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ABSTRACT

The thesis titled “Stereoselective Cascade Approaches Involving [1,2]-Phospha Brook
Rearrangement/Conjugate Addition and Cycloaddition Reactions” is structured into four
chapters that primarily focus on the development of stereoselective C-C and C-X bond-forming
methodologies involving [1,2]-phospha Brook rearrangement, conjugate addition, and
cycloaddition reactions. Chapters 2 and 3 detail the role of the [1,2]-phospha Brook
rearrangement in stereoselective addition reactions, while Chapter 4 focuses on (5+2)

cycloaddition reactions for constructing complex cyclic molecules.

Chapter 1: This chapter provides a concise overview of general organic chemistry, chirality,
and its significance in everyday life, along with a discussion on asymmetric catalysis, with a
particular focus on organocatalysis and its various activation modes. The chapter further
elaborates on the concepts of aminocatalysis, the [1,2]-Phospha Brook Rearrangement, and

cycloaddition reactions.

Chapter 2: This chapter introduces an aminocatalytic enantioselective conjugate addition
reaction involving [1,2]-phospha-Brook rearrangement. Here, a simple aminocatalyst featuring
both primary/secondary amine and tertiary amine functionalities, enabling the simultaneous
activation of ¢, f-unsaturated enones and the generation of anionic nucleophiles via the Pudovik
addition/[1,2]-phospha-Brook rearrangement. The approach provides a simple one-pot process
employing a stable, additive-free catalytic system, yielding a variety of oxindole derivatives

with two adjacent stereocenters, achieved in high yields and exceptional stereoselectivities.

Chapter 3: This work describes a highly regio- and diastereoselective approach for
synthesizing phosphate-substituted dihydrocoumarins through the [1,2]-phospha-Brook
rearrangement catalysed by a Bronsted base. The method employs a two-step, one-pot process
involving the Michael addition of a-phosphonyloxy enolates formed through the coupling of
dialkyl phosphite with a-ketoesters to o-quinone methides, followed by intramolecular
cyclization. This strategy efficiently produces 3,4-dihydrocoumarin frameworks in high yields

with excellent diastereoselectivity.

Chapter 4: This section presents a base-catalysed intermolecular (5+2) cycloaddition/oxa-
Michael addition between a-arylidene pyrazolones and acylated pyranone acetals. The reaction

proceeds through a sequential vinylogous aldol-Michael addition of alkylidene pyrazolones to

v



oxidopyrylium ylides, generated in situ from the acylated pyranone acetals. This process yields
bridged cycloaddition products, which subsequently undergo oxa-Michael addition. The
method offers a highly regioselective and stereoselective route to synthesize 8-
oxobicyclo[3.2.1]octane cores, achieving moderate to good yields with excellent

diastereoselectivity.



AR

3 Myyey &1 WMde <ERORafdes dwbs =Ddmr [FE (1,21 BB §6
e siftifhar SR TraifeRE ififorams =i 8 81 U8 IR sreard H
U 8, ST e U T [1,2]- P11 5o T a1, Tgfera ifferan, ok argaenfeeH
siffspansit & A ¥ WikaRafded c-c 3R c-x §4 fufor ugfagt & faer R Haa
g1 3T 2 3R 3 § WIRaRifdea darem sififorarsit o [1,2]-BRwT §& THHaRIT HI
i1 &1 faaRur far T &, STafd 31 4 Sifed g st & i & o (5+2)
TS SHffsmaret R Hied 31

ST 1: TG AT G HIaHD T fagH, Rt 3R 59 ¢fd Siias & 7g@
o1 T ST TRdd Bl ¢ | STH fauH ISR R T4 &1 718 3, forad fadiy =g 9
ST eI 3R 9 fafia Tfshaur [ W e digd fovar T g1 e | S
IR, [1,2]-BR%BT §& JIa®)], 3R JEaaerssq St &t
SAYRUNS{ &! faaR I THSET T & |

ST 2: TG LT [1,2]-T1Eh] §b TR § Faiferd srfHidbertaesd tfeaiaea
T SiffohaT &1 Uie T ¢ | S U ATYRUT SHHIdbeleRe BT SUANT f6hal T g,
fored e mreafiye o iR gditue srfie wrafama it §, St op-3r’idw
AT @1 T a1 3R Yaifdd Sifferan[1,2]-BRpT & JAodaRl & dA1ed 9
T3S Gfaaaped Sdd H3- H G&d § | I8 Ufthal Ue IRd a--uie fafdy vrem FHradt
g, o RR 3R Tfefea-gad IARS yumett &1 IuanT fosan a1 &, o™ & Adeadf
WIARed & Y RIS gdd 3= SUS 3R I Y WIRTNdaeidd! & Ay W
gl g

AT 3: T§ P [1,2]-BIPBT §h JTHTRIT GRT Jics 9 IR & dgd Biehe-
TR SREESIHHNR & YAV & oY Th fAfdd & 3R S Radfded
DI BT U FRal ¢ | I8 A TP ql-aR0M, a-dic Ufohar &1 IuanT &l 5, forad
SerTed WIEpRE 3R o-fFcited & IO ¥ §7 o B3Nl THdaey &l
AR Ha BT o-fFr i frussa & Iry far ST 8, S/ a1 3fd: 3uifaes TshieRur

VI



I B 1 78 YU 3 IUS SR IFT SRR fact & T 3 4- SRR B AR
Gid BT HRIAATYA D [H0T el 5 |

AT 4: T8 TS o-IRMIEH TR 3R THIdc s IRRAM T & aid Ud 99-
HCTAES SCIHNATR (5+2) TRFAN S/ T-ARH S TN haT TRd Tl g | T8
3T THieics URRIFF THiced ¥ 34-Uig S0d TRITSIuRRIT garsed & 1y
3ehIgcrel URRTSIAIN o il [Ty Teela-Arsdhd Nfhar & arerd 9 glal
21 9 Ufha A 9 fois UTsaiiefeRM STl | 31T SHia-AISdhd SHfhar gl ¢ | I8
fafy g-3feNaIgaEad3.2.113dd R & IV & ol T oaf¥es &3 3R
RO A1t veM St 8, S 7ed § 33t IuS 3R IPY SRR afaeiac!
& 1Y U it ] |

vl



TABLE OF CONTENTS

Page
Certificate I
Acknowledgments II
Abstract v
Table of Contents VI
List of Figures XI
List of Schemes X1II
List of Tables XVIV
Abbreviations XV
Chapter 1 Introduction
1.1 Prologue 02
1.2 Chirality 02
1.3 Significance of Chirality 04
1.3.1 Role of chirality in taste 04
1.3.2 Role of chirality in odor 05
1.3.3 Role of chirality in pharmacology 05
1.4 Chirality Induction 06
1.4.1 Chiral Pool 06
1.4.2 Chiral Auxiliary 07
1.4.3 Asymmetric Catalysis 07
L.5. Organocatalysis 08
1.5.1 Background 08
1.5.2 Classification of Activation Modes
in Organocatalysis 09
1.5.2.1 Covalent Organocatalysis 09
1.5.2.2 Non-Covalent Organocatalysis 11
1.6 Umpolung 12
1.6.1 [1,2]-phospha-Brook rearrangement 14
1.7 Principle of Vinylogy 15
1.8 Cycloaddition Reactions 16
1.9 Thesis Overview 17
1.9.1 Enantioselective Functionalization of
a,p-Unsaturated Ketones utilizing [1,2]-
Phospha-Brook Rearrangement 18
1.9.2 One-pot (4+2) Annulation Reaction

involving [1,2]-Phospha Brook Rearrangement

for Stereoselective Synthesis of Dihydrocoumarins 18
1.9.3 Stereoselective (5+2) Cycloaddition/Oxa-

Michael Reaction of Pyrylium Ions and a-

VIII



Chapter

Chapter

Arylidenepyrazolone
1.10 References
2 Enantioselective Functionalization of a,f-Unsaturated

Ketones utilizing [1,2]-Phospha-Brook Rearrangement

2.1 Introduction

2.2 Our Strategy

23 Results and Discussion

24 Conclusion

2.5 Experimental section

2.5.1 General Information

252 Optimisation of the reaction conditions

2.5.2.1 Screening of catalysts

2.5.2.2 Screening of solvents

2523 Screening of temperature and concentration

253 General procedure for the preparation of
Michael adducts

2.53.1 General procedure for the preparation of racemic
Michael adducts

2.5.3.1 General procedure for the preparation of chiral
Michael adducts

2.54 Control Experiments

2.5.5 Derivatization of products

2.5.6 Substrate Scope Limitation

2.5.7 Characterisation of the starting materials
and products

2.5.8 Representative 'H, 3C, '°F and *'P spectra

259 Representative HPLC Chromatograms

2.5.17 X-ray Crystal data for 67i

2.6 References

3 One-pot (4+2) Annulation Reaction involving [1,2]-

Phospha Brook Rearrangement for Stereoselective
Synthesis of Dihydrocoumarins

3.1 Introduction

3.2 Our Strategy

33 Results and Discussion

34 Conclusion

3.5 Experimental Section

3.5.1 General Information

352 General Methods for the Synthesis of
Starting Materials

3.5.2.1 Preparation of 0-Quinone methides 48a-d

IX

19
20

25
29
29
35
36
36
37
37
38
38

39

39

39
39
41
42

43
72
131
159
161

164
168
169
174
175
175

175
175



Chapter

Bio-Data

3.5.2.2.

3.5.5.2

3.5.2.2.

3.53

3.54
3.5.7
3.5.8

3.6

4

4.1
4.2
4.3
4.4
4.5
4.5.1
452

453
4.5.12
4.6

1 Modified Jurd Synthesis of 0-Quinone methides
Preparation of a-ketoesters 47b-i

1 General procedure for Method A
General procedure for synthesis of
dihydrocoumarin derivatives
Characterisation of products
Representative 'H, 1°C, °F and 3'P spectra
Single Crystal X-ray structure of compound
49a and 49b
References

Stereoselective (5+2) Cycloaddition/Oxa-Michael
Reaction of Pyrylium Ions and a-Arylidenepyrazolone
Introduction
Our Strategy
Results and discussion
Conclusion
Experimental Section
General Information
General procedure for the preparation of
cycloaddition products
Characterization of products
Representative 'H and '*C spectra
References

175
176
176

176
177
186

218
221

225
229
229
234
235
235

235
235
243
261
263



List of Figures

Figure No. Figure Caption Page
1.2.1 [lustration of chirality in human hand 03
1.2.2 Representative example of enantiomers 03
1.3.1.1 Examples of role of chirality in taste 04
1.3.2.1 Examples of role of chirality in odor 05
1.3.3.1 Examples of role of chirality in pharmacology 06
1.5.2.1.1 Representative examples of aminocatalysts

and NHC catalysts 10
1.5.2.1.2 Modes of covalent catalysis 10
1.5.2.2.1 Representative examples of Bronsted base and

Brensted acid catalysts 11
1.52.2.2 Modes of non-covalent catalysis 12
1.52.2.3 Representative examples of ion pair catalysts 12
1.6.1 Normal and umpolung reactivity of carbonyls 13
1.6.1.1 Chemoselectivity issues in reactions involving

[1,2]-phospha-Brook rearrangement 15
1.7.1 [Mlustration of the vinylogy principle in m-extended

carbonyl compounds 15
1.14 Activation of alkyne of 2-qlkynyl benzaldehyde by silver 17
2.1.1 Catalytic modes in asymmetric reactions involving [1,2]-

phospha-Brook rearrangement 25
25.1 ORTEP drawing of 671 160
3.1.1 Biologically relevant dihydrocoumarins and

organophosphorus motifs 164
3.5.1 ORTEP drawing of 49a 218
3.5.1 ORTEP drawing of 49b 219
4.1.1 Representative biologically relevant

oxabicyclo[3.2.1]octane motifs 225

XI



List of Schemes

Scheme No. Scheme Caption Page
1.4.1.1 Example of chiral pool approach 07
1.4.2.1 The use of Evan’s oxazolidinones for asymmetric

alkylation reaction 07
1.5.1.1 Hydrocynation of aldehydes using cinchona

alkaloid catalyst 08
1.5.1.2 Proline catalysed intramolecular asymmetric aldol reaction 09
1.5.1.3 Proline catalysed intermolecular asymmetric aldol reaction 09
1.6.1 Types of carbonyl umpolung 13
1.6.1.1 General mechanism of [1,2]-phospha-Brook rearrangement 14
1.8.1 Ti(IV)-assisted asymmetric intramolecular [6+4]

cycloaddition 16
1.8.2 Aminocatalysed intramolecular [6+2] cycloaddition

Reaction 17
1.8.3 Asymmetric [8+2] cycloaddition between

azaheptafulvenes and alkylidene malonates 17
1.9.1.1 Asymmetric Bronsted Base-Aminocatalytic Mode

in reaction involving [1,2]-Phospha-Brook Rearrangement 18
1.9.1.2 Formal (4+2) cycloaddition reaction using

phospha-Brook rearrangement 19
1.9.1.3 Stereoselective (5+2) cycloaddition/oxa-Michael

addition reaction 19
2.1.1 Enantioselective protonation of enolates generated

through phospha-Brook rearrangement 26
2.1.2 Chiral Lewis acid catalysed enantioselective y-protonation 26
2.13 Chiral iminophosphorane-catalysed direct aldol addition

of a-hydroxy phosphonoacetates to aldehydes 27
2.14 Chiral triarylaminophosphorane catalysed reductive

coupling of benzylidene pyruvates and aldehydes 27
2.1.5 Chiral Lewis acid catalysed Michael addition involving

[1,2]-phospha-Brook rearrangement 28
2.1.6 Chiral guanidine amide-catalysed multicomponent 1,6-

addition reaction 28
2.2.1 Bifunctional amino catalysed multicomponent 1,4-

addition reaction 29
2.3.2 Substrate scope of dialkyl phosphites and o, 5-

unsaturated ketones 31
232 Substrate scope of N-substituted isatins 32
233 Control experiments and plausible catalytic cycle 33
234 Scale-up and synthetic transformations 34
3.1.1 Asymmetric synthesis of 3,4-dihydrocoumarins

using phase-transfer catalysis 165

XII



3.3.1
332
3.33
334
4.1.1

4.2.1

4.3.1
432
433
4.3.4

Chiral Sc(III)-complex catalysed synthesis of
3,4-dihydrocoumarins

Enantioselective synthesis of dihydrocoumarins
using chiral amidines

Carbene and acid cooperative catalytic reaction
for synthesis of dihydrocoumarins

Michael reaction of homoenolate equivalents via
the phospha-Brook rearrangement
Functionalization of chromene derivatives utilizing
[1,2]-phospha-Brook rearrangement
Cyclopropantion of o, f-unsaturated ketones using
[1,2]-phospha-Brook rearrangement

Reductive cross-coupling reaction of isatins and
nitrostyrenes

Formal [4+2] cycloaddition strategy for construction
of dihydrocoumarins

a-ketoesters Scope

0-Quinone methides and dialkyl phosphites scope
Scale-up experiment

Plausible reaction model for major adduct

Dual catalysis enabled asymmetric synthesis of 8-
oxabicyclo[3.2.1]octane derivatives

Asymmetric 1,3-dipolar (5+3) cycloaddition of pyrylium

ions with fulvenes

Palladium-catalysed (5+3) cycloaddition between
benzopyranones and vinylcyclopropanes

(5+3) cycloaddition between acetoxypyranones and
azomethine imines

Asymmetric Mannich reaction of a-arylidene pyrazolones

with ketimines

Catalytic enantioselective aldol reaction of a-arylidene

pyrazolones
Catalytic Enantioselective (3+3) annulation reaction
of arylidene pyrazolones

Asymmetric C-H activation/spiroannulation reaction of

a-arylidene pyrazolones
Stereoselective (5+2) cycloaddition/oxa-Michael

Addition reaction of oxidopyrylium ylides and a-arylidene

pyrazolones

a-arylidene pyrazolones scope
Acetoxypyranones Scope

Scale-up and synthetic transformations for 52a
Reaction pathway

X1

165

166

166

167

167

168

168

169

171

172

173

173

226

226

227

227

228

228

228

229

229

231

232

233
233



List of Tables

Table No.
2.3.1
2.5.2.1.1
25221
25231
3.3.1
4.3.1

Table Caption

Reaction Optimization

The screening of catalysts for the model reaction
The screening of solvents for the model reaction
The screening of temperature and concentration

for the model reaction

Optimization of the reaction conditions

Optimization studies

XIv

Page

30
37
38

38
169
230



List of Abbreviations

Abbreviation

Ac
MeCN/CH3CN/ACN
Ar

Al

‘Bu
CDCl;
CH2Cl,/DCM
CPA

cm’!

°C

dr

d

dd
DMSO-ds
0

er

ee
ESI-TOF
EtOAc
Et,O

HO

hr
HOMO
HPLC
HRMS

J

A

LUMO
min

MTBE

Full form

Acetate

Acetonitrile

Aryl

Artificial Intelligence

tert-Butyl

Deuterated chloroform
Dichloromethane

Chiral Phosphoric Acid
Wavenumbers

Degrees Celsius

Diastereomeric ratio

Doublet

Doublet of doublets

Deuterated dimethyl sulfoxide
Chemical shift

Enantiomeric ratio

Enantiomeric excess

Electrospray ionization - Time-of-flight
Ethyl acetate

Diethyl ether

Water

Hour

Highest occupied molecular orbital
High-performance liquid chromatography
High resolution mass spectroscopy
Coupling constant

Wavelength

Lowest unoccupied molecular orbital
Minute

Methyl fert-butyl ether

XV



SOMO
TLC
TfOH
THF
TMS
Uuv

Multiplet
Megahertz
Millilitre
Microlitre
N-Heterocyclic carbenes
Sodium Sulphate
N-Bromosuccinimide
Sodium bicarbonate
Sodium chloride
Nuclear Magnetic Resonance
Nitrogen gas
Ortho
para-Toluenesulfonic acid
Phase Transfer Catalyst
Chlorobenzene
Isopropyl
para
room temperature
Singlet
Singly unoccupied molecular orbital
Thin Layer Chromatography
Triflic acid
Tetrahydrofuran
Tetramethylsilane

Ultraviolet

XVI





