3320 3330 3340 3350 3360
B [Gauss]

C Trapping of a-Co(lll)}-Benzyl Radical Intermediate by Thiol

NNHTris
[Co(TPP)] (10 mol %) geo
% PR L i s
H‘b SH  Cs,C03; toluene; ;24 h >( X 4
OMe (6.0 equiv) H H 71% yield
[Borrrl _[co(meP)]
H-atom radical
Lt T abstacton YU substtation |~ Buse
= MeO
Icary [00]  BuSH Bus [Col Wicorepyib

D Trapping of a-Co(lll)-Benzyl Radical Intermediate by TEMPO

NNHTris (GoTe) 10 mol ) % CN
MPO (3.0 equiv) 0.
H Cs,CO3 toluene; ;24 1 Ny =
NC N© 5
— 82% yield

(Co(TPP)
[Co(Tt )] NC.
Q./ rsmmbmanon

lcorrepyyty [Col  TEMPO

? ray)

_[Co(TPP)]

TEMPO

radical |
substitution

[Col Vicomeiyty

E Probing of y-Co(ll) Radical with
NNHTris
[Co(P3)] H, :\D
H o+ —
base
NHAc
OMe ove ¢
1b 2k | S5%yield

Radical Clock

/\‘

NHAc

NHAc * )
ove
0% yield

radical radical
{CO(PJQ substitution ‘substitution

NHAC

»

“lcuws)mm

Nz
W radical
- add:lran

0]
Viicopabrzk

licopay1n

TONGII

&) %5
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NNHSO:R 1RO,C._NHR? [Co(D-Por")] H, /\..\COR"

+ —_—
At H base Ar NHR?
1 2 3
N
H, . R! > base 2
AN 1 Py
AT TNHR? A A H
radical metalloradical
i substitution activation NzT
2RHN SO
1Co(lll)- MRC a-Co(lll)-
Aminoalkyl H Ar | Benzyl
Radicals

° Radicals
'RO,C NHR? Y

radical addition |
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RLTERS

DR
/ TONGII UNI

%

L/
x"*/‘l\/\—

Fe“‘(x"nx“‘xBNPA""ZD;

Fe(ttppc)X
© 2,4,6(Ph)-CgHs

krur: F > Cl1> OH Krur: OH > N3 > NCS > NCO > CI

VERSITY
A Key RLT catalyst A B
v caalvsts 2% A Figure 48) e AR AR ST RS
CIQ
Me g 2k | T ) b,
N 4.. ] Mn Mn(TMP)CI C-H it %ﬁw RAIC-HIBRATELL, LAAGFH 28,29
LS - 5.
e =N g
N, Me .y A fmae
reterEeI 0-0cirs s cx.Q Lo colens o SFRUIC-HIBSRL, BRGNS
82\%5;!0\’\,‘&) . '\(J\D ngsterc oH lacobsen LR (Mn-salenZ) Eoii [——— i
Ma(TPEPPICI O=0 Cafs (rac)Mn-1 OH M;'J(a:::';"',]?mgs“ cut "
M'(TMP)CI O =0 mesityl (S,5)-Mn-2 O Si(Bu); (rac)-Mm1 C-H ML/ Z BT g;;;;;%m FIC-Higt TR R kAt 25
o\(@\/o OO ERRC-HIEIR AL OMER, SIS FA
N ! ! Rcuee M y -~ C-HilEiE 4 8. SEH:
(gt it \N—}\'"-N'VO\) o (8,8)-Mn-2 FIRERIECH IR vt »
pf AO OAc ipr o TIO 0Tt 5
Fe(OAC),(FPyBox) Fe(oﬂ:;)(:::;hlj; " Cul,(CN-Box) cuci(P-1) Fe Fe-1 (Fe-porphyrin) 4 C-H Bk gﬁ;ﬂl)w-l’y)ﬁg*m, SPF(IC-HE 21
B. Key RLT intermediates P ERLITH, THRBC-HEBR GRS
- TR , FHRBHC :
w0 iy Fe(OAC).(IPrPyBox) =mo-Hamk [ 36
:; < PLN— Cu”‘—N TAUBIROTIFRBESRL
\,Q @ F'r Fe(OTf).(HAIXI-Bu) IREFRIRE R (Carboazidation) FIEASEL 42
Fe-1, [Fe''(OMe)(N3PyO?"")][CIO,) CuX-1 (X =F, Cl, Br) (Aminoazidation) .
8 ’ simm ESHRESETRREAASGE, BAE
- e Cu CuCI(P-1) (FHECuFLEH) RIFSAIIRC-NIBER SIBEEERC-NRE 44
u =
w (]
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C.RLT catalysis via M=0 HAT

- {

M..u e
>'< YR mx
a
MOH b
MX iy "
s

—~r
R_,/% RLT

ﬁwmmai )(
.

D. RLT catalysis via XAT

\,x o,

Mm

:r\ )4 slereose)ecwe

NHR 15 AT

F. Deacylative approach

E. RLT catalysis via SET

¥
R-X e
. RLT
GES

%
Py
;
X

) F,c Fio—/ Fe~(
o N2 cuoT, X
¢ e o C 10Tt et
L -~
Ve NSy MeN N N N o
NHMe Me F Me
NAHA
H. RLT via nitrene-like intermediates
RLT
M) cat a RS Q0
—_ » L~ ALK ) cat Y
NN N/ R YNy T 055 A
™ ™ Y=NR,O : )
)

12,344 !slrazale
derivativas

sulfamoyl azide,
alkoxysulfonyl azide

2ox

SRS

4C. M=0 7MSH) HAT-RLT

: ] 4D. i&i XAT F3zhfY RLT

R-LG

X

A4E. i@ SET [Bhfh RLT

4F. BEERARE RLT

4G. i#@id LMCT Bzha9 RLT

4H. i@ X mEREE) RLT

R % #

TONGII UNIVERSITY

OB

SRTER (HAT)

BERTHEE (XAT)
BRRETFHLFE (SET)
BB P b
Eifk-2 ERAETS (LMCT)

SRTER (HAT) (RTFaRESHE)
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RLT in C—X bond formation
X2 Coordination to metal M™! Radical coupling partners
A A HAT c I.\ddilion
M™! Metals © n
X N y ;\—é x ' H B2 e
Mn' Fell col Nt cu o] N I AN R Rﬂ
MnV  EeV NV cu RLT Mo or
ot
X J D E
x° Radicophilic ligands pes LG Br, CI cozH
O tered N- tered S tered Halogens C-centered X @ @ or @
OH, OR, N3, NR3, NO;, SCN F,Cl, Br, | CN
ONO, NCO, NCS Activation modes
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Oxidative Aliphatic C-H Fluorination
with Fluoride lon Catalyzed by a
Manganese Porphyrin

Wei Liu,* Xiongyi Huang,* Mu-Jeng Cheng,? Robert ]. Nielsen,?
William A. Goddard 111, John T. Groves'*

TP i #
e/ TONGII UNI
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ITY
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PhlO, AgF

R-H Mn(TMP)CI , TBAF*3H,0 R-

Mn(TMP)CI (1)
Entry | Substrate | Fluorination product | Entry | Substrate Major fluorination Minor
product sites
F COOMe
1 O 7 C414%
2,49%
F OH
2 O O/ 8 ﬁj c412%
3,51%
9, 44% dr=8:1
" C311%
| O O]
4,55% 10, 42%
o} o
4 10 Fgc/(N/ chJ(N/
F C2 <2%
¥ O
5,53% /
114 F
11,51% dr=1.5:1
A
Lb Zb, Qe GOOF 12, C3
5 F 11 27%
" 12a, 30% cis/trans=
exosé:go/lsi cisftrans=1:1 21
0Bz
0Bz
6 ;/\(j 12 C39%
F C
7,21 '~F
13, 49% dr=1.6:1"

R % +

TONGII UNIVERSITY

A Methylene selectivity
H Mn(TMP)CI (6 mol%)
AgF (3 equiv.) TBAF (0.3 equiv.)

PhIO (6 equiv.)

Ful T W

51%
3.5 § 1
B O 26 unactivated sp® C-H bonds
Mn(TMP)CI (12 mol%) Me Me O
" AgF (3 equiv.) TBAF .(0.3 equiv.) . Me *( 16%
PhIO (10 equiv.) 0 4+ Ca-luoride
Me
a/p=7.8
42% a/p=3.1 B

O Selective A ring fluorination
Mn(TMP)CI (8 mol%)

o AgF (3 equiv.) TBAF (0.3 equiv.)
PhID (8 equiv.)

K 32%

a/p=4.5 23% o/p=6.2
D P450-like selectivity
I Mn(TMP)CI (8 mol%)
AgF (3 equiv.) TBAF (0.3 equiv.)
i OAc PhIO (8 equiv.) F Tac
57%
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pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Late Stage Benzylic C—H Fluorination with ['®F]Fluoride for PET
Imaging

Xiongyi Huang,Jr'|| Wei Liu,dr'I| Hong Ren,”® Ramesh Neelamegam,i Jacob M. Hooker,*%%

and John T. Groves®'
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(a) Traditional approaches: Pre-functionalization

- g
‘ I I Multistep synthesis ._ L 8 Iabelmg 18F
’ L=Br, 1, OTs, NO,, SnMe,

Building blocks Pre-activated precursor

(b) This work: Direct C-H 2F labeling

Mn(salen)OTs
15E]Fluori " Q
.—H [*8F]Fluoride source .— F N N
Mn
t-Bu—d b—t-su

Mn(salen)OTs, oxidant ol 0
Parent molecule Fluorinated analog t-Bu__ t-Bu
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coome  Cat (10 mol%) COOMe
PhIO (1 equiv.)
['8F]F (no-carrier added)

-
-~

1 solvent, T(°C), 10 min 18F 2

catalyst solvent T RCC
Mn(salen)Cl CH,;CN 50 trace
Mn(salen)OTf CH,CN 50 16%
Mn(salen)ClO, CH,CN 50 34%
Mn(salen)OTs CH;CN 50 53%
Mn(salen)OTs acetone 50 65%
Mn(salen)OTs acetone 25 45%
Mn(salen)OTs acetone 90 50%
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Mn(salen)OTs (10 mol%)
PhIO (1 equiv.)

R=H

["®FIF®, K,CO4, acetone
under air, 50°C, 10 min

O

49% £ 10% (n=4)

o

7
48% £ 8% (n=3)

18y
S
\
o

1
60% + 5% (n=3)

o
Meom
e0

15
68% + 6% (n=4)

18)
©/L»Er

19
67% £ 11% (n=4)

R—T%F

Mnl!‘l!n)OYSQ
=N_ _N:
- d mo%} ®

8y

o”*

42% + 5% (n=4) 46% + 7% (n=5)

1
S.
@j\ Cre
cl

18

9
20% + 3% (n=3)

S R -

36% & 5% (n=4)

oSty

16
51% + 5% (n=3)

8
49% £ 5% (n=4)
51%+ 4% (n=3)

17
56% + 10% (n=3)

% 007

ocry

2
so% £.8% (1=3)  41% 5% (n=4)

.8y

0% £ 5% (n=4)

10
52% + 5% (n=4)

vas

65% + 10% (n=5)

o

18

34% + 5% (n=3)
wi

OAc

22
62% + 6% (n=3)

0

COOMe ="y CF3

BF 2 23 18

18F-ibuprofen ester 8F-N-TFA-rasagiline
COX inhibitor MAO-B inhibitor
65% + 10% (n=6)

F3C

26 CH,'*F

18F_papaverine
PDE 19, inhibitor
22% + 5% (n=4)

18F_celecoxib analog
COX-2 selective inhibitor
23% + 3% (n=4)

AcO.

18 .
AcO. ACOJQJ\/NHBoc
NHAc
AcO
29 ’ 30
‘BF -protected Fingolimod '8F-protected dopamine

drug
42% + 5% (n=4)

neurotr
51% + 7% (n=4)

MeOll

'3F‘nabumetone
anti-inflammatory
72% + 10% (n=5) MN%t

Bt F

TONGII UNIVERSITY

e

18F-celestolide
artificial musk

6% (n=3)  51% + 8% (n=4)
o <‘:o<:|=3
Et O
EtO N
18, \—1( 70
28

18F.protected enalaprilat
ACE inhibitor
46% * 7% (n=3)

18F.N-Boc-cinacalcet
calcimimetic
47% £ 12% (n=4)
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a ‘b
: (R.R)}-Mn(salen)OTs
i PhIO, ['*F]F , K;CO4
N-—N -N‘M,N- acetone, 50 °C, 10 min 18
oMy = teu o0 +Bu 25% ee
oTs % g
N—N ) p @
R-10F o H HTH N
oo : % 2.00A
N—N | : ©4 '
Mnii 18 PhIO : \%\. . mr/p:: _kBSA
oo ' =N_! _N=
N g B P v Lo ot
H
N Re : EETR b
RY o'l'o ~y
( OTs O : — \
18 NN .0 .
N . N MnVv (X
Mnv | :
oo “F 32 \
OH : H™H !
] F se0 HE N
\ OH N o
s oSy >a RS ed «
" H _Mn¥
offo )" te % St
F 33 : 2 OH

F-Mn"V-OH complex

R A £ 5

TONGII UNIVERSITY
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Biocatalytic asymmetric C(sp®)-H fluorination enabled by directed evolution of nonheme
Fe enzymes

Liu-Peng Zhao!, Binh Khanh Mai?, Lida Cheng!, Fangqiu Gao', Yunlong Zhao', Rui Guo', Hao
Wu?, Yongda Zhang?, Peng Liu** and Yang Yang!#*

Nature Synthesis
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a The only known fluorinating enzyme: natural fluorinases

NH,
HO,C 5 5 e
NH, Challenges w/ Biocatalytic Fluorination
HOAC: = Only one natural mechanism: Sy2
®s E + = Limited substrate scope
mef 2 = No metalloenzymes for fluorination
Me/ = Difficult asymmetric C-H fluorination
HO OH
5-FDA
b «KG-dependent nonheme Fe halogenases: natural halogenating enzymes using a radical rebound mechanism for C-X bond formation
NH NH H NH
5 3 Mo
His His His
""N\/— " D—CFL]“’ NP H o—Fi”"‘"N\/* " 0—Fall
Sy |

B O,
ZIOJF\X
N,

|G p Ao T XL o
\ [LHPLN /( § RN ‘g\ .
o) £, & {3 v

Hig’ Hig Hig

ew-to-nature nonheme Fe fluorine atom transferases

(Science 2021)  d This worl
Q e
0 N s P e

N Br §
N &~ N P oy i |
§ Z F A \ N Asp % F

N,
?\“\7 S0k
vi NHS 1
Hid W
Unnatural Nonheme
stereoselective Unnatural Heme Enzymes for bromine atom stereoselective Enzymes for fluorine atom
bromine atom rebound| Bromine Atom Transfer Catalysis transfer fluorine atom rebound Fluorine Atom transfer
Transfer Catalysis
o
N D

Hig W
1,5-hydrogen atom transfer (HAT)

radical cyclisation |
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a Discovery of fluorine transfer activity among natural Fe-dependent enzymes

o o o
whole E. colicells
N~ harboring Fe enzymes N tBY N tBY
I —_— H + H
F
Me ) Me Me
1a 2a 3a
NH o ENH
il SN
Fet 5y Fr SO,
Sgoee [
|7 Asp N Asp
N T N
by \7 —~ 0 PN
\ \S I8
NH NH > ">
His' His'
IPNS ANS QueD p—
0.2% 2!0(10 90er) 0.4% 2a (37:63 e.r.) 0.2% 2a (29:71 e.r.) 0.9% 2a (10:90 e.r.)
6% 3a 1% 3a 17% 3a 6% 3a
b Directed evolution of ACCOgyr as a highly chemo- and enantioselective C-H fluorinating nonheme Fe enzyme
o o
whole E. coli cells
N~ harboring ACCO variants - By N
| iy H + H
" (NHa);Fe(SO)y o
M-N buffer (pH = 7.4)
Me Me Me
1a 2 3a
entry 'ACCO variant yield (e.r.) of 2a TIN yieldof3a 2a:3a
1 WLACCO (09£0.1)% (10:90) 3 (590.1)% 17:83
2 ACCO 1184A (1.4 £0.1)% (12:88) 5 (5.6 +05)% 23:77
3 ACCO 1184A K158N (2.3 £0.1)% (19:81) 8 (6.0+0.1)% 29:71
\ 4 ACCO 1184AK158I (46+02)% (74:26) 21+1 (57:0.3)% 44:56
/k‘ \ 5 ACCO 1184A K158] FO1L (29.5+0.5)% (84:16) 733 (6.6:02)% 82:18
—-—kIIBAIA 6 ACCO 1184AK1581 FOIL K172Y (37.3 +0.8)% (88:12) 1403 (6.4 +0.4)% 85:15
T89A K15Bl /, 7 ACCO 1184A K1581 F91L K172Y K93Q (76 +2)% (92:8) 266+7 (2.8:0.4)% 9614
<< 8 ACCO 1184A K1581 F91L K172Y K93Q (97 % 2)% (95:5) 211£5 (1.4£0.1)% 98:2
o O L\Q,ng TBOA (ACCOGy)
1 \ 7 9 ACCOCHF (ODego = 10) (62£2)% (95:5) 6015 (17+01)% 982
N P > 10 ACCOgr (ODgoo = 5) (63+1)% (95:5) 820£10 (1.1 £0.1)% 982
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i E. colicells
A F harbouring ACCOgyr
e,
(NH3)oFe(SO4),
Mo-N buffer (pH = 7.4)
g RT,24h
o
B
H 13
o
Ve
2a M
(601 5) TTN TN
92% yield, 955 o.r. X-ray crystal 88% yield, 955 ..
2a:3a = 98:2 strucure of 2a [1.5 gram scale]*
o 9 I
Me. B N B B
; : :
F F [~}
Me Me e
2 2
11 TIN (272 £4) TIN (62+1) TTN
62% yield, 72:28 e.r. 83% yield, 973 e.r. 54% yield, 93:7 ..
2d:3d =919 2e3e = 96:4 21:3f=83:17
0 9 o
e B B
N H H
7 F
Me o 'OMe
2 2 2%
(209£2) TTN (102 1) TTN @7£1) TN
91% yield, 955 e.r. 74% yield, 96:4 e.r. 32% yield, 97:3 o.r.
8:2 2):3j = 99: 2k:3k = 68:32

R &+ %5

TONGII UNIVERSITY
o o
we) N
H -+ H
F + z
3
o o
N,rBu N,r—Bu
H H
F F
Me’
Me Me Me
2b 2c
(326 £4) TTN (125£1) TTN
95% yield, 94:6 e.r. 73% yield, 85:15 e.r.
2b:3b =955 2c:3¢=91:9
o o
H +Amyl
N7 +Bu N,l -Amyl
H H
'] L
MeO’
Me Me

29
(36+3) TTN

2h
(500 +10) TTN
21% yield, 90:10 e.r.
:60

76% yield, 95:5 e.r.

2g:3g = 2h:3h = 98:2
o o
2:1
N N,!~Bu
H H
F F
Me  Me
2l 2m
(64£2) TTN (273 £2) TTN
37% yield, 81:19 e.r. 79% yield
21:31 = 937 2m:3m =955
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a E Me ]
Me. ® J ®
H
AGg tBu b 0
11.8 N N
(AHgq)) N / M
0 ] e
keaimol (17 ! *Bu o VLN
<O,/ Ao | AcOgl  EBU
0.0 |m—b=|e;0H2 .m_‘ps\_on Im=Fe-OH,
(0.0) 1h OH, 1 OH, im OMe
TS-1 TS-2 TS-3
-14.3 -14.3
(—1 4.6) (-14.9)
TS-2
Me. BDE 3
(kcal/mol) i .
tBu N-F=64.7 tBu_ i A0, —o?‘
NN Fe-F =614 A" HN o
¢ @C—F =98.1 L B@“
| aco | Aco\T 1 AGH = 11.8 keal/mol AGH = 3.4 keal/mol
Im— Fe;OH2 Im—| Fe—OH2 |m—Fe—oH2 1S3
I NoH, W oh, 1 NoH, 7 TS1 5
4 5 6 fluorine atom transfer fluorine radical rebound
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PRAE(LRORLTIERC-N2
RLT via nitrene-like intermediates
Iron-Catalyzed Intermolecular Amination of Benzylic C(sp®)—H

Bonds

Hillol Khatua, Subrata Das, Sima Patra, Sandip Kumar Das, Satyajit Roy,
and Buddhadeb Chattopadhyay*

Cite This: J. Am. Chem. Soc. 2022, 144, 21858-21866 I: I Read Online
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(A) Benzyl Amine Pharmaceuticals

F
HN—(l%%‘i-~

NH,
U
Rivastigmine Pyribenzamine M¢ Indaziflam
HN NH,
- S, Me
9@ ;:f
One N atom - alters:
Chemical & biological Ampicillin

Cinacalcet properties Gram-positive & negative bacterla

(B) Intermolecular Nitrene Insertion to C(sp®)-H Bond

(B) Intermolecular Nitrene Insertion to C(sp®)-H Bond

RZ
R‘\',..‘ R
.

3
[M]-cat Rz;;i R Less explored due to:
— > e
N

R—N .
H High BDE
" R" H Selectivity problem
C(sp’)-H Nitrene
——————————— (C) Our Previous Reports itrene
mR precursor
| H
H N V:l H Q [M]-cat \
| S Ne["] \:”F,I\ NTSN N
N Qo | o

Ts-1 Intramolecular C(sp?)-H TS-2 1,2,3,4-tetrazole pyridyl-nitrene
& C(sp®)-H Amination

(D) ylic C(sp®)-H Ami
v N This Work @
Y S e
.- -~ Ny -, =
: N=N

Direct installation of 2-aminopyridine 2 Pyndyl substituted
Base metal Fe-catalysis benzylamine
Removable pyridine unit to access benzyl and heterobenzyl amine

R1\Tz\R3 [M]-cat R2 R? Less explored due to: H -
- —N : R ; 3 S-3
Lo R — T~ High BDE Het L/B) m }

A . R' H Selectivity problem
C(sp’)-H Nitrene pyridine Qi

R 4 +

/ TONGII UNIVERSITY
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Me Me = )

R S

H N \(j Conditions NN

LConditions
Ny N,
1a 2a N3N R = CONEt, 3a

# Catalyst (mol%) Reductant(mol%) Solvent T°C Time (h) 3a (%)

1 Fe(TPP)CI (8) 2Zn (20) PhH 100 16  trace
2 Fe(TPP)CI (10) Zn (20) PhRH 100 16 15

3 Fe(TMP)CI (10) Zn(20) PRH 100 16 22

4 Fe(TPFPP)CI(10)  Zn (20) PhH 100 16  trace
5 Fe(TDCPP)CI (10) Zn (20) PhH 100 16 10

6 Fe(TMPP)CI (10) Zn (20) PhH 100 16 30

7 Fe(por)cat-l (10) Zn (20) PhH 100 16 36

8  Fe(por)cat-ll (10) Zn (20) PhRH 100 16 25

9 Fe(por)cat-Ill (10) Zn (20) PhH 100 16 74
10 Fe(por)cat-lil (10) Zn (20) PhH 70 16 74
11 Fe(por)cat-lil (5) Zn(20) PhH 70 16 87(82)°
12 Fe(por)cat-lil (5) Zn(20) PhCl 70 16 83
13 Fe(por)cat-IV (10) Zn(20) PhH 100 16 67
14 Fe(por)cat-lll (10) - PhH 100 16 0

15 - Zn(20) PhH 100 16 0 Fe(por)cat-Il Fe(por)cat-IV. 1 O 3



" Q
@ Mo N7 N 5 mol% Fe(por)-cati
@ R’ 5 J U 20 mol% Zn-dust
L NISN PhH, 70°C, 16 h
1 2 Nen N,
o Q o
RN I R=Bu 3b:76% MB/\NJKKI ReCl sg 7% MeNINZ I . |
s, R=0Me 3c:81% s, - s, s
we? S ° S Resr T weo SN Me? e
R=Ph 3d:79% R R=Ph 31:79%
Me R=Br 3e:73% Me n Me Me
R=NO, 3 65% m‘"ﬂ“o"\"‘; e
R =NO, 3f:
Me  3j62% 3K 0
o o
Me NN ) J\(l Me @ Me” N NF ) Mo NN )
Me SNTSNH SNTNH Me SN NH R N
o ME Me Me Me ©API1 B
no no — <
LY weow 3m: 62% 3n:64% 30:83% 3p: 86%
o Me Me o o
HN:
MeAN)h\ = MEAN)K@ X=CHzn=1; 3t:88% NN |
N = s, =CHzn=1: 3t s,
wo? SN W = u) S NH o 3u80% wo? SN
o " CLO
3@ 7%R=Ph (e X o
3r64%R=CN  Me

Me” N Me” N
oG J G
Me’ N7 NH  Me N”TNH

s
MeO’
°
3y:68% 32:63%

35:63%

NH

9
Z Me” N N
- g b,
NTNH N
N
o

&

3ac: 88% 3ad: 70%

L S
SNONH COE cJ\f\J\
5 Me O‘ SNTSNH
Et0,C. Me o
Me from from
Tbuprofen Naproxen
dr=937 ar=7327
3ae: 63%° 3af. 60%
Me

OMe Q
o
- [
O % (
Ph7S0 NN Me NN Me
H H
i

rom from
Oxybenzone 3ai: 72%" Menthol 3aj: 58%®

from
Carbazole 3ak: 69%°

TONGII

Me

*

UNIVERSITY

NN

from
Raspberry ketone 3al: 66%"
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R
M & 19mol% Faprioatil
) B 20 moi% Zn-dust
NSy
I e [ PhH, 100-120°C, 16
N,

4d: 75%, R = 34hienyl
40 73%" at.

Hy
OAMS 46:73%8, R = peTol OAMS

h

-
e
7 Z i
N NS 4b:67%0, R=Me HNT SN AN SN HNSN HN
- o, O
.
© Me o
fj 5 C Erfj)LL

ah:63%°

Ph

5 SOTTSS Su o*w e O o* J— o* .

Reth f\; o0 ©iI

o Q.

ST NH

NS
ot ¥ Qb o*
40: 69% ap: 4% 4q:75% ar.66% 45:70% 4t 66%° au: 0%
(B) Removal of Pyridine Group (©) Application: Synthesis of Dapoxetine )
tetrazolo (2a) N;
5 mol% Fo(por)-catIl s, \gl
HNTON ‘

0’ O .
o~ @M 20 molt 2 dust
PhH, 70°C, 16 h o)
. S
)
¢ P —
o O 2) NaBH,, THF
HCOH, HOHO, 507G, 721

(E) Transformation of Amide to Benzyl Amine.

¢ NHy
Mo 1)PtO; (10 mol%), Hy. Me M. -Me
2 NabHy, THF o
. 805%
Dapoxet
(D) Large Scale Reaction
o o
20 equiv PN
tetrazole (2a) U
5 mol% Fe(por)-cat Il gL N
©E§_< 20 mol% Zn-dust
20mo% Zndust
o’ e  PhH,70%C, 240 N e
N o

1ad
3.5 mmol
3ad: 62%

aqs!

NS

LiAIH, (2.0 equiv.), THF, 50 °C, 4 h

neomimete i N,
0

o
9:72%
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R
M & 19mol% Faprioatil
) B 20 moi% Zn-dust
NSy
I e [ PhH, 100-120°C, 16
N,

4d: 75%, R = 34hienyl
40 73%" at.

Hy
OAMS 46:73%8, R = peTol OAMS

h

-
e
7 Z i
N NS 4b:67%0, R=Me HNT SN AN SN HNSN HN
- o, O
.
© Me o
fj 5 C Erfj)LL

ah:63%°

Ph

5 SOTTSS Su o*w e O o* J— o* .

Reth f\; o0 ©iI

o Q.

ST NH

NS
ot ¥ Qb o*
40: 69% ap: 4% 4q:75% ar.66% 45:70% 4t 66%° au: 0%
(B) Removal of Pyridine Group (©) Application: Synthesis of Dapoxetine )
tetrazolo (2a) N;
5 mol% Fo(por)-catIl s, \gl
HNTON ‘

0’ O .
o~ @M 20 molt 2 dust
PhH, 70°C, 16 h o)
. S
)
¢ P —
o O 2) NaBH,, THF
HCOH, HOHO, 507G, 721

(E) Transformation of Amide to Benzyl Amine.

¢ NHy
Mo 1)PtO; (10 mol%), Hy. Me M. -Me
2 NabHy, THF o
. 805%
Dapoxet
(D) Large Scale Reaction
o o
20 equiv PN
tetrazole (2a) U
5 mol% Fe(por)-cat Il gL N
©E§_< 20 mol% Zn-dust
20mo% Zndust
o’ e  PhH,70%C, 240 N e
N o

1ad
3.5 mmol
3ad: 62%

aqs!

NS

LiAIH, (2.0 equiv.), THF, 50 °C, 4 h

neomimete i N,
0

o
9:72%
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Parallel competition (Seperate Vial)

H =\ -CONEt, =
" D P developed  , HN *N’ b DN
Ph conditions
() or P")Q[\} I o e N \
s s’ tetrazole 2a < |
s
1p [D121p  kulkp = 4.42 [D]2-3p
Intramolecular Competition
=\ _CONEY, =
H.D developed v ) ? DN-@'
N conditions 5 N H N
P T\ — +  Ph
S tetrazole 2a Ph S LY
s
[D11-1p [D11-3p [D11-3p’
(B) Corellation of Products ratios with Hammett plot
o EtNOC ElzNOCU
1a developed \(1
conditions
+ —_—
‘tetrazole 2a /©/L
Me
R R=H, OMe, 'Bu, Ph, Br, NO.
1bf =H, OMe, ‘Bu, Ph, Br, NO,

R Ratio of 3b-f/3a

OMe |  81.47/18.37
Bu 60.73/39.27

H 50/50
Ph 56.44/43.46
Br 59.63/40.37

NO, 72.02/27.98

CONEt,

Mo
CONEt, ©:>_(o

(D) Plausible Mechanism cl

i

10: 35%

Z

<
HN™ N

Ph” “Me
active catalyst for
Q@ annulation @\
HN \N N
& iy

abstraction

H

Me)\Ph

R s k5

TONGII UNIVERSITY
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¢ Radical generation via Ligand-to-Metal Charge Transfer (LMCT)

oH o Q
mean. o W veon__aiT . O
NN oo mer meen el
L Q g Wllexplored. ety e )y @) underdeveioped
S ‘ 3 wwor
L X MY LzM.vX . @
U0, 488 X o “Lacr x
. Anttubercuar agent Jacobsenigand
 Alkene diazidation via LMCT and Ligand Transfer (tis work)

Biotin Kagonist
(e-chem) d Modular difunctionalization via Radical Ligand Transfer (RLT)

o )
. R
+ RX + [N —@@-» £
£ . f o Ny
u SR . - Ry
Ry s R OK
R Nucleophile '

conventional methods (OSET) [Pdl, [Fe). [Cu]

Ng
A om

electrophile H
g CP | e+ ™ iy
6

(echom) £
oo

The merger of Ligand-to-Metal Charge Transfer and Radical Ligand Transfer
RN Na—(Fe")

NO Fesalt \ com by

MnBr or Aminoxyl
(co-catalyst)

Ny .
ey Cu(acac)

1

method

unknown
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Fe(NOg)3-9H,0 (1.5 eq) /\/\|/\
820" N o TMSN; e Na
A6 CHZCN (0.1M), RT, 24h, N 1 Ng
Ve 427 nm BLED (25W)

Entry Deviation from Standard Conditions Yield (%)
1 none 86 (84)
2 1.5 eq CuX, (X =Br, Cl) instead of ND

Fe(NOs3)3-9H,0
3¢ 1.5 eq FeCls.6H,0 instead of trace

Fe(NO3)3.9H,0
4 1.5 eq Fe(acac); instead of trace

Fe(NOs)3.9H,0
5 DCM ND
6 THF ND
7 EA 64
8 Acetone 60
9¢ 0.2M, 0.05M 78,82
10 2.0 eq TMSN3 40
n 1.0 eq Fe(NO3)3-9H,0 80
12 CFL (26 W), 390 nm, 456 nm, 525 nm 40-82

LED (25 W)
13 no iron salt NR
14 in the dark NR
15 under air 72
16° under air with 20% Fe(NO3)3-9H,0 48

10
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Ry N Ry
Rs)\rkz . s, Fe(NO3);-sH;0 (1.0 equiv.) R;>‘\]<Rz
CH4CN, RT, 24h 427 9H,0 (1.0 equiv) B
Ry (@ equiv) o BLED (250) Drugsiatural product s, wl e,
7 - Sunmen, )
o R e I\ rLc,\A ..
Moo~ o~ N
o
e, . w e - N,
a o - oo e .
&.R= Cycopeniyl, 71% oA o o~ A
o o Ns o
of e i I S oA
o & modom P oy o ot X
Mo ] % X - N from tbuprofen from Loxoprofen
0
a n N E0C_~ N, N, . M
A T : Ng e
pe [P ws st oA ) O~ AN ]
< oHoen
- - oY Y
e . . \ o sorepac trom naprosen o Favne-corvt
51 . 3 s g S
ot~ A Lo [ s - ore
X ? : W
19.74% 20,53% 21,55% 24, 68% (1.3:1) N Na
"
o
o
Vo ( N o PvQ
B0~ Mod—Lie ONH
W om ™
o 2,
TN “wux ) e 2T from D-Galactopyranosylamine
S~ e :E
~ I.\ \ "Ny
3
1,645 0201) e 15.78% 281) 008 011) oo 810 [
§ " . e
P Ny A__cOMe from Oleic acid
% m Ol from Mycophenolic acid
o, & oy i il
36, 74% (1) 37.79% (14:1) 38,61% 23:1). 39, 62% (2:1) 40, 70% (4.5:1) 50, 50%

Il
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[
t Azido Radical Generation (Step 1)
N 22 squiv. o Radical Generation (Step
P 2o N )
P CuSO,5H;0 (0.1 equiv.) A e .
Sodium ascibale (02 equiv) P PO P+ R
BUOH:H,O (0.15M, 211), 1t ‘ er
53,68%
17 & ron-azide species 18 o species
Radical Addition (Step 2)
N PAIC (10% wiw) NH,
No —_— NH,
A Ha (1 atm) @ R ¢ N /N (ransient radicai)
54,82%
Radical Ligand transfer (Step 3)
1.PhgP, H0 Ny
s N
Ny NHBoc R Na—{Fe A
oA 3 bocio, T . @ R
ss1%% ido-igandiir
(persistent racical) fgand.trans:
B
1. radical scanvenger experiment
4. direct C-H azidation enabled by LMCTIRLT
820~ _Standard conditions N B0~ .
N T etewro - B0 Nt ~ HH s
1 eq TEMPO AN Standard conditions®
ND. almost full recovery OO Me. Oe Me.
59,21%

2.radical clock experiments
ﬁ\ f Standard conditions® m’\U/‘m

N N

Ts Ts
56, 60% (2.2:1)

Standard conditions®

BnO,C. NN
B“OzCTV\,
57, 48% (E12>20:1)

EnOQCA/

BnO,C
3. carboradical vs carbocation
Standard conditions

ve
e

Me

60, 70%

H

o o
0" ~~F _Standard conditons o
™ N
W

Standard Conditions
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Iron-catalysed asymmetric carboazidation of
styrenes

Liang Ge'#, Huan Zhou'*, Mong-Feng Chiou®'#, Heming Jiang?, Wujun Jian', Changqing Ye',
Xiaoyan Li', Xiaotao Zhu', Haigen Xiong', Yajun Li®", Lijuan Song? Xinhao Zhang ®2* and

Hongli Bao®'3X
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Enantioselective azidation on untethered radical centre

Favoured

one sidefinvertomer
@ Disfavoured

Stands for Catalytic amount of Ln"M-N,
pyramidal and formed in reaction
planar radical

Challenge: lack of
interactions for
chiral recognition

@ No covalent bonds
% No ionic bonds

Q  No dative bonds
X © No hydrogen bonds

b state-of-the-art of stereocontrol on radical centres via atom/group transfer pathways

o
\ LH
N Xor

R N\—H—SnBu,
H—SnBuy

Sibi

a

This work: iron-catalysed asymmetric carboazidation via a group transfer pathway

* N3
[FeJLPO [Ln*Fe—Ng]
A R
AN 4+ RBT ———> A - Ar/V\/

Planar or shallow pyramidal

Rigid chiral pocket

H Steric hindrance

Bonding energy

0 3 15 30 50 100 kealmol™ !

van der Waals  zinteraction  Hydrogen lonic Covalent H

(<1) (<3) (1-29) (12-84) (57-152) H
This work . Proposed mode :

How does the chiral metal complex *LnMN, recognize the free radicals? By z and van der Waals interactions. 1 1 4



A + TMSN; + C4Fol

RLTER S

catalyst (5 mol %)
ligand (7 mol %)

Ar = 2-naphthyl

LPO (2.0 equiv), DME (2 mL), r.t.

N3
Ar/'\/C4Fs

Ar = 2-naphthyl

entry” catalyst yield” (%) er

1 Fe(OTf): 59 64:36
2 CoCl, trace /

3 MnC204-2H.0 trace /

4 Phthalocyanine iron trace /

5 FeCl2 15 55:45
6 iron powder 9 53:47
8 FeC204 trace /

9 FeS04-7TH20 6 57:43

R % #

TONGII UNIVERSITY

ogﬂgjﬁg??

/
S S ¢ Ar Ar

Pn" PhPH Ph

PhPH ° 5
P PhPH Ph Ar p -tort buiylphsnyl PHPhPR P"
L L2 (HAIXI-H) L3 (HAIXI-Bu) L4, trace L5, trace
73% yield, 64:36 er 79% yield, 82:18 er 80 yield, 94:6 er
Ph. O L
S &0 Phi &% Ph S_V%?rph
H N N~/
o 70 N / PH
N N ’ Ph
A
Ph PR L9 L1
L6 (boxmi), trace 3% yweld‘ 50:50 er L8 (pybox), trace S7% yield, 48:52 or 16.4% yiold, 54:46 or
f ’ H owe
© ~yPh ° N N 0 N %
-S( 9 o N N7 o o™N N0
Ph ‘Bu "Bu P“ Ph  Ph P" A WAR A
L12 L1a LS Ar= mathlypheny, 55% 8010 or
46% yield,53.5:46.5 er  66% yield, 46:54 er L13, trace 51% yield, 81:19 er ::Tf,',".‘,’l;’,",ﬁ,’;’,',,;fz‘m' o h or

15
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Fe(OT: (1 mo%), L3 (1.5 moi%)

Ny
T
Oi)}\,csu \OA,CBH \OA,CMCI\OA,CE:, \OA,CBH‘)\OA/ /OA,cavs r/(j,kcsu

9,72% yield; 94:6 e.r. 10, 76% yield; 95:5 e.r. 11, 83% yield; 937 e.. 12, 72% yield; 937 .

Ny Ny Na. Ny Na. Ny Ny o Ny
,@/K\,csh D)Vcsh J@,kcsnaclj@}vcsvgs,:@,kcah C.D}cho}.«ljk,cm t@,kcm
J
o o o

13, 84% yiold; 94'6 &.1.14, 66% yield; 94:6 o.r. 15, 75% yield; 937 e.1. 16, 72% yield; 937 e.. 17, 65% yield; 937 o.1. 18, 78% yield; 937 e.1. 19, 64% yield; 90:10 1. 20, 75% yield; 91:9 o1

TMSN,

Alkone subsratos wih G|
0 Ns Ns Ns Ny N Ny
W/csm \@/kcavl sr\q\,w': 0‘ - CO)VW, QA,W, MUOQA,CJH

0% yield; 95:5 .
i 2 2 .
84% yield; 87:13 er.

Ny Ny Ny
r}@)\,wv /OA,CJFV IQ/\,CJFY
o B

21, 68% yield; 928 exx.

\O,l\/wy \O)\,C]Fy C\DA/CJFV B\O,k/cf, /OA,CJFV

20, 71% yiekd; 54:G o.1. 29, Tae yield; 36:4 1. 30, 33, 7% yield; 32:0 &.1. 38, 63% yield; 820 o1, 35, 62% yiekd; 307 e.r.

Ny Na N N Ny Ny Ng Ny
Q}\;c;a )O/‘\/c,a ;O}\,‘car, cDO/!\/w, F::DA,CJH o D,k/wv [2 CF7 O/kc,r,
GO0 or o

36, 76% yield; 928 o.r. 37, 61% yiold; 028 o.r. 38, 58% yiold; 03:7 o.. 39, 69% yiold; 955 o.r. 40, 56% yold; 937 o.r. 41, 75% yiold; 937 or. 42, sww« 955 0r. 43,46% ylsld %0100r.

22,69% yield; 94:6 e.r. 23, 74%yield; 955er. O 24,61% yield, er: 955 er. 25, 80% yield: 945 e.r. " 27, 72% yiis; 937 e,

Ny
CoFr 0. Ny o oFs

s oF,
44, 49% yild; 89111 o o 46.56%yield, 955 o o 47,45% yiold, 919 01 62% yiold; 73:27 o

2.

£ 7

TONGII UNIVERSITY
g
Cul (5.0 mait) L)
o TFA (20 uiv) ) I
- TEA (20 cqui.
W+ AW _THEOCsrien - 29 equiv) oo
T & e
200qui. 70,50% ield, 8551 10 equ.
o CuOAD) (10mol%) 7, 80% ek, 3450,
» )\ nano) 6 mo! " rowen
oINS w
DOMH,O (11,11 121 oo, ot
© N kOt 4+ POEY a. s
e . Ovemignt
W 20 qu.
73, 75% ld, 864 ..
A=K, 728, 72% yiold, 955 .
(991 . afer recystalizaton) N,
e R=Cl, 728, 65% yield, 964 ex. IN
Y \
Xray of 720 Xray of 728 K;005 (3.0 equiv) ol
€00 201524 D0 2003644 B+ N Nox H
. ousorwien ol o
M 4004 (40 ouiv)
e o
OMF, 4076, 101 \©/K/ . sosam 75,65% i, 845 1.
oo 78, 70% v, a4 0.
"~ N N
o, o - oo N s e
i e, Prncocs Y wn CL O

C.D/!\,cuzca c.@)\,cr, clﬁj\/cﬁsoﬂ’h
s, B

o :A oo CeFis
60,

N
(:@/‘\/MCJV

Xeray of 63

55,722 yiou 8911 0. 5,

oD

61,37% yield; 7624 e

U‘\,l“g)zﬁ(cfﬂzsof FO)\,(CFMOICFMSG;F :)E:J)\/k

o

62,40% el 816 ex.

cF,
e, r,
HeC! "Cifr

83, 85% yield; 90:10 0. ccoc1sseen 64

67,47% el 97301
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d € Tho colision-induced dissociation (CID) spoctrum ofthe
X critical Fem N3 species, C*
1
)
Ny ~+ TMSN,
a J_m Xa
: A X = OTf or OCOR, R=C, Hy; s B
Stantardcong H (L2FenOT* miz 8151146 100 5 o
tandard conditions : [L2FewOCOR]* m/z: 8653208 N N
PN+ Gl : N ’ . on |
TEMPO (3.0 equiv.) : IS o “Lrem(X)(No) ot = At N
H 3 _Fel B OCOR
26, not observed : Citbzs e LR . e
F £ 5 =
BHT instead of TEMPO, 26, 37% yield 64%, based on LPO \\ a8 s % AN R
. AN g "K/ [2FenNol® (8 N
CaF7 Romz708A728 | anas 8" P
Standard conditions 53% yield XN ) —
«Ph i _ > Ph cis7.2: JFel ) 15 10816
WPh oy iCgFl N trans:cis 7.2:1 7
Ph 8 : NGO = o ~
Ph [ 8515 e.. for trans T ST Wo &0 700 750 80 850 %0 830
3 C miz
68 8 e, [L2Fem(OCOR)N;]*
Reaction with A as catalyst
Na g nd teracton (NCY piots
A (1 mol %) teric
10 P + CBry ) /K/CErS repulsion
TMSN; (1.5 equiv.)  Ph’
- LPO (2.0 equiv.)
3 % ELO.tt 4 669%yield, 88:12 eur.
% y=0.9043x + 0.9524
9 R®=0.9856
o Standard conditions
with L2:
0 ” 74% yield, 87:13 e.r. rsist .
0 20 40 60 80 100 ol mol”! Attracti Repul al mor*
e 0f L3 (%) CCDC 1938900 8.2 keal mol raction lepulsion 10.3 keal mol
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Kharasch-Type Haloalkylation of Alkenes by Photoinduced Copper
Catalysis

Yuan Cai, Mahiob Dawor, Gaurav Gaurav, and Tobias Ritter*

Cite This: J. Am. Chem. Soc. 2025, 147, 1843818444 I: I Read Online
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a. Kharasch addition, since 1945, ref 1

cl_Cl
/\
CI>¢/ + AR

M]

d. This work, K ty

(o]
$OH

of

&) [ £ T

TONGII UNIVERSITY

h/\rEWG
Nu

Y =H, Cl, Br, EWG, etc ) ) .
" readily available =1°,2° 3% alkyl, a-oxy, valuable products
M] bench-stable amino alkyl, benzyl, etc. «-amino acids, etc.
in situ
c 2R 0|”R l L
c - >|a7 o
L—Cu] EWG
7 [
electrophilic, nucleophilic, ONPhth * & EWG blue LEDs :T\r
stabilized radical A unstabilized radical B nalidelsouree X
b. Mitani, 1983, ref 10 ¢
5 mol% CuCl
o A Ewe Ewe | L-Cux,
A~ 15 mol% "BusP Alk/\rEWG >
Ak-Br  + ZTEwe — ki~ Ko
Alk = "By '8y Cy Hg lamp (251 nm) Br 105 107 M1 g1 455108 M1 !
Br;gf‘-l;)au(uCYHL;;Qy(;Oy;Et 5 examples nucleophilic, electrophilic, s
’ unstabilized radical C stabilized radical D
c. Giese reaction, since 1983, ref 12 N k3~ kg~
B 8 LOWXe | s omtst  ZVEWG | 109105 -1 s
[Sn-H] or EWG
Ak=FG  + Z EWG AR S
photoredox H
catalysis . S
FG =X, COOH, hydroalkylation
BF3K, H, etc. product EWG

19
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o] ° Me 5 rr?orln“/fl:/;c(-:glﬁlll-\P CN
3 AL N + AN+ Bu-sieal PhM prAIC!
Ph™ /3 (&) Me 0.2 M DMF, 456 nm cl
1 ° 33°.2h rac-2a 2
entry variations yield of rac-2a, 2' (%) entry variations yield of rac-2a, 2' (%)
1 none 84,10 12 N-isopropylacrylamide 30, 27
2 1 was generated in one pot 71,18 solvents
3 in air 78,14 13 MeCN 10,6
4 2.0 equiv 1 and 1.0 equiv acrylonitrile 93,72 14 THF 18, 10
(psuedo)halide sources 15 DCM 52
5 Tetrabutylammonium chloride 3,5 16 DMSO <2 <2
6 Pyridine hydrochloride 61,22 17 1,4-Dioxane 26, 20
7 TMSCI 69, 15 ligands
8 TMSBr 18> Cu(dpp),PFg <2, <2
92 TMSBr 85,97 19 Xantphos 53
102 TMSN3 6, <2 20 (R)-Segphos 50, 4
Michael acceptors 21 (R)-DTBM-segphos 48, <2
1" Methyl acrylate 44, 22 22 DPPF <2, <2

5mol% CuCl
5 mol% ligand
0, 3.0 equiv acrylonitile
o 2.0 equiv TBDMSCI

0.2 M DMF, 456 nm
() 33°C,2h

B

A

A o}

CO
PPh, o
co™ é
e}

Ar=Ph Ar=DTBM
(R-SEGPHOS (R)-DTBM-SEGPHOS

PAr
PAr

rac-BINAP
rac-2a: 84% rac-2a: 50% rac-2a: 48%
rac-2a:2' = 8:1 rac-2a:2' = 12:1

ligand electron-donating ability

Cu(dpp)PFe’
rac-2a: <2%
rac-2a:2' N.D.

1

20
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DIC, NHPI R R
OH ————— + RS
LIPS S 4

Scope of carboxylic acids®

Mm&/\{c“

rac-3a, X = C1,60%
rac-3b, X = Br, 45%°

sl L

rac7, 60%

O~
:

racA1, 63%, 121,101 dr

mcu
o

¢

2015, 56%

o e
DN /S
[

o ¢

19,57%, 1.4:1

./.‘.m

rac8, 57%, 1.2 dr

D,.

rac12,49%

rac-16,54%, 1.1:1 dr

ﬁi."
o,

rac-20, 50%

N

3, 70%

‘acid

5mol% CuCl
5mol% rac-BINAP.

2.0 equiv TBDMSCI|
0.2 M DMF, 456 nm

FmoeNH ©

13,55%, 1.2:1
from Fmoc-Glu(GtBu-OH
™
Me,[ ] me

A )\CN

Ve

17,61%,1.2:1 dr
from Dehydroabietic acid

from Fmoc-D-Trp(Boc)-OH
o

rac-24, 59%
from Fenbufon

Me CI

rac10, 60%
from Gemfibrozil

c

Scope of alkenes®

, 50%, 1:1 ar
from Lithochalic acid
a *
H
N
Ve Me CI
o oN —_
13, 5 MeO.
from Bezafibrate OMe
o a
rac-34, 84%, 1:1 dr
oN

@Aoimfw g

rac-22, 50%,1:1 dr
from Z:Gly-Phe-OH

QoY

028, 44
from Fenofibric acid

TONGII UNIVERSITY

O  rac26,R=H,60% R o Jz
rac-27, R = Me, 86% 83% /\Hk
g 3 . N
"-/\)LR rac-28, R = O'Bu, 46% % Py 7a% L e
Cl rac-29, R = NMe,, 61% a
rac:32,61%
o o o ] H O
Q e Me,
MeOmJ\)ch. .{\*)'\R H/\)LN)(\SOJN ‘ N/\'rN\)LNJ\n,OMe
o c a M MO CILI LI
- o
rac-35,79% R oty 12038,43% 39,33%
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a. Stern-! er g 5
6 I
|
5': ® RAE 1+ TBDMSCI
i Ksv = 15.1, R? = 0.84 o RAE1
4]
[
= 31
= 3
1 . — - _
: e e .
S
1-1
Ksv = 0.03, R? = 0.96
0 T T T - i . . ,
0 3 6 9 R
¢ (mM)

X—WEREER ShEE NN 2 MR

AR RFE S,

EP=1

—f—l\

BITFRERAE

b. proposed mechanism

detected by GC-MS [Su]

IVERSITY

P
( = rac-BINAP
P

122



SEfEC B EEMAAIRLTIZEEC- X

% L--,u,'. F_:] },'lz;g ‘k J_Daf-_

&/ TONGII UNIVERSITY

Modular Difunctionalization of Unactivated Alkenes through Bio-
Inspired Radical Ligand Transfer Catalysis

Kang-Jie Bian, David Nemoto, Jr., Shih-Chieh Kao, Yan He, Yan Li, Xi-Sheng Wang,*
and Julian G. West*

Cite This: J. Am. Chem. Soc. 2022, 144, 11810-11821 I: I Read Online
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a Oxidation of C-H Bonds by P450 Enzymes

R Ho R
9 RH OH o
e Atom - 'Rebound S
O Transfer | O¥S Oys”
(HAT)

b Manganese Porphyrin Mimicking P450 Enzymes in C-H Functionalization

R-H o R-FG
= -l e
=N=Mnty 4 _L, 2
Hyrogen = Ligand 2 T
tom Transfer
Transfer &L ranster L
(HAT)
L=OHorFG

¢ Reaction Pathway of Atom Transfer Radical Addition (ATRA)

initiator R x R/g X
R N N R/g r R/\/Z\R‘ k\) R/\)\R'

o MP'L, MPIXL, radical addition o M™IXL, MM'L,
radical initiation radical propagation
M=Cu, ot X= ot

d This work: Modular Difunctionalization via Radical Ligand Transfer Catalysis

®@® .

RX  [Nu] S

= _First Mn-photochemical
dual catalytic transformation

> 90+ examples
(drugsfnatural product tolerance)

= Detailed mechanistic support for
Ligand-Transfer-Catalysis

Radical-Ligand-Transfer '] 2 4
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TBA@ Ir(ppy)s (1 mol%) /\L
N+ Mn co-catalyst (5 mol%) ligand(5 mol%) Ph A cF,
CFaCHyl P (zsw)
Entry Mn cat. Ligand Solvent  Yield (%)*

1 Mn(OAc);2H,0 L1 DCM 28

2 MnCl, L1 DCM 12

3 Mn(OAc), 2H,0 L1 DCM 20

40 Jacobsen cat. none DCM 16

5 Mn(acac), L1 DCM 48

6 Mn(acac), L2 DCM 60

7 Mn(acac), L3 DCM 50

8 Mn(acac), L4 DCM 40 \

9 Mn(acac), LS DCM 36

10 Mn(acac), none DCM 32 =N N=

11¢ Mn(acac), L2 DCM 28/30

12 MnEacaC;z L2 MeCN 36 +Bu OH HO:@’FB“ dOH Hob
13 Mn(acac), L2 Dioxane 0/12 tBu  t-Bi

14 Mn(acac), L2 Toluene trace L1 g §:=;;

15 Mn(acac), L2 MeOH 24

164 Mn(acac), L2 DCM 60

17¢ Mn(acac), L2 DCM 56 Q \

18F Mn(acac), L2 DCM 64

198 Mn(acac), L2 DCM 40 =N N=

200 Mn(acac), L2 DCM 7 R oH HO:%D, d
21fh Mn(acac), L2 DCM 82(80)

2i Mn(acac), L2 DCM NR R L4 ke tBu © B

23 Mn(acac), L2 DCM NR L5, R=t-Bu Jacobsen Cat.
24k Mn(acac), L2 DCM 0/44

25! none none DCM 18 125




RLTER S

R cacnzu
RN .

R orcom

Method A: Mn(acac), (5 mol%), L2 (5 moi%)
Method B: Mn(OAC)y-2H;0 (5 moi%), L3 (5 moi%)

=0

Ir(ppy)s (1 mol%)

Ry or
R RS
LR

DCM, rt, 24h
25w blue light (427nm)

R %

% 5

“2,72% O

CFS/\ng\,Me

2,74%

3

,62%

R es

“13,52%

%,84% O

,
- o
-
o o Aj.m
. PR x>
TS S
JN 0
s LSO SOt
*14,70% O 215, 79% ©

41,70%

o16,69%

RF RF
Et00C Et00C
820

o son )

amc&\m

©18,84%

o8z

a1, d6% (221)

J/@R
o
cooc

Me, o19, 84%

gl 21,80% 22, 80%
o
E00c N 0c \/\f)
o Y N
226,029 O - 228,025

F
‘COOE
0Bz
33,56 %

Et00C’ 0Bz Et00C’ OTroe

534, 73% (1.6:1)

[¢]
ICF3. o
fron

Me' Me
m 18B-Glycyrrhetinic acid
240, 74%

TONGII UNIVERSITY
o Ph
Me F
I
0" Ph EF
o ONEVCFJ e~ © COOE
o
from Fiuribiprofen
from Flavone-derivative 38, 89%
236, 72%
COOEt
0@ a o OMeFs(/Me
N OMe
)Me CF3 | O] i
MeO o. OMe'
Me
o
from Indomethacin from mycophenolic acid
239, 70% 41, 45% (1.6:1)
EF
IJos aaase
Me’
from lbuprofen
37, 72%
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RLTER S

Ir(ppy)s (1 mol%)
CFACHl Mn(OAG)yH0 (6 mal%) 12 (5 mal%)
Ag2COs (0.8 equi
+ or 4+ TMs _ PeCOy0Be)
Re BrCF,COEt DCM (0.1M), 1, 24h

25w blue light (427nm)

Trifluoroethylation scope

A~ o o
oFy Ph CFJA)\OBHW A om CFG/\)\/\/Q oFs OJKLN)

42, 70% 243, 65% 544, 68% s oo © w525

Difiuoroalkylation scope

RF EE FF a RF S{)\A Q.0 R
XA o s S ons
EtOOCX)\/\Ph Emcc)k/l\/\/oaz EIOOCM/\/DY@ 000 s E100C W E000 ¥ \/\U

547, 84% 48, 76% 549, 66% O 50, 68% w1 aa s
F M LF

R F Me F CL ‘COOEt

r (Y

Ph M £t
E'°°°KJ\/Y EIOOC Br EtOoCM\/ e*ﬁ%oc - :
° 54, 88% ye 082 COOEt <
o P

053, 64% 55, 78% 56, 44 57, 65% (1.4:1) °53,4§=:Z(>zo;1)

Drugs/Natural product scope

Me o
f 0 1 o\/\)\j{ @ i
LD i cooEt Y O O
CoOEt o Mo Mo A ;/QKO
from Isoxepac COOE
59, 52%

from Loxoprofen from L-Mentho! from Estrone Bz0'
Y60, 68% 61, 70% 262, 46%

from Cholesterol

3 Eth“' 2% (4.9:1) ,I 27



RLTER S

Ir(ppy)s (1 mol%)
Method A: Mn(acac), (5 mol%), L3 (5 m

it 1o Metnod 8 MnOA 0 5 meh 3 (5 %)
RN e o 792005 (0.8 equiv.) [ S
B e
R oF R
" sioFicOEt oow, 241 s ¥
orcost ws— @ 25w blue light (427nm) R

X

TONGII UNIVERSITY

/\g Aﬁ/ /\E\/ CFQ
o
CFy Ph oFy < e S 71/©/

10H21
N
68, 68% 69, 70% 70, 57% 71, 49%

ization of tifluoroethylthiocyanation:

TMS-CF3 (2.0 equiv.) ScF, O
C5,C03 (2.0 equiv.) c;,/\)\/\u
MeCN, t, 16h
=72,74% O

EtOOC’ C; EtOOC’ Ph Et00C

& ﬁiﬂ
E00C £100C ote

o1 Et00C
73, 68% ©74,67% 75, 52% ©76,61% v77,72% °78,66%
o Et00C’ F
E100C N E100C Ph
s Et00C Br Et00C Mo Me- Me Tor
19, 64% 0 80, 56% °81,70% v82, 42% °g3, 50% (1.1:1) v84, 46% (28:1)
e Ve e
e
I J\ﬂ X vﬁ i 5
Me CFsy s o
M E00C
© CFy 3 12 8
from Ibuprofen from Loxoprofen from L-Menthol from (-Bomeol



RLTER S

a Scale-up reactions

Standard Conditions
1 mmol Ph 7 CFy PR GR,
» Me, Me,
ph/\WMe Standard Conditions Ph/\t o Ph/\t
Re= CF,CO0-Et 75% R 70% R

1 mmol
b Radical scavenger trapping
Standard Conditions

Ph/\*’R' + PR T

almost full recovery

PN
+2 eq TEMPO
or+2eqBHT

Ry = CF4CH, or CF,CO,Et

¢ Radical clock experiments

Standard Conditions
Ry= CF,CO,Et

BnO,!

c BnO,C R )
BnO;C% Bnoch\N

98, 48%, E/2>20:1

CF3
Standard Conditions /\U/\/ )

N N

Ts
99, 70% (2.8:1)

R i £ 5

TONGII UNIVERSITY

d Reaction intermediate probe

Br fF F Standard Conditions /\)\,
_ e Ph/\)\,Rr or pp R (1)
Ph COOEt  for Clor N3
Ry = CF,COE N.D.
)OL Standard Conditions jL R0
Ph N/\/ R; = CF,CO,Et Ph N Ry P @
100, 82% carbocation pathway

e Reductive elimination vs Radical oxidation

Standard Conditions
R — Ph/\J\'R' Pe .
With Mn(TMP)CI (5 mol%) 2a% | ‘
as co-Cat. :
Re= CF,CO,Et : ;

| Ph
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R J radical

ligand
'RR” transfer

AN

/_\ N Rf
v @
SET
RX

Photoredox

cycle

cycle Nu
B
‘f\ Q Mn-catalyzed

'hv

[Nu]
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Proposal i

Lewis acid
catalytic
cycle }V‘\O
M\o N IR
M\D
)?V“
\ — H /
/MHAT/ Su2

(T4CPP)Fe" -H
Ar
MHAT Sy2 (TacPP)Fe~
[Si-H] catalytic (T4CPP)Fe'" catalytic
cycle cycle
(T4cPP)Fe! -Br

a7 AP
o ¥ 131



