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History of Photoredox Catalysis
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1912. Light had the potential to serve as an inexpensive, abundant, renewable,
and nonpolluting reagent for chemical synthesis.
G. Ciamician, Science, 1912, 36, 385
1978. 1984.
COOH COOH
0 o — [Ru(bpy)sICly (5 mol% )
©)J\ Etozf’HCOzEt [Ru(bpy)sICl (1 moi% ) ©)K + ~Spn + 6
BFy + O N Q Q O
/S:ph ) Me” N7 “Me CD4CN, 25°C 2_ CH3CN, A > 410 nm
M room light BF, R R

e

D. M. Hedstrand, W. H. Kruizinga, R. M. Kellogg, Tetrahedron Lett. 1978, 19, 1255

R =H, Br or OMe

H. Cano-Yelo, A. Deronzier, J. Chem. Soc., Perkin Trans. 2, 1984, 1093.

2003.

SMe 500W halogen lamp

NPyc*-Ru(bpy)

R = H, COMe
MeCN-H,0, O,, pH = 1

NPyc = Nation ruthenate pyrochlore

J. M. Zen, S. L. Liou, A. S. Kumar, M. S. Hsia, Angew. Chem. Int. Ed. 2003, 42, 577

2008.

[Ru(bpy)s]Cl; (5 mol% )

MeCN, DIPEA, LIBF,4
visible light

M. A. Ischay, M. E. Anzovino, J. Du, T. P. Yoon, J. Am. Chem. Soc. 2008, 130, 12886



Benzylic C(sp3)-H oxidation
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Pandey’s work: Oxidation and Amination

15example O 2EBample R
52 , Yield = 58-80% R
it
Ny r| N 0
R4+ R:l =
Z L )]\
~
Benrylic Ketone/Aldehyde ,f dFCE) ,,,1 [mw;” Amineted Product N R
4 Beca,, Mech, ;0 H
e o R = Me, Ph, tBu
Blue LED R
Water Photoredox Catalysis Amine
H
0. OH
H H H . 1
+ R— .
_|\‘ R'| —mm = LT
R=0Me, H ~Z 5
R = alkyl, aryl, ester —= %
SET= Single electron tranfer BrCCly
HAT= Hydrogen atom transfer 2
| - . s 2nd Cycle
HAT "S— Br+CCI3 -
) | eHel
&
Ly
Gp‘
R =OMe, H, t-Bu
R' = alkyl, aryl, ester
1=1r[dF(CF3)ppylz(dtbbpy)PFg
F t-Bu t-Bu
F¢ §—< )-CFy _\—(_}
{ﬂFfC‘;JDﬂﬂ [dtbpy)
DCA CN
() DCAcould also serve as PC
CN

aPandey, G.; Laha, R.; Singh, D., J. Org. Chem. 2016, 81, 7161;
bPandey, G.; Laha, R., Angew. Chem.Int. Ed. 2015, 54, 14875.

Acridinium ion as PC

0] M M Mes
e Acr*-Mes, O, e
S 0L T, e >
H Me  Visible light CHO N
Ph\N,Ph | _
Fukuzumi, S. et al, Chem. Commun.2010, 46, 601 " *l\l/\lﬂe]gllgf
cr'-Mes]CIO,

Acr*-Mes (7 mol%)
HCI (0.2 equiv), O,

o)
R O/ < _.(j)LOMe up to 87% yield
I
~
MeOH, visible light

Zhang, L.; Yi, H.; Wang, J.; Lei, A., Green Chem. 2016, 18, 5122

M0

F 0
R1f A R2 Acr*-Mes, Selectfluor RIE RS R2 Acr*-Mes, Selectfluor - @)LRz
I : l
Z CH4CN/H,0, Blue LEDs Z CH5CN/H,0, Blue LEDs =
R2 = Alkyl R%=Ar
—Cl -F ﬂq{—CI 1or3 (J‘{—CI

ING

L9 75? ING
SeFIectﬂuo 5 :

Selectfluor 5

AcrMes™  oyidative Act-Mes™ (:r\ R :
Quenching 6
Cycle T +F R
Acr® -Mes H,0
7 M
...................................................... Ol __...PhR__.
R = aryl:
F Ph.__O.__Ph o
-2HF [0]
2 +H,0 Y - I N
Ph/]\ . Ar Ar Ph” Ph

Xiang, M.; Xin, Z.-K.; Chen, B.; Tung, C.-H.; Wu, L.-Z., Org. Lett. 2017, 19, 3009. 3



a-Amino Functionalization

Iminium lon Intermediate
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;
. . Lo . H-atom abstraction _, I|?+
Reactive Intermediate: Iminium ion & 1 " SN
. . R 4
a-Aminoalkyl radical RN PC RN, T[O]
~UR? O isible light R
Deprotonation o3 | ,
> NN R
| . . . . Mannich reaction
Mechanism for Iminium ion formation
; f Ru(bpy)s(PFg)2 (1 mol%)
> amine 2 5 R1-&
RLN’R oxidatiorn R® R RLNQ ! = N‘Ar R2 L-Proline (10 mol%)

e
\R1 reductive n—| b\R1 \R1
quenching I/

R4-H .
Ru(bpy)s2"™ Ru(bpy)s*™ \ Nu:

Photoredox 4
cycle R*
household
light rR® R?
>—N:

ubpy)® " R4-X NG R
Stephenson, C. R. J. et al J. Am. Chem. Soc. 2010, 132, 1464.
Aza-Henry reaction
10
WA Ir(ppy)2(dtbppy)PFs R
R | Z N\Ph
A NNsp RCH,NO, (no degassed)
visible light R NO,
up to 96% yield

Stephenson, C. R. J. et al J. Am. Chem. Soc. 2010, 132, 1464.
Strecker reaction

Ar Ar
1y Ir(ppy)2(bpy)PFe PN
R N<o > R Ne_,
R KCN, AcOH,MeCN Y 'R
R'= Ar, Alkyl, H visible light CN
R2= Alkyl, H up to 97% yield

Rueping, M. et al Chem Commun. 2011, 47, 12709.

MeCN, visible light

47 — 95% yield <$

Rueping, M. et al Chem Commun. 2011, 47, 2360.

OSiMe; Ru(bpy)3Cls (5 mol%)
" RZ& MeOH, blue LED Negi
72— 98% yield
= Ar, alkyl

Ru(bpy)sCly (5 mol%)
MeOH, blue LED

Xia, W. et al Chem. Commun. 2012, 48, 2337

Baylis-Hillman reaction

+

OH OMe
43% 57%

Ir(ppy)2(dtoppy)PFe (2 mol%)

DMSO:DCM = 1:1, BrCl3, blue LED
R DABCO (1.0 equiv), K,COs
Ar

R?=CHO, CN _
61 —-91% yield

Xiao, W.-J. et al Org. Bio. Chem. 2014, 12, 2037
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Friedel-Crafts amidoalkylation C—X bonds formation
i Ru(bpy)sCl, (1 1%) "1
u mo
R1’\NJLR3 + Nu Py)s~2 ° R1J\NJLR3 C-P
. (NH,),S,05, 25-30 °C )
______________ S - L 0 . R
. i . . R1 + RZO—B\ lr[(ppy)Z(bpy)]PFB (1 mol A)) = N\A
alkylamides: ! Electron-rich aromatics OMe N‘A r2g H Toluene/H,0 2r
! OMe OMe r visible light Of,P\‘O,?
JOL 0 o OMe \ R=H 55— 91% yield OR
i Me,
H N/ )LN/ d o [\{ Ph, Rueping, M. et al Chem. Commun. 2011, 47, 8679.
| | | MeO OMe OMe OMe R Bn
Stephenson, C. R. J. J. Org. Chem. 2012, 77, 4425; Org. Lett. 2012, 14, 94 C-N T
s
R 1
o TSHN _~, Al Ru(bpy)sCly (10 mol%) 7o~N ;
R3HN T Nk >... Ar
H _ N
N RY  Ru(bpy)sCl, (10 mol%) 4 R tBuOK (5.0 equiv), MeOH, O, \
R1mR5 + R3HN/\n’ Shi - N R ol visible light Ar?
Z '\{ ) 0] gé,'\jlu“eolgléDs R1_: P N RS up to 94% yield; good d.r.
R ) N .
43 — 75% yield i?z Xiao, W.-J. et al Chem. Commun. 2011, 47, 8337.
Li, J.-H. J. Org. Chem. 2012, 77, 8705.
c-0
H fe) . 1
Ar—N R’ Ir{(ppy)2(dtbbpy)]PFe (1 mol%) R N
= N PAORS > 'Qé
R1_:<j\/\> . R3©\ ot Irl(ppy)2(bpy)IPFg (1 Mol%) N OR* \/\[= \1 MeOHair, visible light \;[i ~]
Z N\ H/\n/ Zn(OACc),, blue LEDs R1—: _ N\ H,X '\;',’) up to 94% yield X N
2
R o) MeCN, 40 °C N , X =0, NTs
42 — 86% yield R

. Xiao, W.-J. et al RSC Adv. 2012, 2, 4065.
Rueping, M. et al Chem Commun. 2012, 48, 11960.
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o-Acylation of Tertiary Amines

' 0 B
e) NHC (10 mol%) it X E /».=N‘ r
Ru(bpy)sCl (1 mol%) a - N_ _N
TN ; A
R™1 + RZJLH NNy - Br
Br

m-DNB (1.2 equiv) H
DCM, visible light o&\R2

up to 92% ee

(@]
i B %
R "H R N._ _N =N 13" \N"'
IYFD
1l

1 '*
» HO” R *NR,
0 N
= O
=N +NR, =N R2 -H lz M’
R N_ _N e H#N N NHC \“ Photoredox =N L
H I H* gy Catalysis +NR, Catalysis ’I
R2" “NR, |

Aza-Breslow o) ¥
Intermediate ¥N+ &

& R N_ N O ZN |2+..N‘"

2 R ‘:‘ \.
HJK{H HO{R‘ j i /
IV NRj

DiRocco, D. A.; Rovis, T., J. Am. Chem. Soc. 2012, 134, 8094



a-Amino Functionalization

Arylation and Reductive Umpolung of Carbonyl Derivatives
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R‘l

Mechanism for a-Aminoalkyl radical formation R N>

R1
| |+
R\/N\RZ ]

R'I
1,2-H shift R\;Kj::z
— 3

—H* |
= RN
CN R3 0 R1
Ir 1 mol% ) Ir(ppy)3 (1 mol%) !
RROSNTR 5 | A (PPY)3 ( 0) R2SN Xy J o+ RRN., 3 _ OH E
Ar _X NaOAc, visible light Ar | _ Ar R DMAP, LiBF,, blue LEDs Ar'JR\/ SAr
b DMA, rt, 12 - 24 h EWG THF, rt 18
54 — 98% vyield 47 — 65% yield
McNally, A.; Prier, C. K.; MacMillan, D. W. C., Science 2011, 334, 1114.
o Xiao, W.-J. et al J. Org. Chem. 2016, 81, 7237.
| Radical-Radical 2
- s (3 P N R [Ir(ppy)2(ctbbpylPFg (1 moi%) AR
s i i Jl\ + HONS, J\/l
@ on . AT H " DMA, Li,COj3 (20 mol%), Blue LEDs A1 Near
o “ / ¥ 25°C,72h
Amn: ﬁuupllng ~—_SET— "N::mﬁm T NaQhc E cN 36 — 97% yield
artner
1,4-DCB 10
_ \ /- Q I\ _ QL l\r{:e [Ir(ppy),(dtobpy]PF (0.5 mol%) OH |
e T o AFJ\H " p-Tol  DMA, PhCOOH (20 mol%), A N Tol
\ Blue LEDs, 25 °C, 6 -24 h
ot '® e —75% vi
g = It%ppy)s (3) N ! (R a 46 — 75% yield
26 W Fluorescent photoredox catalyst An:n T 1
Bulb ) i Rueping, M., et al Angew. Chem. Int. Ed. 2016, 55, 6776.
tBu

N,Ms '? [Ir(ppy)2(Me,Phen)]BArF (1 mol%) HN'MSR i
+ N - ) !
N

H
NH N
A W
~a | ,P\+
Ari NHHN
I
85— 97% ee | OO "BArF

H HzC™ SAr  hydrogen-bond donor, vilible IightA-/k,
Toluene, rt, 8h r

Ar

Ooi, T. etal J. Am. Chem. Soc. 2015, 137, 13768

Ar'
(0] | HO CF
I ¢ e —2 N
Ar CF, CHCl3 Ar p-Tol
Blue LEDs
91 -99% ee

Meggers, E. et al Angew. Chem. Int. Ed. 2016, 55, 685



a-Amino Functionalization

Alkylation and Addition of a-aminoalkyl radical
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2
Ir{(ppy)z(dtbbpy)]BF 4 (1 mol%) R
NMP, visible light E

27examples, up to 94% yield E2

El
R\%Ez

R1

RZ_N
V\.@\ +
R3

CO,Et
[4a][BF 4] (1 mol%) o=
CO,Et
e Phae j)\'r\l’mza
2 \ )
CO,Et 22 \isible light PhoN Ci0RRL
E5 1.2 equiv 6 (ZIE=1.5:1)
64%
CO,Et
COEt
CO,Et j/gﬂfﬁlcoza
COEt oy COEt
Ph,N

Miyake, Y.; Nakajima, K.; Nishibayashi, Y., J. Am. Chem. Soc. 2012, 134, 3338.

T
i(co mol%), py (7.5 mol%
PN Al il : — g™
/!\r quinuclidine (1.5 equiv), DMF, 25 °C

Blue LEDs, 16 h

- 3 o
X = OCOR?, 2-S-Pyridine 60 - 86% yield

Joe, C. L.; Doyle, A. G., Angew. Chem. Int. Ed. 2016, 55, 4040.

L0,

R1
1

[%(10 mol%)

Ir[dF(CF3)ppy]2(dtbbpy)PFg (1 mol%)

~
Pials 77N

r 3
r 3 H H

+
'\X/ Br/\/'

[Ni] (2 mol%), K;CO3, MeCN/H,O
Blue LEDs

X =NBoc, O, S — 82% vyield

MacMillan, D. W. C.et al Nature, 2017, 547, 79.

ﬁ .? \ L Nif) — Alk, O/\ Br
& b
l.“.' 3 hog Alkyl bromide
8 [N 7
L lez
Organocatalytic LNi0) 8 Nickel catalytic i
cycle Irfi} (5) cycle Alle T'[N]L"

r

\\ LNif) —Br
12

Irf) (1)

BRYX
RZ
S

Reductant \ 1 Br
SET -Bi

Photoredox catalytic
cycle

. 13

C~H alkylated
product

I 2)
Selective HAT Oxidant

H
O via H .- L
ity walEhig . \v/wnw \|, = Visible light



O-a-C(sp?)- H Functionalization (1)

Functionalization of ethers
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X
/X Cd
)O . NPT [rppy)o(dibbpyIPFs (1 moi%) 0
Ar Ar' MeOOC” “SH (20 mol%) Ar
LiOAc (10 mol%), DMA, blue LEDs Ar!
45 — 85% yield
Hager, D.; MacMillan, D. W. C., J. Am. Chem. Soc. 2014, 136, 16986.
. household
al e Hght source
’ "’ = {ppy) sidibbpy)* (3) I"
1 p catalyst “i.\-\
ser A\
L N e A g Photoredon \'b
ol e | Cycle  “IPlpmyldiobey) (4)
Irfppy) (debpy) (5}
il ‘ = poEr <
. tIJPU MeDOC T EH i
= F thiol catalyst & b s
- [‘:{,Y -— Organacatalytic |
3 -\',_ Cycle /
| LY "‘I.T é\_,cooue
' /
',-" s i thiyl radical 7
| g ; mmulm
. L “-.V 4 Subsirate
e |
_X CN X\O
3 N [Ippy)s (1 mol%)
+ GWET — N v
Ar (#  Meooc™ “sH (20 mol%) | %
Aryl ether KoHPO4 , DMA, blue LEDs

61— 86% yield

Quvortrup, K.; Rankic, D. A.; MacMillan, D. W. C., J. Am. Chem. Soc. 2014, 136, 626.

0
NHAr? R1)\Ar

X =Br

_R? [Ir(dFCF 3-ppy)2(bpy]PFg (2 mol%)

DMBP (25 mol%), KoHPO,4 (2 equiv) R1J
visible light, rt
43 - 89% yield

Molander, G. A. et al J. Am. Chem. Soc. 2016, 138, 12715.

Molander’s mechanism

(A) [¢]
-
@“ - @’3
N
28

I\Q
B =2
-,;Z
{JQ

@
=
Z
Z‘:Z
#

Bu|”
(N T
E“"Ni" N = HBr
hv @’ NS
[ =

Ni(NO3),*6H,0 (5 mol%), dtbbpy (5 mol%) 1)
+ X—Ar

[Ir(dFCF 3-ppy),(dtbbpy]PFg (2 mol%)
Ni(cod), (10 mol%), dtbbpy (15 mol%)

1

K3POy4 (2 equiv) R
visible light, rt _

51 - 93% yield x=cl

N

.R?

Ar

Doyle, A. G. et al J. Am. Chem. Soc. 2016, 138, 12719.

Doyle’s mechanism

Ar=ClI
LNi? &:ryl chloride
A3 1
Ar” ™o / - (';’| 2
1 3
(*)-benzylic /SET '@ LnNif-Ar
ether reductant
LoNil s \\
it 3
\ SET
e
oxidant
7 ho 5 Ci.i
L N.'" -Ar LaNitl-Ar
\ / hu
ot .
L, Nill—ar

L Nill=Ar 7_i
He )

(0]

ether



O-a-C(sp3)- H Functionalization (2)

C-Alkylation and Arylation of alcohols
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Harnessing a powerful HAT catalyst: quinuclidine
A
3 4 8
f.ﬂj —SET — [ﬂj ——— HAT — I
N N . 7N rk
Eyp®= i I i ? N-H BDE =
110V H/La AR 100 keabmol
0, #—-'—'_“—‘--.._“‘
R2 [Nﬁ?(w mol%) O blue 3 = 8 opo
Ir[dF(CF3)ppyl2(dtbbpy)PFg (1 mol%) light 0—POH;
R1J\OH + A CoMe o) Ly HAT ‘ij"' ;. A" oH
2 BusNH,PO,4 (25 mol%) = oxidant Catalytic CI) bl
CH3CN, blue LEDs, 27 °C R1R? = i (2) \ Cyvie aﬁqg
61 —93% yield SET H A-,-
Jeffrey, J. L.; Terrett, J. A.; MacMillan, D. W. C., Science 2015, 349, 1532. Photoredox
Catalytic
Cycle Activation o
photocat. (1) it (5) IF!‘-.
IrfdF(CF)ppylz{ctbbpy)* reductant o, clchH
\\ +H* ’_'__,/" '
SET Ho0P0--H
0 0 ;’/_ MHK\ o ;
0 MeOC oM ZcoMe three catalyst
\-’1";\ system
Michael acceptor
Me
' M
[Nﬂj (30 mol%) OH : e~ |
OH |
. \)\ Br X MdF(CF3)ppyla(dtbbpy)PFg (0.2 mol%)r/\ SN i X N\ Br
e H+ I > 1 I : /NI\
Lo 2X  Ni] (1.5 mol%), ZnCl, K,CO3 NN 2X SN Br
v’ DMSO (0.25 M), Blue LEDs ; | P
! Me
' Me

MacMillan, D. W. C. at al Angew. Chem. Int. Ed. 2018, 57, 5369.

10



O-a-C(sp?)- H Functionalization (2)

C-alkylation of alcohols
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I COOH

X

;":J\/\EWG
0

X
/',’1J\H Br: O X ‘ Br
X =OR, OH, SR, NRAc g 0 o
ﬁ\ Br eosin Y Br
25 H solvent, white LED light
(sp%)C” H

Wu, J. et al Angew. Chem. Int. Ed. 2018, 57, 8514.

] }"'JJ\/\EWG

sp3)c” T EWG

: S
aldehyde Br Br . CN
ketone X Br Br P
ester CN
amide HO o 0 HO o OH|Ph
imide Br . Br B B
cyanide eosin’Y "eosinY
sulfone
nitro it D

ridine white
Py LEDs 0
COOH O
Br E N g Br o
HO (@) (0}
Br . _Br
*eosin Y

11



Allylic C—H Functionalization
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R? PraIniP

| Yewe RWH Ir(ppy)s (1 mol%) R M Ny S
NCT NP * 3/ f cat. (5 mol%), K,CO; R pZ b Pr
R® R actone, 23 °C, visible light R? R4 . cat.

50 — 92% yield
Cuthbertson, J. D.; MacMillan, D. W. C., Nature 2015, 519, 74.
~—= Household CN
3 CFL 0 =
v N2

Cyanopyridine 6

Arene coupling
partner
“IMppy); 2

" Reductant \
Photoredox
> catalytic )
I (ppy),

M
23 _C
N~

cycle
Photoredox cat"llvsl 8
[™(ppy)s)* 3
Oxidant
SET o Radical-radical
cou fin
i \ pling
RSH 4
Thiol catalyst
Organocatalytic
y cycle
RS 5
Thiyl radical

HAT

Synergistic catalysis H \Cl S

Cyclohexene 7

B Photoredox

B Organic catalysis Arylation product 10

! Mes
2 _ RZ R :
GN R [Acr*-Mes]CIO; (1.25 - 5 mol%) ., ! A
~ + R! H R~ CN ! .
CN ~ DCE, tt, 5 - 48 h, blue LED T T ; N
R R® R* R® R* CN . _
25 — 94% yield ; Me ClOq4

[Acr*-Mes]ClO4
Zhou, R.; Liu, H.; Tao, H.; Yu, X.; Wu, J., Chem. Sci. 2017, 8, 4654.

R? X
g Rz [Acr*-Mes]CIO, (10 mol%) R | R
+
Br Z R2 NiQI?'egme (0.10 eq.), dtbpy (0.1_5_ eq.). R3S R4
lutidine (1.5 eq.), DCE, rt, 72 h, visible light

31 -90% yield

;\/G R RH)\ [Acr*-Mes]CIO, (10 mol%) RW
+ A
BN A Rz NiCloglyme (0.10 eq.), dtbpy (0.15 eq.) L r
lutidine (1.5 eq.), DCE, rt, 72 h, visible light

51 - 61% yield
Huang, L.; Rueping, M., Angew. Chem. Int. Ed. 2018, 57, 10333.

12
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R2 fe) 1
— R —
XY g YR [Acr*-Mes]CIOZ (1.25 mol%)
" ~ R Cu(OTf), (10 mol%), DCE, rt
24 -30 h, Blue LEDs

R3L
44 — 85% yield '

Liu, H.; Ma, L.; Zhou, R.; Chen, X.; Fang, W.; Wu, J., ACS Catal. 2018, 8, 6224.
(0]
catalyst (S)-A
Zn(OTf), (50 mol%) _ H R2
HP single LED (420 nm) R
DCM, 48 h, 35°C Ar

up to 91% ee
Mazzarella, D.; Crisenza, G. E. M.; Melchiorre, P., J. Am. Chem. Soc. 2018, 140, 8439.

0O
Q Zn@ or H-o
H ( S acid co-catalyst _ 2 H

B 4 H visible-light irradiation Sk @
colourless organic catalyst enantioenriched
organic
catalyst deprotonation hydrolysis

+
acid oxidative MS-PCET H-e _
co-catalyst H20 ..,, radical
coupling

*
e (X @J L
e ﬁ o o R-l toluene SET e

H . H \@ '@'L/,_\%\H

I I : Vi -V
Ph Ph™ Y ph””
ground state excited state ground state

coloured (>400 nm) strong oxidant reagents 1 3




Aliphatic C—H Functionalization
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0 @]

% Fs _<

o > Br=7 lo]
e

(+)-sclareolide

67% isolated yield
26 unactivated sp® C-H bonds

(82% TH NMR yield)

Alexanian, E. J. et al J. Am. Chem. Soc. 2014, 136, 14389.

o]
,rBu
One Step Access to:

C-H allyation
OEt C—H vinylation
1 equw C-H azidation
C—H deuteration
b!ue LEDs C—H hydroxylation

C—H thiolation
(+)-longifolene 54% isolated yield C-H trifluoromethylthiolation
1 equiv

Alexanian, E. J. et al J. Am. Chem. Soc. 2016, 138, 13854.

FiC B
&
N Cl.,,
cFy 2

equiv
-
visible light, PhH

1 equiv Cs;C0;,, 55 °C

(+)-sclareolide C-H f 82% yield
ooy stainel o ram e ) :

equiv)

(+)-chlorolissoclimide
[potent cytotoxin]
8 steps, 8-14% overall yield

Alexanian, E. J. et al J. Am. Chem. Soc. 2016, 138, 696.
Alexanian, E. J. et al Chem. Sci. 2018, 9, 5360

catalyst 1 (5 mol %) 1(R' = Bu, A = H):

sulfonyl azide 3 (3 equiv) EqolAcr Acr) = + 2.08 V vs SCE : SOuN,
K3POy (1.1 equiv) E,zlAertfAcr) = - 057 Vvs SCE
R=H RNy H
455 nm LEDs, 'R
HFIP (0.1 M), 20 h © 2(R! = R? = OMe}; P sutonyl azid
1 equiv . EyplAcr/Acr) =+ 1,65V vs. SCE  © e “"g azde
EjplAcrt/Acr) =—0.82 Vvs. SCE |
R? R? :
Ny M. OPiv
N. M. 3,
o O O == L o " O
§ Cigg * Ny 3%
e Me
5 6 7 8 -] 10 1
58% yield® 579% yield® 72% yield" 57% yield® (1.4:1 C3.C2) T5% yield? A6% yield® 51% yield® 43% yield®
r1.4:1
Me
Me Me Me M M
Me Mely Acy Me BzO Me
12 ) H =
407 yield® menramma_ 14 1
1.3:1 site selectivity psychostimulant 71% yleld 73% yield, 4:1 site selectivity 91% yield, 3:1 site selectivity
Me Me Me Me Me Me Mo Me | Ne Mew,
/\A\/\/RNG /WNS /\A\/\/k”a /\/}\/\/kNa .“N M
i
PhihN W Me Br H Me HO' H Me  PhO’ H Me o H

16 17 18 19 20
72% yield, 3:1 site selectivity 67% yield, 3:1 site selectivity 63% yield, 2.7:1 site selectivity 31% yield,” 2.1:1 site selectivity 39% yield, 3:1 site selectivity

n n
JPy e
HO" 0@ HO“1 O )O @ ,O
o0 o0
S0,
+e” Mes-Acr /©,
FsC
SOzN
Mes-Acr+* /(j 2’3
=g +8~ Fsc

]

hv /©/

Alexanian, E. J. et al J. Am. Chem. Soc. 2016, 140, 4213. 14



Aliphatic C—H Functionalization

LSPN Seminar Bao, Xu

0,
R-H + Phth-SCF, Ir[dF(CF3)ppyla(dtbbpy)PFs (1 mol%) R—SCF,
PhCO,Na (5 mol%), CH3CN, Blue LEDs

40 — 96% yield

Mukherjee, S.; Maji, B.; Tlahuext-Aca, A.; Glorius, F., J. Am. Chem. Soc. 2016, 138, 16200.

visible light
h
Q Phth-H
ir'™ [ty B )LO’ BDE (N-H) = 89.1 kealimol
Photoredox catalyst Oxidant pK,=83
Benzoate
Photoredox catalytic ) / catalyst
cycle
SET
_ ky=5.60x107 M s -
Phth™ <~ SET ,h Organocatalytic Phth
oo i o X
. H
' Reductant Ph )LO Ph 0
/ Benzoyloxy radical BDE (O-H) = 111 keal/mol
. AN / pKa=42
Phth Phth —SCF, ;;“T
™~

y\)\ -
Fics 0Bz YVLOBZ HY\)OBZ

COE CO,Et
2 EtO,C
E CO,Et
tO,C CO,E 2
R R=H, Me

M CeCls (0.5 mol%) N
1. X Cl,CCH,0H (20 mol%)
R”H 2N TBACI (2.5 mol%), CH,CN 2

rt, 400 nm LEDs

R™ R=H,Me
l}lHBoc R = H, Me,

DBAD R._NBoc
Hu, A.; Guo, J.-J.; Pan, H.; Zuo, Z., Science 2018, 361, 668.

N Br Ni(dtbbpy)Br; (5 mol%) S
R-H + R-F > R
L~ TBADT (1 mol%), KsPO, (1.1eq.) U _
CH3CN (0.1 M), Visible light z
31— 94% yield
MacMillan, D. W. C. at al Nature 2018, 560, 70

Catalytic combination H . 0 R
/- 7 C 7 / 7 =
wy (i I
®® . o’
CH nuclwnhlle\

. Aryl bromide
W55 03?] H* o
[WmOnIS'H LoNi° L,,M —Alk
B~y 8
= N""N/B' -HEr
LS WygOmlt  Decatungstate E. Electron oy Nickel
= ' oxidant catalytic cycle relay catalytic cycle
2
Ni(dtobpy)Brz /\ /\ B
4 |w Ol LNIi—Br LN =Ar
¢ Tl w W1cOzl2H Ak
O/W{___ v reductant 12 o
! o
O=W. o;l—w=0
\\"'u—vlwpo]
Pl b g
R .
O=W *1—3‘-" 0 " S 1 mol% TBADT, 5 mol% Ni(dtbbpy)Br, ~ ] * Light-enabled
‘2) Ve + | ) L Z
g Br = 1.1 equiv. KsPO,, acetonitrile (0.1 M) « Mild conditions
o 34 W 390 nm Kessil lamp, fan
TBADT. 1 C-H nucleaphile {heterojaryl bromide Arylated product 11 * Broad ecope
" (5 equiv.)
alcohol catalyst, Ce photocatalyst NHBoc
S y: pl y: R N z:
L LEDs irradiation Boc
R =H, Me, Et, n-Pr R =H, di-Boc-MMH
o—\ ce''Cl,,
R
+H*
cerium
O%Ce‘vcwn.‘
HAT : e R— photo- SET
photoinduced LMCT catalysis
R'=H, CClg CFy Boc
H \'l/H e !
N_ ®
N
] — (o
Boc o
— . "~ - s 15
i



Remote C—H Functionalization

Amidyl radical induced C—H Functionalization

0 I[dF(CF3)ppy2(5,5'-d(CF3)bpy)IPFe )CJ)\
(2 mol%) EWG
AI’)J\NWH + /\EWG - N/\/Y\/
H R1R2 BusNOP(O)(OBu), (5 mol%), PhCF3 H R! R2
Blue LEDs

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

o

o JL COMe @ ]
1 It} .'Ma
:1=)
\FI-"-'.I":‘H'\
transfer
H=g 2 jL COMa i P T
i " I’W C-C bond NPJL‘TI,V‘W; -~
™ Come
j\ Ir[dF(CF3)ppy]2(dtbbpy)]PFg (2 mol%) j\ R
3)PPYI2 Yy 6 o
EWG
FsC~ N He %\ EWG FsC” N
H RTR2 R K3POy4, PhCF3, Blue LEDs H R'R? R
Rovis, T. et al Nature 2016, 539, 272; J. Am. Chem. Soc. 2017, 139, 14897.
Rh (8 mol%) tBu S
0, Ar (0] —
)L /\/‘\ [ >_<J |r[dF(CF3)ppy]2(dtbbpy)]PF6 (4 mol%) i R1 \ Me_ ) )\\©
Bu,NOPO(OBu), (8 mol%), DCM  Ar “R? '

R3 4 AMS, Blue LEDs

up to 97% ee

Yuan, W.; Zhou, Z.; Gong, L.; Meggers, E., Chem. Commun. 2017, 53, 8964.

Cl

{ R" Blue LEDs H R"
N ..O R’ _N__.O R'
R ,,S(\ \/\I/ PhH. rt R I/S\\ \/\i/

oo H ' 00 Cl

19 — 96% yield
Short, M. A.; Blackburn, J. M.; Roizen, J. L., Angew. Chem. Int. Ed. 2018, 57, 296.

Me, _cooH
Me
PC (5 mol%), Cs,CO5 (1.0 eq.
Me., .O + XY ( 6), Cs,CO3 (1.0 eq.) Mej\H y
H 4 Solvent, rt, blue LEDs R!
OJ'\Z/\PR (2-3eq) ooz ™Y
errnZ =COR. R?
X= CI X= SPh x C=CPh :
5 W
fc' I—CN phNC CN
4N\7(BF4)2 N—SPh :
Ir[dF CF3)ppy2 W w
(dtbbpy)]PFg 4CZIPN 4CzIPN 4CZIPN 4CzIPN E W
CH;CN/H,0  CHsCN DCM DCM ' W = carbazolyl
. 4CzIPN

Leonori, D. et al Angew. Chem. Int. Ed. 2018, 27, DOI: 10.1002/anie.201807941

0 0
JL PhCF3 J S_NMePh
— = > RN
PhMeN /\/\Rﬁ Blue LEDs H/\/\Rr1 \[sr
°
S

Na, C. G.; Alexanian, E. J., Angew. Chem. Int. Ed. 2018, 27, DOI: 10.1002/anie.201806963.
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Remote C—H Functionalization Iminyl Radical Induced C—H Functionalization LSPN Seminar Bao, Xu

OCOAr o)
4 |MdF(CF3)ppy2(dtbbpy)]PFe (1 mol%) R*  Ir(ppy)s (1 mol%) Rl-- N )
> IR
DABCO (3.0 eq.), THF, Blue LEDs * CH3CN/H20, AcOH (1.0 eq.) R3
Blue LEDs, rt. 24h R4
Shu, W.; Nevado, C., Angew. Chem. Int. Ed. 2017, 56, 1881.
MeYCOOH ,
R Ir[dF(CF 3)ppy2(dtbbpy)]PFg (1 mol%) 0
e Py R _EWG
)I\/\T/R1 + EWG CsF (2.0 eq.), CHCl3, Blue LEDs, it Ar
2 3
Ar EWG = CO,R, COR R R
R2
Jiang, H.; Studer, A., Angew. Chem. Int. Ed. 2018, 57, 1692.
Me, __COOH
0 Cl + 0 MeX 0
A R1 [Acr’-Mes]CIO, (5 mol%), NCS (2.0 eq.) N,O [Acr*-Mes]CIO, (5 mol%), Selectfluor (2.0 eq.) J\/\T/F”
r -
R2 Cs2CO3(1.0 eq.), Toluene, Blue LEDs, rt I H R Cs,CO3 (1.0 eq.), AgoCO3 (25 mol%) Ar
Ar CH3CN/H,0, Blue LEDs, rt R2
R2

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

/OCOAr
NI R3St Ar/\/B(OH)z Ir(ppy)s (1 mol%) 0
R' CH3CN/H,0, ACOH (1.0 eq.) R1JI\/Y\/ A
H R2 Blue LEDs, rt. 24h R? g3

Shen, X.; Zhao, J.-J.; Yu, S., Org. Lett. 2018, 20, 5523. 17



Remote C—H Functionalization Iminyl Radical Induced C—H Functionalization LSPN Seminar Bao, Xu

(0]
R? o .
N-O X—( N JI\/SOZPh Ir(ppy)s (1 mol%), HE (1.5 equiv) X R CO,R
—~/ R RO,C 25°C, 1,4-dioxane, blue LEDs  HO
% up to 91% yield R?

Zhang, J.; Li, Y.; Zhang, F.; Hu, C.; Chen, Y., Angew. Chem. Int. Ed. 2016, 55, 1872.

: Q
O R ,R 5 N
R2? _N — Rh (8 mol%), HE (1.5 equiv) X R N SN, L )
N-0  Xx— + N — HO N~ NNy _N-Rh PF;
\_/ R =~ 5 Ir(ppy)s (1 mol%), THF, visible light, rt R H’: Me”” lll
1 tBu
0 !

up to 97% ee

X=8,0
Wang, C.; Harms, K.: Meggers, E., Angew. Chem. Int. Ed. 2016, 55, 13495 Rh
OH OH
MHew PIFA, HetAr-H M{H Ir[dF (CF3)ppyla(dtbbpy)]PFs (3 mol%) 0 y
° 3 3”\/Y
R® 4 R DCM, Blue LEDs, it X Ré 2 K805 (22 equiv), BuNCI (50 mol%) R X
3 4 PhCF3/H,0, Blue LEDs, rt R'R
R™=R'=H o v R3= Ar, R* = HetAr
R3= R* = alkyl up to 92% yield up to 90% yield
R3=H, R* = alkyl

Zhu, C.et al Nat. Commun. 2018, 9, 3343; Angew. Chem. Int. Ed. 2018, 57, 1640.

HN'BOC
CeCl3 (1 mol%), BuyNCI (5 mol%
HOWH 3 ( 0) 4 ( 0)‘ '{j
R1R2 DBAD, CH3CN, Blue LEDs HO/\/Y “Boc
(excess) 44 - 87% yield R'R?

Hu, A.; Guo, J.-J.; Pan, H.; Tang, H.; Gao, Z.; Zuo, Z., J. Am. Chem. Soc. 2018, 140, 1612.
18



Visible Light Induced C(sp®)-H Bonds Functionalization LSPN Seminar Bao, Xu

Advantage
» mild condition

» good compatibility with several functional group

» Formation of C-C and C-X bonds are possible

Disadvantage
» Poor regioselectivity

» Poor siteselectivity

» Enantioselectivity challenge

Many areas left to explore!
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