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YXETIKO OIKOVOUIKN.

XONOIUOTIOIOVLUE TTNYEC TTOL TO GACUA TOLC AVNKEI OTO OPATO
[ akTIVOROAIA NAIOL ) yIa va Yivel N KATaAvon .

[MANOwpEa avTiSpdoewy Kal VEEC OLVOETIKEC YEBOSOI .
MnN TOEIKOI KOTAAUTEG.
EbkOAOI oTNV Xpnon.
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AvEAvouy TNV  TOXLTNTA KAl TNV
TTOAKTIKOTNTA PIAC avTiSpaoNnC

MEIVOLY TNV EVEQYEIA EVEQYOTTOINONG
UIOC avTiIbpaoNnNC  EVEQYOTIOIVTAGC  TO
AVTISPWVTO

AIVOLV LEYOADTEPEC ATTOSOOEIC



EiSIKN KOTNYOPIO KATAALTWV -

DPOTOELAICONTOI, ATTOPPOPOLY PWTOVIA
SIAPOPWY PNKWV KLOpAtog (aotn n
EVEQYEID TTOL ATTOPPOPOLV
XPNOIUOTTIOIEITAI VIO VA EVEQYOTIOINCElI TA
AvTISPWVTA)
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DCB DCA Acetophenone Benzophenone
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[NOPAYOVTOTTOINUEVEC
OPYAVIKEC XPWOTIKES

BODIPY Rose Bengal Eosin Y

AvOpyava
OLUTTAEYUATO
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Ru(bpm),?* Ru(bpz)s** Ir(ppy)s



A Electron Transfer

METAPOPO
n)\EKTpOViOU [PC'T*  + sub — > pCM™

[PC"* + sup ——> PCM

METAPOPA ATOUOL

- B Atom Transfer |
LEPOYOVOUL f )
[PC]* + sub-H —> PC-H

METAPOPO
EVEQYEIAG




ATTEQIOPIOTN TTNYN EVEQYEIAC - «ToATIVOY
AVTISOPWV : NAIAKO (PG

[1€EQIOPIOTIKOI TTAPAYOVTEC NAIOKOL PWTOC
XAuUNAN TTOKVOTNTA (PATOVIWV

DOTOVIA PE EVEQYEIA PN KATAOAANAN YIO
ATTOPEPOMNCN ATTO TA AVTIOPWVTO



EKKIVOOV (PTOXNUIKESC AVTIOPACEIC TTAPA TA SLO
APVNTIKA TOL NAIOKOL PWTOC.

YOVOEOEIC TTOAVTTAELPEC KAl E SIELPLUEVO TTESIO
EQAPHOYNG




AIOXDPIOUOC VEQOU
Avaywyn Tou S8lo&eidiov ToOL AvBPaAKA
UEBAVIO

XpNonN o€ POTOROATAIKG CLOTNHUATA
DRTOSLVAUIKN BEPATTEIC

sola ergy

H, + 1/20,

photocatalyst

O¢



1978 O Kellog katagepe pe TNV xpNon MIKPNG TToootnTag Ru(bpy);Cl,
( PWTOKATAALTNG ) va avaAyel COLAPOVIKA I0VTA O€ AAKAVIA KAl
Oe10a10EPEC

(a) Kellogg, 1978 — Reductive desulfuration

Et0,C CO,Et o
| Ru(bpy)3]CI
)k/ BF4 I\/][ [Ru(bpy)3]ICl, )J\

f;l Me MeCN, hy  Ph Me
Me

ol Deronzier kar Okada ( 1984)

(c) Okada — Reductive decarboxylation of redox-active esters

R \)L o~ NPhth (b) Deronzier, 1984 — Photocatalytic Pschorr reaction

N-(acyloxy)phthalimide
CO,H COzH

R __~SePh [ N, -
Phenyl- Hydro- [Ru(bpy)3]CI2
selenenylation decarboxylation
= MeCN hv

(o}

\))J\ R1 - i aryl diazonium 99% yield
R ~"

Conjugate addition Chlorination




ol Yoon 2008, MacMillan 2008 «kai
Stephenson 2009

(a) Yoon, 2008 - [2+2] Enone cycloadditions

o O

/lk 5 mol% [Ru(bpy)sICl.  pp
PR —————————>
| LiBF 4. i-ProNE H

MeCN, 275 W CFL

bis(enone) 58-98% yield, 4:1 to 10:1 ar
13 examples

(b) 2008 — Asymmetric catalytic c—alkylation of aldehydes

O
'HOTf
20 mol%

-
aldehyde ’< Me | CO2Et

CO,Et 0.5 mol% [Ru(bpy)a]Clz CO,Et

DMF, 15 W CFL :
63-93% yield, 88-96% ee

alkyl bromide 12 examples

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

Br

COMe ;, 5 mol% [Ru(bpy)sICl, CRaMe

N —_—

L Co,Me HCO,H, i-Pr,NEt o
DME. 14 W CFL




Fukuzumi, Tanaka,
Pac and Deronzier




METATOETTOLY TNV EVEQYEID TOL OPATOL PWTOC OF
XNUIKN EVEQYEIQ TIPOWBOWVTIAC TOV  OXNUATIOUO
OTOBePWV eVvOIOUECWY TA OTIOIa &v OLVExEIa Ba
AVTISPACOLY UE TO LTTOOTOWHA EKKIVVTAC &vav
KATAALTIKO KOKAO ..

Photoinduction cls.evel Chemical Reaction Level
A R

Reductive

Quenching

Cycle .
visible Ilght absorption

radical

Oxidative radical ion
Quenching
Cycle

key reactive intermediate
photoredox catalysis w:th visible light primarily formed subsequently formed




Kata tnv 81adikaoia auTtn &va NAEKTOOVIO TO OTIOIO  EXEl
SleyePOel pETAPEPETAl ATTO evav SOTN NAEKTOOVIV CE €vav
SEKTN NAEKTOOVIWV

Ol photoredox KATaALTEC UTTOOOLV VA SOATOLYV KAl WC SOTEC
(0EEISWTIKA) KAl WG SEKTEC NAEKTOOVIWV [ AVAYWYIKA )
AVAOAOYJ UE TO OQYAVIKO LTTOCTOWUA!

S
Pr+ D" —»> [PF +D&* —»> [P1+DS

reductive quenching

fiv electron fransfer & electron transfer &
—» [ reaction with substrate
photoexcitation oxidafion state change oxidation state change

[P 4 & —» [P 4+ AS™ —> [Pl + AS
A oxidative quenching §
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Riboflavin

Ru(bpy)2* Ru(bpz) ;2* Ir(Ppy)s Ir(ppy)(dtbbpy)* Ir[dF(CF3)ppyl,(dtbbpy)*
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[Ru(bpy)a]*+
E(Ru"/Ru™") =-081V
E(Ru*"/Ru') = +0.77 V

T=1.1 pus
Mgne = 452 nm
ram =615 nm

Pem = 0.095

ERT AT

PC 1A,

—h_
MLCT
&
1SC

[Ru(bpy)a]>+

= reduction potential (vs. SCE)
= oxidation potential (vs. SCE)
= lifetime of triplet excited state
= wavelength of max. absorption
= wavelength of max. emission
= gquantum yield of emission

h
. 4_ ligand centered orbital

MLCT
&

ISC _
tog 4—‘; 4—‘: 4— metal centered orbital

PC 3MLCT,




Ir(ppy)s
ground state

Ir(1)(ppy)a
E(IFV/rly = 1 73 V

E(Ir/1dly = +0.31 V
=19 us
habs = 375 nm
Aem=518 nm
dg,,=0.38

reductant

Eyqp Vi
=173V

oxidant
>

Eqpp M
=+0.31V

tag

*Ir(ppy)3
excited state

—
—
—
—

[Ir(lN(ppy)2(dtbbpy)]* PFg
E(IrV/rily = -0.96 V

E(ri/dly = +0.66 V
=056 us
haps =410 nm
Aem=581nNm
Dy, =0.094

Ir(IIN[dF(CF3)ppyla(dtbbpy)*
E(rVArih =-0.89 V
E(riiany = 4121V

t=23us
haps = 380 nm
hem=470nNmM

®g, =0.68




\KAI OLON AGOPA TIX OPTANIKEY XPQXTIKEY ;




XOWOTIKEC TTOL ATTOPEOPOLY TTOAD EVTOVA OTO OPATO OTTWG

TO MTAe  TOL  peEBLAeviob Kal  TO Rose  Bengal
XPNOIUOTTOINBNKAV 181AITEQA TTOAD TE PWTOXNMIKEC AVTISPATEIC
KOPIWGS SlgyeipovTiac &va ATOPO OELYOVOL HECA ATTO Jid
PpwToeLAICONTN SiIadIkaTia

Table 1. Electrochemical characteristics of the ground and excited states
of some selected dyes in comparison with [Ru(bpy),]* .

Dye Ered E E*red E*

ox

(PC/PCT) (PC*/PQ) (PC*/PC) (PC*/PC¥)

Fluorescein
EosinY
Methylene blue
Rhodamine 6G
Rose Bengal
[Ru(bpy);]**

[a] Potentials in V vs. SCE. [b] From ref.[8]. [c] From ref.[9]. [d] From
ref. [10]. [e] From ref. [2(].




AVAYWYIKN ATTOOTIA0N AAOYOVOUL

AVAYWYN XAPAKTNEIOTIKWV OUAdWV alTou
ATTOOTTIOON TTIOOOTATELTIKGWY OUASWYV

Avaywyikn diavoién SakTuAiwyv Emmo&eibicov kar  AJipidiveov
O&eibwoelc

PI{IKEC KUKAOTTOINCEIC

KOKAOTTPOCONKEC

AvTiSpaoeic Diels-Alder yeow KaTiovikwy pilwyv
[MToPNVOPIAEC TTPOCPROAES

ACUOUUETOOC OXNUATIOUOC §E0UWY AvBpaKa — AvBpaka
AITTAN KATAALON PE AANO PETAANIKO KATAALTN




AVAOTOAEQC NG JAK?2 (LLEAO-
TTOAANQTTAQCIAOTIKEC SIATAPAXEC)

N

“Me

N
Me
SN / Me lsiblelightphotocatalysls S J—Me
LY2784544

Highselectivity and product purity
Isolation via crystallization
Amenable to analog synthesis




Anpuiovpyia déeopoL C-C (sp3-sp3)

2 mol% Ir photocatalyst 1
10 mol% NiCl,.glyme
10 mol% 4.4’-dOMe-bpy

R
Bf/\\/

K,CO,, H,0, MeCN, RT,
blue LEDs, 48 h
Alkyl halide

Catalyst combination




ACOUUETOOC oXNUATIoOUOC Ssouwv avBpaka — avBpaka

eosin Y (2)

visible light
solvent, rt

O1 avTISPACEIC VIVOVTAI KATW ATTO NITIEC OLVONKEC YWPIC
ATTOKAEIOUO TNC LYOATIAC N TOL AEOA UE EKBECN OE (PLOIKO

CH2(CN)2
N. : Ny
Ar eosinY eosin Y r

CN e visible light
yields = 55-62% visible light R NO,

4 5 yields = 66-80%
(R*0)P(O)H CH(CO2R*)2

eosinY eosin’Y

N
visible light visible light “Ar

R20,C” “CO.R?
yields = 82-93% yields = 86-92%




Commonly employed traceless activation groups (TAGs)

organo organo boronic Grignard
cuprates palladium acids iodides reagent

Decarboxylative Conjugate Addition: Abundant, Robust, Versatile TAG (Eq 2)

\/U\ photoredox

couplmg

simple, at?undfemt Michael 1,4-addition product
carboxylic acid acceptor (one step from new TAG)

Lingling Chu, Chisa Ohta, Zhiwei Zuo, and David W. C. MacMillan (2015), Carboxylic Acids as A Traceless Activation Group for Conjugate
Additions: A Three-Step Synthesis of (+)-Pregabalin , JACS , 10886,1887,1889 /



cyclohexyl
carboxylic acid

household
light bulb

Michael acceptor

=60, l

Ir' 6

reductant o

)L OEt
Photoredox
Catalytic 4
Cycle

photoredox catalyst
Ir'[dF(CF3)ppyl,(dtbbpy)* 1,4-addition product

8

Lingling Chu, Chisa Ohta, Zhiwei Zuo, and David W. C. MacMillan (2015), Carboxylic Acids as A Traceless Activation Group for Conjugate
Additions: A Three-Step Synthesis of (+)-Pregabalin , JACS , 10886,1887,1889




AVAAOYO TOUL Y-apIvopouTuplkov oteoc (GABA)
YOVOEETAI PE ETTIKOLPIKN Opuada a2-6 Twv

EVEQYOTTOINUEVY SIAVAWY ACPRECTIOL OTO KEVTOIKO
VELPIKO CLOTNUA

Extomilel §paoTiKA TNV [3 H]-yKAUTTATTETIVN
XOPHIEITAI

AVTIUETWTTION VELEPOTTABNTIKOL AAYOLC

EmAnwio

[EVIKELUEVO AYXOG

rNNnyn FaAnvog ( S1adIKTLaKr LTTNPETIA TTANPOPOPNCNG YIA PAPUAKELTIKA OKELACUATA.)




Three-step synthesis of (x)-Lyrica via decarboxylative Michael (Eq 3)

BocHN

CcO _
BocHN ___ COH /(\r o conditions as COMe
_

CO,Me in Table 2, 3
Boc-Gly-OH Me” Me " Mo CO,Me

96% yield

H

Pfizer

N 0
(x)-Lyrica (pregabalin)
anticonvulsant OH
Me

(a) KOH, H,0, 80% yield
(b) HCI, reflux, 74% vyield

Me

Lingling Chu, Chisa Ohta, Zhiwei Zuo, and David W. C. MacMillan (2015), Carboxylic Acids as A Traceless Activation Group for Conjugate
Additions: A Three-Step Synthesis of (+)-Pregabalin , JACS , 10886,1887,1889
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