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ABSTRACT

Diarylheptanoids are a family of plant metabolites with a characteristic structure of two

hydroxylated aromatic rings attached by a linear seven-carbon chain. Diarylheptanoids
have mostly been isolated from plants belonging to the Zingiberaceae family. The South
African medicinal plant Siphonochilus aethiopicusmore commonly known as

‘wild ginger’, also belongs to the Zingiberaceae family. One of the compounds isolated
from this plant it a novel diarylheptanoid. In this study, the synthesis of this novel

diarylheptanoid will be investigated.

The targeted diarylheptanoid has two substituted phenyl rings attached by a seven-carbon
aliphatic chain with two sterogenic centers and a carbon-carbon double bond. Osmium-

catalysed asymmetric dihydroxylation was used to generate the two stereogenic centres.
The Horner Wadsworth-Emmons (HWE) reaction was investigated, in order to generate

the transdouble bond on the seven carbon aliphatic chain. HWE reactiontrenst

selective reaction leading to the formation of only the desired isomer.

The synthetic strategy used for the synthesis of the targeted diarylheptanoid is the
C,-moiety + G-moiety strategy. The dnoiety is the phosphonate ester and thenGiety

is the aldehyde for the HWE reaction. In this investigation we were able to successfully
synthesis the required@oiety and the €moiety. Both the precursors were synthesised
from commercially available starting materials, utilising functional group transformation
reactions. However, modifications to the-1@oiety were made due to its instability under

the HWE reaction conditions. When the-i@oiety was an aldehyde, decomposition was
seen under HWE reaction conditions. Thus them@iety was converted to the
corresponding lactol and then subjected to the HWE reaction. Nevertheless, this reaction
was not successful, thus we were not able to couple the two precursors to form the desired

seven-carbon aliphatic chain.

Even though the targeted diarylheptanoid was not successfully synthesised, the synthetic
route developed in this investigation is not only viable to the target compound but is also

versatile enough to allow the synthesis of its analogues.
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CHAPTER 1

INTRODUCTION

1.1 Role of Natural Products in Drug Discovery

1.1.1 History

The term ‘natural product’ refers to secondary metabolites that are derived from natural
sources such as plants, animals and microorgahis®econdary metabolites are
compounds unique to a specific organism and are often produced by living organisms for
the purpose of defence, communication and predatibime role of natural products as
medicines has been enormous throughout human evolution. It has been documented that
our earliest ancestors chewed on certain herbs to relieve pain and wrapped leaves around

wounds to facilitate healifig

Even though medicinal plants were used widely in Orient and Occident medicinal systems,
their active components remained unknown until the eighteenth and nineteenth centuries
The advent of modern chemistry opened a new era for natural products and their use in the
pharmaceutical industry. Morphine from opium was the first naturally derived medicine
and the first to be commercialised in 1828atural product discovery efforts kick started

after the large scale production of penicillin, isolated from the mBaldcillium notatum

during World War It. Some well-known compounds that were isolated from natural
products include salicin fror8alix alba quinine fromCinchona ledgerianacaffeine from

Coffea arabicanicotine fromNicotiana tabacunand cocaine fronErythroxylum coca®
4

1.1.2 Decline of natural product research in the pharmaceutical industry

Natural product research in industry decreased drastically in the early 1990s and the early

2000<. The main reasons for this steep decline were difficulties involved in extraction and

1
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synthesis of natural products on industrial scale at an acceptalileAdsst the advent of
combinatorial chemistry and high-throughput screening to generate and identify new drug
candidates made natural products less attracfivdowever, combinatorial chemistry did

not give the anticipated outcome in terms of new drug candidates. In 2007, only 17 new
drug candidates were approved compared to 1998, when a total of 53 drugs were
approved. Despite the decrease in natural product research, drugs derived from natural
products still bring in a significant revenue for many of the major pharmaceutical
companies For example, drugs such as Lipftoand Pravach8] which are natural

product-inspired drugs, continue to produce multi-billion dollar revenue

1.1.3 Natural products as sources of new drugs

Natural product compounds hold great promises for finding better and new drugs since
they are a source of novel leads and an inspiration for the synthesis of non-natural
molecules with improved pharmacological and pharmaceutical properties. Natural
products from plants are highly potent and selective as a result of evolutionary sklection
Thus they are ideal lead compounds for the development of therapeutic agents for
oncology and infectious diseases. Approximately 25% of all prescription medicines and

60% of anti-cancer drugs on clinical trials at the end of 2005 were of plant érinfjin

Drugs based on natural products include compounds isolated from plants, microbial
fermentation, marine, synthetic and semi-synthetic compounds based on natural products.
Amongst the natural product sources, plants and microbials have been the major sources of
lead compounds Even so, it has been reported that the percentage of plants and
microorganisms that have been screened for bioactivity, is relatively’siftalis, more
extensive screening of these rich natural product resources could provide far more novel

chemicals for drug discovery.

1.2 Zingiberaceae

Plant from the Zingiberaceae (ginger family) have been used for centuries as foods, spices,

dyes and in traditional oriental mediciné Plants belonging to this family include
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Zingiber officinale (ginger), Curcuma longa(curcuma) andAlpinia blepharocaly%
Chemical investigations of plants belonging to this family have led to the isolation of a
large number of biologically active compounds. Two major groups of biologically active
compounds that have been isolated from the Zingiberaceae include gingerol-related
compounds and diarylheptanoidd Diarylheptanoids have mainly been isolated from
CurcumaandZingiber species. Amongst the diarylheptanoids that have been isolated from

these plants, curcumi) is one of the most well-known compounds.

1.2.1 Curcuma species

Curcumin(1), the major orange pigment found in turmef@ufcuma longarhizomes was

the first diarylheptanoid isolated in 1815 and its structure determined in’1B6r since,
varieties of diarylheptanoids have been isolated from different speci@srafima Since

the discovery of curcumifl), various natural analogues and metabolites of curcumin have
been isolated from turmefic Curcumin (1), demethoxycurcumin (2) and
bisdemethoxycurcumi(B) are the three most important analogues from turmeric and are
collectively known as curcuminoitls Scheme 1.1 shows some of the diarylheptanoids
that were isolated fronCurcuma longaFurthermore, Ishidha and co-workErssolated

and characterised cyclic diarylheptanofds8) from theCurcuma longaand Suksamrarn

13
I

et al™” isolated three new diarylheptanoids and nine known diarylheptanoids from the

rhizomes ofCurcuma comosa
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Hexahydrocurcumin a 0550 Curcumin sulphate

M/] L

A =
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3) 3 Ha,CO OH
Cyclocurcumin
HO OH

Demethoxycurcumin
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Scheme 1.1Natural analogues of curcum(h)’

R OCH3
HO 3co
HO l
HO
f E Q
(S
(4) R'= OH, W= C=0 X=H (7) 2= C-OH
(8) 2= C=0

(5) R'= OCH,, W= H, X= C=0

Figure 1.1: Cyclic diarylheptanoids isolated fr@uarcuma longa

1.2.2 Zingiber officinale

Numerous chemical investigations dingiber officinale have led to the isolation of a
wide variety of diarylheptanoids. From the rhizomeg&iofyiber officinale Kikuzakiet al.
isolated five new diarylheptanoidg9-11) In addition to this, Liu and co-workers isolated
several different diarylheptanoids, both linear and cyclic, from the rhizomes of thi plant
15(12-14)

" The keto moiety of curcumin and its analogues will exist in equilibrium with the enol form.

4
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O OR
H3CO O O OCHj,4
rR'o OR®
R3
(9) R=Ac, R,=H (12)R:=R=R=R'=H
(10)R,= R,=H (13)R'=R= R'=H, R= OCH,
(11)R=H, R,=CH, (14)R’= R’= R*= Ac, R= H,

Figure 1.2: Diarylheptanoids fro#ingiber officanale

1.2.3 Siphonochilus aethiopicus

The South-African medicinal plarSiphonochilus aethiopicuB.L., more commonly
known as wild ginger, is a forest floor plant with aromatic rhizomes. The generic name
Siphonochilugs derived from the Greeskiphon,meaning tube, anchilus, meaning lip in
reference to the shape of the flower. The specific nasti@iopicusmeans from southern
Africa. African wild ginger is deciduous with hairless leaves, a cone-shaped rhizome, pink

flowers and annually sprouts from underground stems in spring.

Figure 1.3: African wild gingétr

African Wild ginger has a long history of use in African traditional medicine and thus has

been over harvested from the forests leading to its extifiétidhe aromatic rhizomes of

" Permission for publishing this picture was obtained from the welbsite.pacificbulbsociety.org

5
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this plant are used to relieve colds, coughs, influenza, menstrual pain and several other
illnesses®*® Furthermore, the rhizomes of the South African wild ginger are known to

exhibit natural anti-inflammatory activiti&s

Even though the African wild ginger is famous for its medicinal properties, only a limited
number of studies have been done on this plant. So far no comprehensive taxonomical
studies have been done on the geBipionochilusand thus exact distribution of this plant

in Africa is poorly known. From the studies conducted by Van Wyid Holzapfelet

al.’® it has been found that the major chemical constituents of this plant are
sesquiterpenoids of the furanoid type. The essential oil of this plant contains a high
concentration of a single compound referred toSgshonochilus sesquiterpenoif
siphonochilon& (15). In addition to this diarylheptanoig$6) has also been isolated from

the African wild gingeY’.

1.3 Aim of this Investigation

The aim of this study is the total synthesis of a novel diarylheptanoid isolated from the
South African medicinal planGiphinochilus aethiopicugwild ginger)}®. The absolute
stereochemistry of the isolated diarylheptariBcdas not been established, thus we aim at
synthesising the isomé&i7 with known relative and absolute stereochemistry. Furthermore,
the developed synthetic method should be versatile, so that it could allow for the synthesis

of the other stereoisomers of this compound.

OH OH
HO = OCH; HO = OCH,4
O OH O O OH O
H5CO OH HiCO OH
OCHj,4 OCHj,4
(16) (17)
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CHAPTER 2

Diarylheptanoids: An Overview

2.1 Introduction

Diarylheptanoids are a family of plant secondary metabolites which have shown to exhibit
a variety of biological activities. Diarylheptanoids have mainly been isolated from plants
belonging to the Zingiberaceae family, as outlined in Chapter 1. The aim of this chapter is

to give a brief introduction to the diarylheptanoids.

2.2 Classification

Diarylheptanoids are a family of plant metabolites based on 1,7-diphenylheptane with a
characteristic structure of two hydroxylated aromatic rings attached by a linear seven
carbon chaih® Their structures are classified into lin€Brand cyclic types. The latter is
further subdivided into three main groupseta,metebiarylmacrocycleqll) and meta,
para-cylclophane (Ill) 2 and tetrahydropyranglV). Linear diarylheptanoids are the
biogenetic precursors of the macrocyclic diarylheptanoids and can be formed by phenolic
oxidative couplingof the corresponding linear oheSuch coupling may leadia C-C
coupling or C-O coupling to form typ@l) or type(lll) diarylheptanoids, respectivély
Linear diarylheptanoids are found in various monocotyledon and dicotyledon plant species
and more than 70 different linear diarylheptanoids have been isolated from variout plants
The most well-known linear diarylheptanoid is curcur(ilyy, which was isolated from
turmeric Curcuma longa Turmeric belongs to Zingiberaceae family of plants which are a
very rich source of diarylheptanoids. Cyclic diarylheptanoids have been isolated from
various plant species. In 1995, Kikuzaki and Nakatani isolated five cyclic diarylheptanoids
from the rhizomes oZingiber officinalé. In 1976, Nagumet al® isolated acerogenin

(23), which is am,pcylcophane and since then several dozens of structurally-related
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compounds with an endocyclic biaryl ether bond have been isolated and identified from

L
@ Fe 0 FG @

FG (1) FG

various plants of the Zingiberaceae family.

(”) FG
FG

FG
ARane
Q FG W) FG

FG
(Il

Figure 2.1. Types of diarylheptanoids

2.3 Phytochemistry of Diarylheptanoids

Diarylheptanoids have mainly been isolated fr@urcuma Zingiber, Alnus Alpinia and

Acer species belonging to the family of gingers (Zingiberaceae), and@emtrolobiunt.
Diarylheptanoids isolated fronCurcumin species andZingiber officinale have been
discussed in Chapter 1. In this section the focus will be given to diarylheptanoids that have

been isolated fromlpinia, AcerandAlnusspecies.

2.3.1 Alpinia species

A variety of diarylheptanoids have also been isolated from the seedslpofia
blepharocalyx(Zingiberaceae). Both linear and cyclic diarylheptanoids have been isolated
from the A. blepharocaly% Figure 2.2 shows some of the diarylheptanoids that were
isolated fromA. blepharocalyxDonget al? isolated a variety of diarylheptanoids from the
seeds ofA. blepharocalyxwhich showed antiplatelet activi{i8 - 23) In addition to this,

" FG indicates functional groups

10
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a new family of diarylheptanoids, calyxi24 - 25) was also isolated from the seeds of
A. blepharocalyX Calyxins (24 - 25) are cyclic diarylheptanoids with a 2,48
trisubstituted tetrahydropyran ring in their structure. Blephacocaly2ihswas the first
examples of a dimeric diarylheptanoid wherein the two diarylheptanoids are directly
connected by a C-C bohd

OH O OH O
O ¢
HO OH HO OH
(18) (19)

R OH O
(20)R=OH (22)R=H
(21)R=H (23)R= OH

OH
Blepharocalyxin K24) Calyxin F(25)

Figure 2.2. Diarylheptanoids isolated frétpinia blepharocalyx

2.3.2 Acer nikoense

Acer nikoenséZingiberaceae) has proven to be a rich source of diarylheptanoids, over the

years a variety of diarylheptanoids have been isolated from this plant. In 1996, Netgumo

11
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al.’ isolated acerogenin varian(@6 - 27) from the bark ofA. nikoense Furthermore,

llO

Akazawa et al™ isolated new cyclic diarylheptanoids named acerosi®3 and

aceroketosid€29) from the bark ofA. nikoense

HO

o=

(26) R= OH (28)R=H, R= OH
(27)R=0 (29) R= Glucose, & H

Figure 2.3. Diarylheptanoids froAcer nikoense

2.3.3 Alnus species

Alnus species have been found to be a rich source of diarylheptanoids. Amongst this

speciesA. japonicais one of the richest sources of diarylheptanoids. Kuroyastagji'*

|.12

and Choiet al“ isolated a variety of diarylheptanoids from the barkAofjaponica

(27-30) A. formosanahas also been found to contain diarylheptanoids including

curcumirt®,
O OR O OR
HOOH HOOH
HO (30) OH HO (31)

o OR (@] OR
/‘/\)‘\)\/\‘\ ACOMO O OAc
HO O (32) O OoH AcO (33) OAc

R= B-D-Glucosyl or 3-D-Xyloside or H
Figure 2.4. Diarylheptanoids isolated foAinus japonica

12
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2.4 Biological Activities of Diarylheptanoids Isolated from
Various Plants

Plants species known to contain diarylheptanoids are widely used in traditional medicine.
Some examples of such plants inclu@ercuma longahizomes which are widely used in
traditional Asian medicine for the treatment of various diseases including hepatic disorder
and rheumatisi; Alpinia blepharocalyxseeds of which are used for the treatment of
stomach disorders in Chinese medidjrgark of Ainus japonicahas been used for fever,

hemorrhage, diarrhoea, gastroenteric disorder and cancer in oriental traditional rtfedicine

Diarylheptanoids have been found to possess a broad range of potent biological activities.
Curcumin (1), amongst the diarylheptanoids, is the most well known, for its biological
activities. Curcumin(l) has been found to exhibit biological activities such as anti-
inflammatory, anti-oxidative and anti-carcinogenic activiti€s'’ In spite of its efficacy,
curcumin(1) has not yet been approved as a therapeutic agent because of its poor agqueous
solubility, low bioavailability and its intense staining colour. Several biological activities
of diarylheptanoids characteristic Ainusspecies have been reported. These include anti-
oxidative activity, nitric oxide synthase inhibitory activity melanogenesis inhibitory
activity'®, free radical scavenging activittds anti-inflammatory effects and cytotoxic
activities’. Diarylheptanoids isolated from the Chinese gingéndiber officinal¢ have

also been found to have cytotoxic and apoptotic actiVitiEsirthermore, diarylheptanoids

from Acer nikoensenave been shown to be inhibitors of nitric oxide producliamd
melanogenest& The diarylheptanoids isolated frodipinia officinarum have shown
promising inhibitory and bacterial activity against enteropathodgesiterichia cofi® and

diarylheptanoids fronAlpinia blepharocalyshave shown anti-platelet activity

2.4.1 Structure—activity correlation of biologically active
diarylheptanoids

Structural variations in any biologically active compound is important because altering its
structure could lead to changes in physiological activity and its pharmacokinetics, i.e. how

easily the drug is absorbed, distributed, metabolised and exére@ette a biologically

13
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active compound is isolated from natural sources, extensive structure-activity relationship
studies are carried out in order to optimize its potency and to define a drug profile for the

compound.

2.4.1.1Antioxidative activity

It has been found that tlremethoxy substituents on curcunfi) and its analogues play a

role in their potency as antioxidants. Anaetal'’ reported that curcumin has better
radical scavenging and antioxidant ability than the other two analogues of which
demethoxycurcumin (DMC)(2) shows better activity than bisdemethoxycurcumin
(BDMC) (3). Curcumin(1), DMC (2) and BDMC (3) differ in their chemical structure

only by methoxy substitution (Scheme 1.1); curcumin has two methoxy groups, one on
each phenyl group but DM) has only one methoxy group on one of the phenyl groups
where as BDM(3) does not contain a methoxy group. In spite of the similar structures,
the three analogues exhibit significantly different antioxidant activity. Anand and
coworkers propose that the hydrogen bonding interaction between the phenolic OH and the
o-methoxy group of curcumin influences the O-H energy and H-atom abstraction by

free-radicals thus making it a superior free radical scavenger compared to'BDMC

Kuroyanagi and co-workers studied the antioxidative activity of the diarylhepatanoids
isolated fromAlnus japonic&’. From their study it was found that linear diarylheptanoids
containing two 3,4-dihydroxyphenyl moieties showed potent activity whereas compounds
having a 3,4-dihydroxyphenyl and a 4-hydroxyphenyl moiety showed moderate activity
and compounds having two 4-hydroxyphenyl moieties showed no actiiigsed on

these results, it can be concluded that the catachol structure of the diarylheptanoids is

important for it to be a potent antioxid&ht

2.4.1.2Cytotoxicity

Chio et al*? studied the variation in cytotoxic activity amongst the diarylheptanoids which
were isolated from the bark d&flnus japonica From their studies, it was found that

diarylheptanoids with a keto-enol moiety in the molecule were more potent than

14
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compounds with only an enol moiétyFurthermore, it was found that the presence of one
OH group on the aromatic ring improved the cytotoxic activity against murin B16

melanoma cells and SNU-1 gastric cancer cells, of the diarylheptanoid

Yokosuka and his group also studied the cytotoxic activity of the diarylheptanoids which
were isolated fornTacca chantriei”. These studies showed that the diarylheptanoids with
three or four phenolic groups, for example compo@dd exhibit moderate cytotoxic
activity against HL-60 human promyelocytic leukaemia and HSC-2 human oral squamous
carcinoma cells, while diarylheptanoids with two phenolic OH grq@p} did not show
significant activity. Furthermore, diarylheptanoi{@4) with hydroxyl groups fully masked

with methoxy groups also showed significant cytotoxic activity. Based on these results,
Yokosukaet al. drew the conclusion that the number of hydroxyl groups on the biphenyl

rings of the diarylheptanoids contribute to the cytotoxicity of the comp8tnds

2.4.1.3Platelet inhibition activity

Donget al® studied the variation of antiplatelet activity of diarylheptanoids, isolated from
Alpinia blepharocalyx (Figure 2.5). Platelet aggregation is induced by collagen,
arachidonic acid (AA), adenosin diphosphate (ADP) and ristocetin. From this study it was
found that compoun@®5 showed strong platelet inhibition activity caused by all four
inducers as compared to compo@&lwhich showed activity against AA induced platelet
aggregatioh The only difference in the structure of compo@idand36 is the presence

of a hydroxy group at C-4’ position of the benzene rin§3nCompound37 and38 both

were found to be active against AA induced platelet aggredatidius the structural
variation of the diarylheptanoids plays an important role in determining the potency of the

compound.

15
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OH OH

RR3

R2 R4

(34)R'= H, R= OH, R=H, R'= OH (37)R'=OH, R=H
(35)R'= R=R’= R'=0OH (38)R!= R= OH
(36)R'= R=R’= R'= OCH, (39)R'= R’= OCH,

Figure 2.5. Diarylheptanoids isolated fréipinia blepharocalyx

2.5 Synthesis of Diarylheptanoids

Even though the structural complexity of most natural products makes their synthesis
challenging, numerous natural products have been successfully synthesised. Since the
discovery of diarylheptanoids, various diarylheptanoids and their analogues have been
synthesised successfully. This section of the chapter will concentrate on giving an
overview of the various approaches that have been used in the synthesis of both linear and

cyclic diarylheptanoids.

2.5.1 Synthesis of linear diarylheptanoids

2.5.1.1Biosynthesis of linear diarylheptanoids

The biosynthesis of curcumoids has been investigated owing to their importance to human
health and nutrition. The initial investigation of the biosynthesis of curcumoids was carried

out by Whitinget al?? They proposed two mechanistic pathways by which curcumoids are

synthesised biologically and Scheme 2.1 outlines the proposed biosynthetic pathways
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0 COOH 0
Ar/\)]\S-COA ( - Arl/\/lK/COOH
0

1 CO-S-CoA

Path b Path a Ar/\/U\S-CoA

1

O o O o O O O

/\)J\)M _ _— /\/lUJ\/\
AT S-CoA Ar AN Z Ar,

1 1

Scheme 2.1. Biosynthesis of linear diarylheptanoids

Enough experimental evidence has not been obtained to confirm either of the pathways.
However, studies with different plant species have indicated that both pathway a and b

may operate in the biosynthesis of diarylheptarioids

2.5.1.2Synthesis of linear diarylheptanoids

Linear diarylheptanoids have relatively simple structures and thus easily accessible using
today’s synthetic methodologies. Linear diarylheptanoids differ by the substituents on the
phenyl rings and by the oxygen functional groups such as OH and C=0O on the
seven-carbon aliphatic chain. In addition to this, diarylheptanoids with both unsaturated
and saturated aliphatic chains have been isolated. Thus a general strategy for the synthesis
of linear diarylheptanoids should allow ready variation of the substituents on the phenyl
rings and incorporation of various oxygen functional groups on the aliphatic chain. The
synthesis of linear diarylheptanoids can be classified according to the ways in which the
seven carbon aliphatic chain could be assembledndiety + G-moiety strategy,
Co-moiety + G-moiety strategy, &moiety + G-moiety strategy, Gmoiety + G-moiety +

C;-moiety strategy.

2.5.1.2.1 C;-Moiety + Gs-moiety

Gonzalez and Zhu used thes-oiety + G-moiety strategy to synthesis the

diarylheptanoid43’. The synthetic strategy used by Gonzalez and Zhu used standard

17
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transformations to afford the desired diarylheptanoid (Scheme 2.4). The key steps of the
reaction is the chain elongation to form then@iety which was obtained by the double
deprotonation of methyl acetoacetate using LDA followed by addition of the id@ide

The G-moiety was synthesised using the Finkelstein reaction, in which the bromide group
of 4-fluoro-3-nitrobenzyl bromide was replaced by an iodide group to #&xnThe two
precursors were then combined by nucleophilic substitution of thadly (42) to the
Cs-moiety (41) to form the seven carbon aliphatic chain. This was followed by the
chemoselective removal of the isopropyl protecting group followed by decarboxylation to

afford the desired diarylheptanoid.

COOMe
OH | o
a,b c,d e Pro
> i > i > COOMe
OH OPr OPr MeO
OMe OMe OMe

(40) (41)
(@]
No, 9N O O
MeO F
OH (43) NO,

Scheme 2.2. Reagents and yields:'RaBr, K.COs, 96%, (b) LiAlH,, 97%, (c) TsCI, Py, 87% (d)
Nal, 80%, (e) methyl acetoacetate, LDA, 80% (f) NaH, 76% (g} BGI6N HCI, 93%

ltokawaet al?* also used the €moiety + G moiety for the synthesis of yakuchinone-A
(46) and B (47), linear diarylheptanoids isolated froMpinia oxyphylla Scheme 2.5
outlines the major step in the synthesisA6fand47. They utilized the Claisen-Schmidt
reaction for the condensation of vanil@4) (C;-moiety) with 6-phenyl-2-hexanond5)
(Cs-moiety) to form46, which was then hydrogenated to fof*.
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Q Q o o
HOD/U\H + W HOM HO:‘/\/U\/\/\‘
— 1 O—0 1 ®
MeO Yakuchinone-A MeO Yakuchinone-B
(44) (45) (46) (47)

Scheme 2.3. Synthesis of yakuchinone-A and -B

2.5.1.2.2 C,-Moiety + Gs-moiety strategy

Narasimhulwet al?®

synthesized the diarylheptanoid yashabushi&), isolated from the

male flowers ofAlnus sieboldianaThe readily available starting materiadmannitol
diacetonide was used as the starting material for the synthesis ok-theiely (48),
whereas vanillin was used as the starting material for thadiety (49). The key step of

the synthesis was the alkenylation reaction in which then@ety adds to the $2moiety

via nucleophilic addition. Scheme 2.6 outlines the synthetic procedure used for the
coupling of the @and G-moiety to obtain the seven-carbon aliphatic chain. The reaction
proceeded in 90% vyield to afford a mixture of two diastereorfieksin a ratio 40:60

(syn:ant) which were then separated by chromatographic methods tcbgeld

oTPS oTPS
O =

= E OH
©/\/\/u\ H o o+ ©/ a ‘/\/\/\‘
(48) (49) (50) O

?TPSOH OH OH
b O O
(51) (52)

Scheme 2.4. Reagents and yields: (a) n-BuLi, 90%; (b) 10% Pd/C, 95% (c) PTSA, MeOH, rt, 1 h,
95%

2.5.1.2.3 Cs-Moiety + G-moiety strategy

Henly-Smithet al® reported the synthesis of a linear diarylheptanoid usingradiety +

Cs-moiety strategy. The synthesis used by Whiting and co-workers used both the Grignard
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reaction (Route 1) and a reaction based on dithiane chemistry (Route 2) to couple the two
moieties. Scheme 2.5 outlines the synthetic route used by Henlyﬁraiff‘lto assemble

the seven-carbon aliphatic chain. The assembly of the two moieties using Grignard
reaction betwee®3 and54 gave only a 48% vyield db5, whereas the dithiane route in

which 56 and57 were reacted, gave a 73% yields6f.

MH BrM Route 1 M
g\/\/\©\OH 43% HO PCC
(53) (54) (55)

(59) OH

HO
S S
/@/\)ﬁ + Route 2 /‘/\></\/\‘\ AO’ BR,ELO
MRACE-—We L,
(56) 57)

(58)

Scheme 2.5. Synthesis of a diarylheptanoid using the Grignard reaction route and dithiane route.

2.5.1.2.4 C;-Moiety + Gs-moiety + G-moiety strategy

Venkateswarliet al?®

devised an efficient and short synthetic strategy for the synthesis of
curcumin analogues using the aldol condensation. The main steps in the synthetic route, as
shown in Scheme 2.8, was the protection of carbonyl group of acetylacetomei&By)

(60) with boric oxide to form an acetylacetone-boric oxide comf#dy, which was then
reacted with substituted benzaldehydegrt@iety) and finally the boron complex of the
product was decomposed using aqueous acetic acid to get the desired curcumin analogs
(62Y°. The C-3 of 2,4-pentadione bears more acidic protons than C-1/C-5 and thus
Knoevenagel condensation at C-3 competes with the aldol condensation on the terminal
methyl groups. However, boron-based protecting groups reduce the nucleophilicity of the
C-3 position and so the reaction occurs at the terminal active methylenes resulting in

diarylheptanoids.
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/U\/U\ + B,Og — > 8;B;8+ R
AN

(60) (61) (62)

Scheme 2.6. Synthesis of diarylheptanoids using boron based protecting groups

Later on, Leeet al'®

used the same strategy to synthesise heterocycles containing
curcumin analogues and symmetric and asymmetric curcumin analogues with different

substituents on the phenyl rings. Scheme 2.7 outlines the general synthetic routes followed

by them.
o o A0 oH O
+ 8203—> ArWJ\
(nBuO),B R
R

Synthetic method for monophneyl curcumin analogues

o o A0 oH O
+ B,03 —— » WJ\/\
M (nBuOLB Ar 1 Ar
R

Synthetic method of symmetric curumin analogues

OoH O A0 OH O
Ar X + 8203 R s Ar N = Ar
R (nBuO),B R

Synthetic method for assymetric curcumin analogues

Scheme 2.7.General synthetic routes for the synthesis of curcumin analogues

Nicholset al?’ performed the same reaction described above for the synthesis of curcumin
analogues using microwave energy (Scheme 2.8). The procedure adopted by them allowed
the synthesis of the desired analogues in a short time period compared to the heating under

|26 |3

reflux, followed by Venkateswarlet al™ andLeeet a

yields”’.

and gave moderate to excellent
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0] 0 OH
+ 2 HJ\© B,O,, Morphollie N NS
AcOH, microwave O O
n

Scheme 2.8. Synthesis of diarylheptanoids using boron-based protecting groups under microwave
irradiation

n
n=0,1

2.5.2 Synthesis of cyclic diarylheptanoids

The total synthesis of cyclic diarylheptanoids has interested chemists for decades owing to
their biological activities. Thus various synthetic methods have been developed for the
synthesis of cyclic diarylheptanoids such as intramolecular ring-closure metathesis,
intramolecular Wittig reactions, intramolecular oxidative coupling, intramolecular
nucleophilic aromatic substitution reaction \f8) and transition metal-catalyzed
reactiond. Synthesis of cyclic diarylheptanoids involves the formation of carbon-carbon
bonds at the aliphatic chains or macrocyclisatien formation of an aryl-aryl or an
aryl-aryl ether bond. This section will review the various synthetic strategies that have

been used for the synthesis of the cyclic diarylheptanoids.

2.5.2.1Biosynthesis of cyclic diarylheptanoids

Cyclic diarylheptanoids have been found in co-occurrence with their corresponding linear
diarylheptanoids in plants such @s japonicaand A. nikoense.Thus intramolecular
phenolic oxidative coupling have been the biosynthetic route proposed for cyclic
diarylheptanoids. Scheme 2.11 outlines the proposed biosynthetic route. The linear
precursor (63) would be obtained by combining two units of cinnamate with one
malonaté.
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OH OH
C,C coupling :l
OH / o
O OH
~ T
(63) C,0 coupling
FG

Scheme 2.9. Biosynthesis of cyclic diarylheptanoids

2.5.2.2meta,meta-Bridged biphenyls

Semmelhaclet al?® investigated the zerovalent nickel promogeyl-aryl bond formation.

From their study it was found that tetrakis(triphenylphosphine)nickel gave the desired
aryl-aryl coupling in good yield. According to Semmelhatkal®®, the reaction proceeds

via oxidative addition of the organic halide to Ni(0). However, this cyclisation technique
does not yield good results with sterically hinderedho-disubstituted substrates
(Scheme 2.10). Even so, this methodology is a good alternative to the traditional Ullmann

reaction, which requires drastic conditions thus making it less efficient for the construction

of structurally complex molecul&s

Ni(PPh), )
yield 81% O n
, yield 85%

, yield 38%

>0 35 S
I
[Sal -

OMe

Scheme 2.10. Nickel promoted aryl-aryl bond formation
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Semmelhack and co-workers, utilised the method which they developed, for the synthesis
of alnusone(65), a m,mbridged biphenyl (Scheme 2.11). The cyclisation6dfusing
tertrakis(triphenylphosphine)nickel afforded the desired pro6&dh 46% yield®,

(0]
A .
Ni(PP O
< 4 . wowo )
MOMO | | OMOM 49% MOMO I

(64) (65)

Scheme 2.11. Zerovalent nickel promoted synthesgis,wfbridged biphenyl diarylheptanoid

Whiting et al?? investigated the aryl-aryl cyclisation of appropriate 1,7-diarylheptanoids to
form m,mbridged biphenyl diarylheptanoids. In their study, different coupling strategies
were used namely, oxidative coupling, photochemical radical coupling dnchtsiysed
couplingfz. Scheme 2.12 summarises the results obtained in this study. The oxidative
coupling of66 using thallium(lll) tristrifluoroacetate yielded the C-O coupling to form
m,pbridged biphenyl(67), but both photochemical radical coupling and Matalysed
coupling gave the desired C-C coupling prod(68) with the latter procedure giving
higher yield?.
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OBn
OBn o Oxidative coupling O
Meo H / O OMe
O O OMe
MeO OH (67)
OMe

Photochemical radical coupling O
Ni° catalyzed coupling

(68)

Scheme 2.12. Cyclisation to fonm mbridged biphenyls using different strategies

2.5.2.3meta,para-Bridged biphenyls

Keseru and co-workers developed a synthetic scheme for the synthesis of garuganin Il
(71), a macrocylic diarylheptanoid isolated from the Indian medicinal plaruga
pinnatd. The key steps for the synthesis followed by them are; (i) preparation of an
unsymetrically substituted diphenyl eth@9) (ii) addition of a G unit to the diphenyl

ether as an isoxazol, which also served as a masked 1,3-dicarbonyl synthon20 (iaym

ring closure using an intramolecular Wittig reaction and lastly transformation of the
isoxazole into the desirgttmethoxy enon&1®. The synthetic route followed by Keseru

and co-workers is outlined in Scheme 2.13.
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. Co,Me
OHC OMe g, Ph3P+H2c\m‘
CO,Me
OMe O\N
/©/ © Intermolecular Wittig reaction
(MeO),HC /©/
69 MeO),HC
(69) (MeO), (70)
OMe OMe
O OMe O OMe

Br PhsP H2C
Intramolecular Wittig reactlon
0
\

Scheme 2.13. Synthesis of garuganir(7il)

(71)

In another report, Vermest al. used a similar strategy to synthesise garugamblin-1, a
variant of garuganin 111 (73) but the ring closure was accomplished by the
Wurtz-Boekelheide methdd In this method, the intermedia{@0) is treated with a

radical anion generated from sodium and tetraphenylethene

Gonzalez and Zhu utilised the intramoleculgABreaction for the synthesis of the aryl
ether bond of then,pbridged diarylheptanoid, acerogenin(A4Y. The synthesis was
carried out by firstly preparing the corresponding linear diarylheptat®ichich was then
subjected cylcoetherification. Scheme 2.14 outlines the synthetic route starting from the
linear diarylheptanoid. The cyclisation occurred smoothly to give the macrot§loe
quantitative yield Gonzalez and Zhu reported that even at high concentrations of the
linear diarylheptanoid, the cyclic product was obtained in quantitative yield. This provides
evidence that the intramolecular reaction of the linear diarylheptanoid is highly

competitive with the alternative intermolecular proéess
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0 0
OH 0 /4
MeO . CsF,5Drl]\/IF, rt
Q) O —
9N e 9N
0 0
OMe NO, OH
(75) (76) Acerogenin A(74)
Concentration Isolated yield

0.01 M 90-95%
0.05 M 90-95%
0.1M 75-80%
1M 45-50%

Scheme 2.14. Synthesis of acerogenifY A

2.5.2.4Tetrahydropyran-type cyclic diarylheptanoids

One of the most commonly used reaction for the formation of tetrahydropyran-type
diarylheptanoids is the Prins reaction. Hiele¢l al™ used Prins cyclisation for the
synthesis of diospongin &7), which has a 2,4,6-trisubstituted tetrahydropyran ring as the
core. The key step of the synthesis was the acid-mediated Prins reaction between the
homoallylic alcohol(76) and benzaldehydgr5) to form the tetrahydropyran ring, which

was then subjected to the Mitsunobu reaction in order to get the desired stereochemistry

(Scheme 2.15). Using this method, total synthesig7oivas achieved with 23% overall

yield"®.
OH
©)‘\ )J\/K/\ TFA, rt O op, () PPh, DEAD, p-nitrobenzoic acid (5 o
/go (i) NaOH, MeOH, THF, HO o, g~ AN,
(75) (76) (77)

Scheme 2.15. Synthesis of (+)-diospongi(i7X)

Parkeret al® also used Prins cyclisation as the key step for the synthesis of the calyxin-
type natural product, 4-acetoxy-2,6-disubstituted tetrahydropy(@d) isolated from
Zingiber officinale The Prins cyclisation between the homoallylic alcof¥@) and the
trisubstituted benzaldehyd@9) afforded the diarylheptanoBDin 77% vyield.
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H OCH;
o OAC (i) BF, OEt, TMSOAG AcOH HO OH
e L
o OAc (i) K ,CO, MeOH o OH
OCHj
OH
(78) (79) (80)

Scheme 2.16. Synthesis of 4-acetoxy-2,6-disubstituted tetrahydropyrans

Tian et al? used a tandem Prins cyclisatiamd a Friedel-Crafts reactions with an
electron-rich aromatic ring to synthesise the core structures of a calyxin natural product
(Scheme 2.17). Even though the Prins cyclisation normally leads to a tetrahydropyran
rings with a heteroatom at the C-4 position, Tiaat al. reported that under certain
circumstances the electrophilic C-4 position reacts with an aromatic ring in a Friedel-
Crafts alkylation reaction, introducing an aryl group in the equatorial posifisma result,

this reaction enables the introduction of structural complexity thus making it a useful
synthetic method. The carbon skeleton of epicalyx(86) was assembled in a single step

by the Prins cyclisation and Friedel-Crafts trapping of the ester of al8@haith acid81

to form the acetoxy eth@&3. PrecursoB3 was then subjected to another Prins cyclisation

to form the core unit of epicalyxin @4). This was followed by the lithiation of the aryl
bromide (85) and addition of the unsaturated aldehyde leading to the formation of

epicalyxin F(86).
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Bn

o OH OAc 0
| Br
/@/\/‘LH /\)\@ - ,O)\/\©\ + /@:
+
HO Ph0,SO oso,ph B0 OCH3

(81) (82) (83)

OCH3 OCHs
Br Br (o)

T o b
—— > BnO0” ¥ “oBn —> HO” Y ~oH 4, H
CH,CI,, 0°C : - 0SO0,Ph

@ O O
OO 0
Ph0,SO 0S0,Ph PhO,SO 0S0,Ph

(84) (85)
OCHPD
=
(i) PhLi, THF, -78°C O O
——————»>  HO” ¥ “oH OH
(i) DDQ, NaHCQ, :

Dioxane, 73% O
o0
HO OH

Scheme 2.17.Synthesis of epicalyxi(86)

2.6 Conclusion

In summary, diarylheptanoids are an important class of plant secondary metabolites
exhibiting a broad range of biological activities. Diarylheptanoids have mostly been
isolated from plants of Zingiberacea family. Diarylheptanoids that have been isolated from
various plant species vary significantly in their structure. Owing to their significant
biological activities, the total synthesis of natural diarylheptanoids and their analogues
have been investigated. Thus total synthesis of many of the diarylheptanoids has been

accomplished by various researchers.
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CHAPTER 3

Towards the Synthesis of a Novel
Diarylheptanoid

3.1 Introduction

The aim of this investigation was to synthesise a novel diarylheptéhgjidsolated from

the South African medicinal plar@iphonochilus aethiopicus\s outlined in Chapter 2,
diarylheptanoids are a class of plant metabolites exhibiting a variety of biological
activities. The total synthesis of compoufd would enable the evaluation of its
biological activities and also would provide a means for synthesising analogues of this
compound. In the literature, various synthetic methodologies have been published for the
synthesis of diarylheptanoids, which have been briefly explained in Chapter 2. This
Chapter will describe the work that has been done towards the total synthesis of compound

17 during this research.

3.2 Retrosynthetic Analysis

The targeted diarylheptanofd7) contains two electron-rich aromatic rings connected by a
seven-carbon aliphatic chain containing t@ansalkene functional group and two
stereogenic centres at positions 5 and 6, respectively. The intended synthetic strategy is
the G-moiety + G-moiety strategy. Thus the molecule was disconnected at the double
bond at the C-2 positions of the aliphatic chain, leading to two major precursors.

Scheme 3.1 shows the retrosynthetic analysis of the diarylheptaiid
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MeO 1\2\//<3\4/ \6/ \©:

17)
Route Route 2
OAc

0 OAc
MeO p ~, HW\©:OMeMeO OMe
+ H3C
Meo]i>/\/ N Meo]@/\/ T N

OH
(87) (88) (87a) (88a)
C,-moiety C,-moiety C,-moiety C.-moiety

Scheme 3.1. Retrosynthetic analysis of the novel diarylheptanoid

Rout 1 (Scheme 3.1), was the chosen synthetic pathway for the synthesis of cofrifpound
The alternative route (Route 2) for the synthesis of the compbliwith starting material

87a and 88a outlined in Scheme 3.1, was also considered. However, owing to the
instability of the aldehyde under basic conditions, this route is not feasible for the total
synthesis of compountl7. The instability of aldehyds of the ty@¥a could be attributed

to the acidic protons which would be deprotonated under mild basic conditions thus

leading to self condensation.

The synthesis of the target compound was based on three major sections; synthesis of
Co-moiety (87), synthesis of &moiety 88) and the coupling of the two moieties to form

the required diarylheptanoid. Simple functional group conversions will be utilised for the
synthesis of both the precursors and Wittig-type olefination reactions will be used for the

formation of therans-double bond eventually leading to the required diarylheptanoid.

3.3 Preliminary Investigation

A preliminary investigation was carried out in order to evaluate different Wittig reactions

for the selective formation of thealkene present in the targeted diarylheptaiibrd.
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Wittig reactions are very useful for generating double bonds, usually with high geometrical
control. Owing to its wide use in synthetic chemistry, we decided to utilise a Wittig-type
reaction for the construction of titealkene. Consideration of the mechanistic details of
the reaction has revealed ways of controlling the stereoselectivity of the Wittig réaction
Scheme 3.2 outlines the general mechanistic pathway for the Wittig reaction. This reaction
proceeds in three steps: addition of the phosphorane to an aldehyde forming an
intermediate betaing9), followed by the formation of the phosphorous-oxygen bond and
finally collapse of the oxophosphetane intermediateyoyelimination to form thecis or

trans olefin. The stereoselectivity of the Wittig reaction is dependent on the type of ylide
and on the substituents bonded to the phosphorus atom. Non-stabilised ylides favour
Z-alkenes, semi-stabilised ylids lead to b@tndE alkenes and stabilised ylides favour
E-alkenes.

1 1 _+
b R 4P 3 0
1T 2
R; C NCRR” + R'‘R°cO ———» 2 R4 + RZ\‘\‘ RS
R z M
RF R R R
(89)
P—0 p— 2 4
R R fast fast R R
/\:< - RZ\\" 25R4 RZ\‘3 :':4R5—> /\:<
R3 R4 R3 R R R R3 Rs

Scheme 3.2. General mechanistic pathway for Wittig reaction

Over the past decade various modifications of the Wittig reaction has been introduced.
These include the Wittig-Schlos3eeaction and the Horner-Wadsworth-Emmons reaction
for E-selective olefination. We decided to investigate these two modifications of the Wittig

reaction in order to utilise it in the total synthesis of the targeted diarylheptanoid.
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3.3.1 Wittig-Schlosser reaction

The Schlosser modification of the Wittig reaction allows the selective formation of the
E-alkened. In this variant of the Wittig reaction, excess lithium adduct is used in the
addition of the ylide and in the subsequent deprotonatiofitepn excess lithium adduct

is added, theerythro-betaine intermediat€90) which leads to the formation of the
Z-alkene, is converted tthreo-betaine intermediat€d1) which results in thee-alkene
(Scheme 3.3)

+ . . + . + .
PhsP LiO PhLi or Phsp™  OLi _ Phgp”  OLi
: o2 | x n-BuLi ‘ o |- Rapid . .
W B —_— Y B X W >
R4 : R Liv4 =R R oVR
R H R H Li H
(90) (91)
erythro betaine threo betaine
'BuOH
1 +
R H Phsp” O
>:< -
H R’ RV R
H H

Scheme 3.3. The Schlosser modification of the Wittig reaction

To investigate the stereoselectivity of the Wittig-Schlosser reaction, we designed a model

reaction. Scheme 3.4 outlines the retrosynthetic analysis based on a model compound.

+
1
R Br

PPh Q
A 3 -
0 Y2 | O L e T

Scheme 3.4. Retrosynthetic analysis for a model compound
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The synthesis of compour8 began with the formation of the phosphorous yB@eas
shown in Scheme 3.5. Compoud@was synthesized in 99% yield by refluxing a mixture
of 2-phenylethyl bromide and triphenylphosphine in toluene. Formation of com@aund
was confirmed byH NMR and™*C NMR spectroscopy. THEC NMR spectrum of this
compound showed significafiC-**P coupling (Plate 1b).

. BuLi
Br (i) PPh, \ pt " E:I)) ‘IISJUIOK =
—_—

99% 0w O

Scheme 3.5. Synthesis of compo@d

Having synthesised the Wittig ylid®82), we attempted the Wittig-Schlosser reaction. The
reaction was carried out by firstly stirring the base with the Wittig ylide at room
temperature for one hour. This was then followed by another addition of the base to
facilitate the inter-conversion of tlegythrobetaine to théhreo betaine. The aldehyde was
then added to the reaction mixture. The required pro@Gctyas obtained in 70% yield as
mixture of both thecis- andtrans- isomersH NMR spectroscopy of compour88 was
used to determine the stereoselectivity of the reaction!HH¢MR spectrum (Plate 3a),
showed peaks corresponding to both Breand theZ-isomers, with theZ-isomer as the
major product of the reactio@:g, 8:2). The peaks which correspond to ZhRisomer are a
doublet aty 3.72 (ArCH,-CH=CH), doublet of triplet a4 5.91 (Ar-CH-CH=CH) and

the doublet aby 6.63 (Ar-CH-CH=CH) with an olefinic coupling constant of 11.6 Hz,
characteristic of that of Zalkene. ThéH NMR peaks which corresponds to talkene

are further upfield compared to that of tHealkene; a doublet aiy 3.59 (ArCH,-
CH=CH), a doublet of triplets at 6.40 (Ar-G{€¢H=CH) and a doublet aéy 6.50
(Ar-CH,-CH=CH) with a olefinic coupling constant of 15.8 Hz, characteristic &-a

alkene.

Having failed to obtain th&-isomer exclusively, we attempted to increaseBh&ratio
by changing the reaction conditions. The reaction was initially started at -70 °C and
allowed to warm to O °C. We increased the temperature to 0 °C-25 °C, but isolated only

the Z-isomer. Then we decided to decrease the reaction temperature from -70 °C- -30 °C,
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this also failed to bring about any significant change in thB&Z ratio.
Changes in reaction temperature had little effect upon the product ratio. Since the
Wittig-Schlosser reaction did not yield tBeisomer exclusively, it cannot be used in the

total synthesis of the targeted diarylheptanoid.

3.3.2 Horner-Wadsworth-Emmons Reaction

The phosphonate modification of the Wittig reaction is known as the Horner-Wadsworth-
Emmons (HWE) reaction. The HWE reaction uses a resonance-stabilised phosphonate
carbanion which undergoes reaction with carbonyl compduride HWE reaction is
advantageous over the conventional Wittig reaction since the phosphonate carbanions are
more nucleophilic than the phosphonium ylides and thus react with a wider variety of
aldehydes and ketones under milder condifions contrast to the conventional Wittig
reaction, HWE reaction has a two-step mechanism (Scheme 3.6). In the first step, the
carbanion reacts with the carbonyl compound to form an intermediate oxyadjn In

the second step, the intermediate decomposes by oxygen transfer to the phosphorous atom

to form the olefin as shown in Scheme 3.6.

O- O_
2 + 1
e R (OR),P—CH—R (OR),P*—CH—R" RZ H
R'HC-P (OR), + Y¥—=0 ———> ) ) Vol ) \ i
R3 o R O---CH-R 3Lt
s R° R
R e
(94)

Scheme 3.6. Mechanism for the HWE reaction

The stereochemistry of the HWE reaction generally favors the formation &ahene,
thus the formation and the decomposition of ttireo betaine(96) would be much faster
than that of therythro betaing(95Y * (Scheme 3.7). This outcome could be explained by
considering the steric effects of the two betaine intermediateserttao betain(95) is
much more sterically hindered than ttigeo betaine(96) in the eclipse conformation
required for thesyn elimination. Thus theerythro betaine(95), which will lead to the
Z-alkene, will be formed at a slower rate thanttireo betaing(96Y % However, methods
have been developed for the stereoselective formation oZ-tikene using the HWE

reaction’ ©
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H
R2 H R2 Rl
- = —(
R' PO(OR), TR
I
/ (95) 4
o- R? erythro
R'HC—P'(OR), + 0=
H
\ i
R H R2
H PO(OR), H R
I
(96) £
threo

Scheme 3.7. Mechanism for the HWE reaction

To investigate the stereoselectivity of the HWE reaction, we designed a model reaction
similar to that shown in Scheme 3.5. Scheme 3.8 outlines the synthesis of a model
compound93) using the HWE reaction.

B{i) P(OEt)j % J\© (i)NaH =
98% _\ 41%

97) (93)

Scheme 3.8. Synthesis @3 using the HWE reaction

The first step was the synthesis of the phospho(@ig by refluxing a mixture of
2-phenylethyl bromide and triethyl phosphite. Compo@#dvas obtained as a yellow oil

in an excellent yield of 98%. The formation of phospho®&tevas confirmed byH NMR
and**C NMR spectra. Th&H NMR spectrum of compour@7 showed a triplet aiy 1.30

and a quartet aty 4.15 corresponding to the ethyl group of the phosphonate ester (Plate
2a). Furthermore, thEC NMR spectrum oB7 showed significant’P-*C coupling. The
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Ph-CHCH,P had the largest coupling constant of 139.7 Hz. Bb&nd?2J coupling were
seen on thé’C NMR spectrum of the phosphonate ester (Plate 2b).

Having compound®7 in hand, we attempted the HWE reaction using benzaldehyde as
shown in Scheme 3.8. The requitedsomer was obtained in this reaction in 41% yield.
The'H NMR spectrum of the product showed that the major product of the reaction was
the E-isomer (Plate 4a) with a minute quantity of #iessomer present. Thus we decided to
use the HWE reaction to couple the two moiei®¥sand88, in order to form the targeted

olefin.

3.4 Synthesis of Precursors

3.4.1 Synthesis of G-moiety

The G-moietyis the diethyl phosphonate for the HWE reaction. Scheme 3.9 outlines the
retrosynthetic analysis of compouBd. As outlined in this Scheme 3.9, the synthesis of
compound87 is based on simple functional group conversion thus making it a convenient
synthesis. The starting material for the synthesis of comp8iémias gallic acid(98),

which has amhydroxylated aromatic ring, consistent with the substitution pattern of the
aromatic ring of compoun8é7. Selective protection of the two adjacégtiroxy groups of
gallic acid(98) would enable us to obtain the required aromatic substitution for compound
87.

(99) (98)

Scheme 3.9. Retrosynthesis for compo8nid
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Scheme 3.10 outlines the strategy for the synthesis of com@uridhe first step of the
synthesis was the esterification of the carboxylic acid group of gallic(88jdo form
methyl gallate(99). This reaction was carried out under acidic conditions to form the
required compound in an excellent yield of 97%. Formation of comp@tdavas
confirmed by'H NMR which showed a distinguishing singlet for the methoxy growp at
3.74 (Plate 5a).

o]

OH o)
HO
HO o MeOH, H Ho o~ Amberlyst 15E 0~ BnCl, DMF
—_— —_— > —_—
HO 97% o CH(OEt, O K,CO,
OH OH 2% o 79%
(98) (99) (100)
BnO
0"yt BnO o/ L|AIH
—_ —>
o d 93% HO K,CO, H3CO 84%
Eto># 91% OCHgs
(101) (102) o (103)
_ (i) BMS
OH (iy NaH A (||) 3N NaOH
E— EE—
H3CO 96% H;CO (il)CH,I"PPh H3CO (||) 30% aq. NaOH
OCHj OCHj 70% OCHj 55%
(104) (105) (106)
Q. oEt
PO(OEt); BnO Pl
OEt
OCHg OCHg OCH,
(107) (108) (87)

Scheme 3.10. Synthetic route &%

The second step of the synthesis was the regioselective protection of two adjacent hydroxy
groups of99 as an acetal using ethyl orthoformate. The orthoformate protecting was
performed under acid-catalysed conditions. Sif€eis a symmetrical molecule, this
reaction is chemoselective thus leading to the formation of one compound even though

there are three hydroxy groups on the substrate. This reaction proceeded in 92% yield to
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form compoundLOQ Both benzene and toluene were used as solvents for this reaction. It
was found that when using toluene as the solvent, the reaction time decreased significantly.
This decrease in reaction time could be attributed to higher reaction temperature when
refluxed in toluene. The boiling point to toluene is 110 °C whereas the boiling point of
benzene is 80 °C. Formation of compouf) was confirmed byH NMR spectroscopy.
The'H NMR spectrum showed a triplet&t 1.17 and a quartet &g 3.70, corresponding

to the ethyl orthoformate group of compout@D (Plate 6a).

The next step of the synthesis was the protection of the remaining hydroxy group. Since
the protecting group needs to be kept intact throughout the synthesis, a less sensitive
protecting group had to be chosen. Thus the free hydroxy group was protected as a
benzyl ether. This reaction proceeds in 79% yield to form the required compointhe

'H NMR spectrum of compound01 had a singlet aby 5.24 and a multiplet aby
7.36-7.50, which corresponded to the benzyl group.

Having compound.01in hand, the deprotection of the acetal protecting group to I6&n

was achieved by stirring acetaD1 in MeOH under acidic conditions. Th#l NMR
spectrum ofL02 did not have the peaks corresponding to the ethyl orthoformate protecting
group, which were & 1.17 andy 3.10 in the'H NMR spectrum ofL01 (Plate 7a).

The subsequent methylation of the two phenolic groups at C-4 and C-5 of the phenyl ring
furnished compound03in an excellent yield of 95%. The three singlet§,a8.91, 3.92

and 3.94, each integrating for three protons in tHeNMR spectrum (Plate 8a) of
compound103 correspond to the three methoxy groupsl08. With the successful
synthesis of estet03 we have managed to obtain the required substitution of the phenyl

ring, which is consistent with the substitution on the phenyl ring of comp®und

The next step was to synthesise the required two-carbon aliphatic chain. In order to
accomplish this, the ester group X33 was first reduced to the alcohol using LiAlt®

form alcohol104 This reaction gave a good yield of 84%. FTHeNMR spectrum ofl04

had three singlets & 3.84, 3.87 (corresponding to two methoxy groups) &nd.56
(corresponding to CHDH) (Plate 9a). Furthermore, due to the increase in electron density
on the phenyl ring because of the removal of the electron-withdrawing ester group, the
signals corresponding to the phenyl protons in"Hhé&IMR spectrum moved upfield. For
compoundl03 the signals for the two phenyl protons are very close to the benzyl proton

signals and together appeared as a multiplet, whereas inHtHeMR spectrum of
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compoundl04 (Plate 9a), the signals for the two phenyl protons appeared separately from
the benzyl protons at; 6.59 andy 6.63.

Following the successful synthesis of the alcohol, it was oxidised to the aldehyde using
2-iodoxybenzoic acid. 2-lodoxybenzoic acid is an organic compound used in organic
synthesis as an oxidizing agent. It is especially suited to oxidize alcohols to aldehydes.
IBX is prepared from 2-iodobenzoic acid, potassium bromate and sulfurit atiis
reaction proceeded in 96% yield to afford the required comp@Q&d The formation of
aldehydel05was confirmed by thtH NMR spectrum, which had the diagnostic aldehyde
proton peak aby 9.84 and thé’C NMR spectrum also showed the carbonyl carbon peak
atdc 190.9 (Plate 11a and 11b). Furthermore,'thé\MR and**C NMR peaks forl05

moved downfield as compared to the peakd@f This is due to the replacement of the
hydroxy group of105 with an electron-withdrawing carbonyl group thus decreasing the

electron density of the phenyl ring.

The subsequent Wittig olefination of aldehy#i®5 with methyltriphenylphosphonium
iodide furnished styren&06 in 70% yield. The'H NMR spectrum ofl06 showed the
peaks corresponding to the CH=C#toup protons; a doublet &t 5.63 with a coupling
constant of 17.5 Hz corresponding to thensterminal proton on the CH=GHyroup and
the doublet of doublets &t 6.62 with a coupling constant of 17.5 Hz fdd€CH, proton
(Plate 12a). The doublet of doublets seen fBi=CH, indicates that the terminal two
protons are non-identical, even though they are bonded to the saostsm. The peak
intensities of the signal for ©=CH, proton was 1:1:1:1, thus confirming that it is a
doublet of doublets.

The next step of the synthesis was the hydroboration-oxidation of the 4lBéme form
the alcoholl07. This is a two-step reaction in which hydroboration is accomplished by the

addition of a boron hydride to the C=C bond as shown in Scheme 3.11.

>:< + R,B—H —_— HHBRZ

alkene Boron hydride organoborane

Scheme 3.11. Hydroboration
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Following hydroboration, the organoborane is oxidised using hydrogen peroxide in

agueous base thus converting the organoborane to an alcohol (Scheme 3.12).

H~H—BR2 + H0 + HO ——— > H~H—OH

Scheme 3.12. Hydroboration-oxidation

Hydroboration-oxidation was chosen for this step because it leads to the anti-Markovnikov
product, whereas acid-catalysed conversion of alkenes to alcohols will lead to the
Markovnikov product. This difference in regioselectivity could be attributed to steric
effects; boron has a tendency to become bonded to the less substituted carbon of the
double bond thus leading to the anti-Markovnikov product. The hydroboration-oxidation
of 106 yielded 107 as the major product (55% vyield) and Markovnikov product (15%
yield) as the minor product. The formation H97 was confirmed by'H NMR which

showed two triplets & 2.78 and 3.81, corresponding tel£CH,OH signals (Plate 13a).

Having the required alcohdl07 in hand, the next step was the conversion of the alcohol
107to the alkyl halidel08 which could then be converted into the phosphonate (@3ter
This was done by bromination of the alcohol group using RBform bromidel08 in
60% yield. The triplets corresponding to the ;CH.Br, in the'H NMR spectrum of
compound 108 shifted downfield compared to that of alcohbd7 because of the

introduction of a more electronegative bromide group (Plate 14a).

The last step is the synthesis of then@iety was the preparation of the phosphonate ester
87. Compoundd7 was synthesised by refluxird7 with triethyl phosphite. The reaction
proceeded in 73% yield to give the required compo8iid *H NMR and **C NMR
spectroscopy were used to confirm the formation8@f The *H NMR spectrum of
compound37 had a triplet aéy 1.34 and a quartet & 4.11, corresponding to the diethyl
phosphonate group &7 (Plate 15a). Thé’C NMR spectrum oB7 showed significant
13¢-3p coupling. A coupling constant of 139.2 Hz was seen fotXteupling, 4.4 Hz for

2J coupling and 17.4 Hz fold coupling of carbon-13 to phosphorous-31 (Plate 15b). The
coupling constants that were obtained are in agreement with those from the literature. The

coupling constants reported f6C-*'P coupling in compounds similar & by Takahashi
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and co-workers were in close agreement withJthvalues we obtainédTakahashet al
reported 140.3 Hz fotd coupling, 4.4 Hz fofJ coupling and 17.4 Hz fotJ coupling.
Furthermore, thé'P NMR spectrum of compour7 showed a sharp peak &t 30.56,

indicating the presence of a phosphorous atom in the compound.

3.4.2 Synthesis of G-moiety

Structural analysis of thes@noiety shows an electron-rich aromatic ring and a five-carbon
aliphatic chain with two stereogenic centres. Scheme 3.13 outlines the retrosynthetic
analysis for the synthesis 8B. Based on the retrosynthetic analysis outlined in Scheme
3.13, a synthetic strategy was developed and is shown in Scheme 3.14. The starting
material chosen for the synthesis8# was vanillin(109) which has substituents on the
meta and para positions of the aromatic ring, consistent with the substituents on the
aromatic ring of the &moiety. The first step of the synthesis would be the protection of
the para-hydroxy group of vanillin as a benzyl ether. This would be the right choice of
protecting group sinc87 also contains a benzyl ether protecting group. Furthermore, the
protecting group of thp-OH group is kept all throughout the synthesis, thus a fairly stable
protecting group such as a benzyl ether group is appropriate. The second step of the
synthesis would be the HWE reaction which would then be followed by the sequential
reductions of the C=C bond and the ester group. The resulting hydroxy would then be
oxidised to an aldehyde and reacted with malonic acid to form the required five carbon
aliphatic chain with a C=C double bond between C-3 and C-4 position. The next step
would be the Sharpless asymmetric dihydroxyation of the C=C bond. In order to achieve
the required stereochemistry, AD-mix, which is a mixture of reagents containing a chiral

ligand, will be used.
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OAc O OH O (0]
H;CO H,CO H3;CO =
BnO BnO BnO
0 O
H3;CO H H;CO H H,CO oH
BnO BnO BnO
Q o)
— © > 3 A O/\ _
BnO BnO
0 H3CO i
H3C0:©/u\H _ s :©/lLH
BnO HO
Scheme 3.13. Retrosynthesis ferr@oiety

The benzylation of the commercially available vani{i'®9) was performed using benzyl
chloride in the presence oL&O; (Scheme 3.14). This reaction proceeded in 85% vyield to
give 110. The diagnostic peaks of the benzyl ether were seen dhl tN&IR spectrum of
110, a singlet corresponding to the O-Obtotons aby 5.26 and a multiplet corresponding
to the benzyl protons &t 7.31-7.47 (Plate 16a).

This was followed by the HWE reaction of compourid with triethyl phosphonoacetate
using NaH as a base, to form ta@-unsaturated estdrll This reaction proceeded in an
excellent yield of 97%. The successful synthesisldf was confirmed by'H NMR
spectroscopy. The spectrum (Plate 17a) showed two doublet€82 andy 7.63 with a
coupling constant of 15.9 Hz, corresponding to the trams-olefinic protons on the
aliphatic chain ofil11

The subsequent reduction of the C=C bond usinakhe presence of 10% Pd/C catalyst,

led to the formation of compourntll2 This reaction had to be done under careful time
control because elongated reaction times cause reduction of not only the double bonds, but
also lead to debenzylation. The optimum time was found to be 15 min for 2 g of compound
111 The successful reduction of the C=C bond was corroborated by tBIR spectrum

which showed two triplets @ 2.61 and 2.91, corresponding to thelZCH, protons of

112 (Plate 18a).
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Compound112 was then successfully reduced to the corresponding al¢dh8) The
reducing agent used was LiAlldnd the reaction proceeded in an excellent yield of 89% to
form alcohol113 The'H NMR spectrum (Plate 19a) fad3 confirmed the success of the
reaction; the quintet a; 1.89 corresponding to the @EH,CH,OH protons is diagnostic

for compoundl13 Furthermore, the peaks corresponding to the aliphatic protons moved
downfield compared to that of the aliphatic proton peakkl@fdue to the absence of the

electron-withdrawing ester group.

H3CO y  BnClLKCO, HyCO

9 o
; 3 H HSCOD/\)L
_—
HO 85% BnO PO(OEQCH COOEt

97%

(109) (110) (111)
(@]
H,(9), PdIC  HscO o~  LALH, H3CO:©/\/\OH
> _—
85% BnO 89% BnO
113
(€ B (113) .
H3CO
IBX HsCO H  HOC(CH)COH ° WOH
_—
—_—
79% BnO 95% BnO
(114) (115)
O

LIALH, 4.co

H3CO » .CH 4 Hs =
BF,-Et,0, MeOH ° 0 OH
89%
BnO

81% BnO
0 (116) (117)
OH O
Bx H3CO = H  AD-mix o HSCOWH
----------------- o OH
----------------- > BnO BnO
(118) (119
OAc O
Ac,0, EtN  H3CO H
................. > =3
BnO OAc
(87)

Scheme 3.14. Synthetic route for theriety

The alcoholl13 was then oxidised to form the subsequent aldeky/tié¢) The oxidising

agent used for this step was 2-iodoxybenzoic acid and the reaction proceeded in a good
yield of 79%. The'H NMR spectrum of compountil4 had the characteristic aldehyde
proton peak ady 9.83 (Plate 20a). In addition to this, the quintedat.89 in the'H NMR
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of 113 was not present in thed NMR of compoundL14; instead two triplets aiy 2.77
anddy 2.92, corresponding to the aliphatic protons were seen.

Having successfully synthesised the aldehyde, the next step of the synthesis was the
Knoevenagel condensation of aldehyldet with malonic acid to form th@,y-unsaturated

acid 115. The formation of thé,y-unsaturated aci@i15was confirmed by usintH NMR

and**C NMR. The'H NMR spectrum of compountil5 showed two doublets &f 3.14

and oy 3.34, which correspond to the two pairs of £otons on the aliphatic chain.
Furthermore, a multiplet was present in it NMR spectrum betweefy 5.68-5.59,
corresponding to the two CH=CH-protons (Plate 2Adthough it has been reported by
Kumar et al. that the major product of this type for condensation isetfeunsaturated

acid®, we obtained th@,y-unsaturated acid as our sole product in excellent yield of 99%.

The Knoevenagel condensation using malonic acid has been reported to yield bgfih the
andp,y-unsaturated acids but affords the highest yield ofthensaturated actl Duarte
et al. reported the formation of thef-unsaturated acid in 94-95% yield using the reagents

malonic acid, pipyridine and pyridine under refitigScheme 3.16).

0 HO,C” ~CO,H | py /@/\/\)LOH
H >
%NH reflux, 1 h H5CO

HaCO 94-95%

Scheme 3.15. Knoevenagel condensation

We also utilised the same reagents, but under microwave irradiation, to obtain solely the
B,y-unsaturated acid. It is also worth noting that we obtainefl,fhensaturated acid, even
under reflux using the same reagents, but in a much lower yield of 45%. The results
obtained for the Knoevenagel condensation are in agreement with the results obtained by
Sabithaet al!?. Sabithaet al* used a modified Knoevenagel condensation method which
utilises SiQ as a catalyst under microwave irradiation, described by Ketralr, to form
theB,y-unsaturated acid in 60% yield. Scheme 3.17 shows the proposed mechanism for the

formation of thex,-unsaturated acid.
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PN H
R™RH

H. €O,

o |0 OH O o

O)‘j\)\o /3 — > O)‘jé%(? R/\/U\OH
N H
R” 'OH  BH ROV a,B-unsaturated acid
b H,0

Scheme 3.16. Mechanism for Knoevenagel condensation

There are three steps in the proposed mechanism: addition of the enolate to the aldehyde,
decarboxylation and double bond rearrangement. In the addition step, an enolate ion is
formed which then attacks the aldehyde. This step is followed by decarboxylation leading
to theE-alkene. In the next step the double bond moves from the conjugftpdsition

to the non-conjugate@,y-position. According to E.J. Corey, the formation of the

B,y-unsaturated acid follows the mechanism shown in Schem&3.17

H H-—H“NH5Cq H
RA%:\/i R— R H
A H
— »“—C -
H o =0 o
HO ! " Ho
a,B-unsaturated acid y,f-unsaturated acid

Scheme 3.17. Mechanism for the formatiofs gfunsaturated acid isomer in Knoevenagel
condensation

Having made th@,y-unsaturated aci@l15) it was converted into the corresponding ester,
116 The treatment of acid,15with BF;.OE% in methanol under standard conditions lead
to the compound. 16 The'H NMR was used to confirm the formation of the product
which had two singlets each integrating to thre&,a.71 and 3.90 corresponding to the

two methoxy groups (Plate 22a).

This was then followed by the reduction of the ester group to the corresponding alcohol

117. The reduction of the est€l16)to the alcoho(117) was necessary since this would
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be followed by the asymmetric dihydroxyation of the double bonds. If the dihydroxyation
was carried out ofi16, the corresponding lactone would result. Sabithal* formed the
lactone(121) by the dihydroxyation 0120, which is similar in structure to compouhd6
(Scheme 3.18).

(0]
HO AD-mixp, CH,SO,HN,, 0°C, 14h HO,
~ o7 > O\///\Fo
80% e
TBDMSO

(120) (121)

Scheme 3.18. Asymmetric dihydroxylation

The'H NMR spectrum (Plate 23a) of compouhti7 had a quartet & 2.32 and a triplet
atdy 3.67 which distinguishes it from tfiel NMR spectrum (Plate 22a) of compoutith
As expected, the singlet corresponding to the CB¢4Eoup, on théH NMR spectrum of

116was not seen on tHel NMR spectrum of compountl 7.

Having the required alcohol in hand, we attempted to oxidize the al¢bhd) to the
subsequent aldehydd18) using 2-iodoxybenzoic acid. However, we were not able to
obtain the required aldehydd 8 as the sole product of the reaction, instead a mixture of
products was isolated. Scheme 3.19 outlines the products obtained in this reaction. The
plausible explanation for this outcome is the movement of the double bond to form the
more stable conjugated systems. The carbon-carbon double bond of corifp8usahot
conjugated to either the phenyl group or the carbonyl group but in comf@araehd123

the double bond is conjugated to the phenyl group and the carbonyl group respectively,
thus making them more stable. Under acidic conditions, carbon carbon double bonds have
a tendency to migrate to a more conjugated position. The acidity of this reaction can be
attributed to the oxidizing agent, 2-iodoxybenzoic acid. Gatkeal™ investigated the
acidity of 2-iodoxybenzoic acid in different solvents and it was found that 2-
iodoxybenzoic acid has a pKa value of 2.4 in water and 6.65 in DMSO. Since DMSO was
the solvent used for dissolving the 2-iodoxybenzoic aicd for the reaction, the reaction
conditions would be slightly acidic. This would favour the movement of the carbon-carbon
double bond to the conjugated positions. The three products obtained had the;same R
value as one would expect but thd NMR spectrum of the mixture confirmed the

presence of the three compounds since it had three distinguishing peaks corresponding to
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the three different aldehyde protondat 9.70, 9.83 and 9.78. In addition to this, mass
spectral analysis of the mixture gave a single mass of [M + é&tpjal to 319.1311 m/z,
since all three compounds formed would have the same molecular mass. This confirms

that the products that were formed in this reaction were in accordance to Scheme 3.19.

= OH
BnO (117)
lle, rt, 3 h
0 o Q
H,CO H3CO A H5CO X H
3 WH + :@/\/\)‘\H +
BnO Bno BnO
(118) (122) (123)

Scheme 3.19. Carbon-carbon double bond movement

3.4.2.1Modification of Cs-moiety

Having failed the successful oxidation of compodidd to form 118 as the sole product,

we had to modify our synthetic route, for the synthesis gfGiety (88). The new
synthetic route that was put forth is shown in Scheme 3.20. In this synthetic route the
terminal hydroxy group of compourdd.7 would be protected as the silyl ether prior to the
osmium catalysed dihydroxyation of the double bond. This is necessary for the
chemoselective acetylation of the resulting two hydroxy groups, which follows the

dihydroxyation.
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H5CO TBDMS Cl H,CO AD-mix o
= OTBDMS 5
Imldazol 92%

61% BnO
(117) (124)
OH
NH,F, A, 16 h
HSCOD/W\OTBDMS AC 0, EEN H3COWOTBDMS --------------
BnO ont 85%
(125) (126)
OAc OAc O
CcO
H3COD/W\OH ““““|_B_ _______ Hs D/\H\)‘\
BNO OAc

(127)

Scheme 3.20. Synthetic route 2

Compoundl24 was synthesised in 65% yield using TBDMS-CI and imidazsothe base.
TBDMS was chosen for the protection of the free hydroxy group because it removal
should not affect the acetyl protecting groups which would be introduced in the following
synthetic stepsThe'H NMR spectrum (Plate 24a) of compout2b had two singlets &

0.06 and at 0.92, integrating to six protons and nine protons, respectively. These two peaks

are characteristic of the silyl ether protecting group.

Having successfully protected the terminal hydroxy group of compb24dhe next step

was the osmium catalysed asymmetric dihydroxyation. Osmium catalysed asymmetric
dihydroxyation (AD) provides a path to induce chirality in oléfinghe reagent used for

this reaction was AD-mix, which is a premix consisting of OsOa chiral ligand
dihydroquinine (DHQ), phthalazine (PHAL) andR€(CN) complex which acts as a
co-oxident in the reactidh The stereochemistry of the product obtained in this reaction
depends on the type of chiral ligand that is used. Scheme 3.21 outlines the catalytic cycle
proposed for the AD reaction. As can be seen from Scheme 3.21 aGtsGs the oxidant

in the reaction and forms compld27 which then undergoes hydrolysis, releasing the
syndiol and ligand to the organic layer. The hydrolysed osmium conif@8xs oxidised

back to Os®@in the aqueous layer.
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Scheme 3.21. Catalytic cycle for asymmetric dihydroxylation

Compound125 was obtained in an excellent yield of 92% by utilizing the AD reaction.
The presence of compourk®5 was confirmed by'H NMR spectroscopy (Plate 25a)
which showed a multiplet & 2.72-2.89 corresponding to thed@H)CH(OH) signals.
Furthermore the aliphatic proton signals of compol®@8are further upfield as compared

with that of compound 24, due to the introduction of electron-donating hydroxy groups.

As mentioned previously, the stereochemistry resulting from the AD reaction is dependent
on the ligand that is used. According to Ko#i al, AD-mix o, leads to the
R,Rstereoisomer, whereas AD-nfideads to theé,Sstereoisomer, whenteans-alkene is
dihydroxylated®. In AD-mix B the chiral ligand used is dihydroquinidine (DHQD)
whereas in AD-mix. DHQ. Kamalet al. utilised AD-mixa to obtain thes,Sstereoisomer

in 92% enantiomeric exceSsWe utilised a chiral shift reagent to determine ébealue

of the dihydroxylation reaction. A chiral shift reagent (EuFOD) was adde?%oin
CDCland anH NMR spectrum was obtained. From fireNMR spectra (Plate 25c), two
peaks of approximately equal intensity was observed for theST protons, indicating the
presence of a racemic mixture. Kamal and co-workers carried out the AD reaction at 0 °C
but our reaction was done at room temperature. Thus the difference in reaction conditions

may have lead to the difference in the enantioselectivity. Since the main target of the
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investigation, at this point was to establish a synthetic route to the diarylheptanoid

did not do any further investigations on the enantioselectivity of the reaction.

The next step of the synthesis was the protection of the two hydroxy groups of compound
125 as acetate esters to form compodi2é The'H NMR spectrum (Plate 26a) 426
showed two singlets ay 2.01 and 2.12 which corresponds to the acetate protecting
groups. In addition to this, the mutiplet foHG\c)CH(Ac) signals moved downfield by

0.19, due to the introduction of the electron-withdrawing etser groups.

Having compound 26in hand, we attempted to remove the silyl ether protecting group of
compoundl126 to form compoundl27. Ammonium fluoride, which is an effective silyl
cleavage agent, was used for this reaction. Firstly the reaction was carried out at room
temperature by stirring26 in MeOH in the presence of NR. This reaction did not lead

to the deprotection of the silly group upon stirring for 24 h. However, vil2&was
refluxed in MeOH in the presence of NH the silyl group was cleaved. However, a
mixture of products was formed in this reaction due to the migration of the acetyl group to
the terminal hydroxy group (Scheme 3.22). Since compd2&hbnd 129 formed in the
reaction had the same Wilues on a TLC plate, we were not able to isolate and purify the
products formed. However, tHél NMR and COSY spectra of the mixture of products
confirmed the formation compound28 and129. Due to the time limitation, we did not

investigate other deprotecting reagents and their effects on the acetyl protecting groups.

H;CO
OTBDMS > OH

(128) (129)

Scheme 3.22. Removal of the silyl protecting groups

" Stereochemistry indicators only indicate relative configuration
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Intramolecular acetyl migration can be either base or acid catalysed. In this case the
fluoride ions are basic and thus catalyses the reaction. The mechanistic detail of acetate
ester migration provides a reasonable explanation for the results obtained. Scheme 3.23
shows the possible mechanism by which the acetate migration might have occurred. The
intramolecular attack of the terminal alcohol on the carbonyl carbon of the acetyl group on
the C-3 position leads to a six-membered ring intermedid®0) which is
thermodynamically stable. The formation of a stable intermediate would in turn favour the

formation of compound28

Once compoundl28 is formed, the Ac group on the C-2 carbon of compogé
migrates to form compount9 as shown in Scheme 3.33.The stable five membered ring

intermediatg128b), formed in this reaction would favour the formation of compal2

o
Maco OH H3CO SCOD/W
(127) O (130) o
W o
(128)
y H,CO Q
OH o) o OJJ\ o
HsCO OJ\ B”O‘G_H\/ J( H3COJ©/WOJJ\
BnO O\g/? (N% . OH
(128) (128b) (129)

Scheme 3.23. Acetyl migration to form compol28and129

Having failed to deprotect the silyl group successfully to form the required ald@l,
protective group tuning had to be done. We decided to change the acetyl protecting groups

to the acetonide. Acetonide formation is a commonly used protection for 1,2-diols. The
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new synthetic route for the synthesis of the modifiegn@iety (133)is shown in Scheme

3.24. Compound17was subjected to the AD-reaction to form the tti®1L The reaction

gave a good yield of 89%. The peak on tHeNMR spectrum of compounti31, which

had a significantly different chemical shift from that of compothd@ was the multiplet

at oy 5.46-5.55 (Plate 28a). This multiplet corresponds to the protons on the same carbon
as the two tertiary alcohol groups. The peaks which resulted from the CH=CH group, for
compoundl17 were not seen on tHel NMR spectrum of compount1, thus confirming

the formation of compounti31

OH

H3COI>/\/\/\OH AD-mixa H,CO on (CH3O)2C(CH3)2
89% OH cat P-TsOH
(131)
IBX
_—

Scheme 3.24. Synthetic route 3

Compound131 was then exposed to 2,2-dimethoxy propane in the presence of catalytic
PTSA to form compound32in 90% yield. Only one regioisomer forms in this reaction.
Three different rings can form: a seven-membered ring, a six membered ring or a five
membered ring. As was reported by other workers in carbohydrate chemistry, the
five-membered dioxolane is formed exclusively. Formation of compol®2 was
confirmed using'H NMR and *C NMR spectroscopy. ThéH NMR spectrum of
compound132 had two singlets aiy 1.34 and 1.37, integrating for three protons each,

which correspond to the two methyl groups of the acetonide (Plate 29a).

Having successfully synthesised alcoi8P, the next step was to oxidise compourd®

to the subsequent aldehyd&3 IBX was utilised for the oxidation reaction. This reaction
proceeded in an excellent yield of 89% to form the required compt@®&dhe’H NMR
spectrum of compounti33 had the characteristic aldehyde proton peak;&8.71 (Plate
30a).
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3.5 Attempted Coupling of C,-moiety and G--moiety

Upon the successful synthesis of the requirednGiety (87) and the Gmoiety (133), we
attempted to couple compouBd@ and 133 using the HWE reaction to form the required
diarylheptanoid(17). Scheme 3.25, outlines the proposed synthetic strategy for the
synthesis ofl7. The first reaction would be the HWE reaction in whichEaakene bond

is formed between the,@noiety (87) and the Gmoiety (133), to form the seven carbon
aliphatic chain. Then we planned on deprotecting the acetoxy ether group to form
compoundl35.The secondary hydroxy groups would then be protected as the acetate ester
using AcO to form compound 36 The last step would be the deprotection of the benzyl
ether groups on the two phenyl rings to form the targeted diarylhepi@did

Scheme 3.25. Proposed synthetic route for diarylheptahid,

We commenced the above synthetic strategy with the HWE reaction. Unfortunately the
required compound34 was not obtained but it was seen that compdiL8&lunderwent
B-elimination to form compound36 under the HWE reaction conditions (Scheme 3.26).
Thus we altered the reaction conditions and utilised different bases for the reaction in order
to prevent the rearrangementl®3 Scheme 3.25 outlines the different reaction conditions
that were tested. The rearrangement of compdd3do form 136 was seen under all the

reaction conditions and occurred within 15 to 20 min under the reaction conditions used,
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implying that the decomposition reaction was more kinetically favoured than the HW

reaction.

\ o (i) NaH, r.t
+ O omn  (DBUO'C
(i) NaH, -78 °C
/_ OCHj (iv) n-BuLi, 0 °C
(133) (87)  ocH, S
(i) NaH, r.t
(i) bBU, 0 °C
(iii) NaH, -78 °C

(iv) n-BuLi, 0 °C

H3CO
3 \\

BnO o
(136)

Scheme 3.26: Attempted coupling of therfoiety and G-moiety using HWE reaction

The structure of compourkB6 was confirmed usingH NMR and COSY spectra. The
depicted mechanism f@-elimination of compound33is shown in Scheme 3.27. Firstly,
the acidic proton of compourkB3is abstracted by the base leading to the cleavage of the
acetonide protecting group. This leads to the formation of intermedife Then
intermediate 137 undergoes an intramolecular nucleophilic reaction, in which the
nucelophilic hydroxy group attacks the electrophilic carbonyl carbon leading to the

formation of intermediatd38 Finally, removal of the acidic proton in intermediaty,

leads to the formation compoufa6.

Scheme 3.27. Proposed mechanism for the formation of comfi&énd
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3.5.1 HWE reaction utilising a lactol as the G-moiety

Having failed to successfully couple thg-@oiety (87) and G-moiety (133) via HWE
reaction, we decided to convert thgr@oiety (133)into the corresponding lact@39) In

the total synthesis of renealtins A and B, Sabithal!? used HWE reaction to couple the
precursors to obtain the required product. In their synthesis, firstly the lactone was
synthesised which was then converted to the subsequent lactol in-situ. Scheme 3.28
outlines the synthesis followed by them. Sabittaal'? reported that the reaction

proceeded in a 60% yield over two steps.

0.2
~ \,|5'\)1\©:OCH3
o OCHg
TBDMSO HO ) oTBDMSOTBDMSO HO ]
mo - O O OTBDMS
H;CO o H,CO ¢}

DIBAL-H, n-BulLi, -78 °C, 12 h

Scheme 3.28. HWE reaction of a lactol

Scheme 3.29 outlines the reaction conditions under which the conversion of compound
133to the lactol139 was firstly attempted. The formation of lacid9 from compound

133 is a one-pot reaction. Under the acidic conditions the acetonide protecting group
cleaves leading to the formation of compodd®. The nucleophilic hydroxy group on the

C-2 carbon of compounti19 attacks the electophilic carbonyl carbon to form the lactol

139as shown in Scheme 3.30.

The acetonide protecting group of compour®&8 was removed under acidic conditions
using MeOH as the solvent. The reaction took approximately 6 hrs to go to completion. On
analysis of the product obtained from this reaction usihd\MR it was found that the
required lactol139 did not form, instead compount40 was isolated. Formation of
compoundL40was confirmed byH NMR, COSY andC NMR spectra.
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H4CO PH
p-TSOH, MeOH, 25 °C, 6 hré
o o)
BnO OH

(139)

Scheme 3.29. Formation of acetdd

Scheme 3.30 outlines the mechanism by which compdufiwas formed. Firstly,
Compound119 undergoes intramolecular nucleophilic reaction to form the hemiacetal
139 This reaction is in equilibrium but the position of the equilibrium lies almost
completely on the side of the hemiacetal. Thus the amount of open chain hydroxy-
aldehyde(119) is negligible. Under acidic conditions hemiacetals undergo reactions with
alcohols such as MeOH to form acetals. The OH group of comp®8id protonated by

the acid in the reaction medium forming intermedibt&, which looses a water molecule

to form 142 Intermediatel42 is attacked by the nucleophilic OH group of MeOH to form
compoundl43and is then deprotonated to form the ack4él

OH O OH
+* H COW H3com
H 3 H
—— — 0
BnO U BnO OH
OH OH
H H3CO H4CO
O N OQ
BnO otH BnO + A
141 H 142 0
(141) (142) W e,
OH OH
%COM chom
—_—
fe) (@]
BnO + BnO O-CH
O—CH 3
(143) CH/ 3 (140)

Scheme 3.30. Mechanism for the formation of compdi#tf
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Having failed to synthesise the lactbB9 using MeOH as the solvent, we decided to
change the solvent for the reaction. We have to use a non-nucleophilic solvent, in order to
prevent the formation of the acetal. A method used by Arggyal®’ for the deprotection

of an acetonide utilises a 1:1 aq. HCI/THF. We then decided to use this solvent system for
the deprotection. Using this reaction condition the required comptéas obtained in

85% vyield (Scheme 3.31). The formation of ladt8® was confirmed byH NMR and™C

NMR spectroscopy (Plate 31a and 31b).

OH
H3CO 1:1 IN HCIITHF, 25 °C, 12 hr#gCOm
o o)
BnO 85%
BnO oH

(133) (139)

Scheme 3.31. Synthesis of compoli3®

Having successfully synthesised compoid8, we attempted the HWE reaction with the
lactol as shown in Scheme 3.32. Several attempts to couple comp8@&add87 using

HWE reaction failed to yield the required product. Instead a complex mixture of products
was isolated each time. As mentioned previously, similar Wittig-type reactions have been

carried out successfully on sugar lact6fd

OH \ o OH
H,CO +°\F§’ OBn (1) n-BuLi, rt H,CO x OBn
PR s
B0 0 - OCH3(2) BUOK, 35 °C g0 OCHj,
(137) (87)  OCH, OCHj

Scheme 3.32. HWE reaction utilising the lactol as thenGiety

Aucagneet al*

used the Wittig reaction to couple phenylthiomethylidine phosphorane
with a variety of sugars, as shown in Scheme 3.33. They reported that pyrano- or furano-
lactols containing one or more hydroxy groups did not react with the Wittig ylide. Instead
mixtures of products were obtained. Upon protection of the free hydroxy groups as benzyl

ethers, the reaction proceeded in good yield. Thus, Aucagne and co-workers came to the
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conclusion that the protecting groups were crtitical for the Wittig re&étiom contrast,
other authors were able to obtain the Wittig product in the presence of one free hydroxy

group on the lactd!.

o Ph,P=CHSPh OH SR
LZW\OH - L{’f
THF
BnO X BnO %
X=OH or OR

Scheme 3.33. HWE reaction of a lactol

Based on the observations made by Aucagnal®, the protection of the free hydroxy
groups on compound39 may lead to the successful coupling of the la¢id9) and

phosphonate esté87) to form the required seven-carbon aliphatic chain.

Although a similar phosphonate was used successfully in a model HWE reaction (Section
3.2.2, Scheme 3.8) it seems that the reaction conditions required for the HWE reaction
using a phosphonate ylide which is not stabilised by a second electron-withdrawing group,
are too harsh for the lactéB9. Harcken and Martin report that the basic HWE reactions
conditions often lead to racemisation or cyclisation of the initially formed hydroxyenoates

in sugar lactof¥’.

At this point, it was clear that a Wittig-type reaction is not suitable for the formation of the
transdouble bond. Thus a different approach will need to be considered. However, due to

the time constraints, these methods were not investigated in this study.

3.6 Conclusion

In conclusion, diarylheptanoids are biologically active molecules which exist in minute
guantities in some plant species. Owing to their interesting biological activities, the total
synthesis of these compounds which could provide an alternative source to these
biologically active compounds, have been investigated extensively. In this work, we

investigated the total synthesis of a novel diarylheptahdidgvhich was isolated from the
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African medicinal plantSiphonochilus aethiopicusihe synthetic strategy used in this
research was the,@noiety + G-moiety strategy.

Since the targeted diarylheptanald, contains atranscarbon-carbon double bond, a
stereoselective olefination reaction was chosen for the coupling of the two moieties. Thus
trans-selective HWE reaction, which is a variant of the Wittig olefination was studied.
The G-moiety which is the Horner phosphate and ther@iety, were both synthesised
from commercially available starting materials by using simple functional group
transformation reactions. However, we were unable to couple the two moieties to form the
required seven-carbon aliphatic chain using the HWE reactions. When-thei&y was

an aldehyde, it was seen that it readily decomposed under the HWE reaction condition.
Thus the Gmoiety was converted into the corresponding lactol which was then subjected
to the HWE reaction. Even with this modification we were not able to successfully couple
the two moieties. The reason for the failure encountered with the HWE reaction with the
lactol may be due to the free hydroxy groups on the lactol. Thus protection of these free
hydroxy groups may lead to the successful synthesis dfréihe-seven-carbon aliphatic
chain.

Even though the synthesis of the targeted diarylheptahoidias not achieved in this
investigation, we have made valuable progress towards the total synthesis of this

compound:

e A suitably substituted phenylethyl precursor was prepared for thaotety +
Cs-moiety coupling strategy. Although the phosphonate derivative was not useful
for the synthesis of the diarylheptandid, it may be useful for the preparation of
other natural products.

* Phenylethyl derivatives with the correct substitution pattern and relative

stereochemistry were prepared as tge@nponent of the synthetic strategy.

3.7 Future Work

Since the target compound was not successfully synthesised, there is scope for future work
in this area. Most importantly, a method needs to be developed which could successfully

couple the precursors to form ttrans-carbon-carbon double bond on the aliphatic chain
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of the target compoun(l?). Thus further investigation needs to be done on the HWE

reaction in order to find suitable reaction conditions which would favour the formation of
the E-alkene. For example, the effect of protecting the free hydroxy groups of compound
137, on the HWE reaction needs to be investigated. In addition to this, the synthetic
methodology developed during this investigation needs to be optimized. This includes

optimizing the enantioselectivity of the dihydroxyation reaction.

Other options which must be considered for the formation of the double bond are the Julia

olefination and its variants and also metathesis with a Grubb’s catalyst.

Upon the successful synthesis of the novel diarylheptahgidts analogues need to be
synthesised. This is important in order to study the possible anti-inflammatory activity of

this class of compounds.

63



CHAPTER 3

3.8 References

10.

11.

12.

13.

14.

15.

16.

17.

J. Reucroft and P. G. Samme€xrjaternary Reviews, Chemical Socjet971,25,
135-169.

J. Boutagy and R. Thomda3hemical Reviewd974,74, 87-99.

M. Schlosser and K. F. Christmammgewandte Chemical, International Editition
1966,5, 126.

P. Brandt, P.-O. Norrby, I. Martin and T. Reilgurnal of Organic Chemistry
1998,63, 1280-1289.

S. Sano, R. Teranishi and Y. Nag@etrahedron Letter2002,43, 9183-8186.

K. Ando,Journal of Organic Chemistry1999,64, 8406-8408.

R. K. J. Boeckman, P. Shao and J. J. Mullixganic Synthese2000,77, 141-
152.

H. Takahashi, S. Inagaki, N. Yoshii, F. Gao, Y. Nishihara and K. Takaginal
of Organic Chemistry2009,74, 2794-2797.

H. M. S. Kumar, B. V. S. Reddy, E. J. Reddy and Yadav.De®ahedron Letters
1999,40, 2401-2404.

E. J. Coreyjournal of American chemical sociey952,71, 1163-1167.

C. D. M. Duarte, H. Verli, J. X. D. Araujo-Junior, I. A. D. Medeiros, E. J. Barreiro
and C. A. M. Fragakiuropean Journal of Pharmaceutical Scienc&304,23, 363-
369.

G. Sabitha, K. Yadagiri and J. S. Yadd@etrahedron Letters2007,48, 8065-
8068.

M. J. Gallen, R. Goumont, T. Clark, F. Terrier and C. G. WilliaAmgewandte
Chemical, International Edititio2006,45, 2929-2934.

H. C. Kolb, M. S. VanNieuwenhze and K. B. Sharpl&€&®gmical Reveiwl994,
94, 2483-2547.

A. Kamal, T. Krishnaji and V. Reddyetrahedron: Asymmetn2007,18, 1775-
1179.

B. G. Davis and A. J. Fairbankdarbohydrate chemistryOxford University Press,
2002.

S. J. Angyal and R. J. Beverid@grbohydrate Research978,65, 229-330.

64



18.

19.
20.

21.

CHAPTER 3

V. Popsavin, S. Grabez, M. Popsavin, |. Krstic, V. Kojic, G. Bogdanovic and V.
Divjakovic, Tetrahedron Letter2004,45, 9409-9413.

C. Harcken and S. F. Marti@rganic Letters2001,3, 3591-3593.

M. Morita, T. Haketa, H. Koshino and T. Naka@aganic Letters2008,10, 1676-
1682.

V. Aucagne, A. Tatibouet and P. Rolliretrahedron2004,60, 1817-1826.

65



CHAPTER 4

Experimental procedures

4.1 General experimental procedure

4.1.1 Chromatography

Thin-layer chromatography was performed on aluminium-backed 0.2 mm silica gel plates
(Merck Silica gel 60 fs4). Normal and flash chromatography were done using Merck
Kieselgel 60 silica with particle size 200-400 mm and on columns varying from 1 cm to 6 cm
in diameter. Centrifugal chromatography was performed on a Harrison Research
Chromatotram, on glass plates coated with 2 or 4 mm Merck silica gel 60 with particle size
0.040-0.063 mm.

4.1.2 Spectroscopic and Physical Data

All melting points were obtained on a Reichert hot-stage microscope.

Nuclear magnetic resonance spectroscopy (NMR) of the isolated compounds was done on a
Bruker Avance lll 400 MHz spectrometer. All NMR spectra were recorded atC3mh
deuterated solvents and chemical shifts were recorded in ppm referenced to the solvent shift.

Mass spectra were obtained using a Waters LCT Premier mass spectrometer using positive or
negative electroscopy ionization (high resolution) and or a ThermoFinnigan Trace GC coupled

to PolarisQ mass spectrometer (low resolution).

Infrared (IR) spectra were obtained using a Smiths FT-IR spectrometer.

66



CHAPTER 4

4.1.3 Solvents and chemicals

All the required chemicals were obtained from Fluka, Sigma-Aldrich or Merck and used

without further purification unless otherwise specified.

Anhydrous solvents were obtained from a Pure-Solv Solvent Purification System supplied by
Innovative Technology, Inc. Water and oxygen present in the solvent are removed effectively
using this system to produce dry deoxygenated high-purity solvents by passing through
activated columns under low pressure to remove trace impurities. Hexane used for column
chromatography was distilled under reduced pressure prior to use. ‘Hexane’ refers to a

commercial mixture of hexane isomers that was used for chromatography.
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4.2 Synthetic Procedures

4.2.1 Phenylethyltriphenylphosphonium bromide (92}

Br

A solution of (2-bromoethyl)benzene (2.07 g, 11 mmol) and triphenylphosphine (3.08 g,
12 mmol) in anhydrous toluene (25 mL) was refluxed for 48 h. After cooling, the upper
solvent layer was removed and the residue obtained was washed with toluene (2 x 10 mL)
followed by ether (10 mL). The glassy solid obtained was dried under vacuum. The resulting
phosphonium sall92) was obtained as a hygroscopic, glassy compound (yield 4.95 g, 99%).

'H NMR (400 MHz, CDGJ) &y 3.08 (2H, m, Ar-CH-CH,-P), 4.22 (2H, m, Ar-El,-
CH,-P), 7.24 (5H, mH-Ar-CH,), 7.78 (15H, m, P-AH). (Plate 13

13C NMR (100 MHz, CDG)) 8¢: 24.8 (ArCH,-CH,), 28.5 (d,Jpc = 3.6 Hz, Ar-CH-
CH,), 128.3 (C-5), 128.4 (C-4), 128.8 (#hc = 16.7 Hz, C-3), 130.6 (dpd = 12.6 Hz,
C-7), 133.9 (dJpc = 9.9 Hz C-6), 135.1 (dlpc = 2.9 Hz, C-1).Rlate 1B

3P NMR 8p (162 MHz, CDC}): 21.80
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4.2.2 Diethyl 2-phenylethyphosphonate (97)

RS o~
3&2\1/\/P\/

g °\

(2-Bromoethyl)benzene (5.0 mL, 37.0 mmol) and triethyl phosphite (8.3 mL, 48.0 mmol) in a
50 mL round-bottomed flask was refluxed vigorously for 16 h. The flask was then allowed to
cool and the excess triethyl phosphite was removed by distillation under vacuum. The crude
product obtained was purified using column chromatography to vyield the diethyl

2-phenylethyphosphonaf@7) as a yellow oil (yield 8.50 g, 98 %).

'H NMR (400 MHz, CDCJ) 64: 1.30 (t, 6H, G&l3-CH,-0), 1.94-2.14 (m, 2H, Ar-B,-
CHy), 2.80-3.02 (m, 2H, Ar-CHCH>), 4.15 (q, 4H, O-B,-CHj3), 7.10-7.40 (m, 5H,
Ar-H). (Plate 29

13C NMR (100 MHz, CDG)) 8¢: 16.4 (d,Jpc = 5.9, Hz, POCKCHs3), 27.6 (d,Jpc =

139.7 Hz, Ph-CbCH.P), 28.6 (dJpc= 4.3 Hz, PhEH.CH,P), 61.7 (dJpc= 6.6 Hz,
POCH,CHs), 126.2 (C-4), 128.1 (C-2) 128.6 (C-3), 141.0 Jgc = 17.5 Hz, C-1).
(Plate 21

3P NMR 8p (162 MHz, CDC}): 30.74
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4.2.3 (2)-1,1-prop-1-ene-1,3-diyldibenzen€93)*

2-Phenylethyltriphenylphosphonium bromi@82) (1.00 g, 2.0 mmol) was suspended in
tetrahydrofuran (10 mL) and ether (6 mL) and stirred with butyllithium (BuLi) (0.23 mL,
2.0 mmol) for 1 h at room temperature. The solution was cooled to -70 °C and benzaldehyde
(0.26 mL, 2.3 mmol) was added, the mixture was stirred vigorously for 15 min. Then BuLi
(0.23 mL, 2.0 mmol) was added again and the reaction mixture was kept at -30 °C for 15 min.
The solution was then treated with ethereal hydrogen chloride (2.2 mmol) and potassium
t-BuOH (0.3 g, 3.0 mmol). The mixture was stirred at room temperature for 16 h, centrifuged,
and the clear supernatant liquor was poured off and solvent evaporated. The crude product so
obtained was purified using column chromatography (9:1 hexane/EtOAc) to afford a
yellowish oil containing both 1,3-diphenyl-1-propefs and Z) isomerg93) (yield 0.302 g,
70%,Z.E=8:2)

'H NMR (400 MHz, CDC}) 8: 3.72 (2H, d, 7.47 Hz, Ar-8,-CH=CH), 5.91 (1H, dt,
7.35Hz and 3.54Hz, Ar-CHCH=CH), 6.63 (1H, dJ= 11.6Hz, Ar-CH-CH=CH),
7.27 (5H, m, CH=CH-AM), 7.37 (5H, mH-Ar-CH,-CH). (Plate 33

13C NMR (400 MHz, CDG)) ¢: 34.7 (C-3), 126.1 (C-8"), 126.8 (C-2’), 128.3 (C-3"),
128.4 (C-7"), (C2), 128.5 (C-5"),128.7 (C-4’), 130.0 (C-1), 130.7 (C-2), 137.3 (C-1"),
140.8 (C-5’). Plate 3B
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4.2.4 (E)-1,1-prop-1-ene-1,3-diyldibenzenéd3)

To a stirred solution of diethyl 2-phenylethylphosphor{@#® (0.7 g, 2.7 mmol) in dry THF

(10 mL) at 0 °C was added NaH (0.2 g, 7.7 mmol) in small portions. After the suspension has
warmed to room temperature, benzyldehyde (2.57 mmol, 0.26 mL) was added all at once. The
reaction was then refluxed until all the starting material was consumed (TLC monitoring). The
reaction mixture was diluted with water and extracted wit®E8 x 20 mL). The combined
organic layers were washed with brine, dried over anhydrous K@8@ concentratedh

vacuo. The crude product was then purified using column chromatography (9:1
hexane/EtOAc) to affordH)-1,1-prop-1-ene-1,3-diyldibenze(@3) as a yellow oil (yield 0.20

g, 41%,).

'H NMR (400 MHz, CDC}) 84: 3.70 (2H, d, 6.71 Hz, Ar-8,-CH), 6.48 (1H, dt,
6.58Hz and 2.53Hz, Ar-CHCH=CH), 6.58 (1H, d, 15.8Hz, Ar-CHCH=CH),
7.27-7.51 (m, 10H, AH). (Plate 43
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4.2.5 Methyl 3,4,5-trihydroxybenzoate (99}

3,4,5-Trihyhydroxybenzoic acid (20.0 g, 117.6 mmol) was dissolved in dry methanol and
conc. HSO, (1.0 mL) was added. This mixture was refluxed for 24 h and the solvent
evaporated to yield a white solid. This residue was dissolved,@® 0 mL) and washed
with saturated NaHC@solution and brine. The resulting organic phase was dried over
anhydrous MgS@and concentrateoh vacuoto afford the desired product which was then
recrystallized in water to vyield the pure white crystalline solid of methyl 3,4,5-
trinydroxybenzoaté99) (yield 19.5 g, 97%).

'H NMR (400 MHz, DMSOdg) 8y: 3.74 (s, 3H, CQCH3), 6.93 (s, 2H, AH).
(Plate 53

13C NMR (100 MHz, DMSO#de) 5¢: 52.0 (QCHs), 109.0 (C-2), 119.8 (C-1), 138.9
(C-4), 146.0 (C-3), 166.8000CH;). (Plate 51

MS (m/2): 183.90
IR vmax (CmY): 3330 (OH), 1683 (C=0),

Melting point (HO): 183-184C (lit.> 188-191 °C (MeOH))
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4.2.6 Methyl 3-hydroxy-4,5-(ethoxymethylenedioxy)benzoate(100)

A mixture of methyl 3,4,5-trihydroxybenzoa@9) (5.0 g, 20.8 mmol), triethyl orthoformate

(6.0 g, 40.5 mmol) and Amberlyst 15E (0.6 g) in toluene was refluxed for 4 h with azeotropic
removal of the EtOH/toluene mixture using a Dean-Stark trap. The reaction mixture was then
filtered and concentrated vacuo Subsequent column chromatography (5:5 hexane/EtOAc)
of the crude mixture yielded methyl 3-hydroxy-4,5-(ethoxymethylenedioxy)beng@¢as

a white solid which was recrystalised from MeOH (yield 6.04 g, 92%).

'H NMR (400 MHz, DMSOdg) 84: 1.17 (t, 3H,J = 7.3Hz, OCHCH3), 3.70 (g, 2H, J
= 7.1 Hz, O®1,CHg), 3.79 (s, 3H, OH3), 7.00 (d, 1HJ = 1.6 Hz, H), 7.16 (s, 1H,
CHO3CH,CHs), 7.19 (d, 1H,J = 1.6 Hz, H).

3 NMR (100 MHz, DMSOds) &c: 14.8€CHsCH:0), 52.3 (QCHs), 59.7
(OCH,CHs), 102.7(C-6), 113.9Q0sCH,), 120.0 (C-1), 124.3(C-2), 137.1 (C-4),
138.8 (C-5), 147.2 (C-3), 166.COOCH).

MS (m/2: 240
IR vinax (cmi%): 3298 (OH), 1696 (C=0)

Melting point (MeOH): 73-74C (lit.® 91-92 °C)
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4.2.7 Methyl 3-benzyloxy-4,5-(ethoxymethylenedioxy)benzoatg01)

To a solution of methyl 3-hydroxy-4,5-(ethoxymethylenedioxy)benzdqa@0) (6.3 g,

26.2 mmol) in MeCN (30 mL) was added potassium carbonate (6.8 g, 52.5 mmol) and benzyl
bromide (6.8 g, 39.3 mmol). This mixture was stirred at 7086or 12 h. After completion

of the reaction as determined by TLC monitoring, the reaction mixture was diluted with water
and extracted with D (3 x 20 mL). The combined organic layers were washed with brine,
dried over anhydrous MgS@nd concentrateith vacuo.The crude product was then purified
using column chromatography (8:2 hexane/EtOAc) to yield methyl 3-benzyloxy-4,5-
(ethoxymethylenedioxy)benzoaf0l)as a orange oil (yield 6.8 g, 79%).

'H NMR (400 MHz, DMSO€e) 81: 1.28 (t, 3H,J= 7.1 Hz,OCH,CH3), 3.73 (g, 2H,
J= 7.3 Hz, OGI,CHs), 3.89 (s, 3H, O8g), 5.24 (s, 2H, O8,), 6.97 (s, 1H,
CO:HCHy), 7.28 (s, 1H, H-6), 7.36-7.50 (m, 6H, Arand H-2). Plate 63

3 NMR (100 MHz, DMSOds) &c: 14.8 CHisCH,0), 52.3 (QCHs), 59.7
(OCH,CHs), 71.1 (GCH-A,), 103.8 (C-6), 112.340sCH,), 120.1 (C-1), 124.4 (C-2),
127.7 (C-9), 128.2 (C-8), 128.6 (C-7), 136.6 (C-4), 138.6 (C-5), 147.4 (C-3), 166.4
(COOCH).
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4.2.8 Methyl 3-benzyloxy-4,5-dihydroxybenzoate (102)

107 X8 0]

|
| /7\/0\%/2%})]\0/

|
OH

A 2N HCI (10 mL) solution was added dropwise to a solution of methyl 3-benzyloxy-4,5-
(ethoxymethylenedioxy)benzoaf#01) (5.5 g, 16.7 mmol)n MeOH (20 mL) over 10 min at
room temperature. This mixture was then stirred for 2-3 h. The resulting white precipitate,
methyl 3-benzyloxy-4,5-dihydroxybenzogtE02) was filtered and recrystalised from MeOH
(yield 4.2 g, 93%).

'H NMR (400 MHz, DMSO¢e) 3y: 3.74 (s, 3H, CGCH3), 5.16 (s, 2H, O8l), 7.34
(s, 1H, H-6), 7.37 (s, 1H, H-2), 7.38-7.47 (m, SHHAY)- (Plate 73

3C NMR (100 MHz, DMSO#d) 8¢: 52.0 (QCHs3), 71.6 (QCH.), 106.2 (C-2), 111.2
(C-6), 121.9 (C-1), 128.1 (C-9), 128.7 (C-10), 128.8 (C-8) 135.8 (C-7), 137.1 (C-4)
143.6 (C-5), 145.6 (C-3), 166.8Q00CHy). (Plate 7h

MS (m/2): 274.10
IR Vmax (cm%): 3458 (OH)

Melting point (MeOH): 88-89C
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4.2.9 Methyl 3-benzyloxy-4,5-dimethoxybenzoate (103)

10 %zla 9]
b7\/o\3/2%1)l\o/
I
| O

To a solution of methyl 3-benzyloxy-4,5-dihydroxybenzo€t62) (4.0 g, 14.5 mmol) in
MeCN (20 mL) was added potassium carbonate (3.8 g, 29.2 mmol) and methyl iodide (5.1 g,
36.3 mmol). This mixture was stirred at 70-8for 12 h. After completion of the reaction as
observed by TLC monitoring, the reaction mixture was diluted with water and extracted with
Et,O (3 x 20 mL). The combined organic layers were washed with brine, dried over anhydrous
MgSO, and concentratedh vacuo. The crude product was then purified using column
chromatography (8:2 hexane/EtOAc) to yield methyl 3-benzyloxy-4,5-dimethoxybenzoate
(103) as a white solid (yield 4.0 g, 91%).

'H NMR (400 MHz, CDCJ) &: 3.91 (s, 3H, OE), 3.92(s, 3H, O€5), 3.94(s, 3H,
CO,CH3), 5.17 (s, 2H, Ofly), 7.32-7.48 (m, 6H, AH). (Plate 83

% NMR (100 MHz, CDC)) &8¢ 52.2(QCHs), 56.3(QCHs), 60.9(QCHs),
71.3(QCH.), 107.2 (C-6), 109.0 (C-2), 125.0(C-1), 127.4 (C-9), 128.0 (C-10), 128.6
(C-8), 136.7(C-7), 143.0 (C-4), 152.1 (C-3), 153.2 (C-5), 1680MCH). (Plate 8H

ER-HRMS m/z[M + Na]*: 325.1049
(Calculated for @1150s+Na, 325.1052)
IR Vmax (cm?): 1711 (C=0)

Melting point (HO): 59-58C
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4.2.10 3-Benzyloxy-4,5-dimethoxyphenylmethanol (104)

8|/ %?
k/_’\/o\s/zm/\OH
[l |
0/4\54
| |
SN

A solution of 3-benzyloxy-4,5-dimethoxybenzoate03) (3.8 g, 12.5 mmol) in dry THF

(10 mL) was added dropwise to a stirred solution of LIA(BL5 g, 12.5 mmol) in dry THF

(10 mL) at 0 °C under Natmosphere. This mixture was then stirred at room temperature until
the reaction was complete (2-3 h, TLC monitoring). The excess hydride was quenched with
H,O followed by aqueous (10%),80O, (10 mL). This mixture was then extracted with@&t

(3x 20 mL). The combined organic layers were washed with saturated aqueous ;NaHCO
(30 mL), brine (30 mL), dried over Anhydrous Mg&éand concentrateith vacua The crude
product was then purified using column chromatography (5:5 hexane/EtOAc) to afford

3-benzyloxy-4,5-dimethoxyphenylmethar{@D4) as a colourless oil (yield 2.9 g, 84%).

'H NMR (400 MHz, CDCJ) 84: 3.84 (s, 3H, O€l3), 3.87 (s, 3H, Ofl3), 4.56 (s, 2H,
CH-OH), 5.11 (s, 2H, OB)), 6.59 (s, 1H, H-6), 6.63 (s, 1H, H-2), 7.29-7.46 (m, 5H,
Ar-H). (Plate 99

3C NMR (100 MHz, CDC}) 8¢ 56.1 (GCHs3), 60.9 (QCH3), 65.2 CH,OH), 71.2
(OCH,), 104.3 (C-6), 106.1 (C-2), 127.3 (C-9), 127.9 (C-10), 128.9 (C-8), 136.7 (C-1),
137.1 (C-7), 138.0(C-4), 152.5 (C-3), 153.0 (C-B)ate 9

ER-HRMS m/z:297.1077 [M + Na]
(calculated for gH1504+Na, 297.1078)

IR Vinax (cmi): 3404 (OH), 1593 (C=0)

77



CHAPTER 4

4.2.11 2-lodoxybenzoic acid (IBX]

HO
1 \ 70
BN 1a R
O
3\4446‘\5/
\
O

KBrOs (8.0 g, 48 mmol) was dissolved in$0, (2 M, 76 mL) in a two-necked round bottom
flask equipped with a magnetic stirrer bar, reflux condenser and thermometer. The clear
solution was heated to 60 °C andodobenzoic acid (8.00 g, 32 mmol) was added over

40 min in small (0.5 g) portions. The mixture became a bright orange colous gasBwas
evolved and a white precipitate formed. After the addition was complete, the temperature was
maintained at 65 °C for 3 h. The solution was then cooled in an ice bath and the solid material
was collected by vacuum filtration with a Buchner funnel and flask. The white precipitate was
washed with cold KO (1000 mL), cold EtOH (1000 mL) followed by cold water (1000 mL).
The IBX was air dried and weighed (yield 8.2 g, 29 mraddp).

'H NMR (400 MHz, DMSO#dg) 81 7.83 (1H,t, J = 8.3 Hz, H-3), 7.98 (1H, J = 8.3
Hz, H-2), 8.02 (1Hd, J= 12.8 Hz, H-4), 8.14 (1HJ, J = 12.8 Hz, H-1).

13C NMR (400 MHz, DMSOdg) 8¢: 125.5 (C-1), 130.6 (C-4), 131.6 (C-4a), 133.5
(C-3), 134.9 (C-2), 147.0 (C-1a), 168.0 (C-5).
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4.2.12 3-Benzyloxy-4,5-dimethoxybenzaldehyde (105)

9

1|o’ %zla 0
7 2
k% \/O\?l/ Q})J\H
0/4\54
| I
O\

To a stirred solution of 2-iodoxybenzoic acid (IBX) (3.0 g, 11.0 mmol) in DMSO (10 mL),
was added a solution of the alcohol, 3-benzyloxy-4,5-dimethoxyphenylmei@ddl(2.0 g,

7.4 mmol) in THF (20 mL) at room temperature and was stirred for 3 hours. After completion
of the reaction as observed by TLC monitoring, water (10 mL) was added to the reaction
mixture and the precipitated solid was filtered off. The filtrate was diluted with water (20 mL)
and extracted with ether (3 x 20 mL). The combined organic layers were washed successively
with NaHCQ;, water, brine and dried over anhydrous MgSIhe solvent was removed under
reduced pressure and the crude product was purified using column chromatography (7:3
hexane/EtOAc) to afford the desired product, 3-benzyloxy-4,5-dimethoxybenzald€b@de

as a white solid (yield 1.99 g, 96%).

'H NMR (400 MHz, CDCY) 81: 3.94 (s, 3H, OE3), 3.98 (s, 3H, OH3), 5.20 (s, 2H,
OCH,), 7.16 (s, 1H, H-6), 7.19 (s, 1H, H-2), 7.33-7.48 (m, SHHAr-9.84 (s, 1H,
COH). (Plate 103

13 NMR (100 MHz, CDC}) 5¢: 56.3 (QCHs), 61.0 (Q@CH3), 71.3 (QCH,), 106.7
(C-6), 109.3 (C-2), 127.4 (C-9), 128.2 (C-10), 128.6 (C-8), 131.7 (C-1), 136.5 (C-7),
144.4 (C-4), 152.7 (C-3), 153.9 (C-5), 19000H). (Plate 10

ER'-HRMS m/z 295. 0945 [M + N4]
(calculated for gH1604+Na, 295.0946)
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IR vmax(cmY): 1684 (C=0), 1110 (C-0O)

Melting point (EtO): 56-57 °C

4.2.13 1-Benzyloxy-2,3-dimethoxy-5-vinylbenzene (106)

10 %sla
97\/0\1/(&5/\
1
| o

NaH was added to a stirred suspension of the methyltriphenylphosphonium iodide (3.5 g,
8.8 mmol) in dry THF (20 mL) containing 3-(benzyloxy)-4,5-dimethoxybenzalde(i/0®)

(2.9 g, 6.9 mmol). The suspension was stirred for 5 h at room temperature and was poured into
ice water and extracted with EX (3 x 10 mL). The combined organic layer was dried over
anhydrous MgS@and concentrateith vacuo The crude product was purified using column
chromatography (7:3 hexane/EtOAc) to afford the desired prodienzyloxy-2,3-
dimethoxy-5-vinylbenzengl06) as a yellow oil (yield 1.31 g, 70%).

'H NMR (400 MHz, CDCJ) &: 3.90 (s, 3H, O@l3), 3.91 (s, 3H, 083), 5.17 (s, 2H,
OCH,), 5.21 (d, 1HJ=10.8 Hz, CH®l,), 5.63 (d, 1HJ=17.5 Hz, CHEl,), 6.62 (dd,
2H, J=17.5 Hz, GICH,), 6.67 (s, 1H, H-6), 6.71 (s, 1H, H-4), 7.33-7.50 (m, 5H, Ar-
H). (Plate 113

¥C NMR (100 MHz, CDC}) &¢: 56.1 (QCHs), 60.4 (QCH3), 61.0, 71.3 (CH-Ar),
103.8 (C-4), 105.9 (C-6), 113.2 (@Hl,), 127.3 (C-9), 127.9 (C-10), 128.5 (C-8),
133.2 (C-5), 136.7 (C-7), 137.ZKICH,), 138.9 (C-2), 1582.5 (C-1), 153.5 (C-3).
(Plate 11b
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ER-HRMS m/z 293.1158 [M + N&]
(Calculated for GH1503+Na, 293.1154)

IR vmax (cm?): 1579 (C=C), 1112 (C-0).

4.2.14 2-(3-Benzyloxy-4,5-dimethoxyphenyl)ethanol (107)

A dry flask equipped with a magnetic stirrer bar and a reflux condenser was flushed with
nitrogen and maintained under a positive nitrogen pressure. The flask was then charged with
1-benzyloxy-2,3-dimethoxy-5-vinylbenzei£06) (1.1 g, 3.4 mmol) in dry THF (20 mL) and
cooled to 0 °C with an ice-water bath. This was followed by dropwise addition of a borane-
methyl sulfide (BMS) (0.1 g, 1.3 mmol). The cooling bath was removed and the solution was
stirred for 3 hours at room temperature. 3N NaOH (0.5 mL) was then added and the reaction
cooled to 0°C. This was followed by dropwise addition of hydrogen peroxide (0.5 mL of 30%
aqueous solution). The reaction mixture was refluxed for 1 h and was poured into ice water
(20 mL). The mixture was then extracted with@(3 x 10 mL). The combined organic layers

was washed with brine, dried over anhydrous Mg®@d concentrated under reduced
pressure. The crude product was purified using column chromatography (5:5 hexane/EtOAc)
to afford the desired product, (3-benzyloxy-4,5-dimethoxyphenyl)ethanol (107) as a yellow oil
(yield 0.63 g, 55%).
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'H NMR (400 MHz, CDCJ) &y: 2.78 (t, 2H, 6.50Hz, B,CH,OH), 3.81 (t, 2H, 6.42
Hz, CH,CH,OH), 3.87 (s, 3H, OBs), 3.88(s, 3H, O€ls), 5.14 (s, 2H, O&,), 6.47
(s, 1H, H-6), 6.50 (s, 1H, H-2), 7.30-7.46 (m, 5H,H)- (Plate 123

13C NMR (100 MHz, CDC}) é¢: 39.5 (CH,CH,OH), 56.2 (GCH3), 60.9 (GCH3), 63.5
(CH,0OH), 71.2 (GCH,), 106.5 (C-6), 108.4 (C-2), 127.4 (C-9), 127.9 (C-10), 128.5
(C-8), 134.1 (C-1), 137.2 (C-7), 137.6 (C-4), 152.4 (C-3), 153.6 (CHte( 12h

ER-HRMSm/z 311.1257 [M + Nd]
(Calculated for €H2004+Na, 311.1259)

IR Vimax (cmi): 3450 (OH), 1112 (C-O)

4.2.15 1-Benzyloxy-5-(2-bromoethyl)-2,3-dimethoxybenzene (108)

10” %?
k%?\/o\l/ N5 B
o~ ”\?7 l

A solution of phosphorous tribromide (0.2 g, 0.9 mmol) in dnyOE(6 mL) was added
dropwise to a stirred solution @ (3-benzyloxy-4,5-dimethoxyphenyl)ethandl07) (0.6 g,

2.2 mmol) in dry BEO (15 mL) at O °C over 15 min. The mixture was stirred at room
temperature for 1 h and was then quenched with water. The aqueous layer was extracted with
ether (2 x 10 mL). The combined organic layers were washed with NaktG@ved by

brine, dried over anhydrous Mg$@nd concentrateth vacuo The crude product was
purified using column chromatography (8:2 hexane/EtOAc) to afford the desired product,
1-benzyloxy-5-(2-bromoethyl)-2,3-dimethoxybenze(i®8) as a yellow oil (yield 0.46 g,

60%).
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'H NMR (400 MHz, CDCY) 8y: 3.08 (t, 2H,J=6.50Hz, Gi,CH,Br), 3.53 (t, 2H,J =
6.42 Hz, CHCH,Br), 3.87 (s, 3H, O83), 3.88(s, 3H, O€l3), 5.14 (s, 2H, O&)),
6.45 (s, 1H, H-4), 6.48 (s, 1H, H-6), 7.38-7.47 (m, SHHAr{Plate 133

3C NMR (100 MHz, CDG)) 6¢: 32.6 CH.CH,Br), 39.7 (CHCH,Br) 56.2 (QCHs),
60.9 (QCH3), 71.3 (QCH,), 106.3 (C-4), 108.2 (C-6), 127.3 (C-9), 127.9 (C-10), 128.6
(C-8), 134.5 (C-5), 137.2 (C-7), 137.9 (C-2), 152.5 (C-1), 153.5 (GBjte( 13h)

ER-HRMS m/z 373.0411 [M + Na]
(Calculated fogAH;403Br+Na, 373.0415)

IR Vmax (cm™): 1108 (C-0)

4.2.16 Diethyl 2-(3-benxyloxy-4,5-dimethoxyphenyl)ethylphosphonate (87)

| | w _O
7 2 -
= \/O\3|/ %:lL/\/ \O
A \
| I
O\

1-(benzyloxy)-5-(2-bromoethyl)-2,3-dimethoxybenz€t68) (0.5 g, 1.3 mmolwas refluxed

in triethyl phosphonate (5 mL) for 16 h. After the completion of the reaction as determined by
TLC monitoring, excess triethyl phosphonate was distilled off under vacuum and the crude
product obtained was purified using column chromatography (7:3 hexane/EtOAc) to yield the
Horner-Wittig phosphat€87) as a yellow oil (yield 0.37 g, 73%)

'H NMR (400 MHz, CDCJ) 8,: 1.34(t, 6H,J = 7.20 Hz, POCKCH3), 1.97-2.08 (m,
2H, 6.42 Hz, CHCH,P), 2.80-2.87 (m, 2H, I&,CH,P), 3.86(s, 6H, OB3), 4.11 (g,
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4H,J = 7.51 Hz, POEI,CHs) 5.13 (s, 2H, OB,), 6.45 (s, 1H, Pi), 6.47 (s, 1H, Ph-
H), 7.30-7.46 (m, 5H, AH). (Plate 143

3C NMR (100 MHz, CDGJ) 8¢: 16.5 (d,Jpc = 6.4 Hz, OCHCHs3,), 27.7 (d,Jpc =
139.2 Hz, Ph-ChCH,P), 28.9 (dJpc = 4.4 Hz, PHEH,CH,P), 56.2 (@Hs), 60.9
(OCH), 61.6 (d,Jpc = 6.3 Hz QCH,CHs), 71.2 (QCH,), 105.6 (C-2), 107.5 (C-6),
127.3 (C-9), 127.8 (C-10), 128.5 (C-8), 136.5 - 136.74d,= 17.4 Hz, C-1), 137.2
(C-7), 137.4 (C-4)), 152.4(C-3), 153.5 (C-Fldte 14h

3P NMR 8p (162 MHz, CDC}): 30.56 (s, 1P)Rlate 149

4.2.17 4-Benzyloxy-3-methoxybenzaldehyde (110)

To a solution of 4-hydroxy-3-methoxybenzaldehyde (6.0 g, 39.4 mmol) in MeCN (100 mL)
was added potassium carbonate (10.9 g, 79.3 mmol) and benzyl chloride (5.5 g, 43.7 mmol).
This mixture was stirred at 70-80 °C for 12 h. After completion of the reaction, as observed by
TLC monitoring, the reaction mixture was poured into distilled water (50 mL) and extracted
with EtOAc (3 x 20 mL). The combined organic layers were washed successively with water,
brine, dried over anhydrous Mg®@nd concentrateéh vacuo The crude product was
purified using column chromatography (7:3 hexane/EtOAc) to vyield 4-benzyloxy-3-
methoxybenzaldehyd@ 10)as white crystals (yield 8.1 g, 85%).

'H NMR (400 MHz, CDCJ) 81: 3.96 (s, 3H, O€l3), 5.26(s, 2H, O€), 7.00 (d, 1H,
J=8.1 Hz, H-5), 7.31-7.47 (m, 7H, Al H-2, 6), 9.85 (s, 1H, CB). (Plate 153
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3C NMR (100 MHz, CDC}) 8c: 56.1 (QCHs), 70.9 (QCH,), 109.6 (C-2), 112.5
(C-5), 126.5 (C-6), 127.2 (C-9), 128.2 (C-10), 128.7, (C-8), 130.4 (C-1), 136.1 (C-7),
150.2 (C-3), 153.7 (C-4), 190.80H). (Plate 15

ER"-HRMS m/z 265.0837 [M + N4]
(Calculated for ¢gH140s+Na, 265.0841)

IR vinax (cmi%): 1671 (C=0), 1131 (C-O)

Melting point (E$0): 54-55 °C (lit*> 60-61 °C (EtOAC))

4.2.18 Ethyl 4-benzyloxy-3-methoxycinnamate (111

H3CO\3/2§}/\/U\O/\

[l
¢8\7/\O/4\576

o)

o

To a stirred solution of triethyphosphoacetate (9.3 g, 41.3 mmol) in dry THF (50 mL) at 0 °C
was added NaH (1.0 g, 41.3 mmol). This mixture was stirred at 0 °C for 30 min followed by
the dropwise addition of 4-benzyloxy-3-methoxybenzaldehtd®) (5.0 g, 20.6 mmol)in

dry THF (10 mL) and the reaction mixture was stirred at room temperature for 1 h. The
reaction was then quenched with saturated aqueou€INgdlution (10 mL) and extracted
with ELO (3 x 20 mL). The combined organic layers were then washed with brine and
concentratedin vacuo The crude product was purified using column chromatography
(8:2 hexane/EtOAC) to yield ethyl 4-benzyloxy-3-methoxycinnanfald) as white crystals
(yield 6.21 g, 97%).

'H NMR (400 MHz, CDCJ) 6y: 1.35 (t, 3H,J=7.2 Hz, OCHCH3), 3.92 (s, 3H,
OCH3), 4.27 (g, 2HJ=7.0 Hz, OG®,CHy), 5.19 (s, 2H, O8,), 6.32 (d, 1HJ=15.9,
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CHCHCOO), 6.88 (d, 1H,J=8.4 Hz, H-6), 7.04 (d, 1H,=)8.87, H-5), 7.08 (s, 1H,
H-2), 7.23-7.46 (m, 5H), 7.63 (d, 1B515.9 Hz, GICHCOO). Plate 163

¥C NMR (100 MHz, CDG) 8c 14.0 (COOCHCHs), 56.1 (QCHs), 60.5
(COOCH,CHs), 71.0 (GCH,), 110.3 (C-2), 113.6 (C-5), 116.2 (CQHCOO), 122.4
(C-6), 127.3 (C-9), 127.9 (C-10), 128.1 (C-1), 128.7 (C-8), 136.7 (C-7), 144.6
(CHCHCOO), 149.9 (C-4), 150.4 (C-3), 167QQOCH,CHs). (Plate 16

ER-HRMS m/z 335.1478 [M + Na]
(Calculated faei3s04+Na, 335.1479)

IR vimax (ciY): 1698 (C=0), 1159 (C-O), 1600 (C=C)

Melting point (pet. Ether): 62 °C (lif. 64 °C)

4.2.19 Ethyl 3-(4-benzyloxy-3-methoxyphenyl)propanoate (112)

0]
HSCO\?l/ZQ}/\/U\O/\
9¢8\7/\O/4\576

Ethyl 4-benzyloxy-3-methoxycinnamafé11) (2.0 g, 6.4 mmol) was dissolved in absolute
EtOH (20 mL) and catalytic amount of 10% Pd/C (2.5 mg) was added to this mixture. This
mixture was then placed in a reactor with d&s at a pressure of 2 atm for 30 minutes. The
reaction mixture was poured into water (20 mL) and extracted wath & x 20 mL). The
combined organic layers were washed with brine, dried over anhydrous ;MgS&D
concentratedin vacuo The crude product was purified using column chromatography
(8:2 hexane/EtOACc) to yield Ethyl 3-(4-benzyloxy-3-methoxyphenyl)propanddi2) as a
colorless oil (yield 1.70 g, 85%).
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'H NMR (400 MHz, CDCJ) &y: 1.25 (t, 3H,J=7.0 Hz, OCHCH3),2.61 (t, 2H,J=7.97

Hz, CH,CH,COO0), 2.91 (t, 2H,J=7.7 Hz CHCH,COO0), 3.89 (s, 3H, O83), 4.14 (q,

2H, J=7.1 Hz, OCHCHg), 5.14 (s, 2H, O€l,), 6.69 (d, 1HJ=8.0 Hz, H-5), 6.76 (s,
1H, H-2), 6.82 (d, 1HJ=8.1, H-6), 7.29-7.40 (m, 5H, A#). (Plate 173

13C NMR (100 MHz, CDC}) d¢: 14.2 (COOCHCHS3), 30.7 CH,CH,COO), 36.2
(CH,CH,COO), 56.0 (&@H3), 60.4 (COGH,CHs), 71.3(QCH,), 112.4(C-2), 114.5
(C-5), 120.2 (C-6), 127.4 (C-9), 127.8(C-10), 128.5 (C-8), 133.9 (C-1), 137.4 (C-7),
146.7 (C-4), 149.7 (C-3), 172.800). Plate 17

ER-HRMS m/z 337.1714 [M + N&]
(Calculated fQeH3gO4+Na, 337.1710)

IR vimax (cmih): 1724 (C=0), 1149 (C-0)

4.2.20 3-(4-Benzyloxy-3-methoxyphenyl)propan-1-ol (113)

2
9¢8\7/\O/4\576

o |
10

A solution of ethyl 3-(4-benzyloxy-3-methoxyphenyl)propandat?)(15.0 g, 47.7 mmol) in

dry THF (15 mL) was added dropwise to a stirred solution of LWAIH8 g, 47.7 mmol) in

dry THF (20 mL) at O °C under Natmosphere. This mixture was then stirred at room
temperature until the reaction was complete (1-2 h, TLC control). The excess hydride was
guenched with KD followed by aqueous 10%,80, (10 mL). This mixture was then
extracted with BO (3 x 20 mL). The combined organic layers were washed with saturated

aqueous NaHC®solution, brine and dried over anhydrous MgS®he solvent was then
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evaporated in vacuo and the product purified using column chromatography
(6:4 hexane/EtOAc) to yield 3-(4-benzyloxy-3-methoxyphenyl)propan-t&B) as white
solid (yield 11.53 g, 89%).

'H NMR (400 MHz, CDC}) &y: 1.89 (qr, 2H,J=6.7 Hz, CHCH,CH,OH),2.67 (t, 2H,
J=7.4 Hz Q,CH,CH,0H), 3.69 (t, 2H,J=6.3 Hz, CHCH,CH,0OH), 3.90 (s, 3H,
OCHg), 5.14 (s, 2H, Of), 6.69 (d, 1HJ=8.0 Hz, H-5), 6.77 (s, 1H, H-2), 6.83 (d,
1H, J=8.1, H-6), 7.30-7.47 (m, 5H, A#). (Plate 183

13C NMR (100 MHz, CDG)) 6¢: 31.7 (CHCH-CH,OH), 34.3 CH,CH,CH,0OH), 56.0
(OCHs), 62.3 (CHCH,CH,0H), 71.3 (Q@CH,), 112.5 (C-2), 114.5 (C-5), 120.3 (C-6),
127.3 (C-9), 127.7 (C-10), 128.5 (C-8), 135.2 (C-1), 137.5 (C-7), 146.5 (C-4), 149.7
(C-3). Plate 18h

ER'-HRMS m/z 295.1314 [M + Nal
(Calculated for GH,00s+Na, 295.1310)
IR vinax (cmi%): 3561 (OH), 1220 (C-O)

Melting point (pet. Ether): 55 °C

4.2.21 3-(4-Benzyloxy-3-methoxyphenyl)propanal (112)

To a stirred solution of 2-iodoxybenzoic acid (IBX) (16.3 g, 58.2 mmol) in DMSO (20 mL),
was added a solution of alcohol 3-(4-benzyloxy-3-methoxyphenyl)progaad) (10.5 g,
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38.8 mmol) in THF (30 mL) at room temperature and the resulting solution was stirred for 3 h.
After completion of the reaction as observed by TLC monitoring, water (20 mL) was added to
the reaction mixture and the precipitated solid was filtered off. The filtrate was diluted with
water (20 mL) and extracted with ether (3 x 20 mL). The combined organic layers were
washed successively with NaHg®olution, water, brine and dried over anhydrous MgSO
The solvent was removeth vacuo and the crude product was purified using column
chromatography (8:2 hexane/EtOAc) to afford the desired product, 3-(4-benzyloxy-3-
methoxyphenyl)propandll14)as a white solid (yield 8.22 g, 79%).

'H NMR (400 MHz, CDC}) 8y: 2.77 (t, 2H,J=7.1 Hz, CHCH,COH),2.92 (t, 2H,
J=7.5 Hz G4,CH,COH), 3.90 (s, 3H, OB3), 5.14 (s, 2H, OH,), 6.68 (d, 1H,J=8.2
Hz, H-5), 6.76 (s, 1H, H-2), 6.83 (d, 1B8.2, H-6), 7.32-7.47 (m, 5H, At), 9.83
(s, 1H, CHCH,COH). (Plate 193

%C NMR (100 MHz, CDG)) 8¢: 27.8 CH,CH,COH), 45.4 (CHCH,COH), 56.0
(OCHs), 71.3 (QCH,), 112.4 (C-2), 114.50 (C-5), 120.1 (C-6), 127.3 (C-9), 127.8
(C-10), 128.50 (C-8), 133.6 (C-1), 137.3 (C-7), 146.8 (C-4), 149.8 (C-3), 201.6
(CH,CH,COH). (Plate 19b

ER'-HRMS m/z[M + Na]": 325.1414 [M + Nd]
(Calculated for @H»204+Na, 325.1416)
IR vinax (cmi%): 1709 (C=0), 1220 (C-O)

Melting point (Hexane/EtOAc): 35 °C
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4.2.22 (E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoic acid (115)

¢8\7/\0/4\5?6

o

To a pyrex test tube attached to a reflux condenser was added
3-(4-benzyloxy-3-methoxyphenyl)propanél14) (6.0 g, 22.4 mmol), pyridine (10 mL),
piperidine (20 mL) and malonic acid (3.48 g, 34.0 mmol). The resulting mixture was
irradiated with an output of 100 W using a microwave for 30 min. After completion of the
reaction as observed by TLC monitoring, the reaction mixture was cooled to room
temperature and neutralised with 1N HCI. The reaction mixture was then cooled to 0 °C and
extracted with BEO (3 x 20 mL). The combined organic layers were washed with brine, dried
over anhydrous MgS{and concentrateidh vacuo The crude product was then purified using
flash ~ chromatography (2:8 hexane/EtOAc) to vyield E)-§-(4-benzyloxy-3-
methoxyphenyl)pent-3-enoic aditil5)as a yellow oil (yield 6.64 g, 95%).

'H NMR (400 MHz, CDC}) 8y: 3.14, (d, 2HJ=7.2 Hz, CHCHCHCH,COOH), 3.34
(d, 2H, J=6.8 Hz, GHH,CHCHCHCOOH), 3.90 (s, 3H, 0B3), 5.14 (s, 2H, 08),),
5.68-5.59 (m, 1H, C,LHCHCH,COOH), 5.71- 5.89 (m, 1H, GGHCHCH,COOH),
6.67 (d, 1HJ= 8.6 Hz, H-5), 6.79 (s, 1H, H-2), 6.83 (d, 1K, 8.2 Hz, H-6), 7.32-7.47
(m, 5H, ArH). (Plate 203

¢ NMR (100 MHz, CDG) 8¢ 37.5 (CHCHCHCH,COOH), 38.4

(CH,CHCHCH,COOH), 56.0 (@Hs), 71.3 (QCH,), 112.5 (C-2), 114.4 (C-5), 120.4
(C-6), 122.3 (CHCHCHCH,COOH), 127.3 (C-9), 127.7 (C-10),
CH,CHCHCH,COOH), 128.5(C-8), 133.3 (C-1), 134.0 (§&EHCHCH,COOH),

137.4 (C-7), 146.7 (C-4), 149.7 (C-3), 177.1 (CH,COOH). (Plate 20h
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ER"-HRMS m/z 335.1259 [M + N4]
(Calculated fogdH2004+Na, 335.1259)

IR vimax (CMY): 2959(0-H), 1692 (C=0), 1222 (C-O)

4.2.23 (E)-Methyl 5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoate (11%5)

To a stirred solution of B)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoic a@d5) (6.6 g,

21.1 mmol) in MeOH (20 mL) at 0 °C was addedz;#%0 (3.2 mL, 25.3 mmol). This
mixture was stirred at room temperature for 2 h. After completion of the reaction as
determined by TLC monitoring, the reaction mixture was diluted with water and extracted
with EO (3 x 20 mL). The combined organic layers were washed with brine, dried over
anhydrous MgS@and concentrateid vacuo.The crude product was then purified using flash
chromatography (7:3 hexane/EtOAC) to yield E)-(nethyl
5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoété6)as a yellow oil (yield 5.58 g, 81%)

'H NMR (400 MHz, CDC}) 8y: 3.10, (d, 2H,J=6.7 Hz, G4,COOCH;), 3.34 (d, 2H,
J=6.4 Hz, G4,CHCHCH,COOCH;), 3.71 (s, 3H, O83),3.90 (s, 3H, COOBs), 5.15
(s, 2H, O®,-Ar), 5.60-5.78 (m, 2H, CKCHCHCH,), 6.68 (d, 1H,J= 8.1 Hz, H-5),
6.76 (s, 1H, H-2), 6.84 (d, 1K= 8.2 Hz, H-6), 7.32-7.48 (m, 5H, Ad). (Plate 213

¢ NMR (100 MHz, CDG) 8c 37.7 (CHCHCHCH,COOH), 38.5
(CH,CHCHCH,COOH), 51.8 (CO@Hs), 56.0 (QCH3), 71.3 (CH,), 112.6 (C-2),
114.5 (C-5), 120.4 (C-6), 123.0 (@EHCHCH,COOH), 127.3 (C-9), 127.7 (C-10),
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128.4 (C-8), 133.4 (C-1), 133.5 (@BHCHCH,COOH) , 137.4 (C-7), 146.6 (C-4),
149.8 (C-3), 172.3¢00CH;). (Plate 21

ER*-HRMS m/z 349.1418 [M + N4]
(Calculated for ggH».04+Na, 349.1416)

IR Vimax (cm?): 1733 (C=0)

4.2.24 (E)-5-(4-Benzyloxy-3-methoxyphenyl)pent-3-en-1-ol (117)

2
MO N on
9¢8\7/\O/4\5?6

o, |
10

A solution of methyl E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoat&l6) (3.7 g,

11.0 mmol) in dry THF (20 mL) was added dropwise to a stirred solution of LI g,

13.7 mmol) in dry THF (10 mL) at O °C undeg Btmosphere. This mixture was then stirred

at room temperature until the reaction was complete (2-3 h, TLC control). The excess hydride
was quenched with 4@ followed by 10% aqueous,80, (10 mL). This mixture was
extracted with BEO (3 x 20 mL). The combined organic layers were washed with a saturated
aqueous NaHC®solution (30 mL), brine (30 mL) and dried over anhydrous MgS®e
solvent was then evaporatedviacuoand the product purified using column chromatography
(5:5 hexane/EtOACc).H)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-en-1{dll7) was isolated

as a colourless oil (yield 2.93 g, 89%).

'H NMR (400 MHz, CDC}) 81: 2.32 (g, 2H,J=6.3 Hz, CHCHCHCH,CH,OH), 3.32
(d, 2H, J=6.9 Hz, G4,CHCHCHCH,OH), 3.67 (t, 2H, J=6.3 Hz,
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CH,;CHCHCH,CH,0OH), 3.89 (s, 3H, OH3), 5.14 (s, 2H, O€), 5.46-5.55 (m, 1H,
CH,CHCHCH,CH(OH)), 5.67-5.76 (m, 1H, C/&&HCHCH,CH(OH)), 6.67 (d, 1H,
J=8.1 Hz, H-5), 6.75 (s, 1H, H-2), 6.83 (d, 18%8.1 Hz, H-6), 7.28-7.48 (m, 5H,
Ar-H). (Plate 223

3 NMR (100 MHz, CDG)Sc: 35.9 (CHCHCHCH,CH,OH), 38.7
(CH,CHCHCH,CH,0H), 56.0 (@H3), 62.1 (CHCHCHCH,CH,OH), 71.3 (GH,),
112.5 (C-2), 114.5 (C-5), 120.3 (C-6), 127.3 (C-9), 127.4,CHCHCH,CH,OH),
127.7 (C-10), 128.5 (C-8), 132.6 (@BHCHCH,CH,OH), 133.9 (C-1), 137.4 (C-7),
146.6 (C-4), 149.7 (C-3)P(ate 22

ER-HRMS m/z 321.1469 [M + Na]
(Calculated fogH2,03+Na, 321.1467)

IR vimax (CY): 3396 (OH), 1509 (C=C), 1220 (C-O)

4.2.25 [(E)-5-(4-Benzyloxy-3-methoxyphenyl)pent-3-enoxyfert-butyl-
dimethylsilane (124)’

\ B(
H3COLy Ay NS
Il |

I \J
10

To a stirred solution ofH)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-en-1(b17)(2.9 g, 9.6
mmol) in dry CHCI, (10 mL) at 0 °C was added imidazol (1.3 g, 19.1 mmol) followed by
TBDMS-CI (3.24 g, 21.50 mmol). The reaction mixture was then stirred at room temperature
for 6 h. The reaction was quenched with a saturated aqueoyGl Nélution (10 mL) and

extracted with CkCl, (3 x 20 mL). The combined organic layers were washed with water
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(50 mL), brine (50 mL) and dried over anhydrous MgSIhe solvent was removeal vacuo

and the purification of the crude product by flash chromatography (8:2 hexane/EtOAc)
afforded [E)-5-(4-Benzyloxy-3-methoxyphenyl)pent-3-enoxgj-butyl-dimethylsilane
(124)as a yellow oil (yield 2.42 g, 61%).

'H NMR (400 MHz, CDCJ) &y: 0.06 (s, 6H, OSi(83),C(CHs)s), 0.92 (s, 9H,
OSi(CH;)2.C(CH3)3), 2.28 (g, 2H,J=6.8 Hz, CHCHCHCH,CH,0Si), 3.30 (d, 2H,
J=6.7 Hz, H,CHCHCHCH,0Si), 3.67 (t, 2HJ=6.8 Hz, CHCHCHCH,CH,0Si),
390 (s, 3H, O€Ej3), 515 (s, 2H, O&xAr), 548556 (m, 1H
CH,CHCHCH,CH,0Si), 5.60-5.69 (m, 1H, CHCHCH,CH,0Si), 6.68 (d, 1H,
J=8.4 Hz, H-5), 6.75 (s, 1H, H-2), 6.83 (d, 18% 8.2 Hz, H-6), 7.30-7.50 (m, 5H,
Ar-H). (Plate 233

¥C NMR (100 MHz, CDC}) é¢: -5.2 (OSiCHs),), 18.4 (OSi(CH),C(CHs)3), 26.0
(OSIi(CH;)2C(CH3)3), 36.2 (CHCHCHCH,CH,OSi), 38.7 CH,CHCHCHCH,0Si),
56.0 (CHg), 63.2 (CHCHCHCH,CH,0SI), 71.3 (@H,), 112.6 (C-2), 114.5 (C-5),
120.4 (C-6), 127.3 (C-9), 127.7 (C-10), 128.1 (CHCHCH,CH,0Si), 128.5 (C-8),
131.1 (CHCHCHCH,CH,0Si), 134.2 (C-1), 137.5 (C-7), 146.5 (C-4), 149.7 (C-3).
(Plate 230

ER"-HRMS m/z 435.2333 [M + N4]
(Calculated fopsH3603Si+Na, 435.2331)

IR Vimax (cmY): 1511 (C=C), 1255 (C-O)
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4.2.26 1-(4-Benzyloxy-3-methoxy phenyl)-5-(tert-
butyl(methyl)silyl)oxypentane-2,3-diol (125)*®

OH

\ 3(
S D DS

6
I\J
A

To a solution of [E)-5-(4-Benzyloxy-3-methoxyphenyl)pent-3-enoxgjt-butyl-
dimethylsilane (124) (0.5 g, 1.21 mmol) it-BuOH: H,0O (1:1, 10 mL) was added AD-mix-

(1.8 g). This mixture was stirred at room temperature for 24 h. The reaction was quenched by
adding sodium sulfite (2.0 g) and it was stirred for further 10 min. The reaction mixture was
then extracted with EtOAc (3 x 10 mL), the combined organic layers were washed with
aqueous 2N KOH solution, water, brine and dried over anhydrous MJ®® solvent was
removedin vacuoand the purification of the crude product by flash chromatography afforded
1-(4-Benzyloxy-3-methoxy phenyl)-Jeft-butyl(methyl)silyl)oxypentane-2,3-didl125) as a

yellow oil (yield 0.498 g, 92%).

'H NMR (400 MHz, CDCJ) &y 0.10 (s, 6H, OSi(B3),C(CHs)s), 0.93 (s, 9H,
OSi(CHs).C(CHg)s), 1.65-1.92 (m, 2H, CHCH(OH)CH(OH)QH,CH;0), 2.72-2.89
(m, 2H, CHCH(OH)CH(OH)CH,CH,0), 3.73 (d, 2H, J=34.4,

CH,CH(OH)CH(OH)CHCH;0), 5.14 (s, 2H, OH,), 3.83-3.94 (m, 5H, OCH

CH,CH(OH)CH(OH)CHCH,0), 6.73 (d, 1H,=8.2 Hz, H-5), 6.83-6.86 (m, 2H, H-2,
H-6), 7.30-7.49 (m, 5H, AH). (Plate 243

3C NMR (100 MHz, CDC}) 8¢: -5.5 (OSiCHs),), 18.1 (OSi(CH),C(CHs)3), 25.8
(OSi(CHs)2C(CH3)3), 35.4 (CHCH(OH)CH(OHCH,CH,0Si), 39.6
(CH,CH(OH)CH(OH)CHCH,0SI), 56.0 (@THs), 62.0
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(CHCH(OH)CH(OH)CHCH,0Si), 71.2 (CHCH(OH)CH(OH)CHCH,0Si), 72.8
(CHCH(OH)CH(OH)CH,CH,0Si), 75.2 (QH,) 113.3 (C-2), 114.4 (C-5), 121.3
(C-6), 127.3 (C-9), 127.7 (C-10), 128.5 (C-8), 131.8 (C-1), 137.4 (C-7), 146.8 (C-4),
149.7 (C-3). Plate 241

ER-HRMS m/z 469.2384 [M + Na]
(Calculated fopH350sSi+Na, 469.2386)

IR Vinax (cmi): 3371 (OH), 1257 (C-O)

4.2.27 5-(4-Benzyloxy-3-methoxy phenyl)-1-[2ert-
butyl(dimethyl)silylJoxypentane-2,3-diacetate (126)

Ens~orns?®  OAC

6
I\J
8

To a solution of 1-(4-Benzyloxy-3-methoxy phenyl)tBf{-butyl(methyl)silyl)oxypentane-
2,3-diol (125) (0.3 g, 0.6 mmoljn DCM ( 10 mL) at room temperature was added s\ Et
(0.3 mL, 2.2 mmol) and acetic anhydride ( 0.2 mL, 2.2 mmol). This mixture was refluxed for
6 h. After completion of the reaction as determined by TLC monitoring, the reaction mixture
was diluted with water and extracted with@&t(3 x 20 mL). The combined organic layers
were washed with brine, dried over anhydrous Mg8Qu concentrateith vacuo.The crude
product was then purified using flash chromatography (8:2 hexane/EtOAc) to yield 5-(4-
Benzyloxy-3-methoxy phenyl)-1-[&rt-butyl(dimethyl)silyljoxypentane-2,3-diacetati 26)

as a colourless oil (yield 0.25 g, 85%).
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'H NMR (400 MHz, CDCYJ) 84: 0.02 (s, 6H, O-Si(E3)2C(CHs)3), 0.87 (s, 9H, O-
Si(CH3)2C(CH3)3), 1.74-1.86 (m, 2H, CHCH(COOCH)CH(COOCH,)CH,CH,0),
2.01 (s, 3H, CHCH(OOCH;)CH(OO5)), 2.12 (s, 3H,
CH,CH(OOQH3)CH(OOCH)), 2.71-2.86 (m, 2H,
CH,CH(COOCH,)CH(COOCH;)CH,CH,0), 3.56-3.67 (m, 2H,
CH,CH(COOCH)CH(COOCH;)CH,CH,0), 3.88 (s, 3H, O83), 5.12 (s, 2H, 08)),
5.17-5.34 (m, 2H, CKCH(COOCH;)CH(COOCH;)CH,CH,0), 6.67 (d, 1HJ = 8.4
Hz, H-5), 6.75 (s, 1H, H-2), 6.80 (d,1H, J= 8.2 Hz, H-6)7.30-7.46 (m, S5H{)Ar-
(Plate 253

13C NMR (100 MHz, CDC}) 8c: -5.5 (OSiCHs)2), 18.2 (OSi(CH),C(CHs)s), 20.9
(OCOCHj), 25.8 (OSi(CH);C(CHs)s), 34.0 (CHCH(AC)CH(AC)CH,CH,0),
(CH,CH(AC)CH(AC)CH,CH,0), 56.1 (QCH3), 59.1 (CHCH(AC)CH(AC)CHCH,0),

70.7 (CHCH(AC)CH(AC)CH,CH,0), 70.9 (CHCH(AC)CH(AC)CH,.CH,0), 71.2
(OCH), 113.2 (C-2), 114.3 (C-5), 121.4 (C-6), 127.3 (C-9), 127.7 (C-10), 128.5 (C-8),
129.9 (C-1), 136.1 (C-5), 149.6 (C-4),170.1 (QTHY), 170.2(OCGH;)

ER"-HRMS m/z 553.2596 [M + N&]

(Calculated for gH4,0;Si+Na, 553.2598)

4.2.28 2-[5-[(4-Benzyloxy-3-methoxyphenyl)methyl]-2,2-dimethyl-1,3-
dioxolan-4-ylJtert-butyldimethylsilane (138)*

\Sij(
O

97



CHAPTER 4

A solution of 2,3-[5-[(1,1-dimethylethyl)dimethylsilyloxy]-5-(4-benzyloxy-3-methoxy)
phenyl]dihydroxypentang125) (0.4 g, 0.9 mmol), DMP ( 0.2 mL, 1.7 mmol) and cat.
P-TsOH in DCM (10 mL) was stirred at room temperature for 3 h. The reaction mixture was
diluted with EtO and washed with saturated NaH{C$»lution, water, brine, dried over
anhydrous MgS@and concentrateid vacuo. The crude product was then purified using flash
chromatography (8:2 hexane/EtOAc) to yield 2-[5-[(4-Benzyloxy-3-methoxyphenyl)methyl]-
2,2-dimethyl-1,3-dioxolan-4-yigrt-butyldimethylsilane (138) as a colourless oil (yield
0.35 g, 85%).

'H NMR (400 MHz, CDCJ) 84: 0.01 (s, 6H, O-Si(B3)2C(CHs)s), 0.86 (s, 9H, O-
Si(CH3).C(CHs)s), 1.31 (s, 3H, CHO(C(8B3),OCH), 135 (s, 3H,
CHO(C(CH3)2)OCH), 1.58 (g, 2H,J=6.1 Hz, CHCHO(C(CH)2)OCHCH,CH,0),
2.74-2.87 (m, 2H, B,CHO(C(CHy),)OCHCHCH,0), 3.62-3.73 (m, 2H,
CH,CHO(C(CH)2) OCHCH,CH;0), 3.75-3.88 (m, 2H,
CH,CHO(C(CHs),)OCHCH,CH,0), 3.85 (s, 2H, OCH}, 5.09 (s, 2H, OCl}, 6.67 (d,
1H, J= 8.2 Hz, H-5), 6.76-6.79 (m, 2H, H& H-6), 7.23-7.46 (m, 5H, AH).
(Plate 263

¥ NMR (100 MHz, CDG) &c: -5.36 (O-SiCH3),C(CHs)s), 18.3 18.1
(OSi(CHs)-C(CHs)s), 25.9 (OSi(CH),C(CH3)3), 27.2 (CHO(CCHs3),)OCH), 27.4

CHO(C(CHs),)OCH), 36.0(CHCHO(C(CH)2)OCHCH>CH;0) ,38.4
(CH2CHO(C(CH)2) OCHCH,CH0), 56.0(QCHy), 59.9
(CH,CHO(C(CH)2)OCHCH,CH,0), 71.2(QCH,), 81.2

(CH,CHO(C(CHp)2) OCHCH,CH,0), 108.1 (CHOT(CHs),)OCH), 113.5 (C-2), 114.2
(C-5), 121.5 (C-6), 127.3 (C-9), 127.7 (C-10), 128.5 (C-8), 130.9 (C-1), 137.4 (C-7),
146.9 (C-4), 149.5 (C-3)P(ate 26k

ER-HRMS m/z 509.2697 [M + Na]
(Calculated fopdH420sSi+Na, 509.2699)

IR Vmax (CM™): 1082 (C-0)
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4.2.29 5-(4-Benzyloxy-3-methoxy)phenyl]pentane-1,3,4-triol (13%)

To a solution of )-5-(4-benzyloxy-3-methoxyphenyl)pent-3-en-1(b17) (0.8 g, 2.7 mmol)

in t-BuOH: H,0 (1:1, 20 mL) was added AD-mix{1.0 g). This mixture was stirred at room
temperature for 24 h. The reaction was quenched by adding sodium sulfite (1.00 g) and was
stirred for further 10 min. The reaction mixture was extracted with EtOAc (3 x 10 mL), the
combined organic layers were washed with aqueous 2N KOH solution, water, brine and dried
over anhydrous MgSQO The solvent was removed vacuoand the purification of the crude
product by  flash chromatography (EtOAC) afforded 5-(4-Benzyloxy-3-
methoxy)phenyl]pentane-1,3,4-tridi31) as a white solid. (yield 0.79 g, 89% )

'H NMR (400 MHz, CDCi) oy 1.71-1.90 (m,  2H,
CH,CH(OH)CH(OH)®H,CH;OH), 252 (br, OH), 2.63-3.11 (m, 2H,
CH,CH(OH)CH(OH)CHCH,0H), 3.64-3.80 (m, 2H,
CH,CH(OH)CH(OH)CHCH,0H), 3.81-3.93 (m,s, 5H

CH,CH(OH)CH(OH)CH,CH,OH, O3), 5.13 (s, 2H, O8>), 6.72 (d, 1HJ = 8.30
Hz, H-5), 6.81 (s, 1H, H-2), 6.85 (d,= 8.12 Hz, H-6), 7.30-7.47 (m, 5H, At).
(Plate 273

3¢ NMR (100 MHz, CDGJ) 8¢ 35.3 (CHCH(OH)CH(OH)CH,CH,OH), 39.6
(CH,CH(OH)CH(OH)CHCH,OH), 56.1 (QCH3), 60.8
(CH,CH(OH)CH(OH)CHCH,0H), 71.2 (QCHy), 72.9
(CH,CH(OH)CH(OH)CH,CH,OH), 75.2 (CHCH(OH)CH(OH)CHCH,OH), 113.3
(C-2), 114.5 (C-5), 121.4 (C-6), 127.3 (C-9), 127.8 (C-10), 128.5 (C-8), 131.2 (C-1),
137.3 (C-7), 147.0 (C-4), 149.8 (C-3pldte 27h
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ER*-HRMS m/z[M + Na]":
IR Vinax (cmi?): 3353-3539 (OH)

Melting point (Hexane/EtOAc): 51-52 °C

4.2.3@-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-
dioxolan-4-ylJethanol (1325°
OH

H3CO\ /2\ /\(/)
37 X1 .
Il | O

R O\,Q

|
10
Method 1

A solution of 2-[5-[(4-Benzyloxy-3-methoxyphenyl)methyl]-2,2-dimethyl-1,3-dioxolan-4-
yl]tert-butyldimethylsilang138) (0.3 g, 0.6 mmol) and Nj# (0.1 g, 1.3 mmol) in dry MeOH

was refluxed for 16 h. After completion of the reaction as determined by TLC monitoring, the
reaction mixture was diluted with water and extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine, dried over anhydrous @8® concentrateth
vacuo.The crude product was then purified using flash chromatography (5:5 hexane/EtOAc)
to yield 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yl]ethanol
(132)as a yellow oil (yield 0.21 g, 90%).

Method 2

A solution of 5-(4-benzyloxy-3-methoxyphenyl)pentane-1,3,4-tfid1) (0.7 g, 2.1 mmol),
DMP (0.4mL, 3.2 mmol) and caP-TsOH in DCM (20 mL) was stirred at room temperature
for 3 h. The reaction mixture was then diluted withkeand washed with saturated NaHCO
solution, water, brine, dried over anhydrous Mg&@d concentrateth vacuo. The crude

product was then purified using flash chromatography (5:5 hexane/EtOAc) to yield 2-[5-(4-
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Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yllethan(l32) as a
yellow oil (yield 0.71 g, 90%).

'H NMR (400 MHz, CDCJ)) 64: 1.34 (s, 3H, CHO(C(B2)2)OCH), 1.37 (s, 3H,
CHO(C((H3)2)OCH), 1.46-1.61 (m, 2H, CHLHO(C(CH)2)OCHCH,CH,0), 2.74
(dd, 1H,  M,CHO(C(CH),)OCHCHCH,0),  2.87-2.93  (m, 1H,
CH.CHO(C(CH;)2) OCHCH,CH0), 3.68 (t, 2H, J=5.6 Hz,
CH,CHO(C(CH)2)OCHCH,CH,0), 3.84 (s, 3H, OHj), 3.86-3.91 (m, 2H,
CH,CHO(C(CH;),)OCHCH,CH,0), 5.10 (s, 2H, OB,), 6.65 (d, 1H, J= 8.3 Hz,
H-5), 6.74-6.80 (m, 2H, H-2 & H-6), 7.23-7.47 (m, 5H, A}- (Plate 283

¢ NMR (100 MHz, CDG) &c: 27.3 (CHO(CCH3),)OCH), 34.8
(CH,CHO(C(CH),)OCHCH,CH,0H), 38.6 CH,CHO(C(CH),)OCHCH,CH,0H),
56.0 (CHs), 60.8 (CHCHO(C(CH)2)OCHCHCH:OH), 71.2 (@Hy), 79.8
(CH,CHO(C(CH)2)OCHCH,CH,0OH), 81.6 (CHCHO(C(CHs),)OCHCH,CH,OH),
108.6 (CHOC(CHs3)2)OCH), 113.3 (C-2), 114.3 (C-5), 121.3 (C-6), 127.3 (C-9), 127.8
(C-10), 128.5 (C-8), 130.4 (C-1), 137.3 (C-7), 146.8 (C-4), 149.7 (CRite( 28D

ER-HRMS m/z 395.1837 [M + Na]
(Calculated fopH250s+Na, 395.1834)

IR vimax (cnh): 3409 (OH), 1259 (C-O)
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4.2.31 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-
dioxolan-4-yllacetaldehyde (133Y

H3C0\3/2§1 2
[l | O

9¢8\7/\O/4\576 o
L]

10

To a stirred solution of 2-iodoxybenzoic acid (IBX) (0.8 g, 2.7 mmol) in DMSO (5 mL), was
added a solution of alcoh@B2 (0.5 g, 1.4 mmol) in THF (10 mL) at room temperature and
was stirred for 3 hours. After completion of the reaction as observed by TLC monitoring,
water (10 mL) was added to the reaction mixture and the precipitated solid was filtered off.
The filtrate was diluted with water (10 mL) and extracted witfOE(3 x 10 mL). The
combined organic layers were washed successively with NgH@&®er, brine and dried over
anhydrous MgS®@ The solvent was removead vacuoand the crude product was purified
using column chromatography (7:3 hexane/EtOAc) to afford the desired product, 2-[5-(4-
benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yl]acetaldel{§88) as a
yellow oil (yield 0.45 g, 89%).

'H NMR (400 MHz, CDCJ) 8y: 1.41 (s, 6H, CHO(C(83),)OCH), 2.21-2.28 (m, 1H,
CH,CHO(C(CH)2)OCHCH,COH),2.41-2.50(m, 1H,
CH,CHO(C(CH)2)OCHCH,COH), 2.74-2.82 (m, 1H,
CH,CHO(C(CH;)2)OCHCH,COH),  2.97-3.06  (m, 1H, J=5.6  Hz,
CH,CHO(C(CH;),)OCHCH,COH), 3.89 (s, 3H, OBj), 3.89-3.96 (m, 2H,
CH,CHO(C(CH;),)OCHCH,COH), 4.13-4.20 (m, 1H), 5.14 (s, 2H, €¢), 6.70 (d,
1H, J= 8.3 Hz, H-5), 6.77-6.85 (m, 2H, H-2 & H-6), 7.28-7.48 (m, SHHAr9.71 (t,
1H, J= 2.0 Hz, CHCHO(C(CH),)OCHCH,CCH). (Plate 293
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¥ NMR (100 MHz, CDG) &z 27.1 (CHO(CCHs),)OCH), 27.2
(CHO(C(CH3),)OCH) 38.4 (CHCHO(C(CH),)OCHCH,COH), 46.6
(CH,CHO(C(CH)2)OCHCH,COH),  56.0(@H3), 71.2 (CCHy),  75.7
(CH,CHO(C(CH),)OCHCH,CH,0), 80.8 (CHCHO(C(CHs),)OCHCH,COH), 108.9
(CHO(C(CHs),)OCH), 113.2 (C-2), 114.4 (C-5), 121.3 (C-6), 127.3 (C-9), 127.8 (C-
10), 128.5 (C-8), 129.9 (C-1), 137.2 (C-7), 147.0 (C-4), 149.8 (C-3), 199.7
(CH,CHO(C(CH),)OCHCH,COH). (Plate 29

ER'-HRMS m/z 393.1680 [M + Na]
(Calculated mass for,@H,605+Na, 393.1678)

IR vimax (cmh): 1724 (C=0), 1259 (C-0)

4.2.32 5-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-2,4-diol (139)

2-[5-(4-Benzyloxy-3-methoxy)phenyl]-2,2-dimethyl-1,3-dioxolan-4-yllacetaldehyde (0.5 g,
1.3 mmol)(133)was dissolved in a mixture of (1:1) THF: 1N HCI (10 mL), this mixture was
then stirred at room temperature for 12 h. After completion of the reaction as determined by
TLC monitoring, the reaction mixture was diluted with water and extracted with @t x

5 mL). The combined organic layers were washed with brine, dried over anhydrous; MgSO
and concentratesh vacuo.The crude product was then purified using flash chromatography
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(3:7 hexane/EtOAc) to yield 5-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-2,4-diol
(137)as a yellow ail (yield 0.35 g, 85%).

'H NMR (400 MHz, CDCJ) 8y: 2.07-2.22 (m, 2H, H-1), 2.90-3.12 (m, 2H, H-4), 3.90
(s, 3H, OGlz), 4.07-4.19 (m, 2H, H-2, H-3), 5.14 (s, 2H, B, 5.52 (d, 1HJ= 4.7
Hz, H-5), 6.75- 6.91 (m, 3H, PH), 7.30- 7.47 (m, 5H, AH). (Plate 303

13C NMR (100 MHz, CDGJ) 8¢ 36.4 (C-1), 42.0 (C-4), 56.0 @H3), 71.2 (C-3), 71.6
(OCH5), 85.8 (C-2), 98.7 (C-5), 113.2 (C-2"), 114.4 (C-5"), 121.1 (C-6'), 127.3 (C-9"),
127.8 (C-10'), 128.5 (C-8), 131.6 (C-1'), 137.4 (C-7’), 146.9 (C-4"), 149.7 (C-3).
(Plate 30

4.2.33 2-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-3-ol (140)

O\
3_2'
9—_8 J
//_\\ o4\ /A OH
10 77 5_6' /2_3"
O\5 4
|
(@]
N\
CHs

2-[5-(4-Benzyloxy-3-methoxy)phenyl]-2,2-dimethyl-1,3-dioxolan-4-yllacetaldehyde (0.5 g,
1.3 mmol)(133)was dissolved in MeOH with cat. amount of P-TsOH. This mixture was then
stirred at room temperature for 6 h. After completion of the reaction as determined by
TLC monitoring, the reaction mixture was diluted with water and extracted with Bt x

5 mL). The combined organic layers were washed with brine, dried over anhydrous; MgSO
and concentratenh vacuo.The crude product was then purified using flash chromatography
(3:7 hexane/EtOAc) to vyield 5-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-2,4-diol
(137)as a yellow ail (yield 0.35 g, 85%).

IH NMR (400 MHz, CDCY) 81: 2.14-2.22 (m, 2H, H-1), 3.20-3.23 (m, 2H, H-4), 3.22
(s, 3H, OGdg), 3.80 (s, 3H, Ofy), 4.10-4.19 (m, 2H, H-2, H-3), 5.14 (s, 2H, B,
5.52 (d, 1HJ= 4.7 Hz, H-5), 6.77- 6.95 (m, 3H, P}, 7.32- 7.46 (M, 5H, AH).
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*C NMR (100 MHz, CDG)) 8¢: 36.2 (C-1), 42.6 (C-4), 54.7 (®G), 56.0 (CTHa),
71.7 (C-3), 71.9 (GH,), 85.2 (C-2), 98.5 (C-5), 113.4 (C-2'), 114.7 (C-5"), 121.8 (C-
6'), 127.7 (C-9’), 127.4 (C-10’), 128.2 (C-8'), 131.7 (C-1’), 137.4 (C-7), 146.9 (C-
4'), 149.4 (C-3)).
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Plate 1a’H NMR spectrum for phenylethyltriphenylphosphonium bromide (92)
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Plate 1a’H NMR spectrum for phenylethyltriphenylphosphonium bromide (92)
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Plate 2a:'H NMR spectrum for diethyl-2-phenylethyphosphonate (97)
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Plate 2b:**C NMR spectrum for diethyl-2-phenylethyphosphonate (97)
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Plate 2c:*'P NMR spectrum for diethyl-2-phenylethyphosphonate (97)
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Hy — Hg

Plate 3a: ¢)-1,1'-prop-1-ene-1,3-diyldibenzene (93)
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Plate 3b:**C NMR spectrum for (Z)-1,1'-prop-1-ene-1,3-diyldibenzene (93)
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Plate 4a:'H NMR spectrum for (E)-1,1-prop-1-ene-1,3-diyldibenzene (93)
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Plate 5a:'H NMR spectrum for methyl 3,4,5-trihydroxybenzoate (99)
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Plate 5b:**C NMR spectrum for methyl 3,4,5-trihydroxybenzoate (99)
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Plate 6a:*H NMR spectrum for Methyl 3-benzyloxy-4,5-(ethoxymethylenedioxy)benzoate (101)
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Plate 7a:*H NMR spectrum for methyl 3-benzyloxy-4,5-dihydroxybenzoate (102)
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Plate 7b:**C NMR spectrum for methyl 3-benzyloxy-4,5-dihydroxybenzoate (102)
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Plate 8a:'H NMR spectrum for methyl 3-benzyloxy-4,5-dimethoxybenzoate (103)
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Plate 8b:°C NMR spectrum for methyl 3-benzyloxy-4,5-dimethoxybenzoate (103)
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Plate 9a:*H NMR spectrum for 3-benzyloxy-4,5-dimethoxyphenylmethanol (104)
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Plate 9b:**C NMR spectrum for 3-benzyloxy-4,5-dimethoxyphenylmethanol (104)
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Plate 10a:'H NMR spectrum for 3-benzyloxy-4,5-dimethoxybenzaldehyde (105)
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Plate 10b:**C NMR spectrum for 3-(benzyloxy)-4,5-dimethoxybenzaldehyde (105)
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Plate 11a:*H NMR spectrum for 1-benzyloxy-2,3-dimethoxy-5-vinylbenzene (106)
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Plate 11b:**CNMR spectrum for 1-benzyloxy-2,3-dimethoxy-5-vinylbenzene (106)
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Plate 12a:'H NMR spectrum for 2-(3-benzyloxy-4,5-dimethoxyphenyl)ethanol (107)
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Plate 12b:**C NMR spectrum for 2-(3-benzyloxy-4,5-dimethoxyphenyl)ethanol (107)
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Plate 13a:*H NMR spectrum for 1-benzyloxy-5-(2-bromoethyl)-2,3-dimethoxybenzene (108)
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Plate 13b:*C NMR spectrum for 1-benzyloxy-5-(2-bromoethyl)-2,3-dimethoxybenzene (108)
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Plate 14a:*H NMR spectrum for Diethyl 2-(3-benxyloxy-4,5-dimethoxyphenyl)ethylphosphonate (87)
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Plate 14b:**C NMR spectrum for Diethyl 2-(3-benxyloxy-4,5-dimethoxyphenyl)ethylphosphonate (87)
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Plate 14c:*'P NMR spectrum for Diethyl 2-(3-benxyloxy-4,5-dimethoxyphenyl)ethylphosphonate (87)
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Plate 15a:*H NMR spectrum for 4-benzyloxy-3-methoxybenzaldehyde (110)
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Plate 15b:*C NMR spectrum for 4-benzyloxy-3-methoxybenzaldehyde (110)
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Plate 16a:*H NMR spectrum for ethyl 4-benzyloxy-3-methoxycinnamate (111)
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Plate 16b:*C NMR spectrum for ethyl 4-benzyloxy-3-methoxycinnamate (111)
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Plate 17a:'H NMR spectrum for ethyl ethyl 3-(4-benzyloxy-3-methoxyphenyl)propanoate (112)
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Plate 17b:**C NMR spectrum for ethyl ethyl 3-(4-be
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Plate 18a:'H NMR spectrum for 3-(4-benzyloxy-3-methoxyphenyl)propan-1-ol (113)
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Plate 18b:*C NMR spectrum for 3-(4-benzyloxy-3-methoxyphenyl)propan-1-ol (113)
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Plate 19a:'H NMR spectrum for 3-(4-benzyloxy-3-methoxyphenyl)propanal (114)
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Plate 19b:*C NMR spectrum for 3-(4-benzyloxy-3-methoxyphenyl)propanal (114)
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Plate 20a:'H NMR spectrum for (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoic acid (115)
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Plate 20b:*C NMR spectrum for (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoic acid (115)
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Plate 21a:*H NMR spectrum for methyl (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoate (116)
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Plate 21b:*C NMR spectrum for methyl (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-enoate (116)
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Plate 22a:'H NMR spectrum for (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-en-1-ol (117)
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Plate 22b:**C NMR spectrum for (3E)-5-(4-benzyloxy-3-methoxyphenyl)pent-3-en-1-ol (117)
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Plate 23a:*H NMR spectrum for [(E)-5-(4-Benzyloxy-3-methoxyphenyl)pent-3-enoxyfert-butyl-imethylsilane (124)
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Plate 23b:*C NMR spectrum for [(E)-5-(4-Benz¥lox y-3-methoxyphenyl)pent-3-enoxylert-butyldimethylsilane (124)
7/

S./ \ C8

|

-~ 8
6

6 1. _3_ _5
57 \\}'/ N2ZTNa7 N
N

G

- -

T T
128 ppmr

&

G G

T IRARRARRAN AR IRARRARRAN IRARRARRAN IRARRARRAN AR IRARRARRAN AR IRARRARRAN IRARRARRAN AR IRARRARRAN IRARRARRAN IRARRARRAN INAARRARAN
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O ppm



Plate 24a:*H NMR spectrum for 1-(4-Benzyloxy-3-methoxyphenyl)-54ert-butyl(methyl)silyl)oxypentane-2,3-diol (125)
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Plate 24b:**C NMR spectrum for 1-(4-Benzyloxy-3-methoxyphenyl)-5iért-butyl(methyl)silyl)oxypentane-2,3-diol (125)
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Plate 24c:*H NMR spectrum for 1-(4-Benzyloxy-3-methoxyphenyl)-54ert-butyl(methyl)silyl)oxypentane-2,3-diol (125) coordinated to
the chiral shift reagent EUFOD
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Plate 25a: 1H NMR spectrum of 5-(4-Benzyloxy-3-methoxyphenyl)-1-[@rt-butyl(dimethyl)silylloxypentane-2,3-diacetate (126)
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Plate 26a:*H NMR spectrum for 2-[5-[(4-Benzyloxy-3-methox phenyl)methyl]-2,2-dimethyl-1,3-dioxolan-4-yrt-butyldimethylsilane (138)

Hg Hg H7
oY
4/5 Hz& H3 H5
/
O 3
1077337 17 N2
8 11 zltl' els' LR la
?l7 Mo s O\ﬂg VJJ\M L’LL
10'\\J 8
1.7 1.6 1.5 1.4 ppn

Hg = Hio

Hy

LI )

R e —
7.4 7.3 ppm 6.8 ppn 2.|9 plprr
Hll
o I LR N

I D U T A
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 ppm

o Ee g I

157



Plate 26b:*C NMR spectrum for 2-[5-[(4-Benzyloxy-3-methoxy phenyl)methyl]-2,2-dimethyl-1,3-dioxolan-4-ylJtert-butyl-dimethyl-silane

(138)
Cs
\ _/\7/
O/SI \
T 8
C8 C9 /4/5
N R SN
12 o |
T N
Co 10J 10
PR
Ce
Ci
C9 ClO&Cll
CG CZ C13
G Cs
C G, G :
c C, 1 7
C,
mw WMMHMWB

140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Plate 27a:*H NMR spectrum for 5-(4-benzyloxy-3-methoxy)phenyl]pentane-1,3,4-triol (131)
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Plate 27b:*C NMR spectrum for 5-(4-benzyloxy-3-methoxy)phenyl]pentane-1,3,4-triol (131)
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Plate 28a:*H NMR spectrum for 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yl]lethanol
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Plate 28b:*C NMR spectrum for 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yl]ethanol
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Plate 29a:*H NMR spectrum for 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-ylJacetaldehyde
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Plate 29b:*C NMR spectrum for 2-[5-(4-Benzyloxy-3-methoxy)phenylmethyl]-2,2-dimethyl-1,3-dioxolan-4-yl]Jacetaldehyde (133)
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Plate 30a: *H NMR spectrum for 5-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-2,4-diol (137)
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Plate 30b:*C NMR spectrum for 5-(4-Benzyloxy-3-methoxybenzyl)tetrahydrofuran-2,4-diol (137)
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