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Amphidinolides F and C2: An Odyssey in Total Synthesis

Amphidinolides F, C, C2, and C3 are marine natural products isolated from dinoflagellates amphidinium species. They share the same macrolactone core, the difference between them residing at the side chain level. A predominant feature of these amphidinolides is the presence of two trans-THF rings inside the macrolactone core, titanium mediated C-glycosylation being applicable to build these motives. Thus, the original strategy for their total synthesis was based on the assembly of three main fragments corresponding to C 1 -C 9 , C 10 -C 19 , and C 20 -C 29 or C 20 -C 34 disconnections. Whereas synthesis of all fragments was successful, the C-glycosylation reaction between C 19 and C 20 turned out to be an issue. Therefore, a second route was designed. The new disconnection between C 17 and C 18 was based on a sulfone addition and a desulfonylation sequence. Our convergent strategy allowed the total synthesis of amphidinolide F and enabled a new unifying route towards the synthesis of amphidinolides C, C2, and C3 using a late-stage divergent approach. Although unsatisfying yields at some critical steps, our work culminated into the first total synthesis of amphidinolide C2.

INTRODUCTION

Amphidinolides are a class of macrolactones of marine origin exhibiting fairly diverse structures and containing about thirty members isolated from different strains or species of dinoflagellates of the genus amphidinium. [START_REF] Kobayashi | Bioactive Macrolides from Symbiotic Marine Dinoflagellates[END_REF][START_REF] Kobayashi | Amphidinolides and Its Related Macrolides from Marine Dinoflagellates[END_REF] Among these natural substances, some of them bear strong structural similarities, such as amphidinolide F [START_REF] Kobayashi | a New Cytotoxic Macrolide from the Marine Dinoflagellate Amphidinium Sp[END_REF] and C [START_REF] Kobayashi | The First Twenty-Five Membered Macrocyclic Lactone with Potent Antineoplastic Activity from the Cultured Dinoflagellate Amphidinium Sp[END_REF][START_REF] Kubota | Absolute Stereochemistry of Amphidinolide C[END_REF][START_REF] Kubota | Biosynthetic Study of Amphidinolide C[END_REF] (also called C1), which have an identical macrolactone core, and amphidinolide U, which shares about 75% of the backbone of amphidinolide C. [START_REF] Tsuda | Novel 20-Membered Macrolide from Marine Dinoflagellate Amphidinium Sp[END_REF] Certain derivatives such as amphidinolides C2 and C3 are structural analogs of amphidinolide C with a slight variation of the hydroxyl group at the C29 position. Amphidinolide C2 exhibits an acetate at this emplacement, [START_REF] Kubota | Amphidinolide C2, New Macrolide from Marine Dinoflagellate Amphidinium Species[END_REF] and amphidinolide C3, a ketone function. [START_REF] Kobayashi | Amphidinolide C3, a New Cytotoxic 25-Membered Macrolide from Marine Dinoflagellate Amphidinium Sp[END_REF] These substances display moderate to significant cytotoxic activities against various cancer cell lines. Thus, Amphidinolide C (1) is particularly active on murine lymphoma L1210 and human epidermoid carcinoma KB cells lines (IC 50 of 5.8 and 4.6 ng/mL, respectively). [START_REF] Kobayashi | The First Twenty-Five Membered Macrocyclic Lactone with Potent Antineoplastic Activity from the Cultured Dinoflagellate Amphidinium Sp[END_REF] In counterpart, a 1000-fold reduced cytotoxicity is observed for analogs amphidinolides C2 (2) (0.8 and 3.0 µg/mL), [START_REF] Kubota | Amphidinolide C2, New Macrolide from Marine Dinoflagellate Amphidinium Species[END_REF] and C3 (3) (7.6 and 10.0 µg/mL). [START_REF] Kobayashi | Amphidinolide C3, a New Cytotoxic 25-Membered Macrolide from Marine Dinoflagellate Amphidinium Sp[END_REF] A similar activity range was observed for amphidinolide F (4) (1.5 and 3.2 µg/mL). [START_REF] Kobayashi | a New Cytotoxic Macrolide from the Marine Dinoflagellate Amphidinium Sp[END_REF] However, amphidinolide U (5) remains slightly cytotoxic (12 and 20 µg/mL). [START_REF] Tsuda | Novel 20-Membered Macrolide from Marine Dinoflagellate Amphidinium Sp[END_REF] Because amphidinolide C, and to a lesser extent amphidinolides F, C2, or C3, possess potential cytotoxic activity, these marine products have received a great deal of interest from organic chemists, producing numerous synthetic approaches. Three total syntheses of amphidinolide F (4) [START_REF] Valot | Total Synthesis of Amphidinolide F[END_REF][START_REF] Mahapatra | Enantioselective Total Synthesis of Amphidinolide F[END_REF][START_REF] Ferrié | Total Synthesis of the Marine Macrolide Amphidinolide F[END_REF] and two of C (1) [START_REF] Valot | Concise Total Syntheses of Amphidinolides C and F[END_REF][START_REF] Mahapatra | Exploiting Hidden Symmetry in Natural Products: Total Syntheses of Amphidinolides C and F[END_REF] have been reported. Due probably to lesser bioactivity, the total synthesis of amphidinolide U (5) was scarcely studied. [START_REF] Mohapatra | Synthesis of the C14-C29 Segment of Amphidinolide U Utilizing a Tandem Dihydroxylation-SN2 Cyclization Protocol[END_REF] After having communicated about the total synthesis of amphidinolide F (4), [START_REF] Ferrié | Total Synthesis of the Marine Macrolide Amphidinolide F[END_REF] C 1 -C 9 fragment [START_REF] Ferrié | Efficient Synthesis of the C(1)-C(9) Fragment of Amphidinolides C, C2, and F[END_REF] and synthetic approaches towards the side chain of amphidinolide C, [START_REF] Fenneteau | Liebeskind-Srogl Cross-Coupling on γ-Carboxyl-γ-Butyrolactone Derivatives: Application to the Side Chain of Amphidinolides C and F[END_REF] we present a full article summarizing our efforts for the total syntheses of amphidinolides F (4), and C2 (2). This achievement features the first report of the total synthesis of 2. (Figure 1) The main structural attraction of amphidinolides F (4), C1 (1), C2 (2), and C3 (3) is the presence of two THF rings with a relative trans configuration. One of the most direct methods to construct these structures is the nucleophilic addition to cyclic gamma-lactol derivatives. However, this method generally gives unsatisfactory results in obtaining selectively 2,5-disubstituted trans-THFs. [START_REF] Harmange | Synthetic Routes to 2,5-Disubstituted Tetrahydrofurans[END_REF][START_REF] Jalce | Diastereoselective Synthesis of 2,5-Disubstituted Tetrahydrofurans[END_REF][START_REF] Schmitt | On the Stereoselectivity of γ-Lactol Substitutions with Allyl-and Propargylsilanes -Synthesis of Disubstituted Tetrahydrofuran Derivatives[END_REF] Thus, our previous studies have overcome these limitations by using titanium enolates of Nacetyloxazolidinethiones. 43,[START_REF] Jalce | Synthesis and Use of Achiral Oxazolidine-2-Thiones in Selective Preparation of Trans 2,5-Disubstituted Tetrahydrofurans[END_REF] Our observations have suggested that steric effects are an important consideration for stereoselectivity in these reactions. For example, oxazolidinethione 7a gives a low selectivity in the Cglycosylation of 6, while other derivatives 7b-c provided compound 8 more predominantly. Chirality on these auxiliaries can have a favorable effect, but it is not essential. Thus, this synthetic methodology plays a crucial role in the elaboration of our synthetic strategy to build amphidinolides C1, C2, C3, and F. (Scheme 1) Scheme 1. Diastereoselective C-glycosylation of THF acetates with titanium enolate of oxazolidine-2thiones.

FIRST STRATEGY

Our original strategy (Scheme 2) involved the coupling of three main fragments suggested as 9, 10, and 11a or 11b. (depending on the nature of the targeted amphidinolide). Thus, the TMS enol ether 10 would be utilized in a C-glycosylation with 11a or 11b, while the alkenyl iodide function of 10 could be linked with stannane 9 via a Stille cross-coupling reaction. A final macrolactonization, followed by some deprotection steps and selective functional manipulation, would lead to either amphidinolide C, C2, C3, or F. Fragment C 1 -C 9 (9) would be prepared by using a vinylogous Mukaiyama aldol reaction from siloxyfuran 13 to glyceraldehyde derivative 12 followed by a further C-glycosylation to install the C 1 -C 9 backbone. Fragment C 10 -C 19 would be prepared using an iterative epoxide ring opening, which would correspond formally to the consecutive ring-opening of di-epoxide 14 with two distinct organometallic species. Functionalization of alkyne and alkene functions would lead to desired fragment 10. At last, the fragment containing the last THF and the side chain, 11a or 11b, could be obtained by using a crosscoupling reaction between acyl derivative 15 and different C-sp2 organometallics 16a or 16b in order to assemble the requisite side chain (depending

on if amphidinolides C, C2, C3 or F are targeted). ( Scheme 2) 
Scheme 2. First global strategy to build amphidinolides F, C1, C2, or C3.

Synthesis of C 1 -C 9 fragment

The synthesis of the C 1 -C 9 fragment was previously reported by us, [START_REF] Ferrié | Efficient Synthesis of the C(1)-C(9) Fragment of Amphidinolides C, C2, and F[END_REF] and involves a vinylogous Mukaiyama aldol reaction between protected glyceraldehyde 12 and siloxyfuran 13 in the presence of TMSOTf. Compounds 12 and 13 were prepared easily from published procedures, respectively, from D-mannitol in two steps, 45 and citraconic anhydride in four steps. [START_REF] Malik | A New Expedient Synthesis of 3-Methyl-2(5H)-Furanone, the Common Substructure in Strigolactones, and Its Proposed Biosynthesis[END_REF][START_REF] Evans | Total Synthesis of (+)-Azaspiracid-1. An Exhibition of the Intricacies of Complex Molecule Synthesis[END_REF] Under these conditions, the predominant diastereomer 17 along 17' were obtained in a 75:25 ratio. Both isomers exhibited an anticonfiguration of C 7 relative to C 8 , a consequence of the non-chelating conditions of the Lewis acid promoter favoring strongly a Felkin-Anh type approach. [START_REF] Mengel | Around and beyond Cram's Rule[END_REF] The selectivity at C 6 relative to C 7 was more moderate. Nevertheless, the reaction provided requested stereoisomer 17 predominantly. The relative stereochemistry could be assigned unambiguously assigned by using NMR spectroscopy (i.e. coupling constants) or specific optical rotation. [START_REF] Figadère | Stereocontrolled Synthesis of Key Intermediates in the Total Synthesis of Acetogenins of Annonaceae[END_REF][START_REF] Jefford | Diastereoselectivity in the Directed Aldol Condensation of 2-Trimethylsiloxyfuran with Aldehydes. A Stereodivergent Route to Threo and Erythro δ-Hydroxy-γ-Lactones[END_REF][START_REF] Casiraghi | Ascent of the Aldose Series by Four Carbon Atoms: Total Synthesis of D-Glycero-D-Talo-L-Talo-Undecose Pentaacetonide[END_REF] Optimization studies showed that silyl ethers with greater steric bulk could slighlty improve the 17/17' ratio (up to 4:1) but these reactions suffered from lower yields (50%). Other Lewis acids, such as BF 3 •OEt 2 , were also efficient, providing a mixture of TMS-protected and free alcohol at C 6 , making the preparation of target product 17 more complicated. Then, hydrogenation of 17 under acidic conditions took place exclusively on the less hindered face of the γ-lactone [START_REF] Kong | Vinylogous Mukaiyama Aldol Additions of Silyloxy Furans to Cyclic Ketones: Annulation of Butenolides and γ-Lactones[END_REF] and provided the expected triol, which was then protected with three TBS groups, giving 18. In this fashion, the original protecting scheme of 17 was replaced with TBS ethers for subsequent steps of the total synthesis. Lactone 18 was then reduced with DIBAL, and acylated in the same pot to provide acetal 19 using the Rychnovsky's procedure. [START_REF] Kopecky | Improved Procedure for the Reductive Acetylation of Acyclic Esters and a New Synthesis of Ethers[END_REF] Subjection of acetal 19 to our titanium enolate of N-acetyloxazolidinethione 7b provided trans-THF 20 (dr 20>1). [START_REF] Jalce | Synthesis and Use of Achiral Oxazolidine-2-Thiones in Selective Preparation of Trans 2,5-Disubstituted Tetrahydrofurans[END_REF] Excellent diastereoselectivity was observed due to the positive effect of the methyl group at C 4 on stereo-differentiation in the Cglycosylation. [START_REF] Schmitt | On the Stereoselectivity of γ-Lactol Substitutions with Allyl-and Propargylsilanes -Synthesis of Disubstituted Tetrahydrofuran Derivatives[END_REF] Methanolysis proceeded to give methyl ester 20 without C 3 epimerization. Functionalization of the primary position at C 9 was accomplished in four steps by starting with a selective TBS cleavage using HF•pyridine complex in THF and pyridine. Other acid conditions were not selective. [START_REF] Crouch | Selective Deprotection of Silyl Ethers[END_REF][START_REF] Nelson | Selective Deprotection of Silyl Ethers[END_REF] TEMPO mediated oxidation [START_REF] De Luca | A Very Mild and Chemoselective Oxidation of Alcohols to Carbonyl Compounds[END_REF] followed by a Seyferth-Gilbert-homologation with Bestmann-Ohira reagent 23 afforded alkyne 24. [START_REF] Müller | An Improved One-Pot Procedure for the Synthesis of Alkynes from Aldehydes[END_REF] Regioselective hydrostannation with Kazmaier's molybdenum complex [START_REF] Kazmaier | CO)3(CNt-Bu)3(MoBI3), a New Efficient Catalyst for Regioselective Hydrostannations[END_REF] gave predominantly the expected synthon 25 (82:18), which could be separated easily from regioisomer 25' by column chromatography. Final ester hydrolysis using TMSOK afforded the desired acid 9 in nearly quantitative yield. [START_REF] Laganis | Metal Silanolates: Organic Soluble Equivalents for O-2[END_REF] C 1 -C 9 fragment 9 was synthesized from aldehyde 12 and furan 13 in 16.5% over 10 steps. (Scheme 3)

Scheme 3. Synthesis of C 1 -C 9 fragment

Synthesis of C 10 -C 19 fragment

As described in the retrosynthetic analysis, synthesis of the C 10 -C 19 fragment could rely on the inherent symmetry of the C 12 -C 16 segment, which a double ring-opening of epoxides could advantageously exploit. Di-epoxide 14 (Scheme 2) could be an excellent building block for this goal. However, regioselective and chemoselective reactions on this synthon would be hardly feasible, forcing us to revise our plan by building the two epoxides successively through iterative ring-opening of three epoxides (see Scheme 2). Thus, synthesis of C 10 -C 19 fragment started from commercially available propargyl alcohol 26, which was selectively hydrogenated to the corresponding (Z)olefin with Pd/BaSO 4 -quinoline. Corresponding allylic alcohol 27 underwent a Sharpless asymmetric epoxidation to obtain epoxy alcohol 28 (er = 93:7, 86% ee) (Scheme 3). [START_REF] Gao | Catalytic Asymmetric Epoxidation and Kinetic Resolution: Modified Procedures Including in Situ Derivatization[END_REF] After optimization, it was found that cumyl hydroperoxide improved the selectivity by 6% compared to tbutyl hydroperoxide. In order to improve further the selectivity, we tried to perform selective recrystallization of a sulfonated derivative of 28. Tosyl derivative 29a was liquid above 4-5 °C, whereas 3-nitrosulfonyl derivative 29b was crystalline and was thus selected for additional experiments. Attempts to improve enantiomeric purity remained unsuccessful due to an erosion of the chirality upon iterative recrystallization (er = 93:7 90:10). Despite significant efforts, we could not improve the enantiomeric ratio any further.

The ring-opening of oxirane 29a or 29b was highly regioselective. Utilization of the ate complex derived from AlMe 3 and lithium acetylide in combination with BF 3 •OEt 2 oxirane activation gave the best results in terms of conversion. [START_REF] Skrydstrup | The Opening of Trans-2-3-Epoxy-1-Butanol Derivatives with Organometallic Reagents[END_REF][START_REF] Alexakis | Boron Trifluoride Assisted Opening of Epoxides by Lithium Alkenyl Aluminate Reagents[END_REF][START_REF] Williams | Total Synthesis of (+)-Breynolide[END_REF] Crude product directly underwent a direct intramolecular displacement with NaH to produce terminal epoxide 30. Subsequent regioselective ring-opening with Z-propenylmagnesium bromide in the presence of CuI afforded homoallyl alcohol 31. A directed Sharpless epoxidation using Mihelich protocol, [START_REF] Mihelich | Vanadium-Catalyzed Epoxidations. 2. Highly Stereoselective Epoxidations of Acyclic Homoallylic Alcohols Predicted by a Detailed Transition-State Model[END_REF] We planned orthogonal protection of the C15 hydroxy group for selective transformation into a ketone at a later stage. The p-methoxybenzyl group (PMB) was first investigated because of its ability to be selectively deprotected under mild conditions with DDQ. However, a protecting group interconversion due to silyl group migration was always observed in different tested conditions from PMBCl or PMB trichloroacetimidate. To overcome these difficulties, our attention turned to the use of the triethylsilyl group (TES) for this C 15 protection. Nonetheless, this choice will probably force us to reconsider protecting group strategy at C 24 ; TES group being not allowed at this position. dovercome these difficulties, our attention turned to the use of the triethylsilyl group (TES) for this C15 protection. Nonetheless, this choice will probably force us to reconsider protecting group strategy at C24; TES group being not allowed at this position. overcome these difficulties, our attention turned to the use of the triethylsilyl group (TES) for this C15 protection. Nonetheless, this choice will probably force us to reconsider protecting group strategy at C24; TES group being not allowed at this position. overcome these difficulties, our attention turned to the use of the triethylsilyl group (TES) for this C15 protection. Nonetheless, this choice will probably force us to reconsider protecting group strategy at C24; TES group being not allowed at this position. ToTherefore, after silylation of alcohol 34, different conditions were screened to perform the oxidative cleavage of the olefin in 36. Osmium catalyzed dihydroxylation, followed by oxidative cleavage under various conditions, was unsatisfactory, with generally low conversions under extended reaction time (Table 1, entries 1-4). The conflicting reactivity of the alkyne of 36 proved to be a problem for ozonolysis, and the use of Sudan red III did not allow a selective oxidation. [START_REF] Veysoglu | A Convenient Method for the Control of Selective Ozonizations of Olefins[END_REF] Indeed, this reagent system, in combination to mild reagents to quench the ozonide, led to low, irreproducible yields (Table 1, entries 5-8). However, ozonolysis using a titrated and saturated ozone solution in CH 2 Cl 2 (0.025 M) at -78 °C gave a better control of the stoichiometry, [START_REF] Wender | Total Synthesis of Bryostatin 9[END_REF] providing 67% yield of 37 when the reaction was followed by a quench with Et 3 N [START_REF] Hon | The Mechanistic Study and Synthetic Applications of the Base Treatment in the Ozonolytic Reactions[END_REF] The end of the synthesis of the C 10 -C 19 fragment consisted of the functionalization of the alkyne function in 37. Selective deprotection of alkyne was accomplished by using AgNO 3 with KCN and lutidine in aqueous ethanol. Alternatively, K 2 CO 3 in MeOH led to deprotection of the TES group. [START_REF] Carreira | +)-Zaragozic Acid C: Synthesis and Related Studies[END_REF] Construction of the E-iodo-methyl-vinyl function was highly desirable using zirconium catalyzed carboalumination, [START_REF] Rand | A Versatile and Selective Route to Difunctional Trisubstituted (E)-Alkene Synthons via Zirconium-Catalyzed Carboalumination of Alkynes[END_REF][START_REF] Van Horn | Selective Carbon-Carbon Bond Formation via Transition Metal Catalysts. 8. Controlled Carbometalation. Reaction of Acetylenes with Organoalane-Zirconocene Dichloride Complexes as a Route to Stereo-and Regio-Defined Trisubstituted Olefins[END_REF] because it could provide the desired product 41 in one step. However, this methodology was unsuccessful with substrate 38, even with the improved procedure using H 2 O to improve the reaction rate. [START_REF] Wipf | Rapid Carboalumination of Alkynes in the Presence of Water[END_REF] Stannylcupration/methylation sequence was also ineffective with only recovered starting material. [START_REF] Gopalarathnam | Asymmetric Synthesis of a C7-C20 Synthon[END_REF] A fourstep protocol previously reported by Pattenden [START_REF] Cid | Studies Towards a Total Synthesis of Amphidinolide B. Stereocontrolled Synthesis of the C14-C26 Polyol Fragment[END_REF] and Williams, [START_REF] Williams | Studies for the Synthesis of Xenicane Diterpenes. A Stereocontrolled Total Synthesis of 4-Hydroxydictyolactone[END_REF] allowed obtaining the desired compound 41 in excellent yields. This sequence includes a highly regioselective palladium-catalyzed stannyl-silylation, 75 a chemoselective iodolysis of stannane, [START_REF] Apte | Silylstannylation of Highly Functionalized Acetylenes. Synthesis of Precursors for Annulations via Radical or Heck Reactions[END_REF] a substitution of vinyl iodide by methylcuprate, and finally, an iodolysis with NIS. [START_REF] Stamos | A Mild Preparation of Vinyliodides from Vinylsilanes[END_REF] Although C 20 -C 29 and C 20 -C 34 fragments are structurally simpler than the two other fragments, these parts of amphidinolides C and F gave us unexpected difficulties. [START_REF] Fenneteau | Liebeskind-Srogl Cross-Coupling on γ-Carboxyl-γ-Butyrolactone Derivatives: Application to the Side Chain of Amphidinolides C and F[END_REF] Indeed, our initial plan was to condensate organometallic species, such as 16a in the case of amphidinolide F, onto acyl chloride 15a. This transformation is particularly well known from our laboratory, and sp 3 -Grignard reagents are particularly well suited. [START_REF] Figadere | Stereospecific Synthesis of (+)-Muricatacin: A Biologically Active Acetogenin Derivative[END_REF] First investigations were conducted with an organomagnesium derivative of 16a, and we observed that the cross-coupling reaction was utterly ineffective. Therefore many other organometallic species were screened, including copper, zinc, manganese, or tin (in conjunction with palladium); however, all attempts led to a negative conclusion. Isomerization of ynone 44 into dienone 42 with triphenylphosphine was eventually a desirable route. [START_REF] Trost | A Simple Synthesis of Dienones via Isomerization of Alkynones Effected by Palladium Catalysts[END_REF][START_REF] Trost | Internal Redox Catalyzed by Triphenylphosphine[END_REF] Nonetheless, a complete epimerization of the stereogenic center at C 23 , adjacent to the ketone, was observed, forcing us to stop this strategy. (Scheme 6)

Scheme 6. Attempts to obtain dienone 42 with retention of configuration.

Exploration of other acyl derivatives was undertaken. In particular, thioesters were investigated, given they are bench stable derivatives, and they can react chemoselectively with boronic acids [START_REF] Cheng | The Liebeskind-Srogl Cross-Coupling Reaction and Its Syn-thetic Applications[END_REF] or organostannanes [START_REF] Wittenberg | Ketone Synthesis under Neutral Conditions. Cu(I) Diphenylphosphinate-Mediated, Palladium-Catalyzed Coupling of Thiol Esters and Organostannanes[END_REF] in palladium-catalyzed Liebeskind-Srogl cross-coupling reactions. [START_REF] Cheng | The Liebeskind-Srogl Cross-Coupling Reaction and Its Syn-thetic Applications[END_REF] Preparation of thioester 15b was accomplished from R-glutamic acid, [START_REF] Boukouvalas | Dihydro-5-(Hydroxymethyl)-2(3H)-Furanone[END_REF] by Sandmeyer diazotation followed by activation of the carboxylic acid with oxalyl chloride. A subsequent thioesterification with PhSH provided 15b. Thus, a reaction trial with PhB(OH) 2 , copper thiophene-carboxylate (CuTC), and Pd(0) source with P(OMe) 3 as a ligand was carried out, furnishing phenyl ketone 46 in 52% unoptimized yield. Application of this reaction to the desired substrate 16b was more difficult because it needed the preparation of catechol boronate 52. Indeed, the free form of boronic acid is required to perform the Liebeskind-Srogl cross-coupling reaction, [START_REF] Cheng | The Liebeskind-Srogl Cross-Coupling Reaction and Its Syn-thetic Applications[END_REF] and catechol boronates appeared to be the most suitable ester group because of their ease of hydrolysis by H 2 O. The synthesis of 52 was inspired by the synthesis of pyrethroids, where dichloride 50 is a common intermediate. [START_REF] Bitter | New Routes to 1,1-Dichloro-4-Methyl-1,3-Pentadiene[END_REF] Metal reduction of 50 in mesitylene furnished the volatile enyne 51, [START_REF] Shapiro | Regioselective Rh2(OAc)4-Promoted Reactions of Methyl Diazoacetate with Terminal Triple Bond Enynes[END_REF] and subsequent hydroboration led to catechol boronate 52. The cross-coupling reaction of thioester 15b with 52 in aqueous THF allowed the in-situ hydrolysis of catechol boronate, leading to the expected dienone 42. The diastereoselective reduction of ketone 42 was also a challenging task. A comprehensive range of reagents was screened for this transformation; [START_REF] Fenneteau | Liebeskind-Srogl Cross-Coupling on γ-Carboxyl-γ-Butyrolactone Derivatives: Application to the Side Chain of Amphidinolides C and F[END_REF] various boron or aluminum hydride reagents were tested without satisfactory yields and/or selectivity. Our attention focused then on Hiyama's reduction, a reduction based on Lewis base activation of a silane reagent, which gave 47 with a satisfactory yield and a high degree of selectivity. The high syn selectivity could be explained by the bulkiness of silane reagent in a Felkin-Ahn type model; Ph 3 SiH being noticeably superior to Et 3 SiH. [START_REF] Fujita | Fluoride Ion-Catalyzed Reduction of Aldehydes and Ketones with Hydrosilanes. Synthetic and Mechanistic Aspects and an Application to the Threo-Directed Reduction of .Alpha.-Substituted Alkanones[END_REF] (Scheme 7)

Scheme 7. Synthesis of C 20 -C 29 fragment of amphidinolide F

The next objective was applying this synthetic route to the C 20 -C 34 fragment of amphidinolides C1, C2, or C3. For this purpose, installing the stereogenic center at C 29 was required. Asymmetric epoxidation of allyl alcohol could be an excellent method of constructing the desired motif since reductive elimination of the hydroxyl group would provide the requisite bis-allyl alcohol. Therefore, our synthesis started from boronate 53 (prepared by carbocupration of propargyl alcohol, followed by borylation) [START_REF] Fang | The First Preparation of 4-Substituted 1,2-Oxaborol-2(5H)-Ols and Their Palladium--Catalyzed Cross-Coupling with Aryl Halides to Prepare Stereodefined-2,3-Disubstituted Allyl Alcohols[END_REF] and vinyl iodide 54 (prepared by a molybdenum mediated hydrostannylation of propynyl-TMS followed by iodolysis), [START_REF] Nicolaou | Total Synthesis of Rapamycin[END_REF] which were coupled through a Suzuki-Miyaura cross-coupling reaction. Thallium salts were crucial for performing the reaction at room temperature and avoiding any side reaction. [START_REF] Uenishi | Dramatic Rate Enhancement of Suzuki Diene Synthesis. Its Application to Palytoxin Synthesis[END_REF] (Scheme 8) Asymmetric epoxidation of allyl alcohol 55 was first studied with the classical Sharpless protocol, [START_REF] Gao | Catalytic Asymmetric Epoxidation and Kinetic Resolution: Modified Procedures Including in Situ Derivatization[END_REF] using titanium isopropoxide, and tartrate as ligand. However, the enantiomeric excess was disappointing (52% ee). In contrast, vanadium mediated Yamamoto asymmetric epoxidation turned out to be far superior, giving epoxide 56 in 94% ee and 92% yield. [START_REF] Zhang | Enantioselective Epoxidation of Allylic Alcohols by a Chiral Complex of Vanadium: An Effective Controller System and a Rational Mechanistic Model[END_REF] Reductive elimination of the hydroxyl group consisted of substituting alcohol of 56 with a bromide followed by treatment with zinc dust. Iododesilylation of 59 retained the geometry of the double bond, [START_REF] Stamos | A Mild Preparation of Vinyliodides from Vinylsilanes[END_REF] and at this point, several perspectives were possible from 60. First, the introduction of terminal acetylene by a Sonogashira cross-coupling reaction gave us the enyne 61. Subsequently, hydroboration under similar conditions to obtain boronate 52 led only to degradation. (Scheme 8)

Scheme 8. Synthesis of C20-C34 fragment of amphidinolide C, C2 and C3

An alternative strategy obtain was to perform a cross-coupling reaction with bimetallic species 63, a boronate protected with N-methyliminodiacetic acid (MIDA). [START_REF] Knapp | A General Solution for Unstable Boronic Acids: Slow-Release Cross-Coupling from Air-Stable MIDA Boronates[END_REF] Removal of the MIDA group under mild conditions also led to multiple degradations, concluding on the relative unstability of 62 and 65. An ultimate strategy using organostannane 68 to perform a Liebeskind-Srogl cross-coupling was then devised. Thus, compound 68 was first prepared by a cross-coupling with organozinc intermediate 67, itself prepared from distannane 66. [START_REF] Pihko | The Triumph of Zinc: A Short and Highly Efficient Synthesis of the Calyculin C1-C9 Tetraene Building Block by Negishi Coupling[END_REF] Crosscoupling reaction, in the presence of copper diphenylphosphinate (CuDPP) and thioester 15c, lead to the desired ketone 69 in high yield. [START_REF] Wittenberg | Ketone Synthesis under Neutral Conditions. Cu(I) Diphenylphosphinate-Mediated, Palladium-Catalyzed Coupling of Thiol Esters and Organostannanes[END_REF] Application of Ph 3 SiH mediated reduction yielded the required fragment 70 with perfect control of the diastereoselectivity. [START_REF] Fujita | Fluoride Ion-Catalyzed Reduction of Aldehydes and Ketones with Hydrosilanes. Synthetic and Mechanistic Aspects and an Application to the Threo-Directed Reduction of .Alpha.-Substituted Alkanones[END_REF] 

(Scheme 8)

Assembly of different fragments

Having in hand the three main fragments of amphidinolides C, C2, C3, or F, the next objective was to test the feasibility of our connexions. Therefore, Stille crosscoupling between 41 and 25 was performed using Fürstner protocol, the addition of CuTC and tetrabutylammonium phosphinates noticeably improving the process, by transmetallation of copper with tin in one hand and precipitation of tributyltin-diphenylphosphinate in the other hand. [START_REF] Fürstner | A Versatile Protocol for Stille-Migita Cross Coupling Reactions[END_REF] Thus, compound 71 was obtained in encouraging 47% isolated yield. (Scheme 9)

Scheme 9. Successful cross-coupling reaction between C1-C9 and C10-C19 fragments.

C-glycosylation reaction was then investigated. For this purpose, lactone 47 was protected with a TES group and was then reduced in lactol and acylated to give 11a over two steps. [START_REF] Kopecky | Improved Procedure for the Reductive Acetylation of Acyclic Esters and a New Synthesis of Ethers[END_REF] Utilization of silyl enol 73 [START_REF] Dickschat | Novel Pyrazines from the Myxobacterium Chondromyces crocatus and Marine Bacteria[END_REF] as model reagent seemed pertinent given its similitude with C 10 -C 19 fragment 10. (Scheme 2). After a thorough study of the Lewis acids that could be used to couple 11a to 73, no condition allowed to obtain the desired compound 74; degradation leading to many by-products having been only observed. Further exploratory experiments showed us that the diene moiety is the origin of the problem and might self-condense and polymerize. During our investigations, reaction with a mono-olefin derivative proceeded effectively for example. (Scheme 10) Scheme 10. Unsuccessful approach to connect C20-C29 fragment by C-glycosylation.

In parallel, a pilot experiment was conducted to perform a C-glycosylation reaction between methyl ketone 40 and (R)-6. Unfortunately, deprotection of the TES group proceeded during reaction, leading to a lactol, by addition of hydroxy group at C 15 to carbonyl group at C 18 . No coupling product 75 was never formed. (Scheme 11) Scheme 11. Unsuccessful trial of C-glycosylation reaction from C10-C19 fragment 40.

Due to failures in obtaining the two coupling products 74 and 75, a revision of the strategic approach described in Scheme 2 was required, especially at the level of the disconnection between C 19 and C 20 .

SECOND APPROACH

A second and last strategy was designed to make as few changes as possible to the individual fragments 10, 11a or 11b already synthesized. Shifting the C 19 -C 20 disconnection to C 17 -C 18 resulted in minimal modifications in the strategy. The new junction at this position could therefore be accomplished via the addition of a sulfone to an aldehyde followed by a process. [START_REF] Yu | From Micrograms to Grams: Scale-up Synthesis of Eribulin Mesylate[END_REF] Thus, the synthesis of C 1 -C 9 fragment 9 would remain unchanged, while a minor modification would be made to the synthesis of C 10 -C 17 fragment 76, including the addition of a methyl sulfone anion instead of a methylallylmagnesium chloride (see Scheme 4). The major update concerns the C 18 -C 29 and C 18 -C 34 fragments 77a and 77b. Indeed, the construction of the THF unit should be performed before coupling with the side chain due to the incompatibility of C-glycosylation with the latter. For this purpose, our methodology on the diastereoselective addition of titanium enolate of N-acetyloxazolidinethione 7d would be particularly well suited, 43 The new preparation of C 10 -C 17 fragment 76 is mainly based on our strategy previously described in Schemes 4&5. Therefore, after deprotection of acetylene, ringopening of epoxide 78 was accomplished in quantitative yield with lithiated methylphenylsulfone in the presence of BF 3 •Et 2 O, [START_REF] Ley | Total Synthesis of Rapamycin[END_REF] and resulted in the formation of the predominant regioisomer 79 (79:79' = 71:29). The hydroxy group was then protected as a TES ether, and the triple bond was functionalized according to the first strategy described in Scheme 4: palladium-catalyzed TMSstannylation, iodolysis of Bu 3 Sn group, iodine substitution with methylcuprate, and iododesilylation to finally give 76. [START_REF] Cid | Studies Towards a Total Synthesis of Amphidinolide B. Stereocontrolled Synthesis of the C14-C26 Polyol Fragment[END_REF] The C 10 -C 17 moiety 76 was synthesized in fifteen steps from butynol 26 and in an overall yield of 10.9%. (Scheme 13) Scheme 13. Synthesis of revisited C 10 -C 17 fragment 76.

Synthesis of C 18 -C 29 and C 18 -C 34 fragments

We then turned our attention to the synthesis of the C 18 -C 29 and C 18 -C 34 fragments of amphidinolides F and C1-C3. Their common intermediate, thioester 90, was prepared from 45 by chemoselective reduction of the carboxylic acid with BH 3 . Protection of 84 as a TBDPS silyl ether led to compound 85, and a reduction/acetylation sequence yielded tetrahydrofuranyl acetate 86. The next transformation was the key step of in the preparation of thioester 90; utilization of titanium enolate of oxazolidi-7d, followed by methanolysis, gave trans-THF 87 in high diastereoselectivity, according to our past ies. 43 The transformation of the hydroxyl group in 87 to thioester 90 started with deprotection with buffered TBAF. It was followed by oxidation to carboxylic acid 89 with RuCl 3 and periodic acid, and by thioesterification via the preparation of an acyl chloride. (Scheme 14)

Scheme 14. Synthesis of common intermediate 90 in the revisited synthesis of C 18 -C 29 and C 18 -C 34 fragments

Depending on the goal, thioester 90 is the gateway to either amphidinolide F or amphidinolides C1-C3. Since amphidinolide F has an easier-to-reach side chain, its synthesis was first examined. Thus, 90 was coupled with boronate 52 initially, leading to the desired product 91. However, yields were very inconsistent, which forced us to reconsider this transformation. Moreover, access to 52 is difficult due to the extreme volatility of the enyne precursor 51, which constrained us to use hazardous sodium metal reduction of dichloride 50 in mesitylene (Scheme 7). Therefore, the utilization of stannane 92 was investigated because organotins previously gave us a higher yield in the Liebeskind-Srogl cross-coupling (e.g., 68 giving 69 compared to 52 giving 42, see Schemes 7&8). Stannane 92 was readily obtained in three steps by hydrostannylation of propargyl alcohol, [START_REF] Darwish | The Use of Phosphine Ligands to Control the Regiochemistry of Pd-Catalyzed Hydrostannations of 1-Alkynes: Synthesis of (E)-1-Tributylstannyl-1-Alkenes[END_REF] oxidation into aldehyde, and Julia-Kochienski olefination. The crosscoupling reaction of 90 with 92 indeed showed a higher yield than using 52, which led us to preferentially retain this route. The diastereoselective reduction of dienone 91 to allylic alcohol 93 under Luche conditions was achieved with excellent diastereoselectivity. [START_REF] Clark | Synthesis of the C-18-C-34 Fragment of Amphidinolides C, C2, and C3[END_REF][START_REF] Suzukitamotsu | The New and Efficient Synthesis of a Heptose Moiety of Spicamycin[END_REF] Monitoring the reaction was crutial since CeCl 3 also activates the reduction of the methyl ester; therefore, five min reaction at -78 °C was more than sufficient. Indeed, a prolonged reaction time led to significant quantities of the corresponding diol. The choice of the protecting group was also crucial here. A protection group that could be easily installed in position C 24 and easily cleavable in the presence of the TES group at position C 15 was sought. Although very labile, the TMS group fulfilled these conditions, with only a few compatible steps required. Finally, the last step leading to the C 17 -C 29 fragment 77a consisted of reducing the methyl ester. The direct obtaining of aldehyde 77a, with DIBALH, in good yield is probably due to the chelation of aluminum with oxygen of the THF ring, which stabilizes the aluminoxy-acetal intermediate. The C 18 -C 29 fragment of amphidinolide F was constructed in 13 steps from lactone 45 in 20% overall yield. (Scheme 15)

The synthesis of the C 18 -C 34 fragment 77b of amphidinolides C1-C3 was carried out using the same strategy as that used for 77a. Similarly, thioester 90 underwent a Liebeskind-Srogl cross-coupling with stannane 68. The modest yield obtained for 97 could be attributed to a partial protodestannylation or protodecupration by the free hydroxyl group installed at C 29 . However, protection of 68 was not an option due to problems with protodemetallation and purification from organotin by-products.

The next objective was the protection of the hydroxyl group at C 29 , which is crucial because depending on the choice that is made, it would be possible to access all analogs of amphidinolides C. Thus, protection of the alcohol at C 29 with TBS ether, such as in Fürstner or Carter total syntheses of amphidinolide C1, [START_REF] Valot | Concise Total Syntheses of Amphidinolides C and F[END_REF][START_REF] Mahapatra | Exploiting Hidden Symmetry in Natural Products: Total Syntheses of Amphidinolides C and F[END_REF] could only lead to the C1 analog. A more appropriate choice of the protecting group at C 29 could also lead to C2 or C3 analogs. For this reason, hydroxy group in 98 was protected as a TES silyl ether, such as the alcohol at C 15 , because we believe that selective acetylation in the late stage would lead to amphidinolide C2, and selective deacylation would provide C1 analog. Simultaneous oxidation of hydroxy group at C 29 and C 15 positions would lead to amphidinolide C3.

After diastereoselective ketone reduction as described earlier, TMS protection, and a selective DIBALH mediated reduction, fragment 77b was obtained. 

Total synthesis of amphidinolide F

After preparing the different main fragments 9, 76 and 77a-b necessary for the total synthesis of amphidinolides F, C1, C2, or C3, their assembly could be undertaken. We first focused on the synthesis of amphidinolide F which would be easier to access thanks to its shorter side chain. Thus, sulfone 76 was deprotonated with LDA at low tem-peratures to react with aldehyde 77a. The adduct was isolated as a complex mixture of four stereoisomers in 60% yield (Scheme 17). It is note worthy that, due to the presence of vinyl iodide in 76, nBuLi could not be used because of the competitive halogen-metal exchange. The addition reaction from sulfone 83 (Scheme 13) was also carried out with success in 78% yield with n-BuLi, but further iododesilylation led to decompositions because of the diene unit. After oxidation of the resulting alcohol under buffered conditions to retain TMS protecting group at C 24 , desulfonylation with SmI 2 was performed, leading to compound 101 in 55% yield over two steps. (Scheme 17) Stille cross-coupling between 101 and 9 was achieved according to our pilot experiment between 25 and 41 during the first strategy study (see Scheme 9). However, the protocol was modified using CuDPP (Copper diphenylphosphinate) instead of CuTC and tetrabutylammonium diphenylphosphine. This salt combines both properties of needed cation and anion, i.e., Cu(I) for Sn-Cu transmetallation and diphenylphosphinate for precipitating SnBu 3 -derived by-products. The use of NaH was also anticipated to prevent the protodemetallation by the carboxylic acid function in 9. Because partial deprotection of TMS was observed during the coupling process, the reaction mixture was treated at the end with dilute HCl to fully and selectively cleave the TMS protecting group, leading to 102 in 72% yield. (Scheme 17) Macrolactonization was performed using Yamaguchi reagent at 10 -3 M to afford the desired macrolide 103 in 41% yield. [START_REF] Inanaga | A Rapid Esterification by Means of Mixed Anhydride and Its Application to Large-Ring Lactonization[END_REF]100 Further chemoselective deprotection of TES ether with HF•pyridine complex followed by oxidation of hydroxy group with TPAP afforded desired diketone 104. NMR analysis of all compounds from 103 was complex due to conformational equilibriums caused by bulky TBS ethers. The final deprotection was investigated with already reported conditions using the Et 3 N•HF reagent system and produced significant degradation products in our hands. However, final deprotection with HF•pyridine afforded amphidinolide F, which characterization data matched previous total syntheses [START_REF] Valot | Total Synthesis of Amphidinolide F[END_REF][START_REF] Mahapatra | Enantioselective Total Synthesis of Amphidinolide F[END_REF] and natural product. [START_REF] Kobayashi | The First Twenty-Five Membered Macrocyclic Lactone with Potent Antineoplastic Activity from the Cultured Dinoflagellate Amphidinium Sp[END_REF][START_REF] Kubota | Absolute Stereochemistry of Amphidinolide C[END_REF] Amphidinolide F (4) was finally obtained in 23 steps of the most longest linear sequence and 47 total steps, which is a close result to Fürstner's total synthesis (21 steps, longest linear sequence; 39 total steps) [START_REF] Valot | Total Synthesis of Amphidinolide F[END_REF] and more favorable towards Carter's total synthesis (34 steps, longest linear sequence; 62 total steps). [START_REF] Mahapatra | Enantioselective Total Synthesis of Amphidinolide F[END_REF] (Scheme 17)

Scheme 17. Final cross-coupling and total synthesis of amphidinolide F (4).

Total synthesis of amphidinolide C2

After completion of the total synthesis of amphidinolide F (4), we turned our attention to amphidinolides C1 (1), C2(2), and C3(3). Whereas amphidinolide C1 was already produced by total synthesis, [START_REF] Valot | Concise Total Syntheses of Amphidinolides C and F[END_REF][START_REF] Mahapatra | Exploiting Hidden Symmetry in Natural Products: Total Syntheses of Amphidinolides C and F[END_REF] the strategies used so far do not allow the selective obtaining of the C2 or C3 analogs. As pointed out earlier, the choice of the TES protecting group at C 29 rather than TBS would be crucial to obtain the other analogues of amphidinolide C. Nevertheless, a strategy similar to that studied for the total synthesis of amphidinolide F (4) would be applied here.

Thus, the addition of lithiated sulfone 76 to aldehyde 77b led to expected adducts. However, the yield was lower than expected, based on the synthesis of 101. The oxidation/desulfonylation sequence also led to compound 105 in a low yield. The SmI 2 reduction step was particularly problematic, leading to many undetermined byproducts. Fortunately, the following cross-coupling reaction with 9 was very satisfying, with an excellent yield for 106 using the same conditions as before for 102. The macrolactonization sequence afforded macrolide 107 in 46% yield, and the route to obtaining analogs of amphidinolide C was now open. After treatment with HF•pyridine, cleavage of the two TES ethers was achieved, affording a mixture of hemiketal 108 and corresponding dehydrated compound, [START_REF] Valot | Total Synthesis of Amphidinolide F[END_REF] which was further reverted to hemiketal 108 by treatment with aqueous THF and PPTS. (Scheme 18)

Scheme 18. Total synthesis of amphidinolide C2 (2).

At this stage, several options were possible: double oxidation followed by cleavage of TBS groups could lead to amphidinolide C3 (3), while a selective acylation could lead to amphidinolides C or C2. By lack of material, we choose to continue prioritizing the synthesis of amphidinolides C2 (2) and eventually C1 (1) if we could find and optimize conditions for a selective deacylation. Selective acylation at C 29 was assumed by steric differentiation between tertiary lactol and hydroxyl at C 29 . Our hypothesis was found exact, but lactol-ring open and 108 reacted at C 15 and C 29 simultaneously. Remembering that during the TES deprotection step, we experienced spontaneous formation of a dihydrofuran, protection of the lactol as a ketal could be planned as an alternative option. The use of PPTS in MeOH, followed by evaporation of the reaction mixture, acylation of the hydroxyl group at C 29 , and deprotection of the methoxy ketal to the initial lactol function, afforded compound 109 in 94% yield over 3 steps. Oxidation of lactol into diketone 110 was then accomplished using TPAP as done by Fürstner [START_REF] Valot | Concise Total Syntheses of Amphidinolides C and F[END_REF] and ourself [START_REF] Ferrié | Total Synthesis of the Marine Macrolide Amphidinolide F[END_REF] . However, the reaction was unexpectedly slow, which led us to use a larger amount of reagent. As a result, we lost a large quantity of material at this step, the product having been adsorbed presumably by TPAP re-agent. Its quality seems crucial since the same batch of reagent was used successfully two years ago in the total synthesis of amphidinolide F. [START_REF] Ferrié | Total Synthesis of the Marine Macrolide Amphidinolide F[END_REF] The final step was to cleave the remaining three TBS ethers, which was performed for two weeks with HF•pyridine in THF and pyridine. As a result, the synthetic sample of amphidinolide C2 was isolated with 0.4 mg and would appear to match the natural sample with respect to NMR data. 101 Some differences were observed on [START_REF] Kobayashi | Bioactive Macrolides from Symbiotic Marine Dinoflagellates[END_REF] H NMR, which is probably due to a concentration effect, a phenomenon already reported in the total syntheses of amphidinolide C. [START_REF] Valot | Concise Total Syntheses of Amphidinolides C and F[END_REF][START_REF] Mahapatra | Exploiting Hidden Symmetry in Natural Products: Total Syntheses of Amphidinolides C and F[END_REF] Indeed, we observed ourselves that some chemical shifts were varying considerably over time (e.g., after 24h experiment), corresponding to solvent evaporation. [START_REF] Williams | 1-Alkoxyallene as an Effective Precursor for Regio-and Stereocontrolled Allylation Reactions with Aliphatic Aldehydes via Bis-Stannylation[END_REF] C NMR is a more reliable technique, although chemical shifts of carbons C 37 , C 17 , and C 15 vary by about 1-2 ppm than the reported natural sample. Amphidinolide C2 was synthesized in 26 steps considering the longest linear sequence for a total of 58 steps. (Scheme 17) CONCLUSION Total syntheses of amphidinolides F and C2 have been accomplished in 23 and 26 steps, respectively, considering the longest linear sequences (47 and 58 total steps, respectively) and using an original approach for macrolac-tone core and side chains. Doing so, we again demonstrate the utility of titanium enolate of Noxazolidinethione to build stereoselectively trans-THF. After a first strategy showing that the disconnection at the C 19 -C 20 bond was inappropriate, we could revise our plans by shifting the junction at the C 17 -C 18 bond, with a sulfone addition-desulfonylation sequence as key steps. We were also the first group to consider a late stage's divergent synthesis of amphidinolides C1-C3. However, considering the unexpected difficulties experienced in the desulfonylation and TPAP oxidation during the total synthesis of amphidinolide C2, access to amphidinolide C1(1) and C3(3) remains a task. These two low-yielding steps would probably need more optimization with alternative reagents to obtain targeted products in a higher amount. Nevertheless, we showed that the hydroxyl group in C 29 could be selectively acylated by taking advantage of the spontaneous ketal formation, between hydroxyl at C 15 and ketone at C 18 , with selective late-stage protection possible.
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Figure 1 .

 1 Figure 1. Amphidinolides F, C (or C1), C2, C3, and U.

Scheme 4 .

 4 Scheme 4. The first part of the synthesis of the C 10 -C 19 fragment.

  Scheme 5. Functionalization of alkyne and end of the synthesis for fragment C 10 -C 19 .

  Scheme 12. Revisited strategy to build amphidinolides F, C1, C2, or C3: Disconnexion shifted from C 19 -C 20 to C 17 -C 18 bonds.

  Scheme 15. synthesis of C 18 -C 29 fragment 77a of amphidinolide F.

Table 1 . Oxidation of alkene 36 into ketone 37

 1 (Table 1, entry 9)

	Entry	Conditions	Yield of 37 a
	1	OsO4, NMO then NaIO4, rt	30%
	2	AD Mix α then OsO4, rt	40%
	3	AD Mix α then Pb(OAc)4, rt	36%
	4 5	OsO4, NaIO4, 2,6-lutidine, rt O3 (Suddan red III), -78 °C, then Me2S	43% -b
	6	O3 (Suddan red III), -78 °C, then Et3N	10%
	7	O3 (Suddan red III), -78 °C, then PPh3	50%
	8	1.O3 (Suddan red III), -78 °C, then NaBH4 2. DMP oxidation	28%
	9	O3 (1 equiv), -78 °C then Et3N	67%

a Isolated yield. b Complete degradation
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