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Photochemically Induced Hydrogen Atom Transfer and Intramolecular Radical Cyclization Reactions with Oxazolones

Photochemically induced Intramolecular hydrogen atom transfer (HAT) in oxazolones is reported. An acetal or thioacetal function at the side chain acts as hydrogen donor while the photochemical exited oxazolone is the acceptor. A one step process -the electron and the proton are simultaneously transferred -is productive while electron transfer followed by proton transfer is inefficient. Radical combination takes then place leading to the formation of a C-C or a C-N bond. The regioselectivity of the reaction is explained by the diradical/zwitterion dichotomy of radical intermediates at the singlet state.

In the present case, the zwitterion structure plays a central role and intramolecular electron transfer favors spin-orbit coupling and thus the intersystem crossing to the singlet state. The reaction of corresponding thioacetal derivatives is less efficient. In this case, photochemical electron transfer is competitive. The photoproducts resulting from C-C bond formation undergo easily stepwise thermal decarboxylation in which zwitterionic and polar transition states are involved. A computational study of this step has also been performed.

Introduction

Photochemical reactions are again recognized as an important tool in organic synthesis. In these reactions electronically excited states of molecules are generated and their reactivity is significantly modified. 1,2,3 Thus a large variety of new compounds or compound families become available or more easily available. 4,5,6 In this regard, such reactions are very attractive in the chemical and pharmaceutical industries 7,8 when new biologically active compounds are sought for. 9,[START_REF]Bioactive Heterocyclic Compound Classes -Agrochemicals[END_REF] Many photochemical reactions are carried out without chemical activation and the photon is considered as a traceless reagent. 8,[START_REF] Hoffmann | Photochemical reactions of aromatic compounds and the concept of the photon as a traceless reagent[END_REF] Unfortunately, in the past, the scope of organic photochemical reactions was not always well determined. This is especially true for transformations of heterocyclic compounds. [START_REF] Lefebvre | Photochemcial Rearrangements in Heterocyclic Chemistry[END_REF][START_REF] Latrache | Photochemical radical cyclization reactions with imines, hydrazones, oximes and related compounds[END_REF] This chemistry is not only of high interest in connection with bioactive compounds but also for material science, like the preparation of organic electroactive materials such as organic semiconductors. [START_REF]Handbook of Organic Materials for Electronic and Photonic Devices[END_REF][START_REF] Stępień | Heterocyclic Nanographenes and Other Polycyclic Heteroaromatic Compounds: Synthetic Routes, Properties, and Applications[END_REF][START_REF] Zhao | Heterocyclic Building Blocks for Organic Semiconductors[END_REF] Hydrogen abstraction or hydrogen atom transfer (HAT) is a fundamental process in biological systems. A lot of detailed investigations have been reported and different processes of HAT transfer are now discussed in connection with proton coupled electron transfer (PCET). [START_REF] Tyburski | Proton-Coupled Electron Transfer Guidelines, Fair and Square[END_REF][START_REF] Migliore | Biochemistry and Theory of Proton-Coupled Electron Transfer[END_REF]19,[START_REF] Bonin | Hydrogen-Bond Relays in Concerted Proton-Electron Transfers[END_REF][START_REF] Warburton | Theoretical Modelling of Electrochemical Proton-Coupled Electron Transfer[END_REF] In connection with organic synthesis, such processes are also discussed in photochemical, and particularly in photoredox catalytic reactions. [START_REF] Murray | Photochemical and Electrochemical Applications of Proton-Coupled Electron Transfer in Organic Synthesis[END_REF][START_REF] Michelin | Photosensitization and Photocatalysis -Perspectives in Organic Synthesis[END_REF][START_REF] Ma | Time-Resolved Spectroscopic Observation and Characterization of Water-Assisted photoredox Reactions of Selected Aromatic Carbonyls[END_REF] In many organic photochemical reactions, the transfer of both particles of the hydrogen atom, the electron and the proton from one donor to one acceptor plays an important role. In this context, two mechanisms are most frequently discussed: (1) the concerted transfer in which the proton and the electron are simultaneously transferred and (2) the electron is transferred first and the proton follows. [START_REF] Hoffmann | Electron and hydrogen transfer in organic photochemcial reactions[END_REF] These mechanisms have a significant influence on the stereo and regioselectivity of such hydrogen atom transfer reactions. Some time ago, we have performed investigation on a photosensitized intramolecular hydrogen abstraction -radical combination sequence with furanone derivatives in which the stereo and regioselectivity was studied in detail. [START_REF] Jahjah | Stereoselective Triplet-Sensitized Radical Reactions of Furanone Derivatives[END_REF][START_REF] Fréneau | The Structure of electronically excited α,βunsaturated lactones[END_REF] Similar reactions have been carried out by direct light absorption by the substrate. [START_REF] Lejeune | Intramolecular Photoreactions of (5S)-5-Oxymethyl-2(5H)-furanones as a Tool for the Stereoselective Generation of Diverse Polycyclic Scaffolds[END_REF] Recently, we studied photochemically induced intramolecular hydrogen abstraction reactions with similar heterocyclic compounds, oxazolones carrying an imine function. 29 Only few reports on such photochemical reactions of imines have been published. [START_REF] Pratt | The Photochemistry of Imines[END_REF]31 More recently, intramolecular hydrogen abstraction of electronically excited nitrogen containing heterocyclic compounds has been reported. [START_REF] Mukhina | Amino Azaxylylenes Photogenerated from o-Amido Imines: Photoassisted Access to Complex Spiro-Poly-Heterocycles[END_REF][START_REF] Mukhina | Oxazolines as Dual-Function Traceless Chromophores and Chiral Auxiliaries: Enantioselective Photoassisted Synthesis of Polyheterocyclic Ketones[END_REF] Also photoredox catalytic reactions similar to those of photo-pinacolization of aromatic ketones have more frequently been reported. [START_REF] Nakajima | Photoredox-Catalyzed Reductive Coupling of Aldehydes, Ketones, and Imines with Visible Light[END_REF][START_REF] Rafferty | Cross-Selective Aza-Pinacol Coupling via Atom Transfer Catalysis[END_REF][START_REF] Wang | Reductive Cross-Coupling of Aldehydes and Imines Mediated by Visible Light Photoredox Catalysis[END_REF][START_REF] Wang | Photoredox-Catalyzed Reductive Dimerisation of Isatins and Isatin-Derived Ketimines: Diastereoselective Construction of 3,3'-Disubstituted Bisoxindoles[END_REF][START_REF] Okamoto | A Metal-Free 1,2-Diamines via Visible Light-Driven Reductive Coupling of Imines with Perylene as a Photoredox Catalyst[END_REF][START_REF] Campos | Photoreductive Coupling of Aldimines. Synthesis of C2 Symmetrical Diamines[END_REF][START_REF] Hager | Activation of C-H Bonds via the Merger of Photoredox and Organocatalysis: A Coupling of Benzylic Ethers with Schiff Bases[END_REF][START_REF] Lefebvre | One amine-3 Tasks: Reductive Coupling of Imines with Olefins in Batch and Flow[END_REF] Such reactions have also been carried out using heterogeneous photocatalysis. [START_REF] Schindler | Semiconductor-Catalysed Photoaddition: γ,δ-Unsaturated Amines from Cyclopenten and Schiff Bases[END_REF] In the present paper we report on the scope of the photochemically induced hydrogen transferradical cyclization with oxazolones. Furthermore, a detailed investigation on a decarboxylation of some regio-isomeric photoproducts is presented.

Results and Discussion

Synthesis of Substrates

A variety of oxazolone core 2A-F has been synthesized by condensation of corresponding α-amino acids 1 with trifluoroacetic anhydride which is used as solvent (Scheme 1). [START_REF] Leyendecker | Umwandlung von α-Aminosäuren in α-Diketone über Oxazolin-Zwischenstufen[END_REF][START_REF] Hugener | Eine neue Aminoazirin-Reaktion. Bildung von 3,6-Dihydropurazin-2(1H)-onen[END_REF] Because of the presence of the trifluoromethyl group, the alkylation of such oxazolones occurs regiospecifically in the 4 position. [START_REF] De Castro | Azlactone Reaction Developments[END_REF][START_REF] Gräßle | Solid Phase Synthesis of (Benzannelated) Six-Membered Heterocycles via Cyclative Cleavage of Resin-Bound Pseudo-Oxazolones[END_REF] The negative charge deprotonation of these oxazolones is shifted partially to this position and thus increases the nucleophilicity there. Michael addition with acrolein to 2A-F yields compounds 3. Acetalization with ethanol, diols or dithiols leads to compounds 4c, 4a,b and 4e,d. These compounds contain acetal or thioacetal functions as hydrogen donors for photochemically induced HAT processes. Scheme 1. Synthesis of oxazolone derivatives carrying acetal or thioacetal functions as hydrogen donor moieties for photochemically induces intramolecular HAT.

Irradiation of Oxazolone Derivatives with Acetal Functions as Hydrogen Donors.

Various reaction conditions have been tested for the transformation of compounds 4Ba and 4Bb (Table 1). In the case of the dioxane derivative 4Ba, only compounds 6Ba and 7Ba have been isolated (entries 1-3). These products result from the formation of a C-C bond. Compound 7Ba was formed by a thermal decarboxylation of the primary photo product 6Ba (see below). The isolated yields of 6B, 7B have been determined after heating the reaction mixture for 2-6 h under reflux. The yield of the transformation of 6B into 7B in this step is 95%. The reaction temperature in the photochemical reactor is 35°C. The best results were obtained when acetonitrile (MeCN) was used as the solvent (entry 1). With this solvent, the reaction is completed in 10 min. In the case of the corresponding dioxolane derivative 4Bb, again corresponding products 6Bb and 7Bb were obtained (entries 4-10). However, considerable amounts of compound 5Bb, which is a C-N coupling product, have also been isolated depending on the solvent.

Especially, in the case of the solvent tetrahydrofuran (THF) (entry 9) and the protic solvent methanol (entry 10), this product was formed in comparable amounts. It should further be mentioned that the conditions with acetone as solvent are typical for triplet sensitization (for recent examples see ref. 26).

To determine the scope of the reaction, the transformation was performed with a variety of 2-(trifluoromethyl)oxazol-5(2H)-one derivatives 4. Systematically three solvents (MeCN, acetone and PhCF3) have been tested in the reactions. The best results are resumed in Table 2. In the case of the aromatic compounds with 1,3-dioxane function as hydrogen donors, only the corresponding C-C products 6Ca, 7Ca or 6Da, 7Da have been obtained (entries 1 and 3). In the case of the 1,3-dioxolane compounds, also the C-N products 5Cb and 5Db have been formed in considerable amounts (entries 2 and 4). It was even the major regioisomer in the transformation of the 4-methoxyphenyl derivative 4Cb (entry 2). Interesting results have been obtained with the reaction of 4-alkyl compounds (entries 5-7). In the case of the 4-isopropyl compounds 4Ea and 4Eb the products resulting from C-N bond formation were the major isomers (5Ea and 5Eb, entries 5 and 6) while in the case of a corresponding adamantyl oxazolone 4Fa, the resulting formation of a C-C bond (6Fa and 7Fa) was dominant (entry 7). Obviously, aside electronic, also steric hindrance affects the regioselectivity of the reaction. The reaction was also successfully carried out with compounds carrying an acyclic acetal as hydrogen donors (Table 3). As in the case, of related dioxane derivatives, only products resulting C-C bond formation have been obtained.

Again the transformation of the 4-methoxyphenyl derivative 4Cc occurs slowly (entry 3). seems particular. To quantify this, we have measured product quantum yields of some reactions using the ferrioxalate as an actinometer (Table 4). [START_REF] Hatchard | A new sensitive chemical actinometer -II. Potassium ferrioxalate as a standard chemical actinometer[END_REF][START_REF] Kuhn | Chemical Actinometry (IUPAC Technical Report)[END_REF] Recently again, a detailed experimental procedure for this method has been reported. [START_REF] Cismesia | Characterizing chain processes in visible light photoredox catalysis[END_REF][START_REF] Yayla | Discovery and mechanistic study of a photocatalytic indoline dehydrogenation for the synthesis of elbasvir[END_REF][START_REF] Limnios | Photoinitiated Thiol-Ene "Click" Reaction: An Organocatalytic Alternative[END_REF] While the reactions of the aryl substituted derivatives 4Aa, 4Ba

(entries 1 and 2) have similar quantum yields, the reaction of the 4-(4-methoxyphenyl)-2-(trifluoromethyl)oxazol-5(2H)-one 4Ca has a significantly lower Φ value. A similar observation has been reported for Norrish Type II reactions with corresponding phenyl or 4-methoxypenyl ketones. [START_REF] Wagner | Norish Type II Photoelimination of Ketones: Cleavage of 1,4-Biradicals Formed by γ-Hydrogen Abstraction[END_REF][START_REF] Wagner | Photoinduced Hydrogen Atom Abstraction by Carbonyl Compounds[END_REF][START_REF] Wagner | Photochemistry of 1-benzoyl-4-anisoylbutane. Reaction from equilibrating upper triplets[END_REF] as well as for Norrish Type I reactions. 55 The dependence of the solvent on the regioselectivity of the reaction of 4Bb is remarkable. In less polar solvents, the formation of compounds 6Bb and 7Bb resulting from a formation of a C-C bond (Table 1) largely dominates. Especially in methanol as protic solvent, the portion of compounds 5Bb

resulting from the formation of a C-N increases. Aside polarity, also coordination properties of a solvent have an influence on the outcome of the reaction. [START_REF] Reichardt | Sovents and Solvent Effects in Organic Chemistry[END_REF] , [START_REF] Linert | Effect of Solvents on Chemical Reactions and Reactivity. Solvent Effects on Chemical Reactivity[END_REF] Previously, we have suggested the mechanism depicted in Scheme 2. 29 We would now detail the discussion of this mechanism. It resembles that one observed in related reactions of carbonyl compounds [START_REF] Uraguchi | Unveiling Latent Photoreactivity of Imines[END_REF][START_REF] Kandappa | Taming the excited state reactivity of imines -from non-radiative decay to aza Paterno-Büchi reaction[END_REF] or phthalimides. [START_REF] Kanaoka | Photoreactions of Cyclic Imides. Examples of Synthetic Organic Photochemistry[END_REF]61,62,[START_REF] Horvat | Photochemistry of N-alkyl and N-aryl Substituted Phthalimides: H-Abstractions, Single Electron Transfer and Cycloadditions[END_REF] After photochemical excitation of the oxazolone chromophore in 4Bb and intersystem crossing, the triplet state A is reached.

The spin density at the nitrogen atom is high and hydrogen atom transfer occurs from the acetal donor exclusively to this atom for kinetic and thermodynamic reasons. The triplet diradical species B is formed.

To yield the final products in a radical combination step, intersystem crossing (isc) must occur as the final products 5Bb and 6Bb possess singlet spin multiplicity. The activation energy of such processes is reduced when the two processes occur simultaneously. The quantum mechanical effect that induces this is spin orbit coupling. In this context, two main contributions must be considered. [START_REF] Salem | The Electronic Properties of Diradicals[END_REF] (1) The radical carrying p-orbitals should be oriented orthogonally one to the other (Figure 1). This part has a significant influence on the stereoselectivity. [START_REF] Carlacci | Spin-Orbit Coupling in Biradicals. Ab Initio MCSCF Calculations on Trimethylene and the Methyl-Methyl Radical Pair[END_REF][START_REF] Kutateladze | Conformational Analysis of Singlet-Triplet Mixing in the Paterno-Büchi Diradicals[END_REF][START_REF] Michl | Spin-Orbit Coupling in Biradicals. 1. The 2-Electron-in-2-Orbitals Model Revisited[END_REF][START_REF] Griesbeck | Selectivity Control in Electron Spin Inversion Processes of Paternò-Büchi Photocycloadditions as a Powerful Tool for Mapping Intersystem Crossing Processes[END_REF] In this structure, steric hindrance is minimized. When the σbond is formed by radical combination, substituents are no more arranged in a way that minimize the steric hindrance and less thermodynamically stable final products are formed. (2) The contribution of the zwitterionic character to the singlet wave function should be high. This can be achieved by corresponding substituents or heteroatoms in cyclic compounds favoring the stabilization of electronic charges. [START_REF] Struyver | Do Diradicals Behave Like Radicals?[END_REF][START_REF] Peterson | How to Lose a Bond in Two Ways -The Diradical/Zwitterion Dichotomy in Cycloaromatization Reactions[END_REF][START_REF] Akdag | Search for a Small Chromophore with Efficient Singlet Fission: Biradicaloid Heterocycles[END_REF][START_REF] Bonačić-Koutecký | Neutral and Charged Biradicals, Zwitterions, Funnels in S1, and Proton Translocation: Their Role in Photochemistry, Photophysics, and Vision[END_REF][START_REF] Abe | The chemistry of localized singlet 1,3-diradicals (biradicals): from putative intermediates to persistent species and unusual molecules with π-single bond character[END_REF] It may also be discussed as an electron transfer. [START_REF] Salem | The Electronic Properties of Diradicals[END_REF] The resulting zwitterion is a close shell species which is comparable to the σ-bond in the final product formed in process (1). The strong dependence on the solvent, in particular the presence or absence of a hydroxyl function, of the regioselectivity in the cyclization step of C1,2 to 5Bb and 6Bb, indicates that the zwitterionic form C2

plays an important role. The oxazolone part can be compared to an ambident nucleophile with an enolate and an amine moiety which attacks the carbodioxonium ion. [START_REF] Mayr | Farewell to the HSAB Treatment of Ambident Reactivity[END_REF] Alternatively intramolecular electron transfer in the triplet intermediate B could be discussed leading to C2, a singlet species. In this case, the spin-orbit coupling for efficient isc is induced by an electron transfer. [START_REF] Salem | The Electronic Properties of Diradicals[END_REF] The mesomeric arrow should then be replaced by equilibrium arrows. [START_REF] Struyver | Do Diradicals Behave Like Radicals?[END_REF][START_REF] Peterson | How to Lose a Bond in Two Ways -The Diradical/Zwitterion Dichotomy in Cycloaromatization Reactions[END_REF] Such a mechanism has recently been discussed for a similar reaction with naphthoquinones. [START_REF] Ando | Stereospecificity in Inramolecular Photoredox Reactions of Naphthoquinones: Enantioselective Total Synthesis or (-)-Spiroxin C[END_REF][START_REF] Dai | Intramolecular Photoredox Reaction Mechanism of Naphthoquinone Compounds: Combined Time-Resolved Spectroscopies and DFT Calculations[END_REF] A similar effect has also been discussed for 1,5-diradical intermediates. [START_REF] Naesborg | Complex Carbocyclic Skeleton from Aryl Ketones through a Three-Photon Cascade Reaction[END_REF] Scheme 2. Mechanism of the photochemically induced cyclization. To get more information on relevant intermediates, isotopic labeling experiments with deuterated methanol have been carried out. An enolate function is present in the ambident nucleophile (C2). Therefore, protic solvents have a significant influence on the regioselectivity of the reaction as it has been shown by the transformation in methanol (Table 1, entry 10). C2 is protonated which favors the formation of compounds 5. In order to show this, we have carried out the reaction in deuterated methanol (Scheme 3). In these experiments we observed deuterium incorporation (d1 > 95%) in compound 5Bb(D) when CH3OD was used as the solvent, indicating that the enolate moiety (C2) is trapped. No deuterium incorporation was observed when CD3OH was used as the solvent. These results

show that the zwitterionic form C2 is the dominant one in the singlet species of the cyclization step. If C1 is dominant the deuterium incorporation from CD3OH should occur because hydrogen abstraction of a radical species preferentially takes place at the methyl group of methanol. [START_REF] Fraser-Reid | Synthetic applications of the photochemically induced addition of oxycarbinyl species to a-enones. Part I. The addition of simple alcohols[END_REF][START_REF] Capaldo | Direct Photocatalized Hydrogen Atom Transfer (HAT) for Aliphatic C-H Bonds Elaboration[END_REF] In this context, deuterium incorporation in 5Bb(D) was only observed during the photochemical reaction. Treatment of 5Bb in CH3OD did not yield the corresponding deuterated compound 5Bb(D).

Scheme 3. Isotopic labeling experiments with deuterated methanol.

To further illustrate the effect of a protic solvent, we have irradiated compound 4Aa in methanol (Scheme 4). In general, the presence of a 1,3-dioxane as the hydrogen donor in the side chain of aryl oxazolones favors the formation of compounds such as 6Aa and 7Aa resulting from a C-C bond formation. 29 However, the irradiation of 4Aa in methanol yielded equivalent amounts of 5Aa and 7Aa

resulting from C-N and C-C bond formation respectively.

Scheme 4. Competition between photochemical products resulting from C-N or C-C bond formation in an

aprotic and a protic solvent.

Irradiation of Oxazolone Derivatives with Dithioacetal Functions as Hydrogen Donors.

We have investigated the photochemical reactivity of 2-(trifluoromethyl)oxazol-5(2H)-one carrying thioacetal functions as hydrogen donors. With such compounds and under particular reaction conditions, photochemical electron transfer could take place and a two-step mechanism of hydrogen atom transfer may occur and the influence of such mechanistic steps on the reaction outcome may be investigated. [START_REF] Hoffmann | Electron and hydrogen transfer in organic photochemcial reactions[END_REF][START_REF] Kanaoka | Photoreactions of Cyclic Imides. Examples of Synthetic Organic Photochemistry[END_REF]61,62 We started our investigation on this compound family with irradiation of 2-(trifluoromethyl)oxazol-5(2H)-one derivatives 4Bd and 4Be (Table 5). Again, the reaction has been carried out with the polar solvent acetonitrile (entries 1 and 4) and the less polar solvents acetone (entries 2 and 5) and trifluoromethylbenzene (entries 3 and 6). The relative permittivity (dielectric constant) for acetonitrile is εr = 35.94 [START_REF] Reichardt | Solvent Effects in Organic Chemistry[END_REF] and for trifluoromethylbenzene εr = 9.22 [START_REF] Samojłowicz | The Doping Effect of Fluorinated Aromatic Solvents on the Rate Ruthenium-Catalyzed Olefin Metathesis[END_REF] . In these cases, the products 5Bd or 5Be resulting from a C-N bond formation have not been observed. It must be particularly pointed out that the reactivity of these compounds is significantly lower when compared to their acetal analogues. When compound 4Bd was irradiated in acetonitrile as solvent, even no conversion could be detected (entry 1). In the case of 4Be the corresponding product was only isolated with modest yield under the same conditions (entry 4). A variety of 4-aryl-2-(trifluoromethyl)oxazol-5(2H)-one derivatives has been transformed under similar conditions (Table 6). Trifluoromethylbenzene has been used as an apolar solvent. Only products 6 and 7 have been obtained in moderate yields after prolonged irradiation. No product resulting from a C-N bond formation could be isolated. The transformation has been carried out with Rayonet reactor (λmax = 300nm).

These results indicate that a competitive two-step hydrogen atom transfer may reduce the reactivity of the oxazolone derivatives. In such a reaction, after photochemical excitation, an intramolecular radical ion pair is generated (Scheme 5). The linear free enthalpy for photochemical electron transfer ΔG 0 et was estimated with the Rehm-Weller equation (equation 1). [START_REF] Rehm | Kinetics of Fluorescence Quenching by Electron and H-Atom Transfer[END_REF][START_REF] Kavarnos | Fundamentals of Photoinduced Electron Transfer[END_REF] It should be pointed out that the Coulomb term in this equation can be neglected in cases of polar solvents such as acetonitrile. [START_REF] Kavarnos | Fundamentals of Photoinduced Electron Transfer[END_REF] Scheme 5. Possible generation of an intramolecular radical ion pair by photochemical electron transfer. The redox potentials of the oxazolone derivatives have been determined by cyclic voltammetry.

∆G et 0 = 23.06 [𝐸°( 𝐷 •+ 𝐷 ⁄ ) -𝐸°( 𝐴 𝐴 •- ⁄ )] -( 𝑒 0 2 Ԑ𝑎 ⁄ ) -∆𝐸 00 (A) (Eq. 1) 𝐸°( 𝐷 •+ 𝐷 ⁄ ) ∶ Standard redox
A typical example is depicted in Figure 2. The red wave corresponds to the oxidation of the thioacetal and the blue wave to the reduction of the oxazolone moiety. Very similar values were measured for the reduction potentials of corresponding oxazolones without a reductive side chain. Also, the oxidation potentials are very similar to those of not further substituted thioacetals. The triplet state of 4'Ab-4Eb, 3 [4'Ab-4Eb]*, were computed at the UωB97XD/6-31G(d) level of theory (Table 7). [START_REF] Abe | Substituent Effect on Reactivity of Triplet Excited State of 2,3-Diazabicyclo[2.2.1]hept-2-enes, DBH Derivatives: aC-N Bond Cleavage versus bC-C Bond Cleavage[END_REF] The triplet energies (ΔΔE00(A), Eq. 1) equation were found to be ~60 kcal mol -1 for the aryl group substituted compounds 4'Ab-Db. The much higher energy of 75.9 kcal mol -1 was found for 4'Eb (R = i Pr). The spin density, ~0.80, at nitrogen atom N1 was computed to be much higher than that at C2 and O4 for the aryl-substituted triplet state. The negligible spin density of ~0.02 on C3 was found in the computations. In the alkyl-substituted triplet 4'Eb, the higher spin densities at N1, C2, and O4 were found because the alkyl substituent is not so effective for the spin delocalization. 

I [µA/cm²] E [V]
Reduction Oxidation Table 7. Computed triplet energy (kcal mol -1 ) and spin density of triplet state of 4'Ab-4Eb, 3 [4'Ab-4Eb]*.

Redox potentials of 4Ad-4Ed and triplet energies (ΔE00) of oxazolones are assembled in Table 8 and the linear free enthalpy for photochemical electron transfer ΔG 0 et is estimated with the Rehm-Weller equation (Eq. 1). According to this estimation, the photochemical electron transfer is exergonic for all substrates. The exergonicity is somewhat higher in the case of 4Dd (entry 4). The photochemical electron transfer is slightly exergonic for compound 4Cd (entry 3) that carries the electron rich 4-methoxyphenyl substituent. However, electron transfer should remain competitive in all cases, especially, when acetonitrile is used as polar solvent. In this context, it must be pointed out that many reactions in which photochemical electron transfer is involved, back electron transfer may considerably reduce the efficiency of such transformations. [START_REF] Kavarnos | Fundamentals of Photoinduced Electron Transfer[END_REF][START_REF] Schmoldt | Photoinduced-Electron-Transfer Initiated Reactions in Organic Chemistry[END_REF][START_REF] Fukuzumi | Design and Fine Control of Photoinduced Electron Transfer[END_REF][START_REF] Jahjah | Photochemical Electron Transfer Mediated Addition of Naphthylamine Derivatives to Electron-Deficient Alkenes[END_REF] The negative effect of intramolecular electron transfer and back electron transfer has been reduced by using a less polar solvent such as trifluoromethylbenzene. 

Investigation of the Thermal Decarboxylation

We have observed the primary photoproducts resulting from C-C bond formation such as 6a undergo decarboxylation yielding spirocyclic compounds with dioxane and tetrahydropyridine rings such as 7a.

Often, this reaction takes place during work-up especially in the case of related dioxolane derivatives.

However careful experimental work enabled us to isolate and characterize these photoproducts. A systematic thermogravimetric analysis has been performed (Table 9). The highest decarboxylation temperature was observed for compound 6Ea (entry 4) carrying an alkyl substituent R 1 = isopropyl instead of an aromatic one. The lowest decarboxylation temperature was measured for compound 6Da

with R 1 = triflouromethylphenyl (entry 3) and for compound 6Ac with an acyclic acetal function (entry 5).

Derivatives 6Aa and 6Ca (entries 1 and 2) have intermediate decarboxylation temperatures. kcal mol -1 respectively. Thus, the rate of -CO2 was shown to be faster for the substituents, iPr > p-MeOC6H4 > Ph > p-CF3C6H4, in that order, which is consistent with the observed thermogravimetric analysis (Table 9). Scheme 6. Energy calculations for the bond-cleavage of a and b was first conducted for 6Aa in acetonitrile at the ωB97XD/6-31G(d) level of theory.

To get further hinds on the existence of intermediate D, we performed isotopic labeling experiments (Table 10). When deuterated acetonitrile was used, no deuterium incorporation was observed 7Aa (entry 1). Only in case of O-deuterated methanol as the solvent, a high degree of deuterium incorporation (>95%) in 7Aa(D) was observed (entry 2). Furthermore, we observed that in the presence of a base in the reaction solution or when trying to introduce a Boc protecting group on the nitrogen under base conditions both at room temperature, a fluoride ion is eliminated yielding compound 8Aa (Scheme 7). From these experiments we concluded that after decarboxylation under more or less neutral conditions, the intermediate D reacts in a protonation/deprotonation process leading to 7Aa while under basic condition the intermediate is deprotonated E and a fluoride ion is eliminated. 

Conclusions

The intramolecular photochemically induced hydrogen atom transfer (HAT) has been studied with a variety of oxazolone derivatives possessing an imine function as the hydrogen acceptor and an acetal function as hydrogen donor. The HAT occurs in one step. The proton and the electron are simultaneously transferred to the triplet excited imine function. When a two-step process can take place as a competitive mechanism, the reaction becomes less efficient. In such processes and in the present case, the electron is transferred first, and the proton follows. This has been studied with corresponding dithioacetal compounds. The resulting triplet diradical intermediates undergo radical combination either by formation of a C-C bond (in most cases) or a C-N bond. In this last step of the reaction, an intersystem crossing step to the singlet state is involved. This step is favored when an efficient spin-orbit coupling is established. We have shown that in the present case, the singlet state possesses a high degree of zwitterionic character and an intramolecular electron transfer during the intersystem crossing can be discussed. [START_REF] Salem | The Electronic Properties of Diradicals[END_REF] In this intermediate, an ambident nucleophile attacks a carbodioxonium cation. In this step the regioselectivity (C-C or C-N bond formation) is determined.

In the case of the C-C bond formation product, a thermal decarboxylation reaction is observed.

Based on the results of a computational and experimental investigation, the formation of a zwittionic intermediate is suggested.

Experimental Section

General Methods. Known amino acids were synthesized according to literature. [START_REF] Ingallinella | Prime Site Binding Inhibitors of the Serine Protease: NS3/4A of Hepatitis C Virus[END_REF][START_REF] Sousa | Synthesis of New Imidazolidin-2,4dione and 2-Thioxoimidazolidin-4-ones via C-Phenylglycine Derivatives[END_REF][START_REF] Wilhelm | process for the reductive amination of αketo carboxylic acids[END_REF] Solvents and commercially available reagents were purchased from standard chemical suppliers and used as received. A heating mantle was used for reactions requiring heating. Thin-layer chromatography using precoated aluminum backed plates (Merck Kieselgel 60F254) was visualized by UV light and/or by phosphomolybdic acid, potassium permanganate, or ninhydrin solutions. Infrared (IR) spectra were recorded for all samples on an FT-IR Perkin-Elmer Spectrum Two using an ATR diamond accessory, and the maximum absorbance (ν) is given in cm -1 . UV absorption spectra were recorded with a UVKON 941 PLUS (KONTRON Instruments) in MeCN using 1 cm quartz cuvettes

Starting Material Synthesis

General Procedure for the Preparation of Oxazolones: General procedure A

A solution of amino acid and trifluoroacetic anhydride (2-4 equiv) was heated at reflux. After completion of the reaction (monitored by TLC), the solution was cooled to rt and diluted with CH2Cl2. The organic layer was hydrolyzed with a sat. aq. sol. of NaHCO3 to neutral pH, washed with brine, dried (MgSO4), filtered, and concentrated under reduced pressure. Purification of the residue by chromatography on silica gel afforded oxazolones.

4-Phenyl-2-(trifluoromethyl)oxazol-5(2H)-one (2A) 29 According to General Procedure A, amino acid phenylglycine (5 g, 31.0 mmol) reacted with trifluoroacetic anhydride (18 mL, 129 mmol, 4 equiv) for 2 h. Purification of the residue on silica gel (PE/EtOAc 95:5) afforded oxazolone 2A (6.5 g, 92%) as a white amorphous solid. (q, J = 318.5 Hz), 121.6 (q, J = 285.5 Hz), 100.9 (q, J = 31. 

General procedure for the preparation of acetals: General procedure C

In a flask equipped with an inverse Dean-Stark, a solution of aldehyde, alcohol (8 equiv) and p-Toluenesulfonic acid monohydrate (0.5 equiv) in CHCl3 was heated at reflux. After completion of the reaction (monitored by TLC), the solution was cooled to rt, hydrolyzed with a sat. aq. sol. of NaHCO3, dried (MgSO4), filtered, and concentrated under reduced pressure. Purification of the residue by chromatography on silica gel afforded acetals. In a 20 mL quartz glass tube (Ø=1.1 cm), a solution of acetal/thioacetal 4 in acetonitrile, acetone or α,α,α-trifluorotoluene was prepared. The tube was equipped with a septum and the mixture was bubbled with argon during 10 min and then irradiated at λ = 300 nm. After completion of the reaction (monitored by 19 F NMR), the solution was then heated at reflux of acetonitrile. After 2-3 h, the solvent was removed under reduced pressure. Purification of the residue by chromatography on silica gel afforded the photochemical products.

General Procedure for the Photochemical Reaction: General Procedure F

In a 20 mL quartz glass tube (Ø=1.1 cm), a solution of acetal/thioacetal 4 in acetonitrile, acetone or α,α,α-trifluorotoluene was prepared. The tube was equipped with a septum and the mixture was bubbled with argon during 10 min and then irradiated at λ = 300 nm. After completion of the reaction (monitored by 19 F NMR), the solvent was removed under reduced pressure. Purification of the residue by chromatography on silica gel afforded the photochemical products.

General Procedure for the Photochemical Reaction: General Procedure G

In a 150 mL quartz glass tube (Ø=3 cm), a solution of acetal 4 in acetonitrile or acetone was prepared and then bubbled with argon during 15 min. A cooling system, in which cooled ethanol circulates, was immersed in the middle of the quartz tube and the imine solution was then irradiated at λ = 300 nm and at a temperature included between 3 and 7 °C. After completion of the reaction (monitored by 19F NMR), the solvent was removed under reduced pressure to afford the crude product 6 as a white amorphous solid. Being unstable in solution (it undergoes the decarboxylation reaction), the product 6

was not purified, and the yield was determined by 19 F NMR of the crude mixture.

Caution! Ultraviolet light is damaging to biological tissues. Caution is required when working with the lamps and protecting eyewear must be used all the time.

7-Phenyl-9-(trifluoromethyl)-1,5-dioxa-8-azaspiro[5.5]undec-7-ene (7Aa) 29 

(a) 19 F

 19 NMR spectra have been recorded in CDCl3 from the raw material. (b) Conversion and product percentage have been determined by 19 F NMR from the raw material just after evaporation of the solvent under reduced pressure. (c) The transformation has been carried out with Rayonet reactor (λmax = 300nm). (d) Combined yield. (e) Isolated yield of compounds 7B after decarboxylation.

(a) Yield of isolated product 7

 7 after thermal decarboxylation. (b) Percentage of 7 determined by 19 NMR: 99% (MeCN), 90% (acetone), 87% (PhCF3). We have observed different reaction rates for different 2-(trifluoromethyl)oxazol-5(2H)-one derivatives. The case of the 4-(4-methoxyphenyl)-2-(trifluoromethyl)oxazol-5(2H)-one 4Ca,b derivative

Figure 1 .

 1 Figure 1. Contributions inducing intersystem crossing in the radical cyclization. (1) Orientation of the

(a) 19 F

 19 NMR spectra have been recorded in CDCl3 from the raw material. (b) Conversion and product percentage have been determined by 19 F NMR from the raw material just after evaporation of the solvent under reduced pressure. (c) The transformation has been carried out with Rayonet reactor (λmax = 300nm). (d) Combined yield. (e) Isolated yield of compounds 7B after decarboxylation.

  potential of the electron donor in V.𝐸°( 𝐴 𝐴 •-⁄ ) : Standard redox potential of the electron acceptor in V.∆𝐸 00 (A): Excitation energy of the acceptor in kcal mol -1 . of charge separation of the radical ion pair based on a Coulomb interaction.

Figure 2 .

 2 Figure 2. Cyclic voltammetry of 4Ad in acetonitrile (reference electrode: Ag/AgCl 3M, scan rate:

  To obtain the information about the mechanism of CO2 elimination (-CO2) in 6, threedimensional (3D) potential energy surface (PES) calculations for the bond-cleavage of a and b were first conducted for 6Aa in acetonitrile at the ωB97XD/6-31G(d) level of theory (Scheme 6, FigureS6in supporting information). As show in the 3D-PES for 6Aa (FigureS6), the stepwise -CO2, in which the consecutive bond cleavage of a and b occurs, was found to be the most energetically favored process than the concerted -CO2 (a+b) and the successive bond breaking of b and a. Furthermore, according to the 3D-PES analysis, the bond-breaking of b from the zwitterionic intermediate ZI was computed to the rate-determining step for -CO2. The transition state (TS) energies for bond-breaking b from 6Aa (R = Ph), 6Ca (R = p-MeOC6H4), 6Da (R = p-CF3C6H4), and 6Ea (R = i Pr) were found to be31.3, 31.5, 30.3, and 33.1 

13 C{1H} 1 H

 131 NMR (125.7 MHz, CDCl3) δ 166.5 (d, J = 257.0 Hz), 162.8, 159.6, 131.9 (d, J = 9.5 Hz), 123.8 (d, J = 3.0 Hz), 120.5 (q, J = 282.0 Hz), 116.5 (d, J = 22.0 Hz), 92.5 (q, J = 35.5 Hz); HRMS (ASAP) m/z calcd for C10H6F4NO2 [M+H] + 248.0335, found 248.0334. 4-(4-Methoxyphenyl)-2-(trifluoromethyl)oxazol-5(2H)-one (2C) According to General Procedure A, amino acid 4-methoxyphenylglycine hydrochloride (26.4 g, 121.6 mmol) reacted with trifluoroacetic anhydride (70 mL, 503 mmol, 4.1 equiv) for 3 h. Purification of the residue on silica gel (PE/EtOAc 90:10) afforded oxazolone 2C (16 g, 51%) as a white amorphous solid. IR (film) νmax 1019, 1153, 1259, 1513, 1601, 1797 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -78.9 (d, J = 4.0 Hz, 3F); NMR (500 MHz, CDCl3) δ 8.43-8.38 (m, 2H), 7.01-6.97 (m, 2H), 6.22 (q, J = 4.0 Hz, 1H), 3.89 (s, 3H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 164.4, 163.3, 159.5, 131.3, 120.6 (q, J = 282.0 Hz), 120.1, 114.6, 92.3 (q, J = 35.0 Hz), 55.7; HRMS (ESI) m/z calcd for C11H9F3NO3 [M+H] + 260.0535, found 260.0535. 2-(Trifluoromethyl)-4-(4-(trifluoromethyl)phenyl)oxazol-5(2H)-one (2D) According to General Procedure A, amino acid 4-trifluoromethylphenylglycine hydrochloride (10.2 g, 40 mmol) reacted with trifluoroacetic anhydride (25 mL, 180 mmol, 4.5 equiv) for 3 h. Purification of the residue on silica gel (PE/EtOAc 95:5) afforded oxazolone 2D (6 g, 50%) as a white amorphous solid. IR (film) νmax 1046, 1123, 1540, 1622, 1735, 1802 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -63.5 (s, 3F), -78.5 (d, J = 4.0 Hz, 3F); 1 H NMR (500 MHz, CDCl3) δ 8.57 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 6.32 (q, J = 4.0 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 162.4, 160.1, 135.5 (q, J = 33.0 Hz), 130.3, 129.7, 126.2 (q, J = 3.5 Hz), 123.6 (q, J = 273.0 Hz), 120.4 (q, J = 282.0 Hz), 92.7 (q, J = 35.5 Hz); HRMS (ESI) m/z calcd for C11H6F6NO2 [M+H] + 298.0303, found 298.0304. 4-Isopropyl-2-(trifluoromethyl)oxazol-5(2H)-one (2E) According to General Procedure A, amino acid L-valine (8 g, 68.2 mmol) reacted with trifluoroacetic anhydride (38 mL, 273 mmol, 4 equiv) for 3 h. Purification of the residue on silica gel (PE/EtOAc 90:10) afforded oxazolone 2E (8.3 g, 62%) as a colorless oil. IR (film) νmax 1039, 1121, 1470, 1644, 1800 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.2 (d, J = 4.0 Hz, 3F); 1 H NMR (500 MHz, CDCl3) δ 6.07 (qd, J = 4.0 Hz, J = 2.0 Hz, 1H), 3.06 (heptd, J = 7.0 Hz, J = 2.0 Hz, 1H), 1.33 (d, J = 7.0 Hz, 3H), 1.31 (d, J = 7.0 Hz, 3H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 173.0, 163.2, 120.4 (q, J = 281.5 Hz), 93.0 (q, J = 35.0 Hz), 28.8, 18.9, 18.8; HRMS (ESI) m/z calcd for C7H7F3NO2 [M-H] -194.0429, found 194.0428. 4-(Adamantan-1-yl)-2-(trifluoromethyl)oxazol-5(2H)-one (2F)

18. 5

 5 Hz, J = 9.5 Hz, J = 5.5 Hz, 1H), 2.41 (ddd, J = 18.5 Hz, J = 9.5 Hz, J = 6.0 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 198.7, 164.5, 163.0, 159.5, 131.5, 121.8 (q, J = 285.5 Hz), 119.9, 114.7, 100.3 (q, J = 31.0 Hz), 55.7, 35.9, 24.4; HRMS (ESI+) m/z calcd for C14H13F3NO4 [M+H] + 316.0797, found 316.0797. 3-(5-Oxo-2-(trifluoromethyl)-4-(4-(trifluoromethyl)phenyl)-2,5-dihydrooxazol-2-yl)propanal (3D) According to General Procedure B, a solution of oxazolone 2D (280 mg, 0.94 mmol), triethylamine (130 µL, 0.94 mmol, 1 equiv) and acrolein (65 µL, 0.97 mmol, 1 equiv) in CH2Cl2 was stirred at rt for 1 h. Purification on silica gel (PE/EtOAc 9: 1) afforded aldehyde 3D (230 mg, 70%) as a yellow oil. IR (film) νmax 1066, 1127, 1322, 1618, 1726, 1799 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -63.5 (s, 3F), -79.6 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 9.73 (s, 1H), 8.54 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 2.75-2.63 (m, 2H), 2.57 (ddd, J = 18.5 Hz, J = 9.0 Hz, J = 5.5 Hz, 1H), 2.46 (ddd, J = 18.5 Hz, J = 9.0 Hz, J = 6.5 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 198.3, 162.1, 160.0, 135.5 (q, J = 33.0 Hz), 130.2, 129.8, 126.2 (q, J = 4.0 Hz), 123.7

2-( 2 -( 1 , 3 -

 213 Dioxan-2-yl)ethyl)-4-phenyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Aa)29 According to General Procedure C, a solution of aldehyde 3A (4.31 g, 15.9 mmol), p-Toluenesulfonic acid monohydrate (1.5 g, 7.8 mmol, 0.5 equiv) and alcohol (9 mL, 124 mmol, 8.0 equiv) in CHCl3 was stirred for 3 h. Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Aa (3.5 g, 64%) as a white amorphous solid.19 F NMR (470 MHz, CDCl3) δ -80.0 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 8,45-8.40 (m, 2H), 7.64 (m, 1H), 7.56-7.51 (m, 2H), 4.57 (t, J = 4.5 Hz, 1H), 4.07 (dd, J = 12.0 Hz, J = 5.0 Hz, 2H), 3.77-3.69 (m, 2H), 2.57-2.42 (m, 2H), 2.05 (m, 1H), 1.61-1.45 (m, 2H), 1.33 (dtt, J = 13.5 Hz, J = 2.5 Hz, J = 1.5 Hz, 1H); 2-(3,3-Diethoxypropyl)-4-phenyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Ac) According to General Procedure C, a solution of aldehyde 3A (520 mg, 1.9 mmol), p-Toluenesulfonic acid monohydrate (180 mg, 0.95 mmol, 0.5 equiv) and alcohol (1.0 mL, 17.1 mmol, 9.0 equiv) in CHCl3 was stirred for 3 h. Purification on silica gel (PE/EtOAc 9: 1) afforded acetal 4Ac (457 mg, 66%) as a colorless oil. IR (film) νmax 1155, 1451, 1613, 1798, 2978 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.0 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 8.45-8.39 (m, 2H), 7.63 (m, 1H), 7.54-7.50 (m, 2H), 4.50 (t, J = 5.5 Hz, 1H), 3.66-3.56 (m, 2H), 3.50-3.42 (m, 2H), 2.49-2.33 (m, 2H), 1.55 (ddt, J = 13.5 Hz, J = 11.0 Hz, J = 5.5 Hz, 1H), 1.45 (ddt, J = 13.5 Hz, J = 11.0 Hz, J = 5.5 Hz, 1H), 1.18 (t, J = 7.0 Hz, 3H), 1.17 (t, J = 7.0 Hz, 3H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 162.9, 160.4, 133.9, 129.3, 129.1, 127.5, 121.9 (q, J = 285.0 Hz), 101.7, 101.3 (q, J = 31.0 Hz), 61.7, 26.5, 25.5, 15.3; HRMS (ESI+) m/z calcd for C15H15F3NO3 [M-OEt] + 314.1004, found 314.1003. 2-(2-(1,3-Dioxan-2-yl)ethyl)-4-(4-fluorophenyl)-2-(trifluoromethyl)oxazol-5(2H)-one (4Ba) According to General Procedure C, a solution of aldehyde 3B (1 g, 3.3 mmol), p-Toluenesulfonic acid monohydrate (315 mg, 1.65 mmol, 0.5 equiv) and alcohol (2 mL, 27.6 mmol, 8.3 equiv) in CHCl3 was stirred for 3 h. Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Ba (920 mg, 77%) as a white amorphous solid. IR (film) νmax 1147, 1509, 1614, 1788, 2849 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.0 (s, 3F), -103.2 (tt, J = 8.5 Hz, J = 5.5 Hz, 1F); 1 H NMR (500 MHz, CDCl3) δ 8,49-8.42 (m, 2H), 7.23-7.16 (m, 2H), 4.54 (t, J = 4.5 Hz, 1H), 4.04 (dd, J = 11.5 Hz, J = 5.0 Hz, 2H), 3.71 (m, 2H), 2.45 (m, 2H), 2.02 (m, 1H), 1.58-1.42 (m, 2H), 1.31 (dtt, J = 13.5 Hz, J = 2.5 Hz, J = 1.5 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 166.3 (d, J = 256.5 Hz), 162.9, 159.4, 131.9 (d, J = 9.5 Hz), 123.9 (d, J = 3.0 Hz), 121.8 (q, J = 285.0 Hz), 116.5 (d, J = 22.0 Hz), 101.3 (q, J = 31.0 Hz), 100.6, 67.0, 66.9, 27.1, 25.8, 25.7; HRMS (ESI+) m/z calcd for C16H16F4NO4 [M+H] + 362.1015, found 362.1014. 2-(2-(1,3-Dioxolan-2-yl)ethyl)-4-(4-fluorophenyl)-2-(trifluoromethyl)oxazol-5(2H)-one (4Bb) According to General Procedure C, a solution of aldehyde 3B (1.24 g, 4.1 mmol), p-Toluenesulfonic acid monohydrate (380 mg, 2.0 mmol, 0.5 equiv) and alcohol (1.6 mL, 28.6 mmol, 7.0 equiv) in CHCl3 was stirred for 2 h. Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Bb (1.1 g, 77%) as a white amorphous solid. IR (film) νmax 1133, 1151, 1509, 1593, 1613, 1798, 2887 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.0 (s, 3F), -103.1 (tt, J = 8.5 Hz, J = 5.5 Hz, 1F); 1 H NMR (500 MHz, CDCl3) δ 8.50-8.42 (m, 2H), 7.23-7.17 (m, 2H), 4.88 (t, J = 4.0 Hz, 1H), 3.93 (m, 2H), 3.84 (m, 2H), 2.45 (m, 2H), 1.67 -1.59 (m, 1H), 1.55 (m, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 166.4 (d, J = 256.5 Hz), 162.9, 159.5, 131.9 (d, J = 9.0 Hz), 123.8 (d, J = 3.5 Hz), 121.8 (q, J = 285.0 Hz), 116.5 (d, J = 22.0 Hz), 102.9, 101.2 (q, J = 31.0 Hz), 65.21, 65.20, 25.7, 25.5; HRMS (ESI+) m/z calcd for C15H14F4NO4 [M+H] + 348.0859, found 348.0859. 2-(3,3-Diethoxypropyl)-4-(4-fluorophenyl)-2-(trifluoromethyl)oxazol-5(2H)-one (4Bc) According to General Procedure C, a solution of aldehyde 3B (320 mg, 1.05 mmol

  12 (dquint, J = 14.5 Hz, J = 4.0 Hz, 1H), 1.88 (dtt, J = 14.5 Hz, J = 8.0 Hz, J = 6.0 Hz, 1H), 1.76 (dddd, J = 14.0 Hz, J = 11.5 Hz, J = 7.0 Hz, J = 5.0 Hz, 1H), 1.65 (dddd, J = 14.0 Hz, J = 11.5 Hz, J = 7.0 Hz, J = 5.0 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 162.8, 160.5, 134.1, 129.4, 129.2, 127.4, 121.8 (q, J = 285.5 Hz), 101.0 (q, J = 31.0 Hz), 46.

13 C{1H}

 13 and 3'-Phenyl-7a'-(trifluoromethyl)tetrahydro-2'H-spiro[[1,3]dioxane-2,5'-pyrrolo[2,1-b]oxazol]-2'-one (5Aa) According to General Procedure E, a solution of acetal 4Aa (110 mg, 0.32 mmol) in Methanol (20 mL) was irradiated for 1h 40 min and then heated at reflux for 2h. Purification on silica gel (PE/EtOAc 4: 1) afforded a mixture of product 5Aa and product 7Aa (62 mg, 60%, rp = 48: 52) as a colorless oil. 19 F NMR (470 MHz, CDCl3) δ -75.2 (d, J = 8.5 Hz, 3F, 7Aa); -82.7 (s, 3F, 5Aa); 1 H NMR (500 MHz, CDCl3) δ 8.04-8.00 (m, 2H, 7Aa), 7.69-7.65 (m, 2H, 5Aa), 7.43-7.30 (m, 6H, 5Aa and 7Aa), 5.38 (s, 1H, 5Aa), 4.16-4.03 (m, 4H), 3.98 (ddt, J = 12.0 Hz, J = 5.5 Hz, J = 2.0 Hz, 1H), 3.94-3.79 (m, 3H), 3.72 (ddd, J = 11.5 Hz, J = 7.0 Hz, J = 4.0 Hz, 1H), 2.94 (ddd, J = 13.5 Hz, J = 5.5 Hz, J = 3.5 Hz, 1H), 2.57 (m, 1H), 2.39-2.21 (m, 3H), 2.19-2.03 316.1515. 2,2-Diethoxy-1-phenyl-5-(trifluoromethyl)-6-oxa-8-azabicyclo[3.2.1]octan-7-one (6Ac) According to General Procedure G, a solution of acetal 4Ac (400 mg, 3.34 mmol) in acetonitrile (60 mL) was irradiated for 40 min to afford the crude product 6Ac (98%) as a white amorphous solid. IR (film) νmax 1046, 1183, 1262, 1800, 2979, 3295 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -83.2 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 7.90-7.85 (m, 2H), 7.37-7.32 (m, 3H), 3.62 (dq, J = 9.0 Hz, J = 7.0 Hz, 1H), 3.44 (dq, J = 9.0 Hz, J = 7.0 Hz, 1H), 3.21 (s, 1H), 3.04 (dq, J = 10.0 Hz, J = 7.0 Hz, 1H), 2.89 (dq, J = 10.0 Hz, J = 7.0 Hz, 1H), 2.37 (ddd, J = 13.5 Hz, J = 5.5 Hz, J = 1.5 Hz, 1H), 2.28 (ddd, J = 13.5 Hz, J = 6.5 Hz, J = 1.5 Hz, 1H), 2.21 (m, 1H), 2.11 (ddd, J = 13.5 Hz, J = 11.5 Hz, J = 6.5 Hz, 1H), 1.23 (t, J = 7.0 Hz, 3H), 0.95 (t, J = 7.0 Hz, 3H); NMR (125.7 MHz, CDCl3) δ 170.4, 133.4, 128.3, 128.2, 127.5, 121.9 (q, J = 281.0 Hz), 97.3, 91.3 (q, J = 34.5 Hz), 69.4, 58.8, 57.6, 30.5, 26.6, 15.6, 14.8; HRMS (ESI+) m/z calcd for C15H15F3NO3 [M-OEt] + 314.1004, found 314.1003. 7-(4-Fluorophenyl)-9-(trifluoromethyl)-1,5-dioxa-8-azaspiro[5.5]undec-7-ene (7Ba) According to General Procedure E, a solution of acetal 4Ba (118 mg, 0.32 mmol) in MeCN (16 mL) was irradiated for 20 min and then heated at reflux for 2h. Purification on silica gel (PE/EtOAc 9: 1) afforded product 7Ba (90 mg, 87%) as a white amorphous solid. IR (film) νmax 1096, 1125, 1262, 1506, 1645, 2889 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -76.3 (d, J = 8.0 Hz, 3F), -111.9 (tt, J = 8.5 Hz, J = 5.5 Hz, 1F); 1 H NMR (500 MHz, CDCl3) δ 8.08-8.03 (m, 2H), 7.06-7.00 (m, 2H), 4.16-4.03 (m, 3H), 3.99 (ddt, J = 12.0 Hz, J = 5.5 Hz, J = 1.5 Hz, 1H), 3.92 (ddt, J = 12.0 Hz, J = 5.5 Hz, J = 1.5 Hz, 1H), 2.97 (dt, J = 13.5 Hz, J = 4.0 Hz, 1H), 2.28 (m, 1H), 2.06 (m, 1H), 1.88 (tdd, J = 13.5 Hz, J = 10.5 Hz, J = 3.5 Hz, 1H), 1.73 (td, J = 13.5, J = 3.5 Hz, 1H), 1.49 (dtt, J = 13.5, J = 3.0, J = 1.5 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 167.4, 163.9 (d, J = 249.0 Hz), 133.1 (d, J = 3.0 Hz), 131.6 (d, J = 8.5 Hz), 125.5 (q, J = 279.5 Hz), 114.6 (d, J = 21.5 Hz), 93.9, [M+H] + 346.1624, found 346.1621. 9-(Trifluoromethyl)-7-(4-(trifluoromethyl)phenyl)-1,5-dioxa-8-azaspiro[5.5]undec-7-ene (7Da) According to General Procedure E, a solution of acetal 4Da (252 mg, 0.61 mmol) in MeCN (34 mL) was irradiated for 20 min and then heated at reflux for 3h. Purification on silica gel (PE/EtOAc 9: 1) afforded product 7Da (180 mg, 80%) as a colorless oil. IR (film) νmax 1096, 1123, 1323, 1646, 2879 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -62.8 (s, 3F), -76.2 (d, J = 7.5 Hz, 3F); 1 H NMR (500 MHz, CDCl3) δ 8.12 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 4.17

  -4.03 (m, 3H), 4.00 (dd, J = 12.0 Hz, J = 5.5 Hz, 1H), 3.91 (dd, J = 12.0 Hz, J = 5.0 Hz, 1H), 2.99 (dt, J = 14.0 Hz, J = 4.0 Hz, 1H), 2.25 (m, 1H), 2.09 (m, 1H), 1.91 (m, 1H), 1.74 (td, J = 13.5 Hz, J = 3.5 Hz, 1H), 1.49 (d, J = 13.5 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 167.9, 140.6, 131.3 (q, J = 32.5 Hz), 129.8, 125.3 (q, J = 279.5 Hz), 124.6 (q, J = 4.0 Hz), 124.3 (q, J = 271.0 Hz), 93.8, 61.1 (q, J = 29.5 Hz), 59.8, 59.7, 25.0, 24.3, 18.7; HRMS (ESI+) m/z calcd for C16H16F6NO2 [M+H] + 368.1085, found 368.1086. 5-(Trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)-6-oxa-8-azaspiro[bicyclo[3.2.1]octane-2,2'-[1,3]dioxan]-7-one (6Da) According to General Procedure G, a solution of acetal 4Da (260 mg, 1.89 mmol) in acetonitrile (40 mL) was irradiated for 20 min to afford the crude product 6Da (84%) as a white amorphous solid. 19 F NMR (470 MHz, CDCl3) δ -62.7 (s, 3F), -83.1 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 3.95 (tdd, J = 12.0 Hz, J = 9.5 Hz, J = 3.0 Hz, 2H), 3.85-3.78 (m, 2H), 3.33 (s, 1H), 3.09 (dd, J = 15.0 Hz, J = 6.0 Hz, 1H), 2.31 (ddd, J = 13.5 Hz, J = 6.5 Hz, J = 1.5 Hz, 1H), 2.16 (td, J = 13.0 Hz, J = 6.0 Hz, 1H), 1.93 (ddd, J = 15.0 Hz, J = 12.5 Hz, J = 6.5 Hz, 1H), 1.59 (dtt, J = 13.5 Hz, J = 12.0 Hz, J = 5.5 Hz, 1H), 1.29 (dp, J = 13.5 Hz, J = 3.0 Hz, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 169.8, 136.1, 130.4 (q, J = 32.5Hz), 129.1, 124.3 (q, J = 273.0 Hz), 124.2 (q, J = 3.5 Hz), 121.80 (q, J = 281.0 Hz), 94.2, 91.6 (q, J = 35.0 Hz),

Table 1 .

 1 Photochemical transformation 4-(4-fluorophenyl)-2-(trifluoromethyl)oxazol-5(2H)-one derivatives possessing cyclic acetal functions.

							percentage a,b
	entry substrate solvent	irradiation	conversion	portion	(isolated yield)
				time c	% b	C-C/C-N	6Ba-b, 7Ba-b	5Ba-b
							(C-C Prod.) d	(C-N Prod.)
	1		MeCN	10 min	100%	100 : 0	91% (87%) e	-
	2	4Ba	Acetone	1 h	100%	100 : 0	92%	-
	3		PhCF3	30 min	100%	100 : 0	67%	-
	4		MeCN	10 min	100%	83 : 17	73% (50%) e	15%
	5		acetone	35 min	100%	44 : 56	40% (32%) e	50% (37%)
	6		PhCF3	30 min	81%	95 : 5	59%	3%
	7	4Bb	hexane	1 h	99%	86 : 14	56%	9%
	8		DCM	1 h	99%	83 : 17	50%	10%
	9		THF	1 h	80%	51 : 49	34%	32%
	10		MeOH	1 h	94%	48 :52	38%	41%

Table 2 .

 2 Photochemical transformation 4-aryl and 4-alkyl 2-(trifluoromethyl)oxazol-5(2H)-one derivatives possessing cyclic acetal functions.

								yield a
	entry		R 1	n solvent	irradiation time b	6/7, C-C product c	5, C-N product
	1	4Ca	4-Methoxyphenyl	2 acetone	50 min	62%	_
	2	4Cb	4-Methoxyphenyl	1 acetone	2 h 30 min	15%	38%
	3	4Da	4-trifluorométhylphenyl 2	MeCN	20 min	80%	_
	4	4Db	4-trifluorométhylphenyl 1 acetone	40 min	45%	36%
	5	4Ea	Isopropyl	2	MeCN	3 h	35%	39%
	6	4Eb	Isopropyl	1	MeCN	1 h 30 min	28%	39%
	7	4Fa	Adamantyl	2	MeCN	1 h 10 min	31% a	17%

a (a) The yield was determined by RMN 19 F (internal standard: PhCF3. (b) until complete conversion. (c) Yield of product 7 after thermal decarboxylation.

Table 3 .

 3 Photochemical transformation 2-(trifluoromethyl)oxazol-5(2H)-one derivatives with a diethyl

	acetal function.				
	entry	substrate	R 1	irradiation	yield a
				time	
	1	4Ac	Phenyl	25 min	77%
	2	4Bc	4-Fluorophenyl	30 min	85% b
	3	4Cc	4-Methoxyphenyl	1 h 40 min	70%

Table 4 .

 4 Product quantum yields of the transformation of compounds 4Aa-4Ea in MeCN.

	entry	substrate	quantum yield Φ
	1	4Aa	16%
	2	4Ba	18%
	3	4Ca	0.65%
	4	4Da	20%
	5	4Ea	4%

Table 5 .

 5 Photochemical

		transformation 4-(4-fluorophenyl)-2-(trifluoromethyl)oxazol-5(2H)-one
	derivatives possessing cyclic dithioacetal functions.			
						percentage a,b
						(isolated yield)
	entry	substrate	solvent	irradiation	conv.% b	6B / 7B (C-C) d	5B (C-N)
				time c			
	1		MeCN	5 h 20 min	-	-	-
	2	4Bd	acetone	1 h 30 min	100%	85%	-
	3		PhCF3	3 h	100%	99% (69%) e	-
	4		MeCN	2h	73%	57%	-
	5	4Be	acetone	1 h 30 min	100%	99%	-
	6		PhCF3	2h	100%	99% (71%) e	-

Table 6 .

 6 Photochemical transformation 4-aryl-2-(trifluoromethyl)oxazol-5(2H)-one derivatives possessing cyclic dithioacetal functions.

	entry	substrate	R 1	n	irradiation	yield
					time a	
	1	4Ad	Phenyl	2	5 h	58%
	2	4Ae	Phenyl	1	3 h	54%
	3	4Cd	4-Methoxyphenyl	2	2 h 30 min	46%
	4	4Ce	4-Methoxyphenyl	1	2 h	46%
	5	4Dd	4-trifluoromethylphenyl	2	2 h 30 min	56%
	6	4De	4-trifluoromethylphenyl	1	5 h	41%
	(a)					

Table 8 .

 8 Calculation of linear free enthalpy for photochemical electron transfer ΔG 0 et in acetonitrile as solvent according to the Rehm-Weller equation (Scheme 5, Eq. 1).

									spin density
						4': R	triplet energy (ΔE 0-0 ) (kcal mol -1 )	N1	C2	O4
	R	2 3	O	4	4'Ab: Ph		61.6	0.834 0.317	0.088
	1	N		O		4'Bb: p-FC 6 H 4		61.3	0.829 0.307	0.088
	H 3 C	CF 3	4'Cb: p-MeOC 6 H 4	58.8	0.786 0.229	0.077
						4'Db: p-CF 3 C 6 H 4	62.3	0.836 0.317	0.084
	3 [4'Ab-Eb]*	4'Eb: i Pr		75.9	0.974 0.705	0.204

Table 9 .

 9 Thermogravimetric investigation of the decarboxylation of photoproducts 6a.

	entry	substrate	decarboxylation temperature
	1		118.3 °C
	2		122.4 °C
	3		100.9 °C

Table 10 .

 10 Isotopic labeling experiments of the decarboxylation. Reaction behavior of the zwitterionic intermediate D.

	entry	solvent	reaction time	product
	1	CD3CN	1 h	7Aa
	2	MeOD	1 h	7Aa(D)

  Silica gel (40-63 μm; Macherey-Nagel GmbH & Co KG) was used for flash chromatography. NMR spectra were recorded in CDCl3, CD3COCD3 or CD3SOCD3 with 500, or 600 MHz spectrometers. Chemicals shifts (δ) were reported in ppm relative to TMS for 1 H and 13 C{1H} NMR spectra and to CFCl3 for19 F NMR spectra. In the[START_REF] Latrache | Photochemical radical cyclization reactions with imines, hydrazones, oximes and related compounds[END_REF] C{ 1 H} NMR data, reported signal multiplicities are related to C-F coupling. The following

	abbreviations were used to indicate the multiplicities: s (singlet), br s (broad singlet), d (doublet), t
	(triplet), q (quartet), quint (quintuplet), hept (heptuplet), and m (multiplet). Diastereomeric ratios (dr)
	were determined by 19 F NMR. HRMS spectra were recorded on an ESI-Q-TOF mass spectrometer using an
	electrospray source in positive mode.

Photochemical reactions were performed using either a Rayonet RPR-200 photochemical reactor fitted with 16 RPR-3000 Å fluorescent lamps. Melting points were measured in open capillary tubes on a Stuart SMP3 apparatus and are uncorrected.

  J = 3.0 Hz), 121.7 (q, J = 285.0 Hz), 116.7 (d, J = 22.0 Hz), 100.6 (q, J = 31.0 Hz), 36.0, 24.4; HRMS (ESI+)

	m/z calcd for C13H10F4NO3 [M+H] + 304.0597, found 304.0594.
	3-(4-(4-Methoxyphenyl)-5-oxo-2-(trifluoromethyl)-2,5-dihydrooxazol-2-yl)propanal (3C)
	According to General Procedure B, a solution of oxazolone 2C (4.38 g, 16.9 mmol), triethylamine (2.4 mL,
	17.2 mmol, 1 equiv) and acrolein (1.15 mL, 17.2 mmol, 1 equiv) in CH2Cl2 was stirred at rt for 3 h.
	Purification on silica gel (PE/EtOAc 9: 1) afforded aldehyde 3C (3.2 g, 60%) as a yellow oil. IR (film) νmax
	1148, 1567, 1513, 1601, 1724, 1794 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.9 (s, 3F); 1 H NMR (500 MHz,
	CDCl3) δ 9.71 (s, 1H), 8.42-8.36 (m, 2H), 7.03-6.97 (m, 2H), 3.89 (s, 3H), 2.70-2.56 (m, 2H), 2.50 (ddd, J =
	According to General Procedure A, amino acid Adamantyl glycine hydrochloride (190 mg, 0.77 mmol)
	reacted with trifluoroacetic anhydride (2 mL, 14.3 mmol, 18.6 equiv) for 1 h. Purification of the residue

on silica gel (PE/EtOAc 95:5) afforded oxazolone 2F (86 mg, 39%) as a white amorphous solid. IR (film) νmax 1050, 1145, 1693, 1733, 1798, 2906 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.3 (d, J = 4.0 Hz, 3F); 1 H NMR (500 MHz, CDCl3) δ 6,04 (q, J = 4.0 Hz, 1H), 2.10 (s, 3H), 2.05-1.98 (m, 6H), 1.84-1.73 (m, 6H);

(d, 

  According to General Procedure B, a solution of oxazolone 2E (3.41 g, 17.5 mmol), triethylamine (2.45 mL, 17.5 mmol, 1 equiv) and acrolein (1.2 mL, 17.9 mmol, 1 equiv) in CH2Cl2 was stirred at rt for 2 h.

	Purification on silica gel (PE/EtOAc 9: 1) afforded aldehyde 3E (3.4 g, 77%) as a colorless oil. IR (film) νmax
	1161, 1193, 1470, 1645, 1724, 1798 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.3 (s, 3F); 1 H NMR (500 MHz,
	CDCl3) δ 9.71 (s, 1H), 3.06 (hept, J = 7.0 Hz, 1H), 2.62-2.49 (m, 2H), 2.44 (ddd, J = 18.0 Hz, J = 8.5 Hz, J =
	6.5 Hz, 1H), 2.34 (dt, J = 18.0 Hz, J = 7.5 Hz, 1H), 1.31 (d, J = 7.0 Hz, 3H), 1.29 (d, J = 7.0 Hz, 3H); 13 C{1H}
	NMR (125.7 MHz, CDCl3) δ 198.6, 173.2, 162.9, 121.6 (q, J = 285.0 Hz), 101.1 (q, J = 31.0 Hz), 35.8, 28.7,
	24.0, 19.0, 18.9; HRMS (ESI+) m/z calcd for C10H13F3NO3 [M+H] + 252.0848, found 252.0847.
	3-(4-(Adamantan-1-yl)-5-oxo-2-(trifluoromethyl)-2,5-dihydrooxazol-2-yl)propanal (3F)
	νmax 1018, 1140, 1630, 1727, 1797, 2908 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.5 (s, 3F); 1 H NMR (500
	MHz, CDCl3) δ 9.69 (s, 1H), 2.60-2.48 (m, 2H), 2.41 (ddd, J = 18.0 Hz, 9.0 Hz, 6.0 Hz, 1H), 2.30 (dt, J = 18.0
	Hz, 7.0 Hz, 1H), 2.08 (s, 3H), 2.03-1.95 (m, 6H), 1.83-1.72 (m, 6H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ
	198.7, 173.6, 161.8, 121.6 (q, J = 285.0 Hz), 100.2 (q, J = 31.0 Hz), 38.1, 37.7, 36.3, 35.7, 27.6, 23.9; HRMS
	(ESI+) m/z calcd for C17H21F3NO3 [M+H] + 344.1474, found 344.1475.
	5 Hz), 36.0, 24.4; HRMS (ESI+) m/z calcd for
	C14H10F6NO3 [M+H] + 354.0565, found 354.0564.

3-(4-Isopropyl-5-oxo-2-(trifluoromethyl)-2,5-dihydrooxazol-2-yl)propanal (3E) According to General Procedure B, a solution of oxazolone 2F (215 mg, 0.75 mmol), triethylamine (105 µL, 0.75 mmol, 1 equiv) and acrolein (50 µL, 0.75 mmol, 1 equiv) in CH2Cl2 was stirred at rt for 1 h. Purification on silica gel (PE/EtOAc 95: 5) afforded aldehyde 3F (155 mg, 60%) as a colorless oil. IR (film)

General Procedure for the Preparation of Thioacetals: General Procedure D

  A solution of aldehyde diluted in CH2Cl2 is slowly added, for 10 min and using an addition funnel, to a solution of dithiol (1 equiv) and BF3.OEt2 (1.0 equiv) in CH2Cl2. The mixture is then heated to reflux for 14 hours. After completion of the reaction (monitored by TLC), the solution was cooled to rt, hydrolyzed with a sat. aq. sol. of NaHCO3, dried (MgSO4), filtered, and concentrated under reduced pressure.

	2-(2-(1,3-Dioxolan-2-yl)ethyl)-4-isopropyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Eb)
	According to General Procedure C, a solution of aldehyde 3E (964 mg, 3.83 mmol), p-Toluenesulfonic Purification of the residue by chromatography on silica gel afforded thioacetal.
	acid monohydrate (365 mg, 1.92 mmol, 0.5 equiv) and alcohol (1.5 mL, 26.8 mmol, 7.0 equiv) in CHCl3
	was stirred for 2 h. Purification on silica gel (PE/EtOAc 9: 1) afforded acetal 4Eb (718 mg, 63%) as a 2-(2-(1,3-Dithian-2-yl)ethyl)-4-phenyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Ad)
	colorless oil. IR (film) νmax 1143, 1189, 1646, 1799, 2882 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.5 (s, 3F); According to General Procedure D, a solution of aldehyde 3A (3.7 g, 9.86 mmol), BF3.OEt2 (1.7 mL, 13.7
	1 H NMR (500 MHz, CDCl3) δ 4.86 (t, J = 4.0 Hz, 1H), 3.98-3.90 (m, 2H), 3.88-3.79 (m, 2H), 3.03 (hept, J = mmol, 1.4 equiv) and 1,3-propanedithiol (1.0 mL, 9.96 mmol, 1.0 equiv) in CH2Cl2 was stirred for 14 h.
	7.0 Hz, 1H), 2.36 (t, J = 8.0 Hz, 2H), 1.56-1.41 (m, 2H), 1.31 (d, J = 7.0 Hz, 3H), 1.29 (d, J = 7.0 Hz, 3H); Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Ad (2.9 g, 78%) as a white amorphous solid. IR
	13 C{1H} NMR (125.7 MHz, CDCl3) δ 172.9, 163.3, 121.7 (q, J = 285.0 Hz), 102.9, 101.7 (q, J = 30.5 Hz), (KBr) νmax 1265, 1448, 1573, 1609, 1797, 2927, 3070 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.8 (s, 3F); 1 H
	65.20, 65.16, 28.7, 25.4, 25.1, 19.1, 19.0; HRMS (ESI+) m/z calcd for C12H17F3NO4 [M+H] + 296.1110, found NMR (500 MHz, CDCl3) δ 8.47-8.43 (m, 2H), 7.65 (tt, J = 7.5 Hz, J = 1.5 Hz, 1H), 7.58-7.53 (m, 2H), 4.02 (t,
	296.1114. J = 7.0 Hz, 1H), 2.91-2.81 (m, 4H), 2.65-2.51 (m, 2H), 2.
	2-(2-(1,3-Dioxan-2-yl)ethyl)-4-(adamantan-1-yl)-2-(trifluoromethyl)oxazol-5(2H)-one (4Fa)
	According to General Procedure C, a solution of aldehyde 3F (600 mg, 1.75 mmol), p-Toluenesulfonic
	acid monohydrate (200 mg, 1.05 mmol, 0.6 equiv) and alcohol (1.0 mL, 13.8 mmol, 8.0 equiv) in CHCl3
	was stirred for 2 h. Purification on silica gel (PE/EtOAc 9: 1) afforded acetal 4Fa (550 mg, 78%) as a white
	amorphous solid. IR (film) νmax 1145, 1193, 1631, 1796, 2853, 2908 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -
	80.7 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ 4.51 (t, J = 5.0 Hz, 1H), 4.09-4.02 (m, 2H), 3.75-3.67 (m, 2H),
	2.41-2.27 (m, 2H), 2.14-1.95 (m, 10H), 1.83-1.71 (m, 6H), 1.28-1.46 (m, 3H); 13 C{1H} NMR (125.7 MHz,
	CDCl3) δ 173.3, 162.3, 121.8 (q, J = 285.0 Hz), 100.9 (q, J = 31.0 Hz), 100.8, 67.0, 66.9, 38.2, 37.5, 36.4,
	), p-Toluenesulfonic 27.7, 26.8, 25.7, 25.3; HRMS (ESI+) m/z calcd for C20H27F3NO4 [M+H] + 402.1892, found 402.1895.
	acid monohydrate (100 mg, 0.52 mmol, 0.5 equiv) and alcohol (1 mL, 17.1 mmol, 16 equiv) in CHCl3 was
	stirred for 2 h. Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Bc (260 mg, 66%) as a colorless
	oil. IR (film) νmax 1125, 1155, 1511, 1617, 1798, 2978 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.9 (s, 3F), -
	103.0 (tt, J = 8.5 Hz, J = 5.5 Hz, 1F); 1 H NMR (500 MHz, CDCl3) δ 8.50-8.43 (m, 2H), 7.24-7.17 (m, 2H),

  J = 7.0 Hz, 3H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 172.9, 163.1, 121.5 (q, J = 285.0 Hz), 101.6 (q, J = 30.0 Hz), 46.2, 30.1, 28.6, 28.1, 26.9, 25.7, 19.0, 18.9; HRMS (ESI+) m/z calcd for C13H19F3NO2S2[M+H] + 342.0809, found 342.0811.

	2-(2-(1,3-Dithiolan-2-yl)ethyl)-4-isopropyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Ee)
	According to General Procedure D, a solution of aldehyde 3E (1.3 g, 5.2 mmol), BF3.OEt2 (1.3 mL, 10.4
	mmol, 2.0 equiv) and 1,2-ethanedithiol (0.44 mL, 5.2 mmol, 1.0 equiv) in CH2Cl2 was stirred for 14 h.
	Purification on silica gel (PE/EtOAc 9: 1) afforded acetal 4Ee (0.99 g, 58%) as a colorless oil. IR (film) νmax
	1164, 1188, 1644, 1798, 2932 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -80.3 (s, 3F); 1 H NMR (500 MHz, CDCl3) δ
	4.44 (t, J = 6.5 Hz, 1H), 3.27-3.15 (m, 4H), 3.04 (hept, J = 7.0 Hz, 1H), 2.44-2.29 (m, 2H), 1.62 (m, 1H),
	3, 30.2, 28.8, 27.2, 25.8;
	HRMS (ESI+) m/z calcd for C16H16F3NNaO2S2 [M+Na] + 398.0472, found 398.0476.
	2-(2-(1,3-Dithiolan-2-yl)ethyl)-4-phenyl-2-(trifluoromethyl)oxazol-5(2H)-one (4Ae)
	According to General Procedure D, a solution of aldehyde 3A (4.2 g, 14.7 mmol), BF3.OEt2 (2.55 mL, 20.5
	mmol, 1.4 equiv) and 1,2-ethanedithiol (1.25 mL, 14.8 mmol, 1.0 equiv) in CH2Cl2 was stirred for 14 h.
	Purification on silica gel (PE/EtOAc 95: 5) afforded acetal 4Ae (5 g, 94%) as a white amorphous solid. IR
	(KBr) νmax 1265, 1448, 1491, 1573, 1609, 1797, 2927, 3070 cm -1 ; 19 F NMR (470 MHz, CDCl3) δ -79.8 (s,
	3F); 1 H NMR (500 MHz, CDCl3) δ 8.44-8.40 (m, 2H), 7.64 (tt, J = 7.5 Hz, J = 1.5 Hz, 1H), 7.56-7.50 (m, 2H),

4.48 (t, J = 7.0 Hz, 1H), 3.26-3.16 (m, 4H), 2.56-2.42 (m, 2H), 1.74 (m, 1H), 1.64 (m, 1H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 162.8, 160.4, 134.0, 129.4, 129.2, 127.4, 121.8 (q, J = 285.5 Hz), 101.0 (q, J = 31.0 (d, 1.53 (m, 1H), 1.30 (d, J = 7.0 Hz, 3H), 1.29 (d, J = 7.0 Hz, 3H); 13 C{1H} NMR (125.7 MHz, CDCl3) δ 172.8, 163.1, 121.6 (q, J = 285.0 Hz), 101.6 (q, J = 31.0 Hz), 52.3, 38.72, 38.68, 30.8, 29.7, 28.6, 19.1, 19.0; HRMS (ESI+) m/z calcd for C12H17F3NO2S2 [M+H] + 328.0653, found 328.0650. General Procedure for the Photochemical Reaction: General Procedure E
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