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Abstract 

Chiral transition metal catalysts in which the chirality exclusively originates from a stereogenic 

metal center witness a more recent advance and their excellent catalytic performance has been 

demonstrated through applications into diverse enantioselective transformations, especially 

visible-light-activated photoredox reactions. This thesis deals with the synthesis of new chiral-at-metal 

rhodium Lewis acid catalysts and their applications in enantioselective photoredox chemistry. 

1) Synthesis of a new member of the rhodium-based chiral Lewis acids family, named RhS, with 

exclusive octahedral centrochirality which features the ȿ-configuration (left-handed propeller) and 

ȹ-configuration (right-handed propeller) has been accomplished. Both enantiomers ȿ- and ȹ-RhS 

contain two cyclometalating 5-tert-butyl-2-phenylbenzothiazoles in addition to two exchange-labile 

acetonitriles with a hexafluorophosphate counterion, were synthesized conveniently through a 

chiral-auxiliary-mediated strategy. Compared with the previously developed ȿ/ȹ-RhO complexes 

bearing corresponding benzoxazoles, the ȿ/ȹ-RhS have been recognized as better chiral Lewis acid 

catalysts due to the higher steric congestion directed by the benzothiazole ligands, in which the longer 

C-S bonds over C-O bonds position the steric bulky tertiary butyl groups closer to the substrate 

coordination site (chapter 3.1). Subsequently, the newly developed chiral-at-rhodium Lewis acids were 

applied to visible-light-activated asymmetric photoredox catalysis as discussed in chapters 3.2-3.5. 

2) The chiral Lewis acid ȿ-RhS combined with the photoredox catalyst [Ru(bpy)3](PF6)2 enabled 

the visible-light-activated redox coupling of a-silylalkyl amines with 2-acyl imidazoles to afford, after 

desilylation, 1,2-amino-alcohols in yields of 69ï88% and with high enantioselectivities (54ï99% ee). 

The reaction is proposed to proceed via single electron transfer (SET) between the a-silylamine 

(electron donor) and the rhodium-chelated 2-acyl imidazole (electron acceptor), followed by a 

stereocontrolled radicalïradical recombination (chapter 3.2). 

3) A new and simple commercially available photoredox mediator 4,4ǋ-difluorobenzil was 

developed to cooperate with the chiral-at-rhodium Lewis acids ȿ/ȹ-RhS. This synergistic catalytic 

system permits an enantioselective three-component photoreaction to provide the 

fluoroalkyl-containing products under dual C-C bond formation with high enantioselectivities (up to 

98% ee) and modest diastereoselectivities (up to 6:1 dr). Excellent diastereoselectivities (up to >38:1:1 

dr) for natural chiral compound derivatives were observed. The photoexcited 4,4ǋ-difluorobenzil is 
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proposed to enable the single electron oxidation of sodium perfluoroalkyl sulfinates under the 

generation of corresponding perfluoroalkyl radicals which are trapped by electron-rich vinyl ethers to 

deliver a-oxy carbon-centered radicals. These nucleophilic radical species are involved in a 

subsequent Rh-catalyzed radical conjugate addition with acceptor-substituted alkenes (chapter 3.3). 

4) The single chiral-at-rhodium Lewis acids catalyzed radical conjugate addition of a-amino alkyl 

radicals with acceptor-substituted alkenes provided the C-C formation products in good yields (up to 

89%) and with excellent enantioselectivities (up to 97% ee) under visible-light-activated 

photocatalyst-free conditions. The a-amino alkyl radicals are generated from simple glycine 

derivatives upon single electron reduction triggered by the photoreductant Hantzsch ester. This 

methodology is recognized as a practical and versatile avenue to access diverse pharmaceutically 

demanding chiral b-substituted g-aminobutyric acid analogs, including previously unaccessible 

derivatives containing fluorinated quaternary stereocenters. Synthetically valuable applications are 

demonstrated by providing straightforward access to the pharmaceuticals or related bioactive 

compounds (S)-pregabalin, (R)-baclofen, (R)-rolipram and (S)-nebracetam (chapter 3.4).  

5) Visible-light-activated enantioselective ɓ-C(sp
3
)-H functionalization of 2-acyl imidazoles and 

2-acylpyridines with 1,2-dicarbonyl compounds catalyzed by a single chiral-at-rhodium Lewis acid 

ȹ-RhS derivative was developed. The C-C bond formation products are obtained in high yields (up to 

99%) and with excellent stereoselectivities (up to >20:1 dr and up to >99% ee). Experimental and 

computational studies support a mechanism in which a photoactivated Rh-enolate intermediate, 

produced through the coordination of an acceptor-substituted ketone to the central rhodium in the 

presence of base, transfers a single electron to the 1,2-dicarbonyl compound followed by 

deprotonation at ɓ position of initial ketone and a subsequent stereocontrolled radical-radical 

recombination. The chiral-at-rhodium Lewis acid is capable of serving a dual function as a chiral 

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

Chirale Übergangsmetallkatalysatoren, welche nur achirale Liganden koordinieren und bei denen 

die Chiralität des gesamten Komplexes auf ein stereogenes Metallzentrum zurückgeführt werden kann, 

bilden eine neuere Klasse von asymmetrischen Übergangsmetallkatalysatoren. Ihre ausgezeichneten 

katalytischen Fähigkeiten wurde durch die Anwendungen in verschiedenen enantioselektiven 

Umwandlungen demonstriert, insbesondere auch in lichtaktivierten Photoredoxreaktionen. Diese 

Arbeit beschäftigt sich mit der Synthese neuartiger Rhodium-basierter chiraler 

Lewissäurekatalysatoren mit ausschliesslich metallzentrierter Chiralität und deren Anwendungen in 

der enantioselektiven Photoredoxchemie. 

1) Die Synthese eines neuen Mitglieds der Familie Rhodium-basierter chiraler Lewis-Säuren 

wurde entwickelt. Der neue Komplex wurde RhS genannt. Mit einer ausschliesslich oktaedrischen 

Zentrochiralität weist der racemische Komplex eine ȿ-Konfiguration (linksdrehender Propeller) und 

ȹ-Konfiguration (rechtsdrehender Propeller) auf. Die beiden Enantiomere, ȿ- und ȹ-RhS, enthalten 

zwei cyclometallierende 5-tert-Butyl-2-phenylbenzothiazole, zwei austauschlabilen Acetonitrile und 

ein Hexafluorophosphat-Gegenion. Sie wurden mit Hilfe einer Chirales-Auxiliar-vermittelten Strategie 

enantiomerenrein synthetisiert. Im Vergleich zu den zuvor entwickelten ȿ/ȹ-RhO-Komplexen, die 

entsprechende Benzoxazole tragen, wurden ȿ/ȹ-RhS als bessere chirale Lewis-Säure-Katalysatoren 

ermittelt. Dies kann mit einer höheren sterischen Abschirmung erklärt werden. Durch die im Vergleich 

zu den C-O-Bindungen im Benzoxazol längeren C-S-Bindungen der Benzothiazole befinden sich die 

tert-Butylgruppen von RhS näher am Reaktionszentrum (Kapitel 3.1). Anschließend wurden die neu 

entwickelten chiralen Rhodium-Lewissäuren auf die durch sichtbares Licht aktivierte asymmetrische 

Photoredoxkatalyse angewendet, wie es in den Kapiteln 3.2-3.5 beschrieben wurde. 

2) Die mit dem Photoredoxkatalysator [Ru(bpy)3](PF6)2 kombinierte chirale Lewis-Säure ȿ-RhS 

ermöglichte die durch sichtbares Licht aktivierte Redoxkupplung von a-Silylalkylaminen mit 

2-Acylimidazolen. Nach der Desilylierung wurden 1,2-Aminoalkohole mit Ausbeuten von 69% bis 

88% und mit hohen Enantioselektivitäten (54-99% ee) erhalten. Es wird vorgeschlagen, dass die 

Reaktion über einen Einzelelektronentransfer (SET) zwischen dem a-Silylalkylamin (Elektronendonor) 

und dem Rhodium-Chelat-2-Acylimidazol (Elektronenakzeptor) verläuft, gefolgt von einer 

stereokontrollierten Radikal-Radikal-Rekombination (Kapitel 3.2). 
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3) Ein neuer und kommerziell erhältlicher Photoredox-Vermittler 4,4'-Difluorbenzil wurde 

entwickelt. Dieser Vermittler kann mit den chiralen Rhodium-Lewis-Säuren ȿ/ȹ-RhS kooperieren. 

Dieses synergistische katalytische System ermöglichte eine enantioselektive 

Drei-Komponenten-Photoreaktion, um die fluoralkylhaltigen Produkte unter dualer C-C-Verknüpfung 

mit hohen Enantioselektivitäten (bis zu 98% ee) und moderaten Diastereoselektivitäten (bis zu 6: 1 dr) 

zu liefern. Ausgezeichnete Diastereoselektivitäten (bis zu > 38: 1: 1 dr) für natürliche chirale 

Verbindungsderivate wurden beobachtet. Es wird vorgeschlagen, dass das photoangeregte 

4,4'-Difluorbenzil die Einzelelektronenoxidation von Natriumperfluoralkylsulfinaten unter Erzeugung 

von entsprechenden Perfluoralkylradikalen ermöglicht, die durch elektronenreiche Vinylether 

abgefangen werden, um a-Oxy-Kohlenstoff-zentrierte Radikale zu liefern. Diese nucleophilen 

Radikalspezies sind an einer anschließenden Rh-katalysierten radikalkonjugierten Addition mit 

Akzeptor-substituierten Alkenen beteiligt (Kapitel 3.3). 

4) Unter durch sichtbares Licht aktivierten Photokatalysator-freien Bedingungen lieferte die durch 

chirale Rhodium-Lewis-Säuren katalysierte radikalische Addition von g-Aminoalkylresten mit 

Akzeptor-substituierten Alkenen die C-C-Bildungsprodukte in guten Ausbeuten (bis zu 89%) und mit 

ausgezeichneten Enantioselektivitäten (bis zu 97% ee). Die a-Aminoalkylreste wurden aus einfachen 

Glycinderivaten bei der durch den Photoreduktanten-Hantzsch-Ester ausgelösten 

Einzelelektronenreduktion erzeugt. Diese Methode wird als ein praktischer und vielseitiger Weg 

angesehen, um Zugang zu verschiedenen pharmazeutisch anspruchsvollen chiralen b-substituierten 

g-Aminobuttersäure-Analoga zu erhalten, einschließlich bisher unerreichbarer Derivate, die fluorierte 

quartäre Stereozentren enthalten. Synthetisch wertvolle Anwendungen wurden durch einen einfachen 

Zugang zu den Pharmazeutika oder verwandten bioaktiven Verbindungen (S)-Pregabalin, (R)-Baclofen, 

(R)-Rolipram und (S)-Nebracetam (Kapitel 3.4) demonstriert. 

5) Eine durch sichtbares Licht aktivierte enantioselektive ɓ-C(sp
3
)-H-Funktionalisierung von 

2-Acylimidazolen und 2-Acylpyridinen mit 1,2-Dicarbonylverbindungen wurde entwickelt, welche 

von einem einzigen chiralen Rhodium-Lewis-Säure-ȹ-RhS-Derivat katalysiert wird. Die 

C-C-Bindungsbildungsprodukte wurden in hohen Ausbeuten (bis zu 99%) und mit ausgezeichneten 

Stereoselektivitäten (bis zu > 20: 1 dr und bis zu > 99% ee) erhalten. Experimentelle und theoretische 

Untersuchungen stützen den folgenden Mechanismus. Zuerst bildet sich ein Rh-Enolat-Intermediat in 

Gegenwart einer Base durch Koordination eines Akzeptor-substituierten Ketons an das zentrale 
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Rhodium. Das photoaktivierte Rh-Enolat-Intermediat überträgt ein einzelnes Elektron auf die 

1,2-Dicarbonylverbindung. Nach der Deprotonierung an ɓ-Position des anfänglichen Ketons kommt es 

zu einer stereokontrollierten Rekombination der beiden Radikale. Die chirale Rhodium-Lewis-Säure 

ist in der Lage, eine doppelte Funktion als chiraler Katalysator und als Vorläuer des 

Photoredox-Katalysators zu erfüllen (Kapitel 3.5). 
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Chapter 1: Theoretical Part 

1.1 Introduction  

Over the past century, photochemistry has witnessed significant progress to lead the discovery of 

diverse unconventional synthetic methodologies in organic chemistry. In contrast with the 

well-established ultraviolet (UV) light mediated photosynthesis, the visible-light-induced 

photocatalysis is a more recent advance. Utilizing visible light, ideally sunlight, as driving forces 

contents the quest for renewable and clean sources of energy in modern organic synthesis, which in 

turn, affords fruitful  synthetic protocols under sufficiently mild conditions. Remarkably, most of these 

unusual protocols are inaccessible under thermal control. Among the mechanistic scenarios of 

photocatalysis, including energy transfer, atom transfer and single electron transfer (SET), the 

SET-based photoredox catalysis has attracted much attention from the broad organic chemistry 

community.
1
 

 

Figure 1. Visible-light-induced photoredox catalytic processes as exemplified by [Ru(bpy)3]
2+

. MLCT 

= metal to ligand charge transfer. ISC = intersystem crossing. SET = single electron transfer 

With respect to the term of photoredox catalysis, typically, transition metal complexes, such as the 

commonly used Ru(bpy)3
2+ 

at
 
substoichiometric amounts, upon absorption of a photon at visible region, 
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an electron on the non-bonding metal-centered orbital (HOMO) could be excited to the ́  system of the 

ligand framework (LUMO), defined as metal to ligand charge transfer (MLCT) (Figure 1). 

Subsequent intersystem crossing affords a long-lived triplet state photocatalyst which constitutes an 

ideal source of electrochemical potential to promote single electron transfer (SET) events with organic 

substrates or other reaction partners. Namely, this excited photocatalyst could either donate a 

high-energy electron out (termed as oxidative quenching) or accept a single electron (termed as 

reductive quenching). Nevertheless, the resulted catalyst at the reduced or oxidized state features the 

strong thermodynamic driving force back to the original ground state, thereby promoting a second 

reverse-path SET event. The overall process would provide radical cations or anions which could 

directly undergo the chemical bond formations. Alternatively, these intermediates, upon subsequent 

transformation, afford thermodynamically relatively stable species that engage into diverse synthetic 

processes. One of the most interesting aspects of the visible-light-induced photoredox catalysis is the 

combination with asymmetric catalysis. Namely, the forementioned photogenerated intermediates 

could undergo the formation of carbon-carbon or carbon-heteroatom bonds under the stereocontrol of 

a chiral catalyst. The photoredox catalyst and asymmetric catalyst could derive either from the 

identical or a separated source.  

However, over the past decades the development of highly enantioselective photoreactions 

remains as a formidable challenge, mainly due to the high reactivity of the photogenerated 

intermediates as well as the low activation barriers of the following bond formation processes. 

Alongside with the renaissance of the photoredox catalysis in the recent years, tremendous success has 

been achieved using the conventional or emerging catalytical techniques. The following section will 

highlight representative examples on asymmetric photoredox catalysis based on the types of the chiral 

catalysts, including organocatalysts, transition metal catalysts, traditional Lewis acids and the 

emerging chiral-at-metal catalysts (Figure 2). 
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Figure 2. Representative photoredox and asymmetric catalysts. The chiral-at-iridium Lewis acid and 

the chiral amine (only in special cases) constitute dual functions of photoredox/asymmetric catalyst. 
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1.2 Asymmetric Photoredox Chemistry with  Organocatalysts 

Organcatalysis triggered the leading invention of the visible-light-induced enantioselective 

photoreodx chemistry, and has been demonstrated as one of the most powerful architectures.
2
 The 

following sections will briefly review the organo-catalyzed photoredox reactions. 

1) Covalent interaction catalysts: chira l amine and N-heterocyclic carbene 

Due to the dedicated work from several research groups, the chiral amine has been demonstrated 

as one of the most impressive tools to promote the asymmetric photoredox catalysis. The chiral amine 

mediated enamine catalysis could cooperate smoothly with the visible-light-induced photoredox 

catalysis. Alternatively, in some cases, the electron-rich enamine intermediate (donor) would interact 

with the electron-deficient substrate (acceptor), thereby affording the transient electron donor acceptor 

(EDA) complex. This colored complex is capable of absorbing visible light, subsequently undergoing 

internal single electron exchange. Very recent reports reveal that the chiral enamine and iminium ion 

could even get directly excited under the irradiation with visible light and then trigger the single 

electron reduction/oxidation of suitable substrates, respectively.  

In 2008, MacMillan and co-workers reported the first example on intertwining the 

visible-light-activated photoredox catalysis with asymmetric enamine catalysis.
3
 The enantioselective 

a-alkylation of aldehydes with electron-deficient a-bromo carbonyl compounds proceeded efficiently in 

the presence of Ru(bpy)3Cl2 and chiral imidazolidinone under the irradiation of a household 15 W 

compact fluorescent lamp (CFL) (Figure 3). The methodology was later proved to be of reproducible 

and robust by switching from the Ru-based photoredox catalyst to the Eosin Y and semiconductors.
4
  

This cooperative photoredox/enamine catalysis was further demonstrated as a versatile approach 

for the a-functionalization of aldehydes including trifluoromethylation
5
 and cyanoalkylation

6
. Especially, 

the a-cyanoalkylated aldehydes are valuable feedstocks for the synthesis of a wide range of medicinally 

relevant heterocycles and other derivatives. For instance, the natural product (-)-bursehernin was 

obtained from an oxonitrile product over four steps in overall 80% yield and with excellent 

stereoselectivity (>30:1 dr, 94% ee). 
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Figure 3. a-Alkylation of aldehydes enabled by dual photoredox/enamine catalysis. 

A proposed reaction mechanism is outlined in Figure 3. Accordingly, the electrophilic radical 

species which was generated by single electron reduction mediated a photoredox catalytic cycle, could 

reacted towards an enamine intermediate under the formation of C-C bond. The produced 

aïaminoalkyl radical was further converted into an iminium ion by promoting a single electron 

reduction to the photoredox cycle, alternatively to the electron-deficient bromo compounds (chain 
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mechanism). The iminium ion was hydrolyzed to deliver the a-alkylated product accompanied with 

the regeneration of the chiral imidazolidinone which would enable a new enantioselective enamine 

catalytic cycle. Luo and co-workers later extended this dual photoredox/enamine catalysis system to 

the asymmetric a-alkylation of b-dicarbonyl compounds to forge the all-carbon quaternary 

stereocenters with excellent enantioselectivities.
7
 

 

Figure 4. Enantioselecctive a-alkylation of aldehydes through photoexcited EDA and radical chain 

mechanism. EDA = electron donor acceptor. PET = photoinduced electron transfer 

Subverting the idea on using cooperative catalysis to trigger the asymmetric photoredox chemistry, 

Melchiorreôs group reported a unique enantioselective photoreaction scheme in the absence of any 

photoredox catalyst, while based on a single chiral secondary amine catalyst. This single catalyst 
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mediated photoredox reaction gave rise to the enantioenriched a-alkylated aldehydes, as well with high 

efficiency (Figure 4).
8

 The elaborated mechanism investigation revealed that the colorless 

electron-rich enamine intermediate (donor) interacted with the electron-deficient organobromide 

compound (acceptor) to deliver an electron-donor-acceptor (EDA) complex in the nonpolar solvent. 

This colored complex was capable of absorbing visible light, followed by a single electron transfer 

(SET) between the two components to afford a radical ion pair. Subsequently, the 

organobromide-based radical anion underwent a heterolytic fragmentation to provide an electrophilic 

alkyl radical which was interfaced with a new chiral enamine to generate to generate an a-aminoalkyl 

radical. This electron rich radical species then promoted the direct single electron reduction of 

organobromide compound to provide an iminium ion and an electrophilic alkyl radical, which process 

was identified as ñradical chain mechanismò.
9

 Upon hydrolysis of the iminium ion, the 

enantioenriched a-alkylated aldehydes were afforded and accompanied with the regeneration of the chiral 

secondary amine. This unusual EDA-based strategy was later applied into the enantioselective 

a-alkylation of ketones with a cinchona-based primary amine catalyst.
10

  

 

Figure 5. Single chiral amine catalyzed enantioselective photoredox chemistry through the direct 

photoexcitation of enamine. CFL = compact fluorescent lamp. 

Interestingly, Melchiorre and co-workers later found the enamine intermediate capable of 

photoexcitation by absorbing light in the near-UV region under the irradiation of 23 W CFL, which 

then triggered the single electron reduction of bromomalonate (Figure 5).
11

 Mechanistic 

investigations revealed that the photoexcited enamine served as a sacrificial initiator of a radical chain 
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propagation pathway. Besides, MacMillan group also reported that a single chiral primary amine was 

capable of enabling the asymmetric photoredox chemistry, namely catalyzing the enantioselective 

a-amination of aldehydes using (ODN)-N-functionalized carbamates as aminyl radical precursors 

(ODN=2,4-dinitrophenylsulfonyloxy).
12

 However, the authors didnôt discuss the possibility of EDA 

complex formation, the direct excitation of enamine and the radical chain mechanism in this report.  

 

Figure 6. b-Alkylation of aldehydes through photoexcited iminium ion intermediate enabled by single 

chiral amine catalyst. TMS = trimethylsilyl. TDS = thexyl-dimethylsilyl. 

Later, inspired by the obervation that the iminium ion is capable of absorbing visible light and 

triggers photochemical events in the biological system, Melchiorreôs group reported the utilization of 

this chemical process to enable the enantioselective b-alkylation of enals with the silanes in high 

yields and good enantioselectivities (Figure 6).
13

 There are two key issues in this chemical 

transformation: 1) the iminium ion absorbing the visible light while the individual reaction partner not 

and 2) the high oxidation potential of the photoexcited iminium ion. A single electron transferred from 

the silane to the photoexcited iminium ion, after desilylation, affording two radical species. These two 

radicals recombined, thereby providing the chiral b-alkylated aldehydes. 
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Figure 7. Enantioselective radical conjugate addition reaction enabled by dual photoredox/enamine 

catalysis. [Ir] = Ir[dF(CF3)ppy]2(dtbbpy)PF6.  

Using the dual catalysis strategy, Melchiorre and co-workers disclosed another interesting 

photoreaction to accomplish the construction of often challenging all-carbon quaternary stereocenters 

(Figure 7).
14

 The photogenerated a-aminoalkyl radical reacted towards the iminium ion which was 

produced by condensation of chiral amine catalyst and ɓ,ɓ-disubstituted cyclic enone. The following 

stereocontrolled radical conjugate addition provided the C-C formation products containing all-carbon 

quaternary stereocenters in good enantioselectivities (64-90% ee). The key to success for this reaction 

is tailored design of the chiral amine catalyst, thereby the introduced redox-active carbazolyl being 

capable of triggering the rapid intramolecular single electron transfer (SET) between the electron-rich 

carbazole moiety and the short-lived a-iminyl radical cation. This electron-relay process prevented the 

highly reactive a-iminyl radical cation to undergo the undesired radical elimination (ɓ-scission), 

therefore giving back to the aïaminoalkyl radical and the iminium ion. 

Turning back to the cooperative enamine/photoredox catalysis, MacMillanôs group further 

extended this strategy to enable the b-C(sp
3
)-H activation of aldehydes and ketones, however, only 

providing one example of b-arylation products with unsatisfactory enantioselectivity (50% ee) using a 

cinchona-based primary amine catalyst.
15

 As outlined in Figure 8, this reaction scheme was built 

within the redox coupling between the cyclohexanone and the 1,4-dicyanobenzene. Accordingly, the 

cyclohexanone, upon condensation with the chiral amine catalyst, afforded an enamine intermediate. 

This electron-rich intermediate would exchange a single electron with electron deficient 

1,4-dicyanobenzene molecular which process was mediated by an electron shuttle, photoexcited 

fac-Ir(ppy)3. A subsequent unique stereocontrolled radical-radical coupling provided the corresponding 

b-aryl ketone with the enantioselectivity of 50% ee. Coupling reagent scope of this photoinduced 

b-functionalization protocol was further extended to the ketones
16

, enones
17

 and imines
18

. However, 
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all of the corresponding C-C formation products with these reagents were obtained in racemic form. 

Overall, the b-functionalization of saturated carbonyl compounds using dual photoredox/enamine 

catalysis still remains as a formidable challenge. The invention of new catalytic techniques would lead 

to the solution of this puzzle.  

 

Figure 8. b-Arylation of the aldehydes and ketones enabled by dual photoredox/enamine catalysis. [Ir] = 

fac-Ir(ppy)3. 

While the chiral-amine-based dual asymmetric photoredox catalysis was established, the 

MacMillanôs group turned to investigate a triple catalysis system containing an additional hydrogen 

atom transfer (HAT) catalytic cycle. This triple catalysis scheme provided the a-alkylated aldehydes 

with good outcome through the trapping of 3 é
-
 enaminyl radical cation intermediates using simple 

olefins (Figure 9).
19

  

 






























































































































































































































































































































































































































































































































































































































