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Abstract

Chiral transition metal catalysts in which the chirality exclusively originates freteraogenic
metal centerwitnessa more recentaidvanceand theirexcellent catalytic performance has been
demonstrated throughapplications into diverse enantioselective transformations, especially
visible-light-activatedphotoredox reactionghis thesideals with the synthesis of neliral-atmetal
rhodium Lewis aidl catalysts and their applications in enantioselective photoredox chemistry.

1) Synthesis o& new member of thdnodiumbasedchiral Lewis acid family, namedRhS, with
exclusiveoctahedral centrochiralityhich features thes -configuration (left-handed propellerand
gpconfiguration (right-handed propellerhas beeraccomplishedBoth enantiomerss - and qpRhS
containtwo cyclometalatingb-tert-butyl-2-phenylbenzothiazotein addition to twoexchangdabile
acetonitriles with a hexafluorophosphate counterjowere synthesizedconvenienly through a
chiralauxiliary-mediated strategyComparedwith the previously developedg / -BhO complexes
bearing correspondingenzoxazolg the s / -BhS have been recognized as betthiral Lewis acid
catalysts due to theigher steric congestion dirtec! by the benzothiazole ligands which thelonger
C- S bonds over @O bonds position the stertaulky tertiary butyl groupsloserto the substrate
coordination sitéchapter 3.1)Subsequent|ythe newlydevelopecthiralat-rhodium Lewis acidsvere
applied to visibldight-activatedasymmetrigphotoredoxcatalysis as discussed in chapters3%

2Y)The chir al -Rh&cembmedaviththedphogoredoxatalystiRu(bpy)](PFs). enabled
the visiblelight-activated redox coupling @f-silylalkyl amines with 2acyl imidazoleso afford, after
desilylation, 1,2amincalcohols in yields of 688% and wih high enantioselectivitie®4i 99% ee).
The reaction is proposed to procedd single electron transfer (SET) between tailylamine
(electron donor) and the rhodiuthelated Zacyl imidazole (electron acceptor), followdwy a
stereocontrolled radiciaadical recombinatiofchapter 3.2).

3) A new and simplec ommer ci al |l y avail abl -dfluopbeozl was e d o x
developedto cooperate with the chir@trhodiumL e wi s  a-®RhSdThis gyrergistic catalytic
system permits an enantioselective threemponent photoreactionto provide the
fluoroalkyl-containingproducts under dual-@© bond formatiorwith high enantioselectivities (up to
98% ee) and modest diastereoselectivities (up to 6:1 dr). Excdibestéreoselectivities (up to >38:1:1
dr) for natural chiral compound derivativegre observed.The photoexcited! , -diflNprobenzil is
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proposed to enable thsingle electron oxidatiorof sodium perfluoroalkyl sulfinatesinder the
generation of correspondinmerfluoroalkylradicalswhich are trapped by electraich vinyl ethes to
deliver a-oxy carbonrcentered radals These nucleophilic radical species arevolved in a
subsequent Rhatalyzedradical conjugate additionith acceptoisubstituted alkengghapter 3.3)

4) The single chiraht-rhodiumLewis acidscatalyzed radical conjugaselditionof a-aminoalkyl
radicalswith acceptorsubstituted alkengsrovided the C- C formation productsn good yields @p to
89%) and with excellent enantioselectivitiesip(to 97% ee) under visiblelight-activated
photocatalysfree conditions The a-amino alkyl radicals are gesrated from simple glycine
derivativesupon single electron reduction triggered by the photoreduddamtzsch esterThis
methodology isrecognizedas a practical and versatile avenue to acdbssrse pharmaceuticdy
demanding chiralb-substituted g-aminobutyric acid analogs, includingreviously unaccessible
derivatives containing fluorinated quaternary stereocenfymthetically valuableapplicationsare
demonstrated by providing straightforward access to the pharmaceuticalslated bioactive
communds §-pregabalin, R)-baclofen, R)-rolipram and §-nebracetanfchapter 3.4).

5) Visible-light-activatedenantioselectivé-C(sp))- H functionalization of 2acyl imidazolesand
2-acylpyridines with 1,2licarbonyl compoundsatalyzed by aingle chiralatrhodium Lewis acid
pRhS derivativewasdevelopedThe G C bondformation products are obtained in high yields (up to
99%) and with excellent stereoselectivities (up to >20:Aardf up to >99% eeExperimental and
computationalstudies support a meatiam in which a photoactivatedRh-enolate intermediate
producedthroughthe coordination of an acceptsubstitutedketone to the central rhodium the
presence of basetransfers a single electron to the -tljzarbonyl compound followed by
deprotonationat b position of initial ketoneand a subsequergtereocontrolled radicaibdical
recombination The chiralatrhodium Lewis acids capable ofserving adual functionas a chiral

catalyst and a photoredox (pre)catafgsiapter 3.5).
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Zusammenfassung

Chirale Ubergangsmetallkatalysatoremelche nur achirale Liganden koordinieren unei denen
die Chiralitd des gesamten Komplexes auf ein stereogenes Metallzentrum zurickgefihrt werden kann
bilden eine neuere Klasse von asymmetrischen Ubergangsmetallkat@ysdhreausgezeichnete
katalytisch@ Féigkeiten wurde durch die Anwendungen in verschiedenen enantioselektiven
Umwandlungen demonstriert, insbesondengch in lichtaktiviertenPhotoredoxreaktionen. Diese
Arbeit  beschdtigt sich mit der Synthese ratiger Rhodiumbasierter chiraler
Lewiss@irekatalysatoren mit ausschliesslich metallzentrierter Chiralitd und deren Anwendimgen
der enantioselektiven Photoredoxchemie.

1) Die Synthese eines neuen Mitglieder Familie Rhodiumbasierte chirale Lewis-Sairen
wurde entwickelt. Der neue Komplex wur@hS genannt Mit einer ausschliesslicloktaedrischen
Zentrochiralitd weist der racemische Kompleine s -Konfiguration (linksdrehendePropeller) und
geKonfiguration (rechtsdrehender Propeller) abife beiden Enantiomee, s - und qgRhS, enthalten
zwei cyclometallierende -gert-Butyl-2-phenylbenzothiazole, zwei austauschlabilen Acetoaitmid
ein Hexafluoophosphatsegenion Sie wurden mit Hilfeeing ChiralesAuxiliar-vermitteltenStrategie
enantiomerenreirsynthetisiert. Im Vergleich zu den zuvor entwickeleftpRhO-Komplexen, die
entsprechende Benzoxazole tragemydens /q@RhS als bessere chirale Lew&iire-Katalysatoren
ermittelt. Dies kann mit einer hiheren sterischen Abschirmung erkldt werden. Durch die im Vergleich
zu den GO-Bindungen im Benzoxazol langeren-&Bindungen der Benzothiazole befinden sich die
tert-Butylgruppen vorRhS néder am ReakbnszentrumKapitel 3.1). Anschliefend wurden die neu
entwickelten chiralen Rhodiwewissauren auf die durch sichtbares Licht aktivierte asymmetrische
Photoredoxkatalyse angewendet, @sin den Kapiteln 3.28.5 beschrieben wurde.

2) Die mitdemPhotoreloxkatalysatofRu(bpy)](PFs). kombiniete chirale LewisSaire s -RhS
ermdlichte die durch sichtbares Licht aktivierte Redoxkupplung \@iSilylalkylaminen mit
2-Acylimidazolen. Nach der Desilylierung wurmdd,2-Aminoalkohole mit Ausbeutevon 69% bis
88% und mit hohen Enantioselektivitden (830% ee)erhalten Es wird vorgeschlagen, dass die
Reaktion (ber einen Einzelelektronentransfer (SET) zwischenal@&itylalkylamin (Elektronendonor)
und dem RhodiurChelat2-Acylimidazol (Elektronenakzeptor) verldf gefolg von einer
stereokontrollierten Radiké&adikalRekombination (Kapitel 3.2).
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3) Ein neuer und kommerziell erhdtlicher Photoreedermittler 4,4°Difluorbenzil wurde
entwickelt. Dieser Vermittlekann mit den chiralen Rhodiurhewis-Saren s /qg@RhS kooperieren.
Dieses synergistische katalytische System ermdlichte eine enantioselektive
Drei-KomponenterPhotoreaktion, um die fluoralkylhaltigen Produkte unter dualeZ-@erknipfung
mit hohen Enantioselektivitden (bis zu 98% ee) und moderaiastéreoselektivitden (bis zu 6: 1 dr)
zu liefern. Ausgezeichnete Diastereoselektivitden (bis zu > 38: 1: 1 dr) fir natiiliche chirale
Verbindungsderivate wurden beobachtdts wird vorgeschlagen, dass das photoangeregte
4,4-Difluorbenzil die Einzeleletkkonenoxidation von Natriumperfluoralkylsulfinaten unter Erzeugung
von entsprechenden Perfluoralkylradikalen ermdglicht, die durch elektronenreiche Vinylether
abgefangen werden, um-Oxy-Kohlenstoffzentrierte Radikale zu liefernDiese nucleophilen
Radikdspezies sind an einer anschlief®nden-KRkalysierten radikalkonjugierten Addition mit
Akzeptorsubstituierten Alkenen beteiligt (Kapitel 3.3).

4) Unter durch sichtbares Licht aktivierten Photokatalysiagoen Bedingungen lieferte die durch
chirale Rhotum-Lewis-Sdiren katalysierte radikalische Addition vog-Aminoalkylresten mit
Akzeptorsubstituierten Alkenen die-C-Bildungsprodukte in guten Ausbeuten (bis zu 89%) und mit
ausgezeichneten Enantioselektivitden (bis zu 97% ee).ahaninoalkylreste wutlen aus einfachen
Glycinderivaten  bei  der durch den  PhotoreduktaifitantzschEster  ausgeldten
Einzelelektronenreduktion erzeugt. Diese Methode wird als ein praktischer und vielseitiger Weg
angesehen, um Zugang zu verschiedenen pharmazeutisch ansplechshivhlenb-substituierten
gAminobuttersdireAnaloga zu erhalten, einschlie@ich bisher unerreichbarer Derivate, die fluorierte
quartde Stereozentren enthalteéynthetisch wertvolle Anwendungen wurden durch einen einfachen
Zugang zu den Pharmazeutibder verwandten bioaktiven Verbindung&@p-Pregabalin, R)-Baclofen,
(R)-Rolipram und §-Nebracetam (Kapitel 3.4) demonstriert.

5) Eine durchsichtbares Licht aktivierte enantioselektieC(sp)- H-Funktionalisierung von
2-Acylimidazolen und 2Acylpyridinen mit 1,2Dicarbonylverbindungemwurde entwickelt, welche
von einem einzigen chiralen Rhoditllewis-Sare-qgpRhSDerivat katalysiegr wird. Die
C- C-Bindungsbildungsprodukte wurden in hohen Ausbeuten (bis zu 99%) und mit ausgezeichneten
Stereoselektivitd® (bis zu> 20: 1 dr und bis z& 99% ee) erhalten. Experimentelle und theoretische
Untersuchungen stiizened folgenden Mechanismus. Zuetstdet sich einRh+Enolatintermediat

Gegenwart einer Base durch Koordination eines Akzepibstituierten Ketas an das zentrale
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Rhodium. Dasphotoaktivierte RkEnolatintermediat (bertrgt ein einzelnes Elektron auf die
1,2-Dicarbonylverbindung. Nach der Deprotonierunghdosition des anfanglichen Ketorkommt es
zu einerstereokontrollierte Rekombination der beiden Radikal@ie chirale Rhodiurt.ewis-Saire
ist in der Lage, eine doppelte Funktion als chiraler Katalysator und Vattier des

PhotoredoxKatalysatos zu eftlen (Kapitel 3.5).
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Chapter 1. Theoretical Part

Chapter 1: Theoretical Part

1.1 Introduction

Over the pastentury photahemistryhaswitnes®d significantprogress tdead the discovery of
diverse unconventional synthetimethodologiesin organic chemistry In contrast with the
well-established ultraviolet (UV) light mediated photeynthesis the visiblelight-induced
photocatalysis is a more recent advarldglizing visible light, ideally sunlight as driving force
contens thequestfor renewable and clean sources of energgnatern organic synthesis, which in
turn, affordsfruitful synthetic protocolsindersufficiently mild conditions. Remarkably, most of these
unusual protocols areinaccessibleunder thermal control. Among the mechanisticscenarie of
photocatalysis, includingnergy transfer atom transfer and single electron transfer (SET), the
SET-based photoredox catalysis has attracted much attention from the broad organic chemistry

community:

oxidized

center
reducing
[Ru(bpy)s]?* ‘Ru(bpy)>* ™"
—— "Ru(bpy)al”* ; SET
e +0.77 V A _0.81V e- . redox chemistry:
reductive oxidative .
quenching quenching : te
A Q A._
[Ru(bpy)s]* [Ru(bpy)s]**
\ L
. B —>B”
e <« -133V +1.29V e
[Ru(bpy)sl**

Figure 1. Visiblelightinduced photoredox catalytic processsexemplifiedby [Ru(bpy)]**. MLCT
= metalto ligand chargetransfer ISC =intersystem crossingET =single electron transfer

With respect to the term of photoredeeatalysis typically, transition metal conigixes such as the

commonly used Ru(bpy) atsutstoichiometricamouns, uponabsorptiorof a photorat visible region,
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Chapter 1. Theoretical Part

an electron on the ndsonding metatentered orbital (HOMO) could lexcited to the” system of the
ligand framework (LUMO), defined @ metal to ligand charge transfer (MLCTligure 1).
Subsequent intersystem crossing affords a Joreg triplet statephotocatalyst whicltonstitutesan
ideal source o€lectrochemicapotential to promotsingleelectron transfer (SET) events with organic
substratesor other reaction partnerNamely, this excited photocatalyst could eithelonate a
high-energy electron out (termed as oxidative quenching) accept asingle electron (termed as
reductive quenchirjgNeverthelessthe resultedcatalyst at the reduced oxidized state features the
strong thermodynamic drivinfprce backto the originalground state, thereby promoting a second
reversepath SET eventThe overall process would provide radical catiansanionswhich could
directly undergo the chemical bond formations. Alternatively, these intermediatessuipsrguent
transformation afford thermodynamicallyrelatively stablespecies that engage into diverse synthetic
processesOne of the most intesting aspects of the visiblght-induced photoredox catalysis is the
combinationwith asymmetric catalysis. Namely, thierementionedphotogenerated intermediates
could undergo théormation ofcarboncarbonor carbonrheteroatom bondsnder the stereoctnol of

a chiral catalyst The photoredox catalyst and asymmetric catalyst cdelive either from the
identicalor aseparatedource.

However, over the past decades tlievelopmentof highly enantioselective photoreactions
remains as a formidablehallenge mainly due to thehigh reactivity of the photogenerated
intermediates as well as the low activatibarriers of the folowing bond formation processes
Alongside with theenaissancef the photoredox catalysis in the recent years, tremersimeeshas
been achieved using the conventional or emerging catalytical technidque$ollowing section will
highlight representativexample onasymmetrigohotoredox catalysis based on the types of the chiral
catalysts, includingorganocatalyts, transition metal catalys traditional Lewis acid and he

emerging chirahtmetalcatalystgFigure 2).
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Figure 2. Representativghotoredoxand asymmetricatalys$s. The chiralatiridium Lewis acidand
the chiral amine (only in special casespstitutedual functiors of photaedoxXasymmetric catalyst.



Chapter 1. Theoretical Part

1.2Asymmetric Photaredox Chemistry with Organocatalysts

Organcatalysistriggered the leading invention of thdésible-light-induced enantioselective
photoreodx chemistr andhas beerdemonstrad as one ofhe most powerful architecturésThe

following sectiors will briefly review the orgao-catalyzed photoredox reactions.
1) Covalentinteraction catalyds: chiral amine and N-heterocyclic carbene

Due to the dedicatedork from severaftesearchgroups, the chiral amine has been demonstrated
as one of the most impressive toolptomotethe asymmetric photoredox catalysis. The chiral amine
mediated enamine catalyss could cooperate smoothly with the visitight-induced photoredox
catalysis Alternatively, in some cases, the electrimih enamine intermediate (donor) would interact
with the electrordeficientsubstratgacceptor), thereby affording thensientelectron donor acceptor
(EDA) complex.This colored complex is capable absorbingvisible light, subsequently undergoing
internal single electron exchangéery recent reports reveal that ttlgiral enamine andninium ion
could even getirectly excited under theirradiation with visible light and thertrigger the single
electronreductionbxidation ofsuitablesubstrate, respectively

In 2008, MacMillan and cwvorkers reportedthe first example on intertwining the
visible-light-activated photeedoxcatdysis with asymmetric enamine cataly3idhe enantioselective
a-alkylationof aldehydesvith electrondeficienta-bromocarbonylcompound proceeded efficientlin
the presenceof Ru(bpy}Cl, and chiral imidazolidinone under the irradiation of a housesldV
compactfluorescenamp (CFL)(Figure 3). The methodology was later proved to be of reproducible
and robust by switching from the Rased photoredox catatys the Eosin Y and semiconductdrs

This cooperativephotoredo¥enamine catalysis was furthéemonstrate@ds aversatileapproach
for the a-functionalizationof aldehydes including trifluoromethylativrand cyanoalkylatiofi. Especially,
thea-cyanoalkylatdaldehyds are valuable feedstocks for the synthesis of a&wéshge ofmedicinally
relevant heterocycles and other derivativiesr instance, thenatural product -()-burseherninwas
obtained froman oxonitrile productover four stepsin overall 80% yield and with excellent

stereoselectivity (>30:1 dr, 94% ee)
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Figure 3. a-Alkylation of aldehyde®nabled byualphotoredox/enamine catalysis

A proposed reactiomechanismis outlinedin Figure 3. Accordingly, the eldcophilic radical
species which was generated by single electron redutiaiiateca photoredox catalytic cycle, could
reacted towards an enamine intermediate under the formation- Gf lidnd. The produced
al aminoalkyl radical wadurther converted into ariminium ion by promoting asingle electron

reductionto the photoredo cycle, alternatively to theelectrondeficient bromocompound (chain
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mechanis The iminium ion was hydrolyzed tdeliver the a-alkylated producaccompaniedvith

the regeneration ahe chiral imidazolidinone which would enable a new enantioseleahamine
catalytic cycle.Luo and ceworkers later extended this dual photoredox/enamine catalysis system to
the asymmetrica-alkylation of b-dicarbonyl compoundsto forge the all-carbon quaternary

stereocenters witbxcellentenantioselectivitie$
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X R Ar
R alkyl - ; N
, Single chiral enantioenriched H OTMS
aldehydes  bromides  ,,ine catalyst a-alkylated aldehydes [Ar = 3,5-(CF3),-CgHj
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step

Q
N EWG\
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EWG R ‘{ET‘ ! ’Q H)\
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R'= X
| SEWG
chiral radical ion pair Z

Figure 4. Enantioselecctiva-alkylation of aldehydes through photoexcited ERAd radical chain
mechanismEDA = electron donor acper. PET = photoinduced electrdransfer

Subvering the idea on usingooperativecatalysis to trigger the asymmetric photoredox chemistry
Mel chi orreds group reported a unin theuabseneenchany i os e |

phaoredox catalgt, while based on a single chiraecondaryamine catalystThis single catalyst
6
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mediated photoredox reaction gave rise toghantioenriched-alkylated aldehydes, as well with high
efficiency (Figure 4).® The elaborated mechaism investigation revealed that the colorless
electronrich enamine intermediate (donor) interacted with the eledeficient organobronde
compound(acceptor) to deliver an electraimnoracceptor (EDA) complex in the nonpolar solvent.
This colored comlex was capable of absorbing visible light, followed by a single electron transfer
(SET) between the two components to afford radical ion pir. Subsequently, the
organobrornde-based radical anion underwenheterolytic fragmentatioto provide an eleotiphilic
alkyl radical which was interfaced withnewchiral enamme to generate® generatena-aminoalkyl
radical. This electron rich radical species then promoted dhect single electron reduction of
organobroride compoum to providean iminium ion and an electrophilic alkyl radical, whigtocess
was identified as A r a d chaim Imechanism® Upon hydrolysis of the iminium ion, the
enantioenrichea-alkylated aldehydes were affited andaccompaniedvith the regeneration of the chiral
secondary amineThis unusual EDAbased strategy was later applied into #mantioselective

a-alkylation of ketonesvith acinchonabased primary amineatalyst™

Q O R4
JH J\ kcosEt
H H W
1 R . COLEt
R COzEt R
or
COgEt —&n)™ o
R
H b aIk;(/jI Single chiral H | R4
romides amine catalyst “\\kcozEt
1 COoE
aldehydes enantioenriched

o- or y-alkylated aldehydes

oooooooooooooooooooooooooooooooooooooooooooo pecccccccccccccccccccccne

N — LR A
HJ\ 1 H)\ 1 | Ar = 3,5(CF3),CeHs
R R i chiral amine catalyst
ground state excited state

Figure 5. Single chiral amine catalyzed enas@itective photoredox chemistry through the direct
photoexcitatiorof enamineCFL = compact fluorescent lamp

Interestingly, Melchiorre and ceworkers later found theenamineintermediate capable of

photoexcitation by absorbirlgght in the neatJV regionunder theirradiationof 23 W CFL, which

11

then triggered thesingle electron reduadbn of bromomalonate (Figure 5). Mechanistic

investigationgevealedhat the photoexcited enamiservel as a sacrificial initiatoof a radical chain
7
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propagation pathwaesides MacMillan group alsareportedthat a singlechiral primary aminavas
capable of enablinghe asymmetric photoredox chemistry, namely catalyzirggenantioselective
a-amination of aldehydes usin@DN)-N-functionalizedcarbamatesas aminyl radical precursos
(ODN=2,4dinitrophenylsulfonyloxy.*> However, the authors didndiscuss thepossibility of EDA

complex formationthe direct excitation of enamine and thadical chairmechanismn this report.

O Ar
0 R1_R? A ., R
4, R

= D U A !
HJ\/\AF T™S FI</1
Single chiral enantioenriched

enals silanes :
amine catalyst p_g|kylated aldehydes

T F ] R1 R2 [ E ] [ F ]
FI/ \r F/l, F//
D] Ts| D D
IN 3 N _|°+—> N
1 2 _ +
JI)\H Sﬁ RLR ™S Sﬁ R0.R?2
Py i Ph ™S ] Ph < i

-------------------------------------------------------------------------

0]
E

: 0 o)
Ar +, Ph NTs
H OTDS: Ph o pr” x Ph “u, ~SPh

87% vyield, 88% ee 52% yield, 94% ee 73% vyield, 90% ee

Figure 6. b-Alkylation of aldehydes through photoexcited iminium intermediateenabled bysingle
chiral amine catalysTMS = rimethylsilyl. TDS = thexykdimethylsilyl.

Later, inspired bythe oberation thatthe iminium ionis capable of absorbing visible light and
triggers photochemical events in the biological systdfre | ¢ h i o r repoéied thg utilizatipn of
this chemical process to enable the enantioselebtiakkylation of enals with thesilanes in high
yields and good enantioselectivitieFiqure 6)."* There are two key issues in this chemical
transformation1) the iminium ion absorbing the visible light while the individual reaction parioer
and 2) the highxidation potential of thegphotoexcitedminium ion. A single electron transferred from
the silaneto thephotoexcited iminium ionafter desilylation, affording two radical species. These two

radicals recombined, thereby providing the chirallkylatedaldehydes.
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Figure 7. Enantioselective radical conjugate addition reactgoabled by duaphotoredox/enamine
catalysis[Ir] = Ir[dF(CFs)ppyl(dtbbpyPFs.

Using the dual catalysis strategylelchiore and ceworkers disclosedanother interesting
photoreactiorto accomplishthe construction of often challengirajl-carbonquaternarystereocaters
(Figure 7). The plotogenerateci-aminoalkyl radical reacted wards theiminium ion which was
produced by condensation of chiral amine catalystfandiisubstituted cyclic enoné he following
stereocontrolledadical conjugate additioorovided the €C formation products containing aarbon
quaternarystereocenters in good enantioselectivities @86 ee)The key to success for this reaction
is tailored design of the chiral amine catalyst, thereby the introduced-estive carbazolyl being
capable of triggering the rapidtramolecularsingle electron transfer (SET) between the eleeticn
carbazolanoiety and the shotived a-iminyl radicalcation.This electrorrelay process prevented the
highly reactivea-iminyl radical cation to undergo thendesiredradicale | i mi n &dssiam)n ( b
therefore giving back to theel aminoalkyl radical and thieninium ion.

Turning back to the cooperativenamindphotoredox catalysis Ma ¢ Mi 4 ¢raumfarther
extended this strategy to enable th€(sp)- H activation ofaldehydesand ketones, however, only
providing one example df-arylation products with unsatisfactory enantioselectivity (50% ee) using a
cinchonabased primary amineatalyst® As outlined inFigure 8, this reaction schemnwas built
within the redox coupling between the cyclohexanone and thdidydnobenzeneAccordingly the
cyclohexanone, upon condensation with the chiral amine catalyst, affandedamine intermediate.
This electrorrich intermediate would exchange single electron with electrondeficient
1,4-dicyanobenzenanolecular which process was mediated by alectron shuttle, photoexcited
fac-Ir(ppy)s. A subsequentnique stereocontrolled radie@dicalcouplingprovided the corresponding
b-aryl ketone withthe enantioselectivity of 50% e&oupling reagent scope of this photoinduced

b-functionalization protocol was further extended to the ket6nesone¥ and imine&. However,
9
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all of thecorrespondingz- C formation products with these reagents were obtamedcemic form.
Overall, theb-functionalization of saturated carbonyl compounds using dual photoredox/enamine

catalysisstill remains as a formidabtshallenge. Tie invention of rw catalytictechnique would lead

to the solution of this puzzle.

Figure 8. b-Arylation of the aldehydes and ketonesabled by dugbhotoredox/enamine catalys[f] =
fac-Ir(ppy)s.

While the chiralaminebased dual asymmetric photoredox catalysias established,the
Ma ¢ Mi |gloapriiired to investigai triple catalysis system containing an additidmalrogen
atomtransfer (HAT) catalytic cycleThis triple catalysis schem@ovidedthe a-alkylated aldehydes

with good outcomehrough thetrapping of3" € enamnyl radical cationintermediategising simple

olefins(Figure 9).*°
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