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ABSTRACT

The thesis work entitled “Vinyl Sulfoxonium Ylides: A Sustainable Platform for X-H Bond
Insertions and Rearrangement Reactions” presents a metal-free strategy for the
synthesis of the insertion products utilizing vinyl sulfoxonium in combination with various
nucleophiles. It further highlights the synthesis of diverse rearrangement products derived
from insertion intermediates, offering new methodologies, mechanistic insights, and
synthetic applications. Additionally, the work also presents a bidirectional iterative strategy

for the synthesis of unsaturated esters, further expanding the versatility of this platform.

Chapter 1: In this chapter, we report metal and reagent-free insertion reactions of vinyl
sulfoxonium ylides into X-H (X =0, N, S, C, halogen) bonds of acids, thiols, amines, phenols,
enols, indoles, and halogen acids under mild reaction conditions. This strategy
demonstrates a broad substrate scope (>50 examples, up to 99% yield) with excellent
regioselectivity. Mechanistic studies further reveal that the rate-limiting step varies

depending on the type of X-H bond undergoing insertion.

Chapter 2: In this chapter, we employed the acid insertion product of vinyl sulfoxonium ylide
as a key building block for the bidirectional synthesis of sequence-defined unsaturated
polyesters. In nature, peptides exemplify sequence-defined bidirectional synthesis, where
chain elongation can proceed in both the C»N and N-C directions. However, no such
strategies have been reported for the bidirectional sequence-defined synthesis of
unsaturated oligoesters. Given the wide-ranging applications of unsaturated oligoesters in
biomedicine, coatings and insulating materials, and lightweight fibre-reinforced composites
for the automotive industry and inspired by the structural analogy with vinylogous
oligopeptides, we developed a novel bidirectional X-H insertion strategy to access these
scaffolds from aryl-substituted vinyl sulfoxonium ylides under metal- and reagent-free
conditions. We envisioned that vinyl sulfoxonium ylide-derived acid intermediates could
serve as templates for the stereoselective synthesis of Z-configured unsaturated oligoesters,
either through sequential acid iteration or sequential ylide iteration. We believe this simple
and convenient approach provides a promising platform for the design of functional

oligoesters with potential applications in pharmaceutical and medicinal chemistry.

Chapter 3: Classical rearrangements such as the Fries and Claisen reactions are well-

established strategies for constructing phenol derivatives, and numerous sigmatropic

[v]



rearrangements involving heteroatoms (X, Y = C, O, N, S, I) have further expanded access to
ortho-substituted phenols. However, despite their synthetic utility, these transformations
often proceed via a temporary loss of aromaticity, resulting in high energy barriers. Notably,
the Baker-Venkataraman rearrangement avoids perturbing the phenolic core, highlighting
the potential of rearrangements that preserve aromaticity. Inspired by this concept, we
developed a phenol-based rearrangement reaction using insertion-derived O-substituted
salicylaldehyde N-tosylhydrazones as substrates. This base-mediated O-to-N group transfer
enables the direct synthesis of Z-configured 2,3-diaza-1,3,5-hexatrienes, representing a
rearrangement pathway distinct from classical phenol migrations. The transformation
proceeds under mild, metal-free conditions, exhibits a broad substrate scope, and displays
excellent functional group tolerance and scalability. The resulting diazatrienes serve as
precursors for heterocycles and photoswitches. This rearrangement introduces a new

synthetic strategy, distinct from classical phenol-based rearrangements.
Chapter 4:

Part A: In this chapter, we describe a novel multicomponent reaction involving two distinct
carbene precursors and a nucleophile under metalloradical catalysis. Several competing
pathways were possible: (i) both carbenes could undergo direct X-H insertion with the
nucleophile; (ii) homo- or cross-dimerization of carbenes could furnish different geometrical
isomers of alkenes; and (iii) the dimerized product of an electron-deficient carbene
precursor could act as a Michael acceptor, undergoing conjugate addition with the
nucleophilic heteroatom of the X-H bond. Despite these challenges, we successfully
achieved the stereoselective difunctionalization of diazo compounds with nucleophiles
under metalloradical conditions. The success of this transformation arises from the
intrinsic difference in reactivity between vinyl sulfoxonium ylides and diazo compounds
toward nucleophiles and carbene radical sources. The vinyl sulfoxonium ylide reacts
preferentially with the nucleophile to generate an allyl sulfide intermediate, while the diazo
compound is activated by the cobalt catalyst to form an a-Co(IIl)-alkyl radical complex. The
in situ convergence of these intermediates furnishes a sulfonium ylide, which subsequently
undergoes a [2,3]-sigmatropic rearrangement. This methodology provides access to a broad
array of architecturally complex and functionally diverse tertiary sulfide scaffolds in good
yields with moderate to good diastereoselectivity,. Combined experimental and
computational studies have elucidated the mechanistic details of this multicomponent
process, while theoretical investigations of noncovalent interactions uncovered the origin of

the observed diastereoselectivity.
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Part B: Towards the goal of sustainable and green chemistry, we developed a
multicomponent reaction of vinyl sulfoxonium ylide, aryl diazoacetate, and thiol under blue
light irradiation. This catalyst- and additive-free strategy exhibits a broad substrate scope
and furnishes structurally complex tertiary sulfide scaffolds. Mechanistic investigations,
supported by control experiments, indicate that the transformation proceeds via an in situ-
generated sulfonium ylide, which undergoes a [2,3]-sigmatropic rearrangement. The
success of this approach stems from the complementary reactivity of vinyl sulfoxonium ylide

and aryl diazoester, enabling highly selective and efficient product formation.

Chapter 5: In this chapter, we investigated the reactivity of activated pyridines as
electrophilic partners with vinyl sulfoxonium ylides. According to the previous reports, we
expected the cyclopropane-fused derivatives, but our reaction followed an unexpected
rearrangement pathway, leading to the formation of 4-dienyl-1,4-dihydropyridines. This
study establishes a regioselective dearomatization of activated pyridines using vinyl
sulfoxonium ylides as nucleophiles, delivering 4-dienyl-1,4-dihydropyridines with excellent
E/Z selectivity. The transformation proceeds through a sequential cascade involving ylide
addition, a [2,3]-sigmatropic rearrangement, and subsequent elimination. Moreover, the
aromatization of the dihydropyridines with sulfur powder under thermal conditions afforded
pyridine-thiophene-linked bis-heterocycles, further showcasing the synthetic versatility of
this methodology. Finally, combined experimental and theoretical investigations provided

mechanistic insights, elucidating the key steps of this unique dearomatization process.
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fgEd eIl TaAEsy: X-H e 399 3R ReRowe Ruawm & forw te gweaad
QewiH” MY aren g8 AR 9o i Ffaaaiwmse & a1y [a e Tehiad-ad &1 SudRT
TP S WSaey & RIARM & 78 Tb Hew-11 0 TRgd HRaT 8 | U8 $9H Seuifsucy
Iy faftrs ReRewic Moy & R wR ot g STear §, st s srfyome, Asffes
3= 3R Ridfees ST UeH FaT 7| 5T Hfafad, T8 P 3RS T & R &
fore T fefexita grrTgfar Torifer +ff TR Xt &, S 59 WiehiH &1 Sga@! Ui HT &1 SR fawr
IRATG

T 1: T A H, 8 geab NUaRH fRufardt & dgd uhre, yrired, wargH, i, Tiie, Seied
3R AN TRIS & X-H (X = O, N, S, C, gaior) dis H fa2d Jemiaif-or gaRed & Aed
3R Rusie gaa ga=i= Ruar 3 Ko #xd §1 98 WHfa Sy dRaafelad & o
P YT WhIY (>50 IR, 99% b Uies) USRI dxdl g | AbMRed 3eqg § Ual I
2 &b R iferd =1 S92 @ TRA 910! X-H 98 $ UBR $ YR R AF g 8|

ST 2: Y A H, T SIHH-URHIRG SFEReS UraiuweR & fgfexiia Ridlmy & for ue
T AT i & T # A™d Jeniamiad gass & TRis S Iare o1 ST fha|
yopTa B, UPTESY SrhH-uRHING fefeeia RidR &1 Sererur ¢ €, Sfei 4@en iR c-N 3R
N-C Gl [GRM3T # 317 §¢ Tahdl § | gTaifch, 3F™gRes Sifariuwer & fgfaria srma-uuiitd
IR % forg TR IS omifa RUTE =181 &1 75 § | ISR, SIfe 3R Sgaife™ 9rh, $iR
3fferifed Ie & iU geh BIgeR-VEfId HUlfsle H 3FATRCS SRR & U SN
DI T gU 3R AR anT sferMupIsSy & U1y WReTe® a9 URd 8l 894 Hed- 3R
fRusie-gaa fRufadt & dga TRa-ufarifid farsa Ienianfan gaRsy § 1 Whie ab
Ugem & fou ue T3 fgfeef x-n SuxfA orifa fawfia @t em seun &t f famrsa
e | RAITH TeTss-Gde URIS SeRAISTC 3rfhite TS TRIgHT a1 Shife Taigs
TRIGR & AT W Z-HI6TR RS SNfariuex & WiRadfded RigRRg & forg Sude &
FUH B B THd g | TARTAAAT S fob T8 TR 3R YaursHe e d v prigfesd sk v
T o & ST SIS & AT SRS SNCRITTCR o S8 & [l T SMRIMeHe Ha
TGH IRAT |

ST 3: THISH 3R aelor RUGRM oY FaTed JHeiawiTy fihia sRafed a9 & g srest
TRE T R O 8, 3R BeRITSH (X, Y=C, O, N, S, I) I T[S g RAHTE TS THdaRIT3f =
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SHIf-FeHfe RS i b Ugd ol SIR el & | gIailich, 37! Ridfee Iudifiidr & srasg, U
URad R WRIARRYE & et I & Areaw 8l &, o uRumRaEu 3= Solf aremd
3 B fadw &7 q, dHR-dHem T JdaRT BAlfeids HR B WA HRA F Tt §, o
WARRIE &) §1TT @ e T a3 & & 1 SR FHRcll § | T AR Y YR BIaw,
T e & ¥U H SORH-gd 0-gsufeeges Affifcssgs N-eRiaggs/iF &1 Juait
IR U (- 3eTRa gaiawt ufafshar fasRid & | 98 99-A8RY 0-8-N Tg VIR Z-
BITR 2,3-STNI-1,3,5-SFMCT b Yde] TLATU[ B! T&H ST 8, SN Fanipd [hrd
AR | 31eT Ueb YAaRdT 1T o1 UfafAfeiea o3l 81 98 uRadH gep, U1d-Had uRfufeat
BT, Ueh ATIH e Wb 1Y UG BT ], R IHT BT g TgIerdT 3R Whalfafere!
fearar g1 ufkomdt STfeur geradd 3R WiciRad & il 3iigd & ¥4 H 1 axd ¢ | T8
YafaT Ue 15 Ridfeds uMifa Uxr cll §, Sl o d fohid-Smemid qredawursit & a8 |

3 4:

YNT A: 39 AW H, §H ACTARSHA SERU & ded &l HeHI-3HTT e SFIgdl iR Th
IfFaaIwEd ¥ TS U U HecIdbU-c Ufafear o1 auiq wd | s ufaeadf ant gua 2: )
Sl HTEH gfeaarped & I WY X-H 9= ¥ ToR I6hd U; (ii) PIEH BT gHI- 1 Hig-
TSRS TedH & e Snfiredi SR UeM &R 0ol oT; 3R (jii) TP Saci--H4T ard
IS U BT [SIRIZTS IdTE U HISHd Widhdl & U H HTd B Jbdl §, S X-H §¢F &
IfFftbferes geRIUeH & 1Y T SIS § ToRdl 8| 37 gl & Sraeg, g9 AeaRiSHd
oRffadl & gfeadeea & A SRel Afe & RiRdNdided [ShaRMageRA &
qhadTgdd T fomar| 39 uRkadH o Thadl fage Sebiaii—ad Jass 3R Sael aifs! &
T FlaaamRd 3R HTeH fehd Hidl & Ui wfafsharied & sidike s ¥ 3 gl 5
faee SehIiAan garge ifemHd: Gfaadiwisd & W Ufdfesar HRe U Uferd gehlss
LI ST BT 8, el STl Th PiaTee IORD GRT T §1bR TP a-Co(I1)-3HePT3A
AEHT HIRT I 81 37 SexHIfSUe & g-ie Fao g Y U JebI-aH T2s §d1 §, S
e AE  [2,3-RrAcifte giafarn ¥ TERdT 81 g8 SEumel dEW ¥ st
SHERTRAfFad & Y st IuS H WeHHS T ¥ Sified iR drafdas w0 ¥ fafdy
Jias Gepi3s Whhics Bt U faigd §&a db Ugd UeH ddl 1 Jgad Urfiie SiR
HILIAA AL A 3T Sgdesd Uihdl & Tifde faavon & wy farar ], efer TR-Tggaiee
IR B gifad S = 3! T8 S IRaRdiaeiad! & Jd &1 udl aman g |
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