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Ir(ppy) 3
Ru(bpy)32*

* Max absorption at 375 nm (visible light)

* Long-lived excited state (t = 1.9 ps)

* Single electron transfer (SET) catalsyt

* Effective excited state oxidant and reductant
* Triplet energy of 56 kcal/mol?

* Absorption at 452 nm (visible light)

* Stable, long-lived excited state (t = 1100 ns)
* Single electron transfer (SET) catalsyt

* Effective excited state oxidant and reductant

Advantages: Excited species served as both oxidants and reductants.
Low catalyst loading.
Radical intermediates could be generated at milder condition.
Organic molecules generally do not absorb visible light.
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Simplified Molecular Orbital Depiction of Ru(bpy);?*

I\

/ \

€q

tog

ligand
center

moa It

center

Ru(bpy)32*
Ground State

2+ — — 3+
=
=~ — eg*
- {
S —
- oxidant = Iy
EqpM Ru(bpy)g*
=+0.77V
- = &4
v
452 nm 1
—_— — 7 T ] - eg'
MLCT reductant
L
+
ISC 1 Eq W1 —
= Iy =-0.81V
*Ru(bpy)33+ — tzg
Excited State
lowest-energy triplet Ru(bpy)s*
MLCT state

Po-An Chen 10/18/2016

excited vibrational states

/ (excited rotational states not shown)
n

A= photon absorption

F = fluorescence {emission)
P=

S

S phosphorescence
2 = singlet state
— Ic T =triplet state
] IC = internal conyersion
S ] ISC = intersystem crossing
-
=]
S
0]
c
w

0 electronic ground state

Jablonski diagram

MLCT = Metal to Ligand
Charge Transfer.

ISC = Intersystem Crossing

Ref: MacMillan et al. Chem. Rev. 2013, 113, 5322—5363
For Ir(ppy);: MacMillan et al. J. Org. Chem. 2016, 81, 6898—6926
Jablonski diagram: http://www.shsu.edu/~chm_tgc/chemilumdir/JABLON.GIF
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Oxidative and Reductive Quenching Cycle of Ru(bpy),2*

D Ru(bpy)s®* A Ru(bpy)32*
\ / \ 1 excitation | ), = 452 nm
Eq oM = 4129V E, 1 =081V .
Oxidative Ru(bpy)g3+ _ quenching emission
° . <— * L — - +
5/ Quenching A or Ru(bpy)s* Ru(bpy)s® 615 Ru(bpy)3?
Cycle mayx = 015 NM
Stern-Volmer increasing slope = kgt
= quenching studie
Ru(bpy)32* . —> *Ru(bpy)s2*
v 8 I
1
/
IH =]+ L‘r‘,[()]
Reductive
‘X Quenching
A
Cycle D .
Y A [l (M)
Eyp'=-133V E W =40.77V

Fluorescence Quenching (Stern-Volmer) Studies

N

Common oxidative quenchers: viologens, polyhalomethanes,
dinitro- and dicyanobenzenes
Common reductive quenchers: tertiary amines.

Ref: Modern Molecular Photochemistry;
Benjamin/Cummings: Menlo Park, CA, 1978
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Early Work:
Kellogg, 1978 - Reductive desulfuration Okada, 1991 - Reductive decarboxylation of redox-active esters
o M EtO,C CO.Et o
e -
)I\/I N o II ekl L )I\ R\)k NPhif
S —_—
Ph “Me Me N Me CHSCN, hv Ph Me N-(acyloxy)phthalimide
I 99% yield
Me
Deronzier, 1984 - Photocatalytic Pschorr reaction RvSePh R\/H
Phenyl- ; Hydro-
CO-H CO.H seleneylation - . decarboxylation
. S
N, — 0 v
[Ru(bpy)sICla 6 .
R 1 intermediate Chlorination
99% yield
r 200
F 180
160
F 140
F 120
F 100
L 80
Fukuzurmi, Tanaka X
Pac and Deronzier
I 40
Keliogg Okada L 20
v T v .
S & & & & & & & F S FEE S

Year

Ref: Tetrahedron Lett. 1978, 19, 1255—1258
J. Chem. Soc., Perkin Trans. 2 1984, 1093—1098
J. Am. Chem. Soc. 1991, 113, 9401—9402
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Recently Work:
(a) Yoon, 2008 - [2+2] Enone cycloadditions
(0] 0]
O
P [Ruloyp)Cl G mol%) Ph
BF. 1 )
Ph | Ph By, IFFTo - H H

275 W CFL bulb

50-98% yield, 4:1to 10:1 dr
13 examples

/
ji *TFA
0 Me™™ N~ "#Bu O  CO.Et
5 CO.Et H (20 mol%)
H r\r 2 > H COLEt
photoredox catalyst (0.5 mol%),
R CO.Et 2,6-lutidine, R
visible light 63-93% yield

88-96% ee
12 examples

(c) Stephenson, 2009 - Reductive dehalogenation of activated alkyl halides

Br H

CO,Me [Ru(byp)s]Cl; (2.5 mol%) CO,Me
HCO,H, i-Pr,NEt
N 14 W CFL > N
N N

\ \
| H COMe | H COoMe
Boc Boc

79-99% yield
10 examples ~ Ref: JACS, 2008, 130, 12886—12887

Science, 2008, 322, 77—80
JACS, 2009, 131, 8756—8757
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Photoredox catalysts without co-catalysts

Net Reductive Reaction
-Reduction of Electron-Deficient Olefins

-Dehalogenation
-Reduction of Hydrazides and Hydrazines

Net Oxidative Reaction

-Oxidation of Benzylic Alcohols to Aldehydes
-Oxidative Hydroxylation of Arylboronic acids
Net Neutral Reactions

-Atom Transfer Radical Additions (ATRA) Cycle.

Ref: MacMillan et al. Chem. Rev. 2013, 113, 5322—5363
J. Org. Chem. 2016, 81, 6898—6926
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Photoredox Catalysis and Enamine Catalysis:
The Asymmetric a-Alkylation of Aldehyde

Po-An Chen 10/18/2016

| o} Me :
@) 0O ' N '
)]\ « G organocatalyst (20 mol%) )‘\(\ ' ) *TFA E
H > H F | g !
~ photoredox catalyst (0.5 mol%), G : Me N t-Bu :
R 2,6-Iutidine, R . H ;
visible light ' @) /Me :
! )ﬁ *TFA :
E Bn N~ ‘Me :
: H l
O
O
H) ‘\(\A "
' R
R
Benzylation O R,
68-91% yield
82-93% ee fac-Ir(ppy)s ] Ru(bpy)42* H CN
é
v R
1 via : 0 Cyanoalkyation
PP CF 63-95% yield
; FiH 8 90-98% ee
R
Trifluoromethylation
61-86% yield ,
93-99% ee Ref: MacMillan et al. JACS, 2009, 131, 10875—10877

JACS, 2010, 132, 13600—13603
ACIE, 2015, 54, 9668—9672
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General Mechanism of Dual Catalysis System
0

)I\/ Si face
))-\ ) e
) ""t-Bu
MG)N)

""-Bu
FG/\.)I\H Organocatalytic R
_ Cycle
R
Me\ O
) N
“tBu t-BuANﬁ “IMe
R / \ R
“Ru(bpy)32*
Ru(bpy)s* oxidant
reductant
Photoredox
X\/FG \/ Catalytic
Cycle visible
SET MM light
FG 4/
X- + 8/ \ Ru(bpy) 2

Ref: MacMillan et al. Chem. Rev. 2013, 113, 5322—5363
For Ir(ppy);: MacMillan et al. J. Org. Chem. 2016, 81, 6898—6926



May Lab Dual Photoredox Catalysis in Organic Chemistry

Selected examples of dual photoredox catalyst and organocatalyst

Alkylation
O  COEt 0 Me QGO
WCOEt
H COEt H Coft COEL
n-hex n-hex Ph
93%, 90% ee 80%, 88% ee 92%, 90% ee
Benzylation
(@) NO, 0 e}
H)‘\(\@\ H) H AN
n-hex -
NO., n-hex N
94%, 92% ee 78%, 87% ee 86%, 90% ee

Cyanoalkyation

@ 0 O CN Me
P N
H CN H CN H ~Ts
Ph n-hex n-hex
92%, 93% ee 95%, 95% ee 73%, 95% ee
Trifluoromethylation
j) 0] E F 0]
CF,CF CF,CO.Et
H ‘\‘/ 2blg H)‘\‘><CGF5 H)‘\‘/ 2L
n-hex n-hex n-hex
73%, 96% ee 85%, 98% ee 89%, 99% ee

Po-An Chen 10/18/2016

Ref: JACS, 2009, 131, 10875—10877
JACS, 2010, 132, 13600—13603
ACIE, 2015, 54, 9668—9672
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O
Ilqz organocatalyst (20 mol%)
_N_ [Ir[(dF(CF3)ppyl2(dtbbpy)]PFg (1 mol%)
Me Ar benzoic acid (0.4 eq), PhMe,
R white LED
Q "IN Q ',IN
radical ‘N
addition
—_—
B
p-scission

® fast
é
R
SAr

52-92% yield
64-90% ee

Po-An Chen 10/18/2016

organocatalyst e
N
Q - ulN
NH, Mes | Mes

fast SET from N
carbazole "e- pool"

Rapid tautomerisation
from enamine to imine

t-Bu

7\

Asymmetric f-arylation of ketones

0 :
organocatalyst (20 mol%) '
Ir(ppy) 3 (1 mol%) !
1,4- dlcyanobenzene !
DABCO, HOAc, H,0, :
DMPU, 26 W CFL :
82% yield CN |
50% ee
via:
R\N/R R+ R E
r” Jﬁ H* N \
—_— 1
L single-electron Ik :
T~ oxidation T~ !
3n-electron 5Sn-electron ] .
radical cation B-enaminyl radical | %rnegti oﬁ-n g‘;;g?ig},; /

HN™

/- \

t-Bu

[Ir[(dF(CF 3)ppy]x(dtbbpy)]*

Ref: Nature 2016, 532, 218—222
Science 2007, 316, 582—585
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Photoredox Catalysis and thiol catalyst:

A Coupling of Benzylic Ethers with Schiff Bases

Diret arylation of benzyllc ethers with cyanoaromatics

o

Merger of benzylic ethers with Schiff bases via photoredox

OMe

photoredox catalyst
thiol catalyst

Ph

N/
| 2 ‘X
u
>
photoredox catalyst }
thiol catalyst
Ir1D(ppy)(dtbbpy)

/ reductant

r(i(ppy),(dibbpy)*  _
N

—

-(JC
CN
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Physcial properties that enable thiol-photo C-H activation
H H

X OMe
| S

- \/CO2Me

C-H BDE = 85.8 kcal/mol C-H BDE = 87.2 kcal/mol

weak C-H bonds: activation via bond energies, H atom transfer

[-amino ether
(racemic)

e ,base o
’ proton-couple: (@)
VR 'Il o electron transfer g
rppyabeyy § -
OMe PCET 0 OMe
redox cat. . .
. thiyl radical
photoinduced activation mode
Fl’h
NH
OMe
~_-C0-Me HS\/COZMe

Ref: JACS, 2014, 136, 16986—16989
For Ir(ppy);: J. Org. Chem. 2016, 81, 6898—6926
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Photoredox Catalysis and Palladium:

C-H Arylation with Aryldiazonium Salts

w/o photoredox catalyst

> BFs T .
Ph/ \Ph N Me : via: :
Pd(OAC), (5 mol%) | : i \N y o?de;nt l =~ ||q :
> P4 : ==N~—__ — Xl —N —X
o) 1 Pd” N4 \ vV 1
AcOH, 100 °C N : — R )IID(d\L :
Ph TS S= !
88%
w/ photoredox catalyst
AN Me NaBF4  Ru(bpy)sCl, (2.5 molo) AN Me
| Pd(OAC) (10 mol%) |
> N > =
N Ag,CO3 (0.1 eq) N
MeOH, 25 °C,
visible light Ph

_________________________________________________________ 1O e

 via: o E

E s © e I|3h Ru(bpy)z®*  Ru(bpy)s2* I :N F|§ « !

. Pg! | Pglll \ / PAX_

: L L —— SET —> x L

Ref: Sanford et al. JACS. 2011, 133, 18566
Chem. Rev. 2010, 110, 1147



May Lab Dual Photoredox Catalysis in Organic Chemistry

Photoredox Catalysis and Copper:
Trifluoromethylation of Boronic Acid

B(OH), CF3

CuOAc (20 mol%)
Ru(b 2+
R u(bpy)s >
CF4l, KoCOg4
60 °C

Po-An Chen 10/18/2016

Mechanism:

B(OH),  B(OH)x(X)

F3C Cuxz(”'
F3C— Cqu('“)
Copper
catalytic
Cycle
CuXl) Cux®
"CFs = gt <
*Ru(bpy)s2+
Ru(bpy)s* oxidant
reductant
Photoredox
F,C—I / Catalytic
RN Cycle e Visible
SET light

- 4N

Ru(bpy)s? Ref: Sanford et al. JACS, 2012, 134, 9034—9047
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Photoredox Catalysis and Gold:
Current State of the Art in the transformation

Ve _H T
:Vla O) :
! Seh E
! "~ [Aul.
Yvia: F;
! 2 1
LR’ Y
: VO !

R

0 OH

N\ \ R
£), Ar "n=1-2

Ring Expansion

OH
O RS R3
Ar - R

Meyer-Schuster
Rearrangement

Allenoate
Cyclization

OH
yn =
R
g3
Ar

Cyclization of
o-alkynylphenols

(1)
R3P_’AU_C|
photocatalystl ArN-BF 4

visible light | (or ArIBF )

+
CI//,’
Au(lll
~
R4P Ar
Key Cationic Au") Ar
species
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O
] ﬁ)

P
R Ar” 1R
R

P-H Bond
Functionalization

———-TMS

> = R——————-=Ar

C(sp)-H Bond
Functionalization

0O

_— s
R, j\( 2
>

H,0

Ar

Alkyne
Hydration

Oy-oon
L O

C(sp?)-C(sp?)
Coupling

Review: Glorius et al, J. Org. Chem. 2016, 81, 6898—6926
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Mechanism

Homocoupled

Hydrofunctionalized Products
Products Nu

e -
Protodemetalation \ /

Po-An Chen 10/18/2016

T
Au(l) Au Trans- Au Reductive R
| Nu- - oxtdatlon metalatlon __/ "R Elimination
== > TRMH —
Nu Nu Nu
Difunctionalized
Prodcuts
Ar~ Radical L—Au(— H
Addition R
>—Nu H
Nu~
,?\r
L—Au! +
Y—Nu |
LI P
visible Au(lyAu(ii) |I Au)-L
light Catalysis |
Cycle
71& Ru(bpy)32*
Photoredox SI=r Reductive Ar
Catalytic Elimination — Difunctionalized
Cycle Ar| NU Products
L—Au!
Ru(bpy)s* —Nu oo
*Ru(bpy)32* reductant n-system
oxidant /
AN
SET

ArltlzéF4/ N, -BF 4~ Ar’

Review: Glorius et al, J. Org. Chem. 2016, 81, 6898—6926
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Photoredox Catalysis and Nickel:

Selected C-C bond formation

R
visible .
v light E R/H(OH
m Br E o
(1) ' with Doyle
oxidant Ir (1) !
COH Photoredox . : Fl)h
Catalytic L,Ni '
)\ N 7 " ' N R
Cycle ]
R>R | SET y 7 R Y T
P b OO
reductant —// : with Doyle v
L,—Ni—Br Br i j‘\
. : ArX
Catalytic Lo—Ni(O—Ar . RTOBFK r
Cycle E Molander
I R R
R/B\R : )\ /k
(i Radical coupling ' R Si(cat),~ X+ — R Ar
AIkyI—Nl partner ! Fensterbank
A ' and Goddard
r Molander

Enantioselective decarboxylative C(sp?)-C(sp?) coupling
[Ir[(dF(CF 3)ppyl,(dtbbpy)]PFg (2 mol%) Ar

Br CO.H NiCly*glyme (2 mol%) )\
)\ (S,S)-(4-tBu-CgH 4)-semicorrin (2.2 mol%) - R NHBoc
R™ "NHBoc TBAI, Cs,COs, 34 W blue LEDs 46-84% yield
R 82-93% ee

Ref: Chem. Rev. 2013, 113, 5322—5363
For Ir(ppy);: J. Org. Chem. 2016, 81, 6898—6926
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Molander’s work

conventional
transmetalation

High E 5

AN

R. _BF;

T

R single-electron
transmetalation

L[ - ]_/3

low EACT

Conventional SET
approach approach

*high temp.  |*room temp.
*strong base |*lower barrier
*isomeriaztion| “regioselective
*f-hydride *minimal side
elimination products

*when a chiral ligand was employed
and computational studies suggest
that rapid dissociation occurs.

Ref: Science, 2014, 345, 433—436
JACS, 2015, 137, 2195—2198
Org. Lett. 2015, 17, 3294—3297
Chem. — Eur. J. 2016, 22, 120—123

R
>—Ni|_n

Po-An Chen 10/18/2016

Ir cat. (2.5 mol%)
R Ar
- T

dtbbpy (5 mol%)

R1YBF3K Br
+
Ro

JACS, 2015, 137, 2195— 12198

N|CI2-dme (5 mol%)
1.5 eq Cs,CO3, 26 W CFL R,

Q O A, a0

73%

63%

92% 0% 93%
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Molander’s work o
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HNR'R™, Ru(bpy)?*. (2.5 mol%) Ry
. NiCl,*dme (5 mol%)
1L O 0 Br AN dtbbpy (5 mol%)
>—S| | R > R | S R
R o : / hy, r.t. —
Ar:
©/\Ar O\ )O]\
_ " o/\/\Ar
e 779% 94% 79%
Ru(bpy)32*. (2.5 mol%)
NiCl,*dme (5 mol%)
o 2
S dtbbpy (5 mol%)
H%/—\_S,< O (Het)ArBr > HZN/\/\(Het)Ar
o hy, r.t.
2
R
R R | \ 0 § A\
G J\
CN CFs M
89% 81% 75% o
R

Ref: JACS, 2016, 138, 475—478
Also see: ACIE, 2015, 54, 11414—11418
Org. Lett. 2016, 18, 1606—1609
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Photoredox CatalySiS and Nickel: bpua photoredox Ni-catalyzed C-O crossing-coupling

Selected C-X bond formation Br [IldF(CF 5)ppyl.(dtobpy)PFg (1 mol%) o O
HO NiCl,(dtbbpy) (5 mol%) 1 R
R \R - — >
1 quinuclidine, K,COg,
) ] 34 W blue LEDs 62-96% yield
intermediate 3_6_ ?{a_,?e/?s_ L
RO—-Ni(”)Ln Dual photoredox Ni-catalyzed C-N crossing-coupling R5
| I
tBu~~ Ar Br R, [INdF(CF 5)ppylz(dtbbpy)]PFe (0.02 mol%) g N
— | NiCly(glyme) (5 mol%) 1 R
>
l "OANSg DABCO
= 34 W blue LEDs 60-96% y/e/d
_ Br 27 examples
t-Bu P T et
RO—ITII(”')Ln Dual photoredox Ni-catalyzed C-S crossing-coupling (Johannes and Oderinde)
Ar [I[dF(CF 3)ppylo(dtbbpy)]PFg (2 mol%) S
+ | 3)Ppyl2 PY)IFFe ~
[Ir[(dF(CF3)ppyl(dtbbpy)] HS NiCl,(glyme) (10 mol%) R4
R \R — r R
1 pyridine
34 W blue LEDs 30-97% yle/d
28 examples

Dual photoredox Ni-catalyzed C-S crossing-coupling (Molander)

Br [Ru(bpy)s](PFe)2 (2 mol%) RS
@ HS NiCl,(glyme) (5 mol%) 1
R \R > R
1 [(CH3),CHCH,Si(cat),][NHy(/-Pr)o]
34 W blue LEDs 52-98% yield
43 examples

Dual photoredox Ni-catalyzed synthesis of indolines (Jamison)

R4
Nature, 2015, 524, 330—334 | [Ru(bpy)3](PFg)2 (1 mol%)
JACS, 2015, 137,9531—9534 = l Ni(cod), (15 mol%) R
Org. Lett. 2016, 18, 876—879 R X | R IPr (15 mol%), EtgN - N
JACS, 2016, 138, 1760—1763 NHAC ‘ 34 W blue LEDs Ac

Science, 2016, DOI:10.1126/science.aag0209 28-97% yield

17 examples



May Lab Dual Photoredox Catalysis in Organic Chemistry

Po-An Chen 10/18/2016
Photoredox Catalysis and Nickel:
CO, Extrusion-Recombination

Tsuji-Saeguse CO,-Extrusion-Recombination: Enolate Allylation
@) O
Transition Metal

O/\/ CO,-Extrusion Z
>

Recombination

Tunge - Photoredox Pd-catalyzed decarboxylative allylation

-~ -~
- ~

Ty Pd(PPhs), (5 mol%) SR
L g [Ir(dF(CF3)ppylo(dibby)]PFg (1 mol%) L .
NN O > NN
R blue LEDs R
O 28-83% yield
23 examples
MacMillian - Photoreox Ni-catalyzed CO, extrusion recombination
A~ NiCl2(glyme) (5 mol%) PRl
rN 4,4'-dOMebpy (5 mol%) ro
O, o) R [Ir(dF(CF 3)ppyla(dtbby)]PFg (1 mol) ey R
X J\ﬂ/ hd blue LEDs X J\[]/
@) o o
anhydride (formed in situ) 32-86% yield

30 examples

Ref: Chem. Rev. 2011, 111, 1846
JACS, 2014, 136, 13606—13609
JACS, 2015, 137, 11938—11941
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General Mechanism of CO, Extrusion-Recombination

-CO,
0O recombination
N \H/\Me > 'Tl Me
I

Boc O O Boc O

|r (11T

visib/e
light Photoredox
—>> Catalytic
Cycle

Ir( /Boc
N/ O (i) N
O—Nih—L,, )\/Me
e” @)
e

) <L

CO,

Ref: JACS, 2015, 137, 11938—11941



May Lab Dual Photoredox Catalysis in Organic Chemistry

Po-An Chen 10/18/2016
Selected examples of CO, Extrusion-Recombination

OMe
Ph CN
) w w )
Boc O Boc O Boc O Boc O

86% 83% 82% 72%
Ph
(NEH(CZH 4Ph H\NtH(CZH 4Ph /H(CZH 4Ph
Ll%oc @) Ll%oc @) Boc
76% 55% 58%

Proposed Mechanism Based on Cyclopropyl 13C-labeling Studies

S

Boc o) L Boc o) Lo
l decarboxylation carbonylation
ring
O\Lg openlng O |—2
N Ni
I
Boc O @©CO,

Ref: JACS, 2015, 137, 11938—11941
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Photoredox Catalysis and Lewis Acid:

(a) Yoon - Photoredox Lewis acid-catalyzed [3+2] cycloadditions (d) Yoon - Photoredox Lewis acid-catalyzed [2+2] cycloadditions

o)

0 [Ru(byp)s]Cl, (5 mol%)
Ph = LiBF,, i-Pr,NEt

R 200 W W-filament bulb

[2+2] cycloproduct

5-86% yield
14 examples

o o A :
[Ru(byp)sIClp (2.5 mol%) )\, Li
La(OTf)3, TMEDA : e 0 0
23 W CFL l FPrNEt |
H : Ru(bpy)s* Ph R
55-86% yield | PrNEL SET/> reductant |
16 examples ! ™~
' / Photoredox
(b) Xia - Photoredox Lewis acid-catalyzed reductive cyclization : *Ru(bpy)s2* Catalytic SET
: oxidant Cycle / \ Liv
! O
0 [Ru(byp)s](PFe)2 (5 mol%) . visible Kj 2+
)]\/\ Sm(OTf)g, i-Pr NEt L light T u(bopy)s
/ 1 g R
R Ar blue LEDs : . |
40-84% yield E
10 examples ' 0] 0] Li
! o+ I~ o
! o R -PrNEt 0 %
(c) Yoon - Photoredox Lewis acid-catalyzed hetero-Diels Alder : { Ph > R
: H H

The radical intermediate could be stabilized by the Lewis acid => suppressing back-electron transfer

Ref: Yoon et al, JACS, 2008, 130, 12886—12887
JASC, 2011, 133,1162—1164
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Applications: o Me
I ) ) i
P
H Me N “itBu
H 20 1% H CN
B oN (20 mol%) 1) NaBH,, (0 °C)
~ c s >
photoredox cata!y_st (0.5 mol%), 2) NaOH, reflux
0] 2’-671;?tlc/i-lnﬁf 86%, 2 steps
\—O visible lig 0 °,
\_o
o OMe
O

LDA, HMPA, -78 °C

>
B OMe
r
O /\©i
> OMe
6]

0 80% (4 steps)
> (—)-bursehernin
0 >30:1 dr, 94% ee

Photoredox Ni-Catalyzed CO, extrusion-recombination: F
o)
Q @) MgBr
0 O
OH
o] : 1)
Cy oo -(J Uz
N 0] v I}I 2) 4M HCl in dioxane
I_I%oc Boc
68% vyield (%)-edivoxetine*HCI

Ref: JACS, 2015, 137, 11948—11941
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General Set-ups for Batch and Flow Photocatalytic Reactions

collector
vial
blue LED blue LED
strips strips
tubing
reaction reaction
vessel mixture
vessel
peristaltic
pump

Ref: Acc. Chem. Res. DOI: 10.1021/acs.accounts.6b00270
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Ideas

NNHTs
base, photocatalyst

| . )
e 7

R
\\ X4/_<NNHTS

)

2

base, photocatalyst

Au

No-BF,4
base, photocatalyst

n % Au




Thank you for your attention



