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ABSTRACT 

 Swerilactones and related natural products were isolated from the plant Swertia 

mileensis and related species from the Gentianacea family. All members have shown 

moderate bioactivity in a hepatitis B virus assay. Despite their appealing framework and 

bioactivity, to date no syntheses of these compounds have been reported in the literature. 

All members of the natural products family display a polycyclic framework, 

containing lactone-pyran fused bicyclic subunits, and are heavily oxygenated. En route to 

swerilactones A and B, featuring a complex pentacyclic (6/6/6/6) ring system, the 

successful syntheses of two key building blocks for studies of a biomimetic [4+2] 

cycloaddition have been accomplished. The challenges associated with the design of a 

novel synthesis of a 2H-pyran diene are presented and ultimately relied on a Saucy-Marbet 

rearrangement of a propargyl vinyl ether. Reactivity studies for the 2H-pyran have shown 

thermal normal demand and photoinduced, radical cation [4+2] cycloadditions are Diels-

Alder modes of choice, whereas inverse demand pathways were unproductive.  

Synthetic routes to obtain carboxylate and various enol ether substituted 

dienophilic lactones are also outlined. They relied on a unified strategy, comprised of the 







 
 

xi 

1.3.2 Biomimetic Synthesis of Antimalarial Naphthoquinones............................. 32 

1.3.3 Biomimetic Synthesis of Artocarpols and Daurichromenic Acid Natural 

Products..................................................................................................................... 35 

1.4 Conclusion and Summary ..................................................................................... 39 

CHAPTER 2                                                                                                                   A 

Proposed Biomimetic Synthesis of Swerilactones A and B: Elaboration of a 2H-Pyran 

and Reactivity Studies....................................................................................................... 41 

2.1 Introduction ............................................................................................................. 41 

2.1.1 Isolation of Bioactive Molecules from Swertia mileensis ............................... 41 

2.1.2 Proposed Biosynthesis and Bioactivity ............................................................ 44 

2.2 Retrosynthetic Approaches to Swerilactones A and B ........................................... 47 

2.2.1 First Retrosynthetic Analysis ........................................................................... 47 

2.2.2. Revised Retrosynthetic Analysis: Ketene-Diene Diels-Alder Cycloaddition 

Approach ................................................................................................................... 54 

2.3. Construction of a Fused 2H-Pyran Lactone Fragment .......................................... 61 

2.3.1 Previous Synthesis ........................................................................................ 61 

2.3.2 First Synthetic Route: Cuprate Addition of Metallated Propenyl and 

Oxidation of Formylated Lactone ............................................................................. 63 

2.3.3 Second Synthetic Route: Use of an Allylic 1,3-Diol in an Aldol 

Condensation............................................................................................................. 67 

2.3.4 Third Synthetic Route: Metal-Mediated Diyne Cyclization ......................... 69 

2.3.5 Fourth Approach: Saucy-Marbet Rearrangement of a Propargyl Vinyl Ether 71 





 
 

xiii 

3.4.3 Proposal toward the Synthesis of Swerilactone A and B Core Structures .. 140 

3.5 Proposal toward the Synthesis of Related Swerilactone Natural Products ........... 142 

3.6 Conclusion ............................................................................................................ 146 

3.7 Experimental Section ............................................................................................ 148 

LIST OF JOURNAL ABBREVIATIONS...................................................................... 178 

BIBLIOGRAPHY ........................................................................................................... 180 

CURRICULUM VITAE ................................................................................................. 193 

 
  





 
 

xv 

LIST OF FIGURES 

Figure 1.1 2H-Pyran/Oxatriene Equilibrium ...................................................................... 1 

Figure 1.2 Valence Isomerism: Frontier Molecular Orbital Analysis and Experimental 

Controls ....................................................................................................................... 5 

Figure 2.1 Representative Lactone-Containing Natural Products Isolated from the Swertia 

Genus ........................................................................................................................ 43 

Figure 2.2 General Structure and Numbering System of Iridoids and Secoiridoids ........ 44 

Figure 2.3 (A) FMO Analysis for Different Diels-Alder Modes and (B) Example of 

Inverse Demand Reaction ......................................................................................... 50 

Figure 2.4 Potential Substitution of Enol Lactone 114 ..................................................... 51 

Figure 2.5 Four Possible Transition States between (E)-Enol 114 and Pyran 115 ........... 51 

Figure 2.6 Ketene-Pyran Cycloaddition: Four Possible Transition States ....................... 55 

Figure 2.7 Ketene-Pyran Lowest Energy Transition State (A) (DFT B3LYP/6-31G**) . 56 

Figure 2.7 Stacked NMR Plot Illustrating the Rearrangement of Propargyl Vinyl Ether 

152 to Pyran 153 ....................................................................................................... 73 

Figure 3.1 Proposed Cycloadditions of Pyran 115 with Ketene and Enol Dienophiles . 115 

Figure 3.2 Planned Dienophilic Lactones ....................................................................... 115 

 
 
  













 
 

xxi 

Scheme 3.17 Proposed Route toward Swerilactone A Core: Radical Cation Cycloaddition 

of 114b and 115 ...................................................................................................... 141 

Scheme 3.18 Proposal toward (+)-Sweriledugenin via Enamine/Iminium Cascade ...... 142 

Scheme 3.19 Enamine/Iminium Cascade: Mechanistic Proposal ................................... 143 

Scheme 3.20 Elaboration of Gentiogenal (200): Dual Lewis and Brønsted Acid 

Activation of Gentiopicroside (207) ....................................................................... 145 

Scheme 3.21 Attempted Formylation Experiments of 115 ............................................. 146 

 

 

  





 
 

xxiii 

CpRu(MeCN)3PF6........ Tris(acetonitrile)cyclopentadienylruthenium hexafluorophosphate 

CSA ..................................................................................................... camphorsulfonic acid 

conc. .................................................................................................................. concentrated 

CuCl ..............................................................................................................copper chloride 

CuI.................................................................................................................... copper iodide 

DABCO.................................................................................. 1,4-diazabicyclo[2.2.2]octane 

dba ....................................................................................................... dibenzylideneacetone 

DBU ............................................................................... 1,8-diazbicyclo[5,4,0]undec-7-ene 

DCE................................................................................................................ dichloroethane 

DDQ ................................................................2,3-Dichloro-5,6-dicyano-1,4-benzoquinone 

DFT ................................................................................................density functional theory 

DMF ............................................................................................... N,N-dimethylformamide 

DMP ............................................................................................... Dess-Martin periodinane 

DMSO ..................................................................................................... dimethyl sulfoxide 

DNA ................................................................................................... deoxyribonucleic acid 

EtOH .......................................................................................................................... ethanol 

EtOAc ............................................................................................................... ethyl acetate 

Et3N .................................................................................................................. triethylamine 

dr ............................................................................................................ diastereomeric ratio 

EC ..................................................................................................... effective concentration 

ee ........................................................................................................... enantiomeric excess 

epi ............................................................................................................................... epimer 





 
 

xxv 

iPr2SiCl ......................................................................................... dichlorodiisopropylsilane 

IR............................................................................................................................... infrared 

[Ir(cod)Cl]2 ................................................... bis(1,5-cyclooctadiene)diiridium(I) dichloride 

J ................................................................................................................. coupling constant 

K2CO3 ................................................................................................... potassium carbonate 

kcal ....................................................................................................................... kilocalorie 

LDA ............................................................................................. Lithium diisopropylamine 

L-DIPT ............................................................................................... L- diisopropyl tartrate 

LED ........................................................................................................ light-emitting diode 

LiHMDS ................................................................................. lithium hexamethyldisilazide 

LiClO4 ..................................................................................................... lithium perchlorate 

LiOH ......................................................................................................... lithium hydroxide 

LUMO ......................................................................... lowest unoccupied molecular orbital 

mM ........................................................................................................................ millimolar 

Me .............................................................................................................................. methyl 

MeOH ..................................................................................................................... methanol 

MeLi ............................................................................................................... methyl lithium 

min ............................................................................................................................ minutes 

mmol ...................................................................................................................... millimole 

mp .................................................................................................................... melting point 

Ms ................................................................................................................................ mesyl 

m/z......................................................................................................... mass-to-charge ratio 



 
 

xxvi 

NaHMDS ................................................................................ sodium hexamethyldisilazide 

NaOH ........................................................................................................sodium hydroxide 

Na2SO4 ........................................................................................................... sodium sulfate 

NBS ...................................................................................................... N-bromosuccinimide 

NHC .................................................................................................. N-heterocyclic carbene 

Ni(COD)2 ................................................................................ Bis(cyclooctadiene)nickel(0) 

NMR ......................................................................................... nuclear magnetic resonance 

NOE .............................................................................................. nuclear overhauser effect 

1O2 .................................................................................................................. singlet oxygen 

3O2 ................................................................................................................... triplet oxygen 

PBu3 .......................................................................................................... tributylphosphine 

Pd(OAc)2 ................................................................................................ palladium diacetate 

Pd(PPh3)4............................................................ Tetrakis(triphenylphosphine)palladium(0) 

Pd(TFA)2 ................................................................................. palladium(II)trilfluoroacetate 

Ph ................................................................................................................................ phenyl 

PhCHO .............................................................................................................benzaldehyde 

Ph3COOH .............................................................................................. trityl hydroperoxide 

PhH .......................................................................................................................... benzene 

PhMe .......................................................................................................................... toluene 

PIDA ...............................................................................................iodosobenzene diacetate 

PIFA ...............................................................................[bis(trifluoroacetoxy)iodo]benzene 

Piv ............................................................................................................................ pivaloyl 



 
 

xxvii 

p-TsOH ................................................................................................... triphenylphosphine 

PPh3 .................................................................................................... p-toluenesulfonic acid 

ppm ............................................................................................................. parts per million 

PPTS ..................................................................................... pyridinium p-toluenesulfonate 

Pr ................................................................................................................................. propyl 

PtCl2 ..................................................................................................... platinum(II) chloride 

PyBox ..............................................................2,6-bis[(4S)-4-phenyl-2-oxazolinyl]pyridine 

Rf ................................................................................................................... retention factor 

[Rh(CO)2Cl]2................................................................................................. retention factor 

rt ................................................................................................................ room temperature 

RVC ............................................................................................ reticulated vitreous carbon 

SiO2 ......................................................................................................................... silica gel 

Sc(OTf)3 ......................................................................................................scandium triflate 

TBAF ..................................................................................... tetrabutylammonium fluoride 

TBS .................................................................................................. tert-butyldimethyl silyl 

TEMPO ..................................................................... 2,2,6,6-Tetramethyl-1-piperidinyloxy 

Tf ................................................................................................. trifluoromethane sulfonate 

TFA ......................................................................................................... trifluoroacetic acid 

THF ............................................................................................................... tetrahydrofuran 

TiCl4 ............................................................................................ titanium (IV) tetrachloride 

TLC ............................................................................................. thin layer chromatography 

TMOTf .................................................................. trimethylsilyl trifluoromethanesulfonate 

























 

 
 

11 

More recently, the Niggeman group demonstrated a similar cycloisomerization of 

tethered diynol with a cooperative Ca2+/CSA catalytic system.22 The proposed mechanism 

does not involve formation of a metallacycle, but is based on elimination of the hydroxyl 

mediated by Ca2+/CSA to afford the allenyl cation 17 (Scheme 1.9). Upon nucleophilic 

trapping by the neighboring alkyne (intermediate 17) and addition of water to the resulting 

vinyl cation (intermediate 18), the allenyl-enol 19 undergoes 1,5-H shift to afford the 

dienone structure. 

Scheme 1.9 Cycloisomerization of Diynols via Cooperative Ca2+/CSA System 

 

 

The groups of Tanaka23,24 and Shibata25 reported a cationic Rh(I)/BINAP system 

able to promote the [2+2+2] cyclization of diynes with activated and unactived ketones. A 

simple racemic BINAP was used as ligand by Shibata with ketoesters and diynes (Scheme 

1.10 (A)), and a modified H8-BINAP extended the scope to ketoesters and ketones 

(Scheme 1.10 (B)). 
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with phosphines has so far shown more success utilizing acyclic nucleophiles, as 

demonstrated by the Tong group (Scheme 1.16), where allenic acetates were used as 

electrophilic partners.34 In this instance, the formal [3+3] cycloaddition goes through a 

stepwise mechanism based upon phosphine addition to the allenic acetate affording a 

vinylogous ylide 16, which eliminates the acetate to form the conjugated species 17. The 

1,3-diketone, through its enol form, then attacks this activated intermediate yielding the C-

C linked ylide 18. The acetic acid liberated promotes a series of proton transfers, affording 

the O-cyclized adduct 19 which affords the final 2H-pyran 20 after elimination of 

phosphine. 

Scheme 1.16 Phosphine-Catalyzed Cycloaddition of 1,3-Diketones with Allenic Acetates 

 

 

















 

 
 

24 

1.3 Use of 2H-Pyrans in Biomimetic Synthesis of Natural Product  

2H-Pyrans are motifs contained in a myriad of natural products (for a sample, see 

Scheme 1.25).57 The skeleton is widely distributed in prenylated chromenes such as 

panduratin B (46),58 daurichromenic acid (47), gambogic acid (48), and in quinone 

structures (tecomaquinone I (49)). 

Scheme 1.25 2H-Pyran Containing Natural Products 

 

 





















 

 
 

34 

in the intramolecular [4+2] cycloaddition (Scheme 1.34 (A)), the unreactive enantiomer 

would interconvert to epi-78 via dienone 76, completely driving the isomerism to the active 

form. This concept would require a faster pyran epimerization rate against cycloaddition 

to be effective. Screening a variety of chiral Lewis acids, the best result was obtained with 

a scandium triflate/PyBox system, affording pinnatal 57 in 40% yield and 55% ee (Scheme 

1.23(B)). Despite the yield and enantiomeric excess suggesting only kinetic resolution took 

place, none of the starting 2H-pyran 78 was recovered. 

Scheme 1.34 Attempted Dynamic Kinetic Resolution to Enantioenriched Pinnatal 
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Thus, 88 was utilized in a photochemical [2+2]-cycloaddition directly. A wavelength of 

350 nm was used to induce E/Z isomerization and successful photogeneration of 

rhododaurichromanic acid A (50) and B (83) methyl esters. Final saponification of both 

adducts yielded the desired natural products. 

Scheme 1.36 Biomimetic Synthesis of Daurichromenic Acid and Congeners by Hsung et al. 

 

Another example of 2H-pyrans potentially serving as intermediates in [2+2] 

photocycloadditions can be found in the biosynthetic proposal to artocarpol A (51), 

believed to derive from artocarpol E (53) (Scheme 1.37). These molecules were isolated 

from the root bark of Artocarpus rigida,62,63 and display an intriguing dibenzo[b,f]oxepin 

ring system. Artocarpol A (51) and other family members have notable anti-inflammatory 

properties. Biogenetically, the core structure of artocarpols is proposed to arise from 

reaction of hydroxylated stilbene 89 with prenylated pyrophosphates 90 and 91,62 yielding 
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unambiguously assigned using 2D NMR experiments, and corresponds to the relative 

configuration observed in the natural product, supporting the biosynthetic proposal for 

artocarpols. 

Scheme 1.38 Synthesis of Artocarpols Analogues by the Wilson Group 

 

 

1.4 Conclusion and Summary 

 2H-Pyrans, despite their labile character, are ubiquitous in several classes of natural 

products. Several useful synthetic methods have been developed to assemble this sensitive 

moiety, each showing some limitations in terms of accessible substitution pattern around 

the heterocyclic ring. Due to their inherent reactivity, they have been postulated as 

biosynthetic precursors, and were further utilized as key intermediates in many biomimetic 

syntheses relying on cycloadditions. In these cases, preferred reactivity modes that have 
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been discovered include [4+2] dimerizations, intramolecular Diels-Alder annulations, and 

[2+2] photocycloadditions. 

Future developments in this area may warrant additional investigations to expand 

the reaction scope and to access more complex substitutions surrounding the 2H-pyran 

core. Proving their intermediacy in intermolecular Diels-Alder reaction with functionalized 

alkene-containing building blocks should open a new chemical space, outside of their 

established dimerization pathways. This crucial and overlooked aspect will be the subject 

of the following chapters. 
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Confirming their presumed therapeutic effect, all members have shown mild 

bioactivity in a hepatitis B virus assay.85 Despite their appealing framework and bioactivity, 

to date, no synthesis of these compounds has been reported in the literature. 
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Figure 2.1 Representative Lactone-Containing Natural Products Isolated from the Swertia Genus 
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reduced to core structure 112. Additional loss of water would create a transient carbocation 

at C3 that could be trapped by the adjacent alcohol at C8, thereby affording the final 

bridgehead C-O bond. Similar transformations have been proposed to generate the other 

members of the family, relying on aldol reactions as key transformations.85 

Scheme 2.1 Proposed Biosynthesis of Swerilactone A and B by Geng and Coworkers 

 

 

In terms of bioactivity, most members are active against one or more components 

of the hepatitis B virus (Table 2.1). Swerilactone A, C and D have weak single-digit 

millimolar inhibition activity against secretion of surface (HBsAg) and envelope (HBeAg) 
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In this regard, in addition to unambiguously determine its absolute configuration, a 

synthesis of swerilactone A (or its core structure) could give access to a new, distinct class 

of small molecules active against the Hepatitis B virus, and represent a potential stepping 

stone toward a novel treatment. 

 
2.2 Retrosynthetic Approaches to Swerilactones A and B 

2.2.1 First Retrosynthetic Analysis 

 In our initial synthetic analysis, we sought to target swerilactone A and its C7 

epimer swerilactone B as a first approach to the synthesis of this family of natural products. 

As an alternative to their proposed biosynthesis based on successive aldol reactions 

(Scheme 2.1), we thought a viable way of assembling the core structure of swerilactone A 

and B would rely on a Diels-Alder cycloaddition as a key step. 
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HOMO-LUMO interaction associated with each mode of cycloaddition. A smaller energy 

gap between the HOMO of the diene and the LUMO of the dienophile is at play in a normal 

demand Diels-Alder. This is due to the HOMO raising effect of the electron-donating 

substituent on the diene and the LUMO lowering effect of the electron withdrawing group 

on the dienophile. In the case of inverse demand mode, the smallest energy gap is now 

found between the LUMO of the diene diene and the HOMO of the dienophile. This is also 

explained by the electron withdrawing effect of the substitutents on the diene, which lowers 

its LUMO, and the electron donating effect of the substituents on the dienophile, which 

raises its HOMO. Few examples of inverse-demand Diels-Alder reactions using enol or 

enolates have been reported (Figure 2.3 (B));92,93 enol ethers are more commonly 

employed in this cycloaddition mode, due to enhanced nucleophilicity and stability.94  
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Figure 2.3 (A) FMO Analysis for Different Diels-Alder Modes and (B) Example of Inverse Demand 
Reaction 

 

 

Following the FMO principles outlined in Scheme 2.3, we envisioned that 

changing the substitution from a free enol 114 to an enol ether may tune the reaction 

electronics. For example, by accessing the TBS- or tert-butyl protected enol (114a and 

114b), we could potentially invoke an inverse demand process. Alternatively, an acetate-

substituted enol (114c) may enable a normal demand cycloaddition.  
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Figure 2.4 Potential Substitution of Enol Lactone 114 

 

 

Additionally, substitution might help lock the enol ether stereochemistry to the (E)-

enol form, which needs to be on the same side as the propenyl side chain according to our 

proposed Diels-Alder transition state (cf. Scheme 2.2). Since the free enol lactone 114 can 

adopt an (E) or (Z)- conformation, the cycloaddition event with 2H-pyran 115 provides 

multiple possibilities in terms of regiochemical and stereochemical outcomes. A dienophile 

approach away from the pyran methyl group, a commonly observed restriction in related 

pyran systems (Chapter 1, Section 1.3), results in eight transition states, four for the (E)-

enol (Figure 2.5) and four for the (Z)-enol 114 (not shown). 

Figure 2.5 Four Possible Transition States between (E)-Enol 114 and Pyran 115 
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In the face of executing a complex Diels-Alder cycloaddition, we thought an 

alternative, stepwise reactivity mode of enol 114 could be proposed. In spite of being 

widely postulated as concerted transformations in Nature, 95,96 most Diels-Alder 

cycloadditions effected by enzymes are thought to proceed through stepwise mechanisms. 

For instance, macrophomate synthase (MPS) had been thought to promote a concerted 

[4+2] cycloaddition step97 and its crystal structure bound to its molecular target was 

obtained (Scheme 2.3).98 It is now known to catalyze the stepwise reaction between 

substituted 2-pyrone 116 and pyruvate magnesium enolate 117 to form a bicyclic adduct 

118. Using a model of the active site of MPS complexed with 117, DFT calculations 

suggest an energetically favored pathway through intermediate 119 via a Michael/aldol 

cascade, with both transition states >10 kcal/mol lower in energy than the concerted Diels-

Alder transition state.99 

Scheme 2.3 Stepwise Formal Diels-Alder Cycloaddition Catalyzed by Macrophomate Synthase 
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Scheme 2.4 Stepwise Pathways to Swerilactone Core 

 

 

2.2.2. Revised Retrosynthetic Analysis: Ketene-Diene Diels-Alder Cycloaddition 

Approach 

 Given the large number of potential transition states for a concerted reaction 

pathway with (E)- and (Z)-enol 114 and the questions regarding the preferred reactivity 

modes adopted by pyran 115 and enol 114, we decided to explore the possibility of a ketene 

as a dienophile instead of an enol. We anticipated a ketene dienophile would have the 
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alkaloid which reacts in a stepwise fashion with an o-quinone methide diene. The resulting 

cycloadduct is obtained in high enantioselectivity. 

Scheme 2.7 Typical Ketene Reactivity Profile in [4+2] Cycloadditions 

 

 

Based on these literature precedents, targeting a ketene precursor such as lactone 

122 would offer some versatility. In the case where a concerted [4+2] cycloaddition did 

not exist, we could switch easily to a ketene enolate mechanism. The reaction in the latter 

case would proceed in a stepwise manner, similar to the proposal in Scheme 2.4. The 

generated ketene could be intercepted with a chiral Lewis base, yielding a reactive 

ammonium or azolium enolate 124 (Scheme 2.8). This species could converge to enolate 

125 in two distinct pathways, whether directly via Michael addition or indirectly through 

hydroxyl anion 126. Closure of 125 should generate the oxidized core for swerilactone A 
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123 and recycle the nucleophilic catalyst. Of note, both pathways could proceed 

stereoselectively. 

Scheme 2.8 Potential Stepwise Pathways to an Oxidized Swerilactone Core 
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2.3. Construction of a Fused 2H-Pyran Lactone Fragment 

2.3.1 Previous Synthesis 

The required first fragment according to our retrosynthetic analysis (Section 2.2) is 

the bicyclic, lactone fused 2H-pyran 115. At the start of our synthetic studies, a publication 

by Tan and coworkers111 illustrated the successful synthesis of 2H-pyran 115 (Scheme 

2.9). Starting from crotonaldehyde as their source of the trans-propenyl moiety, they were 

able to synthesize enone 127 via an aldol reaction with ethyl acetate, followed by TBS 

protection and DMP oxidation (not shown). A second aldol reaction of 127 with methyl-3-

hydroxypropionate 128 afforded 129 with the full carbon containing framework. Finally, 

protecting group removal and lactonization under heating provided lactone 130. 

Interestingly, it was demonstrated that upon treatment with DMP, lactone 130 

produced the desired 2H-pyran 115 (in a 4:1 ratio favoring the closed form 115), along 

with a minor amount of lactol 131. The presence of 131 in the reaction mixture was shown 

to arise from the in situ formation of 2H-pyran 115, which in contact with singlet 1O2, 

reacted in a [4+2] cycloaddition to forms endoperoxide 132. A Kornblum-DeLaMarre 

rearrangement112 then occured in the presence of base, yielding lactol 131. 
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Scheme 2.15 Planned Metal Mediated Cyclization of Diynoate 146 

 

 

To this end, diynoate 146 was synthesized in three steps from TMS acetylene 150 

(Scheme 2.16). Lithiation of the terminal alkyne followed by anion quenching with dry 

CO2(g)
132 afforded the TMS protected ynoate 148.133 From 148, esterification was effected 

via in situ acyl chloride formation,134 followed by nucleophilic displacement with but-3-

yn-1-ol 149. Final lithiation of the resulting terminal alkyne 151 followed by addition into 

acetaldehyde enabled access to racemic diynoate ester 146. 

Scheme 2.16 Access to Diynoate 146 

 

 

We next focused our efforts on triggering the cycloisomerization using metals such 

as cationic ruthenium and rhodium (Scheme 2.17) in several solvents.20,25 Disappointingly, 

these conditions did not produce the desired cyclized framework of 147, and we instead 

observed ester cleavage of 146. 
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Scheme 2.17 Metal-mediated Cyclization of Diynoate 146 

 

 

2.3.5 Fourth Approach: Saucy-Marbet Rearrangement of a Propargyl Vinyl Ether 

We envisaged a potential way to alleviate ester cleavage would start by first 

installing the 2H-pyran moiety followed by lactonization (Scheme 2.18). Literature 

precedents46,135 demonstrated the formation of 2H-pyran structures via Ag(I) or Au(I)-

mediated Claisen rearrangement/isomerization of propargyl vinyl ethers (Chapter 1, 

Section 1.2.3). We hoped a similar transformation would be successful in the production 

of pyran 115. Claisen rearrangement of propargyl vinyl ether 152 would yield 2H-pyran 

153, which could be further deprotected and lactonized to pyran 115. 

Scheme 2.18 Potential Route to 2H-Pyran 115 via Claisen Rearrangement/Isomerization 

 

 

Propargyl vinyl ether 152 was thus easily assembled by lithium acetylide addition 

of TBS-protected but-3-yn-1-ol into acetaldehyde,136 followed by tributylphosphine 
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selectivity, forcing the dienophile to approach from the most accessible face, an 

observation made by the Tan group in their 1O2 cycloaddition.111 

Scheme 2.25 Lowest Energy Conformer of Adduct 163 (MMFF) and Key 2D NMR Correlations 

 

We observed moderate yields for these reactions, and a small quantity of 115 was 

recovered in each case. A test reaction was carried out to help understand if a 

decomposition pathway was impairing our yield or if additional side-products were 

formed. Heating 115 in toluene by itself did not provide in situ dimerization of 115, 

surprisingly given the large body of literature taking advantage of 2H-pyrans ability to self-

dimerize (Chapter 1, Section 1.3.1).12,74,139 Other literature reports demonstrated the 

potential of 2H-pyrans to undergo 1,5-hydride shifts, forming acyl ketenes140 (Scheme 2.26 

(A)) and 1,7-hydride shifts (Scheme 2.26 (B)).13 
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Scheme 2.28 Overview of Radical Cation Cyclization of Ketenes and Enol Derivatives 

 

 

 More recently, advances in photoredox catalysis155 have inspired the Yoon group, 

who reported the use of ruthenium photocatalysts in the excited state to promote one 

electron oxidation of stilbene derivatives, in which a cation radical can participate in Diels-

Alder cycloadditions with several inert dienes (Scheme 2.29 (A)).156 The mechanism for 
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this transformation is believed to rely on a radical chain process. Trans-anethole 165 (Eox= 

1.1 V) is oxidized to a radical cation 166 +. by the excited photocatalyst *Ru(bpz)3
2+ 

(Eox=1.4 V). This oxidized species further reacts with isoprene 167 to generate a stabilized 

radical cation cycloadduct 168+. Propagation of the radical chain process and formation of 

product 169 are induced by the oxidation of another equivalent of trans-anethole 165 by 

the oxidized cycloadduct 168+..157 

Yoon and coworkers applied their methodology to the synthesis of heitzamide A, 

and showcased the complementary character of radical cation cycloaddition. The 

umpolung strategy imparted by a cation radical formation gives rise to coupling products 

between electronically mismatched sites. The end result is a reverse of the inherent polarity 

of both partners. The innate polarization of both neutral diene and dienophile predicts the 

formation of a regioisomer of heitzamide A in the case of a thermal [4+2] cycloaddition 

and is verified experimentally (Scheme 2.29 (B)). In contrast, using a Ru(II) photocatalyst 

to trigger the photosensitized electron transfer (PET), a precursor of heitzamide A is 

obtained in good yield (Scheme 2.29 (C)). 
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Inspired by this body of work and the possibility of 115 being a competent diene in 

this type of cycloaddition process, we pursued a small model study. We first targeted the 

reaction of ethyl vinyl ether with 115 in the presence of a Ru (II) photocatalyst 

RuCl2(bpy)3.6H2O (Scheme 2.30 (A)) in dry dichloromethane. In lieu of a cycloadduct, we 

isolated a mixture of two compounds, which were attributed to lactol 131 and endoperoxide 

132 by comparison with the work of Tan and coworkers.111 The same outcome was found 

upon using the pyran alone without ethyl vinyl ether in this reaction. In degassed 

dichloromethane, no reaction was observed in the presence of the ruthenium photocatalyst. 

Scheme 2.30 Attempted Radical Cation [4+2] Cycloaddition of 2H-Pyran 115 

 

 

 Unclear to us was the mechanism of this oxidative process. We questioned the role 

of the ruthenium catalyst, whether if it was serving as a photosensitizer generating singlet 

oxygen,158 or if it promoted excitation of the pyran to a diradical,159,160 further trapped by 

triplet oxygen. The ruthenium catalyst has a reported excited state triplet energy of 61 

kcal/mol at its emission maximum (470 nm),161 a value higher than needed to irreversibly 

excite O2 to 1O2 (37.5 kcal/mol). The first hypothesis was tested by introducing a catalytic 

amount of the singlet oxygen quencher DABCO, and, in this case, no reaction occurred 

(Scheme 2.31 (A)). The second hypothesis proved incorrect, as using the radical scavenger 
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demand Diels-Alder reaction. For example, an electron rich, enol ether substituted lactone 

dienophile could be accessed and its reactivity in radical cation cycloaddition with pyran 

115 may be probed. 

Scheme 2.32 Radical Cation Cycloaddition of Trans-Anethole 163 and 2H-Pyran 115 

 

 

2.5 Summary and Conclusion 

Throughout this chapter, we have presented our efforts aimed at the synthesis of 

the core of a lactonized 2H-pyran via a Saucy-Marbet rearrangement, which is meant to 

serve as a diene in our proposed biomimetic synthesis of swerilactones A and B. Contrary 

to the largely documented propensity of 2H-pyrans to self-dimerize or participate in 

hydride shift to form acyl ketene, our targeted pyran was found to be heat sensitive, 

resulting in decomposition. 

We were nonetheless able to explore the preliminary reactivity of this key 

component in Diels-Alder cycloadditions. We have shown that thermal normal demand 

(Section 2.4.2) and radical cation [4+2] (Section 2.4.3) were two accessible modes of 

reactivities for 2H-pyran 115, whereas thermal inverse demand represented a largely 
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dropwise over 10 min. The walls of the addition funnel were rinsed with a small quantity 

of ether. 

To a separate 200 mL flame-dried Schlenk flask under nitrogen, copper(I) iodide (7.5 g, 

39.4 mmol, 1.5 equiv.) (previously dried with a heat gun under high vacuum) was added 

and the vessel was purged 3 times with a vacuum/nitrogen cycle. At room temperature, 

ether (50 mL) was introduced, followed by freshly distilled tributylphosphine (23.6 mL, 

94.6 mmol, 3.6 equiv.) dropwise. An exotherm developed. The reaction mixture turned 

from a suspension to a clear solution after 5 minutes of vigorous stirring. After 20 min, the 

cuprate solution was cannulated into the addition funnel, and then added over 10 min to 

the vinyl lithium solution at -78 °C. The solution turned from pale yellow to a bright yellow 

slurry and was stirred for 1.5 h at -78 °C. 

2H-Pyran-2-one, 5,6-dihydro- (2.52 mL, 26.3 mmol, 1 equiv.) was added into an addition 

funnel and was dissolved in dry ether (50 mL). This solution was added at -78 °C slowly 

over 60 minutes into the yellow cuprate solution. The walls of the addition funnel were 

rinsed with a small quantity of ether (5 mL). The reaction was stirred for 60 minutes at -78 

°C. TLC showed complete conversion (EtOAc/Hex 3:7, KMnO4 stain). The reaction 

mixture was quenched with saturated NH4Cl (100 mL), extracted with ether (3 x 50 mL), 

and was washed with brine. The ethereal solvent was removed in vacuo using a rotavap 

with a weak pull (Note: the 1,4 adduct was found to be volatile; care was taken to keep the 

water bath cold with ice). The crude oil was then purified on a long height column using a 

gradient of Hexanes/EtOAc (100:0, 95:5, 93:7, 9:1, 88:12, 85:15, 83:17, 4:1, 7:3, 1:1, 

0:100) to yield the desired after careful concentration (weak pull rotavap, cold water bath). 
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Selected Spectra 
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Key NOESY Correlations for Endo Adduct 163 
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Key HMBC Correlations for Endo Adduct 163 

 

 

 

 

 


















































































































































































